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*Frequency Counter *10Hz - 3GHz range +Digital Filter
reduces random noise & oscillation «Digital Auto Capture
locks on first reading to pass filter =6 hour NiCads =10 Digit
Backlit LCD #16 segment RF bargraph *250MHz direct count
*Serial Data Interface *Multi Function: Period, Ratio, and
Time Interval Measurement «Dual High Impedance Amplifiers
*Built in High Pass Filter *Arm store button stores & recalls
frequencies from a three register stack.

Optional: +/-.2ppm TCXO Timebase......c.ccnienee 510000
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*Frequency Counter 10Hz - 2.8GH} =Digital I-nllctt and Auto
Capture *5 hour NiCad operation = 10/fligit backlit LD display
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The Only Portable Battery Powered

Counter With KVG .05ppm Oven!
*Bench / Portable Counter *Dual 50 & [Meg Ohm input amplifiers
with AC/DC coupling, +/- Polarity, Trigger Level adjust, Low Pass
Filter & Attenuator <Internal clock output/ external clock input .
*Serial Data Interface <Digital Filter and Auto Capture <10 Digit
Backlit Display <16 Segment RF Bargraph «250MHz direct count
*MultiFunction: Frequency, Period. Ratio, and Time Interval
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Introducing the new CUB pocket sized frequency counter. The CUB is ideal for
communications, surveillance, and recreational monitoring applications. From
10MHz-2.8GHz, the CUB has maximized sensitivity for detecting RF in the near
field and displaying the frequency detected. The CUB features a 9 digit LCD dis-
play for best visibility and longer battery life, 8 selectable gate times with a high
\p('t'ﬂ 0001 second gate, |)I§__:I.Iil] Filter that reduces false counts and Random
Noise, Digital Auto Capture that acts like an intelligent hold button, allowing any
frequency captured to remain displayed as long as needed. Simplicity, sophistica

tion and accuracy. Make the CUB your choice for a frequency counter :
The Handi-Counter Accessory Package: CC30 Case, " CuB an Wh ere
Telescoping WhipAntenna, and Belt Clip..............525.00 [ ]

5821 NE 14th Avenue * Ft. Lauderdale Fl. 33334 MADE

Contact Factory for shipping prices. Visa, MasterCard, & C.O.D. (Cash or Money Order) IN
All prices and specifications subject to change without notice or obligation. Antennas Not Included

ORDER LINE: 800-327-5912 TEL:305-771-2050 FAX:305-771-2052 http:/www.OPTOELECTRONICS.COM US.A
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When you need antennas, call on FORCE 12.

FORCE 12 has the broadest line available in the world:
yagis, verticals, dipoles and magnetic loops
single band
duoband (no traps)
multiband (no traps)
log periodic

Construction is simple and fast; all antennas pre-assembled at the factory.
Wind survival ratings up to 120 knots.
High power handling capability, including high power baluns.
Plated models for salt environments.
Small 4' packaging available on many models.
Complete brochure upon request. Custom antennas are a speciality.
Full size elements, or shortened with linear loading for highest efficiency.

Several proprietary designs and features.
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Antennas and Systems

Order Line: (800) 248-1985; Info/Technical: (408) 720-9073; FAX (408) 720-9055
Internet. FORCE12E@LIGHTLINK.COM
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Tel/FAX: +46 660 19032

Please call for Distributors in Spain, Italy, Portugal, Russia, Japan, Singapore.
Why imagine the ultimate when you can have it?

FORCE 12, part of BUY U.S.A., Inc.
3015-B Copper Road, Santa Clara, CA 95051




_ EDITORIAL__

Surplus Test Equipment—Bonanza or Busteee

Readers of the many amateur radio publications
are familiar with photos depicting the best operators
and shacks in the country. These guys have Alpha
amplifiers, an array of antenna control boxes (pre-
sumably attached to stacked multiband monobanders
on 65-meter towers), and the best radios that money
can buy—all displayed in a 40 by 40 room with car-
peting and paneling.

On the other end of the spectrum, there are those of
us with workbenches bigger than our operating desks,
rigs that are 20 years old (that still work great!), and
more test equipment than radios. And, if you check in
the “reading room,” you’ll probably find the current
Tucker Test and Measurements Catalog, instead of
the latest amateur radio buyers guide! Most of us are
surplus equipment junkies. You’ll find us scouring
the flea market tables at hamfests across the country
looking for the right deal.

The recent rash of military base closings has
flooded the market with state-of-the-art test equip-
ment—often at prices a fraction of the original cost
to the government. The time appeared right to
upgrade my workbench arsenal. Unfortunately, for
the novice, the surplus market can be both unforgiv-
ing and costly. For instance, one item on my shop-
ping list is a good spectrum analyzer. One model that
caught my eye has been listed for as high as $2000.
It's now being offered for $1500—if you search out
the lowest price. Because the unit is both portable
and solid-state, offers coverage from 10 MHz to 40
GHz, and is manufactured by one of the top names
in the industry, you’d expect it to be a bargain.
Unfortunately, the fine print usually fails to point out
that this analyzer uses two ceramic triodes that cost
about $400 each—if they can be found—and a TWT
than can’t be replaced. Add the fact that the analyzer
can only display 100 MHz on screen (due to a swept
IF that operates from 150 to 250 MHz), and you’ve
got problems. The IF range makes the analyzer par-
ticularly unsuited for most VHF work—unless
you’re willing to suffer with false on-screen signals
due to mixer blow-by! What was an engineering
marvel some 20-odd years ago, is a plague today.

Is this an isolated example? No. Recently, I found
two synthesized signal generators that cover from [
to 520 MHz in 1 kHz steps—again produced by a
well-known American manufacturer. These genera-
tors currently sell for about $800 to $1995. On the
surface, these units appear to be a bargain: an excel-
lent attenuator system with accurate calibration, FM
and AM modulation capabilities, and small size. [
considered myself both shrewd and lucky to find two
of these units in nonworking, but complete, condi-
tion for the normal dealer cost of $250 each. Sure,
they were broken and fixing them took time, but I
enjoyed the challenge. Was there a catch? You bet!!
The noise floor of the beasts was, at best, 70 dBc,
from 0 to 520! While this is fine for SINAD or sensi-
tivity tests, it’s certainly unsuited for receiver IMD
or blocking measurements. And, with everything
locked to an uncompensated 40-MHz overtone oscil-
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lator, warm-up drift exceeds 4 kHz. An expensive
lesson learned, but it could have been several times
worse! Alas, for a few dollars more, I could have
purchased a military version of the HP8640, an
industry standard for many years. However, even
this venerable and reliable workhorse can contain
hidden pitfalls. HP stopped producing many of the
hybrid modules used in this model back in 1990;
often the only source of replacement parts is from a
cannibalized unit.

Another item to be wary of is “options.” Most
models have a variety of available options; some are
most desirable, some are not! For example, the des-
ignation “option 001” may indicate thar a specific
frequency counter includes a more accurate TXCO
timebase. On other equipment, it may indicate some-
thing as mundane as the presence of a tilt bail for
easier viewing. Option 001 could also forewarn that
a signal generator or spectrum analyzer is a 75, not
50 ohm, unit! Be sure to question the dealer as to
which options are installed in a unit you may be
interested in buying!

Luckily, all my purchases weren’t as ill-advised as
the RF generators. I found a Boonton 92AS82 RF
milli-voltmeter for $150. The meter came with the
original probes and 50-ohm termination adapter, with
serial numbers that matched the unit. It was calibrat-
ed, and works as well as those selling for about seven
times the amount [ paid. A catch? Again, yes. But
knew beforehand to make sure the vendor guaranteed
the matching serial numbers, and I knew replacing the
mechanical chopper used in these instruments could
be expensive if it ever failed. If there’s a lesson to be
tearned here, it’s to network!!! Had I invested the
same amount of time I spent investigating the spec-
trum analyzer in buying those RF generators, I could
have saved myself some money and embarrassment! 1
talked to a few CommQuart writers who are RF engi-
neers, and learned that they had the same bad experi-
ences with the particular series of generators I own. 1
could have been forewarned before jumping into a
deal I knew little about.

So what about the spectrum analyzer? Rather than
buy, I decided to build my own! As senior technical
editor, I know spectrum analyzer how-to articles will
highlight the summer 1996 issue of Communications
Quarterly.

The bottom line is that, if you're interested in pur-
chasing surplus test equipment. there are tremendous
bargains to be found—along with expensive poten-
tial “white elephants.” If you’re brave, you can save
better than 50 percent if you’re willing to accept
equipment needing repair or calibration. You can
save even more if you're willing to waive the usual
right-of-return offered by most reputable dealers. On
the other hand, expect to pay a small premium for a
calibrated and tested unit backed by a an extended
guarantee. Be an informed shopper; if it looks to
good to be true, it just may be . ..

Peter Bertini, K1ZJH
Senior Technical Editor

EDITORIAL STAFF

Editor
Terry Littlefield, KAISTC
Consulting Technical Editor
Robert Wilson, WA TKH
Senior Technical Editor
Peter Bertint, K1ZJH
Assistant Editor
Nancy Barry

EDITORIAL REVIEW BOARD
Forrest Gehrke, K2BT
Michael Gruchalla, P.E.
Hunter Harris, W1SI
Bob Lewis, W2EBS
John Marion, WIQM
Walter Maxwell, W2DU
Jim McCulley. P.E.
William Orr, W6SAI

BUSINESS STAFF
Publisher
Richard Ross, K2MGA
General Manager
John Dorr, K1AR
Advertising Manager
Arnie Sposato, N2IQO
Sales Assistant
Tracy Parbst
Controller
Frank Fuzia
Circulation Director
Simon Schatzman
Circulafion Manager
Catherine Ross
Operations Manager
Melissa Nitschke
Data Processing
Carol Licata
Customer Service
Denise Pyne

PRODUCTION STAFF

Art Director
Elizabeth Ryan
Associate Art Director
Barbara Terzo
Assistant Art Director
Susan Oliveri
Electronic Composition Manager
Edmond Pesonen
Production Manager
Dorothy Kehrwieder
Production
Emily Kreutz
Tracy Parbst
Electronic Composition
Pat Le Blanc

A publication of
CQ Communications, Inc.

76 North Broadway
Hicksville, NY 11801-USA
Editorial Offices: P.O. Box 465, Barrington,
NH 03825, Telephone/FAX: (603) 664-2515.
Business Offices: 76 North Broadway,
Hicksville, NY 11801. Teiephone: (516) 681-

2022, FAX: (516) 681-2926.

Communications Quarterly is published four
times a year (quarterly) by CQ Communications,
Inc. Communications Quarterly is the philosophi-
cal successor of Ham Radio Magazine founded by
T.H. “Skip” Tenney, Jr., WINLB and James R.
Fiske, WIHR. Subscription prices (all in U.S.
Dollars): Domestic—one year $29.95; two years
$56.95. Canada/Mexico—one year $34; two years
$65. Foreign—one year $39.95; two years $76.95.
Foreign Air Mail—one year $80; two years $135.
Contents copyrighted CQ Communications, Inc.
1996. Communications Quarterly does not assume
responsibility for unsolicited manuscripts. Allow
six weeks for change of address.

Second-class postage paid at Hicksville, NY and
additional mailing offices.

Postmaster: Please send change of address to
Communications Quarterly, CQ Communica-
tions, Inc., 76 North Broadway, Hicksville, NY
11801 ISSN 1053-9344.

Printed in U.S.A.




— TECHNICAL CONVERSATIONG____

Dear Editor: Dear Editor:

The following is based on physical interactions Doesn’t anyone use Smith charts anymore? |
plus correlation with historical sunspot data for the thought of this when I read the article on stub
years 1701 to 1994, The correlation combines a 22 matching in the Fall 1995 issue of Communi-
year cycle modulated by a cycle of 264 years. cations Quarterly.

There is evidence of a longer cycle, but the data is Stub matching using a Smith chart is ridiculous-
not sufficient to determine its parameters. ly easy. Why go to a computer?

The correlation indicates that the current cycle The Smith chart lets you see what is happening
22 will end in 1966.5, and that cycle 23 will end in to a transmission line all along its length: it
the year 2007.5. The estimated error is 0.5 years. gives you a picture, something that a computer
Note that the first spots of cycle 23 have appeared, cannot do.
but that the exact point of cycle end cannot be | really regret that the wonderful invention of
determined until the cycle has been passed. Philip Smith seems to have fallen into disuse.

The magnitude of cycle 23 is predicted for the Harry R. Hyder, W71V
period 2000-2001, with a peak sunspot number of Tempe, Arizona
140. The error in this prediction is some +40 units.

A better indication of the peak sunspot number Charles Kitchen, NITEV, received this letter about
can be obtained from the change in sunspot num- his article “Regenerative Receivers™ in our Fall
ber for the first full year of the cycle, from the rela- 1995 issue
tion SSpeak=6041.37*SSchange. Solar flux can be
used with the usual conversion to sunspot numbers. Dear OM:

A report on these I\‘l'll[llqllt‘\ and detailed results (‘t\t'!:._'l';lllll.llilll!\ on your "Rt'}_‘CHL'I':IH\ e
IS In preparation. Receivers™ article, which was published in the Fall

R.P. Haviland, W4MB 1995 issue of Communications Quarterly. It took
Daytona Beach, Florida me back almost 70 years and at that time I did not

Find radio and
repeater problems

in less time...

The HP 8920A
RF Communications Test Set

* Easy-to-use front panel

High performance spectrum analyzer
and tracking generator

Rugged portable package

Encode and decode capabilities for
trunked and pager formats

* Built-in diagnostics for self repair

* 1 800-service and application support

4 2-‘){8” o S For more information call:
* Price: $14,300 base 1-800-344-3802

and ask for Charlie Gross (ﬁﬂ HEWLETT
or Ken Carolus PACKARD
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realize what an engineering marvel my regenera-
tive detector and two audio stages was. It was not
only a great receiver, but a fair transmitter with
across town range. I used to loop modulate (carbon
mike) the receiver, and friends across town could
receive me. Start of narrow band FM?

Several tubes were tried as the detector. As |
recall, the screen voltage of the type 224 (RF pen-
tode) with regencration control was the smoothest
in and out of oscillation. I do not recall if T used
AC or DC on the filaments of the 224. With some
triodes as detectors when the tube went in and out
of oscillation, there was a slight howl. This condi-
tion was cured by shunting the primary of the first
audio transformer with a resistor.

If I had more ambition, [ would build the FET
detector together with a type 47/210) transmitter
and try it on today’s bands.

Your trick of microwave coil forms is new to
me. We have had a microwave oven for only five
years. Thanks for the tip.

Keep up the good work.

Johnny Johnson, W1]JY
Bristol, New Hampshire

Here's another letter NITEV received on his regen
article. Two thumbs up, Charles!

Dear Charles:

Congratulations! I thoroughly enjoyed your arti-
cle in the Fall issue of Communications Quarterly.

In the early 1930s, when 1 was in my early teens,
I spent a lot of time building regenerative sets,
using mostly parts from discarded broadcast sets of
the 1920s. I changed my set almost monthly,
always looking for that “pertect” circuit.

I tried tickler regeneration. cathode tap regenera-
tion, plate voltage control, screen voltage control
and capacitor control. They all seemed to work
about the same, but I had fun. When I got my ticket
for my first couple of years on the air [ used a two-
tube regenerator before graduating to a five tube
home-built superhet.

I last built a regenerative set in 1986. I described
it in QST September 1986: “A 1935 Ham
Receiver.”

You brought back to me many fond memories.

73,

Harry R. Hyder, W71V
Tempe, Arizona

Dear Editor:

I am not renewing my subscription to
Communications Quarterly for several reasons,
three of which are as follows:

1. Spring 1994 issue—17 pages devoted to arc
and spark transmitters (pp 27-43).

2. Fall 1994 issue—14 pages devoted to superre-
generation (pp 27-40). Your editors should be
aware that superregeneration is one word, accord-
ing to Webster's Third New International
Dictionary, not two words.

3. Fall 1995 issue—20 pages dcvoted to regener-
ative receivers (pp 7-26).

You claim to be the successor to Hum Radio
magazine. | knew the late Jim Fisk personally and
wrote many articles for the magazine, some specifi-
cally at his request. Jim would never have published
material such as that indicated above.

Robert S. Stein, W6NBI
Los Altos, California

Those of you who enjoved Peter Bertini,
KIZIH's, editorial “Thank You Mr. Morgan!” in
the Fall 1995 may find the following correspon-
dence interesting.

Dear Mr. Bertini:

I noticed your editorial on Alfred Morgan in the
latest Communications Quarterly. | also started out
with one of his books. but a much older one, in the
local public library when [ was 12. I might have
build a one-tube radio too, but my only information
on that subject was in a Cub Scout Handbook
which, as I look back at it now, was incomplete
and misleading. When Morgan wrote the book I
had, vacuum tubes were barely invented. I'm
enclosing a page from the Unites States Catalog
showing books published from 1912 to 1917, also
the chapter on Morgan’s manufacturing company
Adams-Morgan (Paragon) from my books on radio
manufacturers. Morgan, himself, had more success
as a writer than as a manufacturer, and Adams-
Morgan did not survive past the mid-1920s (only a
few did, as radio moved from hamshacks to big
business).

Morgan’s electrical books are hard to find nowa-
days. and I thing that’s because they were all worn
out by kids! I've never seen another copy of The
Boy Electrician, and when [ went back to the
library twenty years ago or more, that book was
nowhere to be found.

Alan Douglas
Pocasset, Massachusetts

Dear Mr. Douglas:

Thank you for your letter and the related materi-
al concerning Altred Powe Morgan. Although [ am
an antique radio collector, | had never made the
connection between Alfred Morgan and the
Adams-Morgan or the Paragon radio manufactur~
ing companies! This information certainly places
Mr. Morgan in a different historical perspective in
my eyes—dating him with other such radio pio-
neers as Armstrong and Godley! It is even more
amazing how the timeless value of his books have
influenced so many generations of young readers.

I suspect many of the Morgan books have ended
up in the hands of Paragon radio collectors—as
often related ephemera is as sought after as the
radios themselves. Perhaps this explains the numer-
ous ads seeking these volumes that have appeared in
Antique Radio Classified over the past several years.
But, 1 would rather believe, as you do, that these
books have all been worn out by kids of all ages.

Peter Bertini, KIZJH
Senior Technical Editor
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You've been hearing about it for several years.... Now it is
available. PACTOR-IL.

The PTC-II is a new multi-mode controller and "communi-
cations platform" which contains very powerful and flexible
hardware and firmware.

It is being built in the United States by PacComm under
license from S.C.S., the group that developed both the
original PACTOR and PACTOR-IL.

The PTC-II offers the most robust HF digital protocol avail-
able to radio amateurs, but it should not be overlooked that
the PTC-II is configurable as a triple-port multimode con-
troller supporting packet data rates of 1200 and 9600 bps
and numerous other modes.

What is PACTOR-I1?

Like PACTOR-I, PACTOR-II is a communication system.
Thereis aunique protocol, carefully designed and optimized
for excellent HF performance, new and powerful modems
realized via Digital Signal Processing, and a hardware plat-
form to allow the firmware (o realize its full operating
potential.

PACTOR-II is the name of the new protocol including
modulation specifications. PTC-II is the name of this spe-
cific hardware realization of the PACTOR-II architecture.
PACTOR-II offers all the following advantages:

* A step-synchronous ARQ protocol.

e Full support of memory ARQ.
* Independent of sideband; no mark/space convention,

« Center frequency adjustable between 400 and 2600 Hz
to exactly match your radio’s filters.

* Long-path capability for worldwide conneclivity.

* Full compatibility with PACTOR-I (the original
PACTOR system), AMTOR, and RTTY.

* All-mode mailbox with up to 32 megabytes of storage.
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* Automatic switching between Level-1 (PACTOR-I)
and Level-2 (PACTOR-II) at contact initiation.

* Occupies a bandwidth of under 500 Hz - use your 500
Hz CW filters.

» Constant bandwidth irrespective of actual transmission
speed.

* Differential Phase Shift Keying with two continuously
transmitted carriers. 100 symbols per second.

* DBPSK modulation yields 200 bps (uncompressed).
DQPSK modulation yields 400 bps (uncompressed).
8-DPSK modulation yields 600 bps (uncompressed).
16-DPSK modulation yields 800 bps (uncompressed).

* Powerful Forward Error Correction (FEC):

» High performance convolutional coding.
Constraint length of 9.

» Viterbi decoding using soft decision point.
Coding rate varies between 1/2 and 7/8.

* Intelligent data compression monitors compression
ratio and self-bypasses if not being effective.

» Huffmann compression for English or German text.
» Markov (2 level Huffmann) compression.
» Run-Length encoding for repeated sequences.

* 10 character MODE display, numerous multi-colored
LED tuning and status displays.

* Waichdog timer on HF PTT port.

* Specialized communication program provided

* Firmware contained in Flash memory. Easy upgrade.
* Limited availability initially. $995.

* Packet modem add-in boards will be announced later.
Packet modems are optional at extra cost.

PacComm Packet Radio Systems, Inc.
4413 N. Hesperides Street, Tampa, FL 33614-7618 USA

Telephone: +813-874-2980

Facsimile: +813-872-8696

Internet: ptc@paccomm.com BBS: +813-874-3078 (V.34)
Orders/Catalog Requests: 800-486-7388 (24 hr. voice mail)
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o HEAVY DUTY » HIGH QUALITY » RUGGED  RELIABLE

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

excepl AS-3A, AS-4A, RS-5A, RS-4L, RS-5L

MAINTAIN REGULATION & LOW RIPPLE at low line input

Voltage

HEAVY DUTY HEAT SINK » CHASSIS MOUNT FUSE

THREE CONDUCTOR POWER CORD except for RS-3A

ONE YEAR WARRANTY « MADE INU.S.A
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PERFORMANCE SPECIFICATIONS

= INPUT VOLTAGE: 105-125 VAC

« QUTPUT VOLTAGE: 13.8 VDC * 0.05 volts
(Imternally Adjustable: 11-15 VDC)

+ RIPPLE Less than Smv peak to peak (full load &
low line)

« All units available in 220 VAC input voltage
(except for SL-11A)

SL SERIES

LOW PROFILE POWER SUPPLY

Colors Continuous Ics* Size II!I[l Shlplfintl
MODEL Gray Black Duty [Amps) [Amps] HxW = WL (Ibs.
SL-11A - . 7 " 2% = TS = 9% 12
SL”R - . 7 1 2!"3 « 7 *9% 12
SL-118 . . 7 " 2% = T%h = 9% 12
SL-11R-RA . 7 1" =7 =9% 13
HSL SER'ES * POWER SUPPLIES WITH BUILT IN CIGARETTE LIGHTER RECEPTACLE
Continuous ICs* Size IIIII:| Shippin
MODEL Duty (Amps) [Amps] H=W = WL hsﬂ
RS-4L 3 4 Jh=6h=T% 6
RS-5L 4 5 3% * 64 = 7% 7
* 19" RACK MOUNT POWER SUPPLIES
HM SEHIES Continuous ICS* Size [IN] Shippin
MODEL Duty [Amps) [Amps) «WxD Wt | hs.“i
7 & AM-12A 9 12 5% %19 x 8% 16
RM-35A 25 35 5% x19x 12 38
AM-50A 37 50 5% % 19 x 12° 50
RM-60A 50 55 7x19x12 60
* Separate Volt and Amp Meters
RAM-12M ] 12 5% x 19 = B8'% 16
RM-35M 25 35 5Ux19x 12 38
RM-50M 37 50 5% x19x 12 50
MODEL RM-35M RM-60M 50 55 7x19 %12 60
Colors Continuous IC§" Size [IN) Shipping
RS-A SERIES MODEL Gray  Black Doty (Amps) [Amps) HxWxD Wi, (Ibs.)
RS-3A . 25 3 3 x 4% x 5% 4
RS-4A . . 3 4 JPuxb6hrx9 5
RS-5A * 4 5 3% X 6% x T 7
RS-TA . . 5 7 3 x6hx9 9
RS-7B . . 5 7 4% 7% x 10% 10
RS-10A . . 75 10 4% 7% x 10% 1
RS-12A . . 9 12 4% x B8 x9 13
RS-12B . 9 12 4% 7% x 10% 13
RS-20A . . 16 20 5x9x10% 18
RS-35A . . 25 35 5x 11 x 1 27
- 5 . 3 W X
MODEL RS-7A 2304 . 3 50 ._;.5 x 13% . 4%
Conlinuous ICS® Size [IN) Shippin
RS-M SERIES MooEL Duly (Amps)  (Amps WX WD Wi,
W N = Switchable volt and Amp meter
e RS-12M 9 12 4% xB8x9 13
= Separate volt and Amp meters
RS-20M 16 20 5x9x10% 18
RS-35M 25 35 5x 11 x 11 27
MODEL RS-35M R 7o 3 % S 1AV % 124 i
i = * Separate Volt and Amp Meters = Qutput Voltage adjustable from 2-15 volts « Current limit adjustable from 1.5 amps
VS-M AND VRM-M SERIES Separse Vo
— S TR e Conlinuous ICS* Size (IN) Shipping
= MODEL Duly [Amps) [Amps) HxWxD Wt [Ibs.)
@13.8VDC @10VDC @5VDC @13.8v
VS-12M ] 5 2 12 4% x8x9 13
VS-20M 16 9 4 20 5x9x10% 20
VS-35M 25 15 7 35 Sx 1 x1N 29
VS-50M 37 22 10 50 6x13% x 1 46
» Variable rack mount power supplies
VRM-35M 25 15 7 35 5% x 19 x 12% 38
MODEL VS-35M VRM-50M 7 22 10 50 5% x 19 x 12% 50
L]
RS-S SE':”ES Built in speaker Colors Continwons Ics* Size [IN) Shipping
MODEL Gray Black Duly (Amps) Amps HxWxD Wi, [lbs.)
RS-7S . . 5 7 4 x 7% x 10% 10
RS-10S . . 7.5 10 4 x T x 10% 12
RS-125 . . 12 4 x8x9 13
RS-205 . . 16 20 5x9x10% 18
MODEL RS-12S SL-11S . . 7 ik 2% x 7% x 9% 12

*1CS—Intermittent Communication Service (50% Duty Cycle Smin on 5 min. oH)
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COMMUNICATIONS

Equipment for the radio amateur

here has always been a group of radio
I amateurs interested in pushing communi-

cation toward higher frequencies. Today
there’s a respectable amount of activity in the
microwave bands, so it’s not unusual to expect
the next push to be into the near infrared and
optical frequencies. Transmitters and receivers
for the optical frequencies center around the
use of lasers and a variety of photodetectors
that are preceded by narrow filters tuned to the
laser frequency in use. Very efficient solid-state
semiconductor lasers are now coming down in
price. However, the main drawback to their use
is the collimating optics required because their
optical output is fan-shaped rather than focused
in a beam. I'll describe a laser transmitter and
optical receiver that can be built with equip-
ment purchased at ham flea markets and
through parts houses that cater to the radio
amateur who wants to experiment in the optical
frequency range.

The laser transmitter

The HeNe laser is easy to find at ham tlea
markets and through surplus dealers. Its main
advantage is that it can project a narrow beam
over distances of several miles without external
optics. The HeNe laser typically consists of a
set of concentric gas-filled tubes with internal
electrodes to initiate and maintain a gas dis-
charge. The thinner tube, called a capillary
tube, has mirrors at each end that act as an opti-
cal resonator and concentrate the discharge for
higher efficiency. The capillary tube is sur-
rounded by a reservoir tube that contains a mix-
ture of Helium and Neon gases—typically
about five times more Helium than Neon, up to

ARC DISCHARGE

-

VOLTAGE (LINEAR SCALE)

REGION ———=INDICATES UNSTABLE

w REGION WHERE
=y F DISCHARGE QUICKLY
bt \ GOES INTO NEXT
o \ STABLE CONDITION
o |
2 E
e GLOW DISCHARGE
W REGION
@ IONIZATION
@ D~~~ ——__AVALANCHE
8 s-*‘__~‘
c
ONSET OF
PLASMA
A IONIZATION

Figure 1. Volt-ampere characteristics of a gas discharge.

several Torr of pressure. This discharge is initi-
ated by a high-voltage pulse in the 10 kV
range. Once the discharge has started, the igni-
tion voltage is turned off and a sustaining
power supply of 1.2 to 3 kV is required to
maintain the discharge.

The HeNe laser follows the typical volt-
ampere characteristics of a gas discharge, as
shown in Figure 1. The current is very low as
the voltage is increased from A to B, typically
in the nanoamperes range. From B to C, the
current begins to increase at the onset of plas-
ma ionization. For a HeNe laser, the voltage at
this point is typically around 10 to 12 kV. Once
the ionization avalanche is reached, the gas
becomes increasingly ionized and the voltage
drops to point D. This is the region where the
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Figure 2. V-I characteristics of Toshiba LG-3217 laser.

laser typically operates; i.e., .2to3kV at4 to
8 mA. As the plasma becomes more fully ion-
ized, the current rises rapidly to the arc dis-
charge region between F and G. The region of
normal operation, between D and E, exhibits
negative resistance. This is indicated by a
decrease in voltage across the discharge as the
current increases through the discharge. The
HeNe laser requires a ballast resistor to stabi-
lize the discharge and limit the current through
the laser tube.

The explanation above shows the necessity
of an ignition voltage to initiate ionization
(breakdown of gas). and a second supply to
maintain discharge in a HeNe gas laser circuit
(the former has been neglected in many HeNe
laser articles). To start, I’ll describe the typical
operating parameters of a gas laser upon which
the appropriate power supplies can be designed.
I obtained a set of Toshiba HeNe lasers at a flea
market and will use these as an example.

Figure 2 shows the measured V-1 character-
istics of a typical Toshiba 1.G-3217 HeNe laser.
This corresponds to region D through E of
Figure 1. The laser exhibits a negative resis-
tance characteristic within the desired operating
region between 3.5 and 5.5 mA. A quiescent
operating point of 4.5 mA at 1.2 kV is chosen.
The slope of the curve at the Q point is -50 k.
The minus sign indicates a negative resistance
in this region. A “ballast” resistor is placed in
series with the laser anode circuit whose value
is equal to or greater than the negative resis-
tance of the discharge. The resistance found in
a commercial Toshiba unitis 51 k, with a 2-
watt dissipation. This satisfies the need for a
series resistor to stabilize the gas discharge.
The laser power supply must provide a voltage

at least equal to the laser voltage drop plus the
voltage drop across the ballast resistor, while
maintaining the discharge current through the
tube. The sustaining supply would then require
it to provide around a 1.45 kV output of at least
5 to 7 mA. The ballast resistor must be placed
close to the laser anode terminal if stable opera-
tion is to be maintained. If the ballast resistor
chosen is too large, the discharge can’t be
maintained, and the laser won’t start. If the bal-
last resistor is too small, the current through the
discharge will be high, and there is danger the
laser will be destroyed.

laser power supplies

The HeNe laser requires two voltages: a volt-
age in the range of 10 kV that starts the laser
and then turns off once the discharge begins,
and a lower voltage power supply to sustain the
discharge. The circuit diagrams of Figures 3
and 4 illustrate the two different ways in which
a momentary 10-kV ignition voltage can be
connected to the sustaining supply. Figure 3
illustrates one method of generating the laser
ignition voltage. A fraction of the main supply
voltage is used to charge up a capacitor. When
triggered, it’s discharged through a high-volt-
age ignition transformer in series with the main
power supply output (a television flyback trans-
former will do the job nicely). When the supply
is first turned on, a delay circuit allows the
main supply to stabilize at full voltage and
charge up the capacitor. A nonlatching relay
operates to discharge the capacitor on a one-
shot basis into the ignition coil after the timing
delay. The HV diode in series with the ignition
coil and the capacitor across the supply rectifies
the damped oscillatory waveform out of the
ignition coil, producing a single positive pulse
across the laser tube ionizing the gas in the
laser. Once the laser is ignited by the HV pulse,
the main power supply maintains the discharge.

Figure 4 illustrates a second way in which a
momentary 10 kV voltage pulse can be generat-
ed to initiate the plasma discharge across the
laser tube. A diode voitage multiplier circuit is
connected in series with the main supply and
obtains its input power across one of the voltage
multiplier diodes in the main supply. The volt-
age across this diode is typically 1.8 kV p-p.
With a ten-section multiplier, the output voltage
is approximately 9 kV in series with a 1.8 kV
sustaining supply. The capacitance value of the
capacitors in the multiplier chain are much
smaller than those of the main supply. When the
power supply is first turned on, the capacitors in
the voltage multiplier charge up to the ignition
voltage. As the plasma forms, the laser tube
draws more current and the multiplier capacitors
can’t maintain their charge. As a result, the volt-
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Figure 3. HeNe laser DC converter with HV pulse ignition.
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age immediately drops to that of the main sus-
taining supply, with all the diodes in the multi-

> (5 . . . . .
20 19 X3z plier chain forward biased. In this manner, an
- ? . . .
o> ~9= é HV pulse is generated to ionize the gases.
2 All rectifier diodes used in these circuits
must have low-junction capacitance. Because
' the voltage across the transformer secondary is
i - ’
o § g a square wave, the efficiency of the supply is
P inversely proportional to the junction capaci-
> Sl tance, as the switching time of the rectifier 1s
%) T ;; Z kept small compared to the square wave period.
LB Ny 2 g If high-speed rectifier diodes aren’t available,
S ¥ Euvo up to four general-purpose high-voltage silicon
h oz LONM . e . .
o ) diodes can be connected in series to reduce the
© o total junction capacitance.

The circuits of the main sustaining high-volt-
age supplies shown in Figures 3 and 4 are
identical up to the transformer. The supply is a
switching power converter topology operated
from a 12 volts DC power source like a car bat-
tery. The 555 IC generates a nonsymmetrical
40-kHz square wave. The 7474 flip-flop will
provide two symmetrical square waves oppo-
site in phase at half the converter frequency (20
kHz) to drive the switching FETs. These 5-volt
p-p outputs must be stepped up to 10 volts p-p
by low-impedance drivers that drive the FETs
between cutoff and saturation. A simple, direct-
coupled transistor driver pair is used here. The
first transistor acts as an amplifier, while the
second acts as an emitter-follower providing a
low-impedance source to drive the large input
capacitance of the FETSs. The power FETs are
toggled through the transformer producing a
high-voltage square wave across the trans-
former secondary. Low-capacitance rectifier
diodes with fast switching times are used on a
full-wave voltage doubler configuration to pro-
duce a 1.8 kV output.

Both sustaining supplies for the laser in the
example above use an oscillator providing
push-pull signals to a pair of FETs. This is by
no means the only way to drive the FET
switches. There are many laser high-voltage
supply circuit topologies available. This circuit

- - topology was chosen because it allows a non-
z N [ 'E saturatable transformer to be used, which sim-
=t = plifies transformer design.
© nE There are two important cautions to observe
S It += ~ ~ when working with lasers and high-voltage
R

power supplies:

3
01 uF
100V

(1) All precautions must be observed, as
these are high-voltage supplies.

(2) Never look into a laser output or at a
fully reflected laser output beam.

YouT

b [
71<0.001uF

laser modulation

Many lasers can be modulated by two meth-
Figure 4. HeNe laser DC converter with HV multiplier ignition. ods: (1) varying the current through the laser
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(referred to as pump modulation) and (2) mod-
ulating the laser light beam external to the
laser. The HeNe laser can only be modulated
by varying current through the discharge up to
a maximum of 15 percent. The HeNe plasma
column in the laser acts as a constant current
load and tends to resist changes in current. If
the current modulation is pushed beyond the
15-percent range, the plasma extinguishes, and
the laser stops functioning. Therefore, for
short-haul communication links, this shallow
modulation percentage is satisfactory because it
provides a simple means of modulating the
light output of the laser. When the HeNe laser
is to be used for DX work, the output beam
must be modulated directly by either a mechan-
ical chopping wheel and shutter for CW or an
electro-optic modulator. The latter is very
expensive. I'll describe laser current (pump)
modulation because it’s the most straightfor-
ward to implement.

To determine the modulation current range
for the HeNe laser one first measures its V-1
curves. You’ll remember that the Toshiba LG-
3217 typically operates with approximately 1.2
kV across the tube drawing 5 mA, providing
an optical output power of 1 mW. The V-1
characteristics were measured as shown in
Figure 2. During these measurements, the
optical output was also measured as a function
of current (see Figure 5). The V-I curves indi-
cate a device with a negative resistance charac-
teristic, specifically 50 k. Looking at the opti-
cal output of the laser as a function of laser
current, the optical output is linear between 3.4
and 4.8 mA. For linear modulation, a change in
1.4 mA centered around 4.1 mA will cause a
linear change in optical output. A meter con-
nected at the output of an optical detector
shows the light causing a current change from
151 pA to 183 pA in a linear fashion.
Therefore, the percentage modulation is:

J%emod=100x(183-151)/(183+151)=9.6%

This is the best modulation that can be
accomplished with this laser, as extending the
current range downward causes nonlinear mod-
ulation and eventually extinguishes the plasma.
Pushing the current upward causes optical satu-
ration and increased laser dissipation. For this
HeNe laser, the quiescent operating point is set
at 4.1 mA with the current varying +0.7 mA
around this value, which can be verified by a
current probe when placed in the ground lead
of the laser.

Pump modulation (changing the laser cur-
rent) can be accomplished by placing a trans-
former in series with the ground lead to the
laser, as shown in Figure 6. This is by far the
simplest means of intensity-modulating the

190
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o
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CURRENT THROUGH LASER {mA)

Figure 5. Optical output versus laser current.

51k

HY o—sw— 2 Laser
+ LASER \AAAS /)7

MQO.
SIGNAL

Figure 6. Laser current modulation through transformer.

beam. Because atmospheric turbulence can
become bothersome, any low-trequency base-
band intensity modulation will become corrupt-
ed over long distances. To overcome the this
limitation, the information must be frequency
modulated onto a subcarrier that intensity mod-
ulates the optical carrier. HeNe lasers can be
subcarrier modulated up to 200 kHz in this
manner. To obtain a more desirable current
modulator for subcarrier modulation, use a
transistor as a variable current source to vary
the current through the laser (see Figure 7).
Here the quiescent operating current through
the laser is set at 4.1 mA by a potentiometer in
the base bias circuit. Assuming a 0.7 volts DC
drop across the transistor base-emitter junction
and a 1000-ohm resistor in the emitter lead, the
quiescent bias voltage from base to ground is
4.8 volts DC. The input voltage must vary 1.4
volts p-p to cause a £0.7 mA current variation
through the laser. To effect this, the modulation

Communicalions Quarterly
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Figure 7. Laser current modulation through current source.

signal source must provide up to a 1.4 volts p-p
signal into the laser current modulator circuit.

The HeNe laser transmitter

Figure 8 illustrates how the entire laser
transmitter comes together. The current modu-
lator shown in Figure 7 is connected to the
cathode of the laser. The quiescent current is
set at 4.1 mA, and the modulating signal is set
to vary the current only by £0.7 mA. A well-

protected and bypassed 0 to 10 mA meter is
used in the ground leg to set and monitor the
laser’s quiescent operating current. A 51-k, 2-
watt ballast resistor close to the anode lead of
the laser stabilizes the discharge. The voltage
across the sustaining supply should be 1.45 kV
DC at full load. I’'ll leave the design of the FM
subcarrier modulator to the individual experi-
menter. Just remember that the subcarrier fre-
quency must be no greater than 200 kHz, and
that the peak-to-peak signal voltage into the
modulator must not exceed 1.4 volts p-p.
(There are any number of ICs that operate as
voltage controlled oscillators to produce the
FM modulated subcarrier.)

The optical receiver

In this section, I'll describe a direct-detection
optical receiver. It consists of a lens system act-
ing as an antenna focusing the optical signal
through an optical bandpass filter onto a pho-
todetector. The photodetector converts the
information on the carrier down to the base-
band for further signal processing. A typical
optical receiver block diagram is shown in
Figure 9. There are a number of techniques
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Figure 8. Laser transmitter.
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Figure 9. Optical receiver block diagram.,

that must be implemented to ensure success of
the receiver. Because optical detectors operate
on the principle of area detection, there is no
discrimination between the optical signal from
the desired source and ambient light from many
other sources. To aid in the rejection of unde-
sired optical inputs, the following techniques
should be used: (1) baffling (such as a tube)
around the lens antenna to limit the field of
view, (2) allowing only the light coming
through the lens to enter the photodetector, and
(3) using a narrow interference filter tuned to
the laser output. This allows the receiving sys-
tem to be used both day and night.

lens antenna and input filter

There are a great variety of lens systems
available from simple lenses to surplus camera
lens combinations. The latter can be purchased
through parts houses or at flea markets. I prefer
the camera lens systems because they are easier
to mount mechanically. Many also have an
adjustable iris and adjustable focus. They also
can be made to fit inside black paint covered
PVC tubing forming an optical baffle that lim-
its the antenna’s field of view. The output side
of the lens system can be mounted to an enclo-
sure surrounding the optical filter and photode-
tector, making a light-proof housing as shown

in Figure 10. Make sure the lens system focus-
es the source image in such a way that it fills
the entire photodetector surface as illustrated in
Figure 10. Construction detail of the optical
receiver warrants careful attention, as it is part
of the critical alignment for the receiver and
laser transmitter.

Photodetector

There are a wide variety of photodetectors
available. Many of the solid-state type peak
their spectral response in the near infrared
wavelengths. A number of the vacuum photo-
tubes and photomultiplier tubes (PMT) peak
their spectral response in the green/blue portion
of the spectrum. The photomultiplier has good
high-frequency response to a modulated signal,
an acceptable spectral response to 632.8
nanometer laser radiation, and very high gain—
typically approaching 1 million for a 931 type
PMT. On the negative side. PMT usage
requires a regulated 1000 volts DC power sup-
ply that provides 10 mA to the PMT and its
resistor divider network. However, the advan-
tages outweigh the disadvantage involved with
the regulated HV supply.

Figure 11 shows the circuit diagram of a reg-
ulated 1000 volts DC power supply driven from
a 12 volts DC source. A low-voltage secondary
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Figure 19. Optical receiver front end.
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regulated power source supplying power to the
PMT video preamplifier is included. Again, fol-
low the caution regarding PMT power supplies.

All precautions must be observed when
working with the pmt high-voltage supply.

Figure 12 is a circuit diagram for the inex-
pensive 931 side-looking PMT and its resistor
divider network. This circuit maintains the
proper voltages for the dynodes. The capacitors
across the last three network resistors improve
the frequency response of the PMT to modulat-
ed signals. A milliammeter in the PMT anode
circuit registers the average PMT current under
medium to high illumination encountered dur-
ing diagnostic tests. A PMT preamplifier uses a
733 (or equivalent) wide-band amplifier.
Because the demodulated signal can be either a
direct baseband signal or a baseband signal
modulated onto a subcarrier, the preamplifier
must be capable of amplifying all the demodu-
lated signal frequencies. The preamplifier is
designed for a 70 Hz to 15 MHz bandwidth at
the —3dB points and for a gain of 80. Because
the signal detection circuits will probably be
placed in a separate housing, the video pream-
plifier is designed to drive a 50-ohm cable.
With the high current multiplication inherent in
the PMT, the PMT noise will predominate over
the video preamplifier IC noise.

Signal defection/audio power
amplifier circuits

The video preamplifier output can be
switched between an audio amplifier that estab-
lishes the correct level of the demodulated
baseband audio when used for short distance
test links or a phase-locked loop (PLL) that
demodulates an FM modulated subcarrier when

used for longer distances. The circuits are
shown in Figure 13. The PLL VCO is set to a
100 kHz subcarrier frequency. The error signal
generated as the VCO tracks the FM signal pro-
duces the demodulated audio. Either of these
outputs are sent to a 300 to 3000 Hz bandpass
filter and on to an audio power amplifier capa-
ble of driving low impedance headphones or
speaker. The DC power supply for these cir-
cuits is provided by a filtered 12-volts DC
input. The heart of the receiver can be put
together by combining the power supplies for
the PMT and preamplifier of Figure 11, the
PMT and preamplifier circuits of Figure 12,
and the signal detection and audio power
amplifier circuits of Figure 13. 1 leave the 12
volts DC power supply and the antenna and
optical filter to you. Figure 10 will give an idea
of the mechanical layout.

Conclusion

This has been a brief glimpse into what is
possible when constructing equipment to set up
an optical link. The receiver and transmitter
described can be used separately or in a trans-
ceiver operation; | leave that up to you. The
HeNe laser and photomultiplier tube are just
one possible optical link combination. Visible
red semiconductor diode lasers are dropping in
price and offer attractive alternatives to HeNe
lasers, because they are more efficient and
don’t require high-voltage supplies. They can
also be intensity modulated at frequencies in
the MHz range to nearly 100 percent.
Avalanche PIN diodes may be used as optical
detectors, although their current multiplication
isn’t as high as the PMT and their spectral
response peaks into the near infrared. Aside
from these changes, the modulator and demod-
ulation/signal conditioning circuits presented
here are common. u

BASIC Stamp II Programmable Module

Parallax, Inc. has released The Stamp II. The
Stamp II is a complete BASIC-programmable
computer in a 24-pin DIP package. It has 16
1/O lines, 2K of non-volatile memory, and a
clock speed of 20 MHz.

The Stamp II's 1/O lines are used to connect
the Stamp to the outside world. Most 1/0O
functions are digital, and include serial com-
munications, pulse measurement, button
input, transition counting, etc. A few func-
tions are pseudo-analog, such as resistance
measurement and PWM. The Stamp IT even

PRODUCT INFORMATION

has functions for transmitting X-10 powerline
control signals, as well as for generating
accurate audio frequencies (including DTMF
tones for telephone dialing).

An 8-pin EEPROM provides 2K of non-
volatile memory. This memory is used for both
program and data storage. Each BASIC instruc-
tion takes 3—4 bytes of space, so the memory
can store about 600 program instructions.

Stamp II modules are available for $49 in
single quantities. For more information, please
call Parallax at 916-624-8333; fax 916-624-
8003; or e-mail info@ parallaxinc.com.
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THE SOLAR SPECTRUM

Ulysses verifies the shape of the
interplanetary magnetic field

20 Winter 1996

fter a journey of more than 3 million,
Amillion kilometers, the Ulysses space-

craft has now completed the first obser-
vational flight over the Sun’s polar regions.
This extraordinarily successful mission has pro-
vided astronomers and other researchers with a
vast store of information about the forces and
phenomena at work in previously unexplored
high-latitude regions. Over the course of its
five-year journey, the NASA/European Space
Agency-directed Ulysses project has confirmed
a number of long-held theories, and uncovered
a few surprises. For example:

« Ulysses verified global differences in solar
wind velocity (finding a polar wind speed that
is nearly double that at low latitudes), composi-
tion and temperature.

» The spacecraft observed outward-propagat-
ing, high-speed, long-period Alfven waves to
be continuously present in the solar wind ema-
nating from the Sun’s polar regions. Such
waves move along magnetic field lines and
accelerate charged particles.

« While it has long been postulated that the
intensity of the solar magnetic field above the
poles would increase substantially, Ulysses
found a uniform magnetic field with an intensi-
ty that did not change from equator to pole.

One of the more intriguing findings, howev-
er, came from a clever radio-based experiment
designed to obtain information about the shape
of the solar interplanetary magnetic field.

Energetic solar phenomena such as solar
flares inject huge numbers of highly energetic,
high-temperature, electrons into the interplane-
tary medium. As they propagate outward, these
particles follow the Sun’s extended magnetic
field structure, interacting with the slower solar
wind plasma and generating radio emissions
along the way. Since these emissions are in part
based on solar wind density—which decreases

as distance from the Sun increases—the signals
vary in frequency from several hundred MHz
near the Sun to about 50 kHz near the orbit of
the Earth. The radio manifestation of such inter-
actions can be observed as a moving Type III
radio burst, which we briefly described in the
Fall 1995 issue of Comnunications Quarterly.

The instrumentation carried aboard Ulysses
includes a sensitive 76-channel radio receiver
coupled to both dipole and monopole antennas;
a configuration which allows frequencies
between 1 and 940 kHz to be observed.
Furthermore, the experiment was designed to
determine the direction of arrival of the radia-
tion from modulation measurements. Thus,
observations permit tracking of the bursts
through interplanetary space. The speed of the
exciter electrons—typically between 0.1 and
0.3 the speed of light—causes the radio emis-
sion to occur at progressively later times. It
takes about 20 minutes for the particles to trav-
el from Sun to Earth.

This portion of Ulysses instrumentation was
developed in a cooperative effort with experts
at the Paris Observatory in France, the
University of Minnesota, and the NASA
Goddard Space Flight Center, in Maryland.
Even though solar activity is rapidly moving
towards an expected minimum sometime in
1996, numerous Type 111 bursts have been
detected by this device during the course of the
Ulysses mission.

The shape of the solar interplanetary magnet-
ic field has long been thought to be in the form
of an “Archimedean Spiral” (Figure 1), a dis-
tinctive pattern of field lines that results from
the rotation of the Sun. For an observer on the
Earth, the solar coronal plasma appears to
expand outward radially, while the field lines
form spirals with footprints anchored to the Sun
itself. (Deviations from the precise spiral path
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Figure 1. Looking at the ecliptic plane. This representation shows the measured trajectories of two moving Type 111
radio bursts observed by the Ulysses spacecraft on October 25 and 30 1994. Both trace out Archimedean Spiral-like
paths (magnetic field lines) through interplanetary space, from near the Sun to near the orbit of the Earth. Numbers

refer to frequency in kilohertz. The October 25 flare site is also shown. (Diagram prepared from a NASA illustration.)

result primarily from kinks spawned by varia-
tions in solar wind speed.)

As Ulysses passed over the Sun’s southern
polar regions on 25 October 1994, a medium-
intensity, but long-duration solar flare accom-
panied by material ejection and radio emission
erupted in NOAA/USAF Region 7792—a
rather unspectacular sunspot group in the
Southern Hemisphere.

Because the entire radio emission trajectory
that resulted from this activity was visible to
the high-flying Ulysses spacecraft, the entire
path of radio bright spots could be measured in
less than one hour. A second series of radio
burst observations, this time without an obvious
source, was undertaken five days later. Thus,
each of these unique observational runs provid-
ed near instantaneous views of the spiral form
of the interplanetary field.

Dr. Michael Reiner, chief scientist at Hughes
STX in Lanham, Maryland, explains, “The aer-
ial view of the interplanetary magnetic field
became possible with the flight of Ulysses over
the South Pole of the Sun in 1994. Now we

could look down on the solar system, and these
radio observations gave us the first direct
observation of the spiral structure in space
between the Sun and Earth. The radio emis-
sions, caused by fast electrons moving through
with the slower solar wind, allow us to trace
out the magnetic lines of force much like you
might deduce the course of a road at night from
an airplane by tracking the headlights of mov-
ing cars.”

With its northern pass completed, Ulysses
has begun the long voyage back out to the orbit
of Jupiter, reaching the giant planet’s distance
of about 800 million kilometers during April
1998. Once there, Ulysses will again loop back
and return to the Sun, arriving in its vicinity in
the year 2000; a time when solar activity is
expected to be very high and the solar magnetic
field will have reversed magnetic polarity.
According to Dr. Edward J. Smith, Ulysses
project scientist at the California Jet Propulsion
Laboratory where the U.S. portion of the mis-
sion is managed, “We expect the profile we
obtain five years from now will be dramatically
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different and give us many new insights into
the dynamics of this star at the center of our
solar system.

WIND spacecraft encounters
mass ejection from the sun

In a separate space-related development near-
ly one year after Ulysses observations verified
the suspected shape of the solar magnetic field.
a second spacecraft has detected a huge inter-
planetary disturbance that struck the Earth’s
protective magnetic field on October 18, 1995,
The collision produced a magnetic storm and
auroral display that persisted for two days and
was visible in the United States as far south as
Denver, Colorado.

The information was relayed by NASA’'s
Goddard Space Flight Center in Greenbelt,
Maryland, to the U.S. Air Force and to the
National Oceanic and Atmospheric
Administration’s Space Environment
Laboratory, in Boulder, Colorado, where evalu-
ators issued alerts to commercial satellite oper-
ators, electrical utilities, and other organiza-
tions throughout the world that were likely to
be affected.

By the time it was detected by NASA's
WIND spacecraft, the disturbance—a giant
cloud of material ejected from the outer atmos-
phere of the Sun (corona)—had grown to a
diameter of some 104 million Kilometers across
and was rushing towards the Earth at 3.4 mil-
lion kilometers per hour.

WIND is an unmanned spacecraft pointed
towards the Sun that patrols interplanetary
space over one million kilometers from the
Earth. Invisible to normal telescopes and to the
human eye. the cloud was composed of mag-
netic fields and electrified subatomic particles
ejected from the solar corona.

About thirty minutes after the front edge of
the cloud passed over the WIND probe, it

swept over Japan's GEOTAIL satellite, which
was located on the sunward side of the Earth in
its 193,000 x 64,000 kilometer elliptical orbit.
GEOTAIL also gathered important scientific
data on this phenomenon. Minutes later, the
cloud of ejected material struck the outer limits
of the Earth’s magnetic field, which acts as a
protective buffer. The impact compressed the
magnetic field on the sunward side of the Earth
and stretched it out and away from the Sun on
the night-side, triggering the magnetic storm
and aurora,

WIND was launched on November 1, 1994,
and is the first of two NASA spacecraft in the
Global Geospace Science initiative. Together
with GEOTAIL, Polar, SOHO, and Cluster,
WIND is part of the International Solar
Terrestrial Physics (ISTP) Project. The main
purpose of the WIND spacecraft is to measure
the incoming solar wind, magnetic fields, and
particles; however it also observes Earth's fore-
shock region. Another of the principle science
objectives of the WIND mission is to provide
baseline ecliptic plane observations to be used
in heliospheric latitudes from Ulysses.

A complete analysis of the October WIND
data—and data from other spacecraft and
instruments—may take months or years to
complete, but the information is expected to tell
scientists much about how interplanetary dis-
turbances propagate through space and affect
the Earth’s environment. The rate at which
such disturbances occur is expected to rise
sharply as the new sunspot cycle, expected to
commence in 1996, peaks sometime around the
year 2000,

Information for this article was obtained
from a paper published in the journal Science
(M.J. Reiner, J. Fainberg, and R.G. Stone,
Volume 270, 20 October 1995). and from
material furnished by the National Aeronautics
and Space Administration, Michael Boschat,
Nova Scotia, Canada, provided the NASA dia-
gram from which Figure 1 was prepared. B

New Digital Data Buffer From Harris Corp.

Harris RF Communications now has a new
digital data buffer which uses multiple error-
correction techniques to provide data transmis-
sion via VHF/UHF radio. The RF-3490C is a
waterproof unit designed to operate with
AN/PRC-117A, AN/VRC-94A(V) and other
VHEF radios directly, or through digital encryp-
tion devices using MIL-STD-188(C) interface
ports. The unit interfaces to terminals via syn-
chronous or asynchronous formats.

PRODUCT INFORMATION

The data buffer provides front-panel selec-
table data rates and modes, including 1200 or
2400 bps synchronous or asynchronous,
50-19,200 bps synchronous or asynchronous,
and data throughput rates from 820 to 16,000
bps. The unit also provides automatic switch
over to voice mode, and automatic or manual
keying operation.

For further information, contact Harris
Corporation, RF Communications Group, 1680
University Avenue, Rochester, NY 1461(0);
phone 716-244-5830.
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TRY NMR WITH
YOUR OLD CW RIG

Using amateur radio equipment to
perform nuclear magnetic resonance

experiments

ant to try something new and differ-
ent with your old CW rig? Consider
building your own experimental

nuclear magnetic resonance (NMR) instrument.
With it, you can experience the thrill of sending
and receiving radio signals to the protons of
hydrogen atoms. As a matter of fact, it's entire-
ly possible to duplicate discoveries made short-
ly after World War I1 with that old CW rig of
yours, plus a surplus magnet similar to those

that formed part of a radar magnetron. Of
course, some readjustment will be necessary to
get your old rig tuned to the correct frequency.
You'll also need an oscilloscope and an auto-
matic keying circuit.

For those who enjoy construction and trou-
bleshooting, this experiment could be the basis
of a science fair project using dated ham rig
components. Special interests in RF circuits or
computer software are very useful in building

Photo A. Magnet with RF tank coil with two tubes of salad oil. Four steel suppori columns also serve as the return
magnetic lield circuit. The field is about 731 Gauss.
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Photo B. The four-poster magnet is 18 inches on each side. A bottle of salad oil is inserted inside a 3.11 tank circuit.
Credit cards can be erased if one is not careful.

your own amateur NMR system. Figure 1
shows a functional block diagram of the major
components required to perform amateur NMR.

What is nuclear magnetic
resonance?

The hydrogen atom contains one proton at its
center. Nuclear magnetic resonance (NMR) and
magnetic resonance imaging (MRI) techniques
make use of two magnetic fields—a fixed field
and a variable radio frequency (RF) field—in a
manner that lets an observer make physical
measurements based on the proton’s reaction to
these fields. This method allows one to study
the properties of many common substances
using components familiar to radio amateurs.

While information on NMR is mostly acces-
sible to those with training in one of the physi-
cal sciences, Reference 1 offers detailed expla-
nations of the fundamentals of NMR using a
descriptive, mostly nonmathematical approach.
The rapid development of medical MR sys-
tems required that a trained support force be
available. This book is often used by institu-
tions to teach support personnel, and 1s one of
several books written to fill this need.

Many atomic nuclei have “spin” and charge.
Spin is the atomic equivalent of angular momen-
tum in everyday life. According to quantum the-
ory, a nucleus with spin can only take certain
energy levels in a magnetic field, We can visual-
ize the nucleus spinning like a bar magnetic on
its axis, producing an associated magnetic field.
It is the interaction of this field with external

fields that separates nuclear energy levels and
allows NMR to occur. The magnetic moment
(current times enclosed area) is sometimes
called a nuclear magneton. The hydrogen atom
has a 2.79 nuclear magneton value,

A small bottle of salad oil contains a large
number of possible radio signal sources (about
6 x 10E+22 per cubic milliliter). Photo A
shows two tubes of salad oil inside a tank cir-
cuit between the poles of my magnet, In my
magnetic field, only about one atom per million
atoms is a potential contributor, on a chance
basis, to a detectable RF signal following an RF
pulse. A huge number of such atoms results in
a detectable signal. The strength of the detected
signal can be as much as 5 pV.

The duration of the RF keying pulse and its
power level must be determined by experimen-
tation to find the correct amount of energy to
“flip™ protons. Best results are obtained when
the flip is 90 degrees from the static field. For
instance, it's possible to have too great a pulse
duration or power level, which might result in
flipping the protons 450 degrees, a complete
circle plus 90 degrees. The detectable signal
would be similar to the correct amount!

Finding a magnet

Magnets are still available from surplus cata-
logs. When choosing a magnet, remember that
the RF signal frequency’s purity is a function
of the field’s uniformity. The magnet’s unifor-
mity is equal in importance to its field strength
in procuring good results. Obtaining a uniform
field is a never-ending goal for NMR and MRI
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Photo C. A dot/dash RF pulse to the tank coil holding an oil sample in a magnetic
field sends back an RF Hahn echo. This is one of the first subjects a new NMR
student finds out about (see references).

workers. A tolerance of 5 to 10 parts per mil-
lion over a volume the size of a golf ball would
make a very useful amateur magnet. A change
of 1 gauss will mean a change of 4257 Hz in
the observed frequency. Moving a metal chair
near the magnet can distort the magnetic field
and detune your system.

It’s even possible to make tests using the
Earth’s magnetic field at a frequency about
2000 Hz, using audio in place of RF equip-
ment. Perform these tests in your backyard,
away from cars or other large metal objects.
Several papers appeared during the 19505

Photo D. Amiga screen shows the real and quadrature of the Hahn echo held RAM
memory, this display is the average of 16 echoes. A dual A/D converter board suit-
able for stereo music will do this nicely.

Winter 1996

showing excellent results in measuring small
variations in the Earth’s magnetic field.?

Simple NMR experiments

The vertical field strength of my 500 pound
magnel (see Photo B) is about 731 gauss,
approximately 1400 times the Earth’s magnetic
field at my QTH. This magnet is quite tempera-
ture sensitive, almost | gauss/degree C. I usual-
ly have to readjust my master oscillator to find
the hydrogen proton frequency if the room tem-
perature changes. My magnet’s field strength
increases in cold weather,

Once | find the resonant proton frequency, |
measure it within one cycle using a frequency
counter. This frequency allows a very accurate
method of determining the magnetic field
strength. The relationship of frequency to
magnetic field strength is given by Larmor’s
constant:

f—magnetic field in gauss x 4257

In my magnet, the NMR frequency is 3.11
MHz, for a field strength of 0.0731T. (The ST
unit of Tesla, T, equals 10,000 gauss.) This is
near the amateur 80-meter CW band.

My RF tank circuit looks like an 80-meter
final tank coil (see Photo B). It's driven by
short duration RF pulses at 3.11 MHz. When
the RF field is applied, the protons spinning in
the plane of the static field rotate out of the
plane of the field. When the RF field is turned
off, the protons return to the plane of the static
field, with two degrees of rotational freedom.

The protons’ spins, after the RF pulse is
turned off, go through a spiral trajectory—Ilike
an orange being peeled from one end to the
other—emitting a weak RF signal into the reso-
nant tuned tank circuit. The detected RF signal
takes the form of a damped sine wave. This
damped wave is called a free induction decay
(FID), which can last several seconds in a very
uniform field, or perhaps only a few millisec-
onds in a non-uniform field. I sometimes judge
the best spot in my magnet by positioning my
sample for the longest FID.

This recovery is described by two time con-
stants, T1 and T2, which can be measured later
if the data is stored in computer memory. These
two time constants, longitudinal (T1) and trans-
verse (T2), describe these return spins to the sta-
tic field, and can indicate the effect of nearby
atomic neighbors on the observed hydrogen pro-
tons. For instance in pure water, the two time
constants are equal to each other, but this isn’t
so in salad oil or other complex compounds.

System requirements

The amateur radio requirements needed to



bounce an RF signal off the earth-moon-earth
(EME) are equivalent to those required for lis-
tening to the proton’s spin (see Figure 1). As
you know, these are a transmiltter, receiver,
antenna, keyer, a low-noise receiver front end,
a T/R system, and a display. The keyer in my
system is a computer interface board and soft-
ware. | use a direct conversion receiver.

I use a computer with a timer board to gener-
ate a dot and dash pattern to key the transmitter
with the two required pulses—a 90-degree dot
followed by a 180-degree dash. The dot lasts
100 pS and the dash 200 pS in a typical pattern,
with a 25 mS spacing. This is repeated after a
500-mS delay. Several different timing patterns
are required to determine the proton spin time
constants (T1 and T2). You could try it with a
hand key, but you wouldn’t get the accuracy
you need.

The Hahn echo,? in Photos C and D, appear-
ing at 25 mS from my “dot” 90-degree pulse, is
captured with a computer analog-to-digital
board and stored in computer memory, much as
one digitizes a note of music. Later, I use com-
puter software to determine the frequency spec-
trum (Photo E) of the stored echo by Fast
Fourier Transform (FFT). The spectrum line
width helps me determine the magnetic field
uniformity at the position of my sample.

History

LI Rabi was known to have been a radio
amateur, and was photographed at the controls
of this “wireless telegraph™ station as a teenag-
er, around 1912.% He's given credit for the gen-
eral concepts of using two magnetic fields to
overcome the field created by the atom’s rotat-
ing electron, which shields the atomic nucleus.
He was awarded an unshared Nobel prize in
1944 for this work, while doing radar develop-
ment for the war effort. More Nobel awards
were presented to others for carrying out
advances on this method in the months follow-
ing the end of World War I1 using circuits
developed by the wartime radar laboratories.>~7
No complete study has been published covering
the scientific history of the development of
NMR and MRI.

Work in progress

At present, I'm measuring time constants and
doing spectrum analysis of Hahn echoes to
measure field purity. This should be easy for
amateurs to repeat using almost any computer.

I did my first Fast Fourier Transform on an
Apple 11+ based on an article in BYTE for view-
ing music spectrum. This required writing a
6502 machine language FFT routine. This

Photo E. Frequency spectrum of Hahn echo shown in Photo D, found by using com-
puter software. Baseline is 10 kHz wide. Width at the 50 percent amplitude point is
about 200 Hz and may be used to judge magnetic field uniformity. Phase spectrum
is shown in background.

allowed the Apple to become my first audio
spectrum display about 10 years ago. I hope to
obtain my first 2-dimensional MRI picture, per-
haps an image of a sectional slice through an
orange, soon.

I'll have to develop computer software and
gradient amplifiers to drive the gradient coils
shown in Photo A before this is possible.
Complex patterns of gradients and RF pulses
are needed to acquire a 2-D image plane, which
must then be “decoded™ using 2-dimensional
spectrum analysis. With the help of Dave
Reddy, NIRBJ, I've developed computer soft-
ware that will perform a double-precision 128 x
128 2-D FFT on a generic 486DX 66-MHz PC
clone in about 4 seconds—much faster than the
expensive array processors used for these Kinds
of reconstructions in the recent past.

We've tested this software by reconstructing
raw data of a water-bottle phantom originally
acquired on a Yale University experimental
NMR system. Photo F shows the raw data,
which looks like ripples spreading in water, and
Photo G depicts the finished magnitude and
phase images. Note that the finished images are
inverted, and the air bubble at the top of the
bottle with its meniscus is shown at the bottom,

Summary

If you're interested in transmitters, receivers,
or computer software, you'll find the effort
required to capture the radio signals emitted by
the proton’s spin a challenge. Everything ['ve
done can be recreated using common amateur
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Photo F. Raster display of two 64K arrays showing RF data received from an oil sample. MRI images look like holo-
grams before the 2-D FFT data reduction. This represents a 128 x 128 x 12 bit array.

Photo G. After a 2-D FET computer analysis (Photo F) shows a cross-sectional slice through the oil sample bottle.
These two images now occupy the same memory space as the images in Photo F. Process requires 4 seconds on a
486X 66-MHz computer.
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OSCILLATORS WITH
LOW PHASE NOISE

AND POWVER
CONSUMPTION

Frequency and fime domain analysis
and optimization. From a paper
presented at RF Expo, East, 1994.

odern hand-held radios need low phase
Mnoise oscillators, which at the same

time exhibit low power consumption.
Traditional choices are either bipolar transistors
or FETs. Typically, FETs have been considered
more favorable for frequencies up to 500 MHz.
This is because the low phase noise in frequen-
cies above the higher f;;,,  of bipolar transistors
compared to the N junction transistors make
their usage more attractive. In this article, we
will evaluate the following topics:

AGC action via diode clamping

« Performance of FET oscillators in Class A
Operation, self-limiting.!

» Performance of Class A oscillators using a
clamping diode between gate and source.?

» Self-limiting Class A oscillator with source
resistor.’
Differential oscillators using FETs and dif-
ferent bias points

FET 120
G=76.60462E-37
CGS=72.94488PF?
F=74.5638GHZ?
T=73.2199PS?
CDG=?.657116PF?
CGE=7.046388PF?
CGDE=".117311PF?
CDE="7.186107PF?
CDS?.573044FF?
R1=74.6197
RG=76.392227
RD=?2.16345?
RS72.099057
GDG=711.2376E-6?
L.G=?.022313NH?
L.D=73.57586NH?
LS=72.1183NH?

Table 1. The equivalent linear parameters for the
equivalent circuit for the FET shown in Figure 3.
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Figure 1. Comparison of measured and predicted S-parameters for the 2N4416, input and output.
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Figure 2. Comparison of measured and predicted S-parameters for the 2N4416, forward and reverse reflection

coefficient.
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Figure 3. Equivalent circuit for the linear FET. The non-FET model follows the SPICE approach by Statz and
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Figure 4. Oscillator test circuit.

The following are bipolar transistor
oscillators:

» 800-MHz Motorola VCO for hand-held
radios.4

« Analysis of the Motorola MC1648M volt-
age-controlled oscillator circuit.

» BIP differential limiter VCOs from
Reference 6.

Considerable mystery has surrounded oscilla-
tor design. Evaluating the above-mentioned cir-
cuits should shed some light in this area.

Another fascinating topic has been the whole
modeling issue. To compile data, Compact
Software, Inc. has been performing its own
parameter extraction and has always main-
tained that the parameters available from
SPICE libraries aren’t sufficiently accurate to
be of use in high frequency applications. In par-
ticular, the use of these transistors in oscillators
requires reasonable assumptions for flicker
noise and other related parameters. One of the
tests is to obtain agreement between the mea-
sured and simulated values for the same transis-
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tor at the same bias point. Specifically, the S-
parameters obtained from modeling and mea-
sured data must agree. Our experience in this

area is based on a number of subcontracts we
have received. Among these are our activities
with Siemens Semiconductors in Munich where
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CSI modeled their new 25-GHz f transistors,
as well as GaAsFET lines including the new
power FETs.

The FET model

In our opinion, the best known N junction
FET is the 2N4416 or members of its tamily.
Table 1 shows the elements circuit file used

for optimization. Figures 1 and 2 show the
agreement of S-parameters (ineasured versus
predicted).

For the purpose of this paper, we took mea-
sured Y-parameters covering the frequency
range up to 450 MHz and forced an optimiza-
tion against the complex equivalent circuit for
the linear FET (Figure 3).

We won'’t go into the equivalent procedure
for nonlinear parameters, but Compact

Software’s Scout program (using the modified
Materka model or the Statz or Curtice models)
can generate an equivalent nonlinear circuit
even for junction FETs, which are perfect for
this procedure.

FET oscillator

The first FET oscillators looked fairly similar
to those that came from the tube technology.
Figure 4 shows an oscillator taken from
Reference 1.

This oscillator was built, measured, and mod-
eled. Published reports on this in References 7
and 8 caused considerable interest because no
other work had ever mentioned the noise con-
tribution of this diode. The basic oscillator is a
modified Colpitts type that has a clamping or
rectification diode in parallel at the input. The
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noise performance and output power of this
transistor oscillator depends greatly on the non-
linear parameters of the transistor and the diode
is claimed to provide more uniform perfor-
mance—such as constant output power on tol-
erances of the transistor or temperature.’8 The
diode had been said to increase the stability;
however, it only improves thermal drift—not
the SSB noise.

To better understand the circuit of Reference
7, we performed a phase noise evaluation for
three cases: no diode, a clamping diode, and an
RF-bypassed source resistor. We started with
essentially the same transistor circuit shown in
Figure 4; however, we initially eliminated the
diode and the source resistor and then ex-
changed or added components. Consistent with
the first statement, we used a specific nonlinear
model, as implemented in the nonlinear program
Microwave Harmonica with phase noise analy-
sis capabilities, and added the parameters that
described the transistor’s noise performance.

Note that in the previously mentioned publi-
cation, both phase noise with and without the
diode had been presented and compared to
measured data.” The diode, which was connect-
ed in parallel between the gate and source, is
activated only in an RF sense to look at the
noise contribution without affecting the DC-
bias point. Note that the junction FET already
has a diode from gate to source and, therefore,

Figure 12. Predicted phase noise of the circuit in Figure 4 with loaded Q of 135 and Q = 500, which is the same as Q = «

one effectively puts two diodes with different
threshold levels in parallel. Figure § shows the
output phase plane of the oscillator for both of
these cases.

The next thing we did was to look at the
noise prediction with or without the diode.
Considering the fact that the diode at this time
was fully active and changed the DC operating
point, we knew the output power would drop
by 8 dB down. Because the phase noise is the
ratio of two power levels, the absolute power
output of the oscillator is irrelevant for close-in
phase noise considerations. By looking at
Figure 6, we obtain the same phase noise as
reported in Reference 7, and we also show the
flicker noise contribution of the FET is the
same when the diode is removed. With the
diode, the output power is —6 dBm; without the
diode, the output power is +2 dBm.

The next step was to evaluate the quality of
the SPICE library models. Figure 7 shows the
simulation of the load line using the parameters
supplied by a third party SPICE library
(PSPICE). Close examination of the DC IV
curve reveals an unrealistic characteristic of the
FET in the saturation mode. This early method
of (simple) parameter extraction is insufficient
for accurate high frequency applications. There
is no provision for parasitic elements.

Having exchanged the two transistor models
for the same circuit, we recalculated the noise.
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Once again, it showed a significant difference
with and without the diode. This was consistent
with the measured data previously reported,
which is shown in Figure 8.

The output power for this oscillator was the
same as the simulation with our model. This
indicates that the calculation of the output
power is less sensitive to the parameters that
make the difference in the noise calculation.

When looking at the noise calculation, the
two most relevant quantities are the loaded Q
under operation, which the simulator predicts,
and the noise contribution of the semiconduc-
tor. It’s interesting to note that the Spice library
totally underestimated the transistor noise con-
tribution and provided unrealistic low close-in
phase noise measurements.

The next logical step was to evaluate the cir-
cuit without the diode, but with a resistor in the
source. Figure 9 shows the output load line/DC
IV curves for the same circuit with a 470-ohm
resistor. What results in this case is +1 dBm out-
put that compares favorably with the example
without the diode. We now encounter the excit-

ing question, “What will the phase noise do?”

Figure 10 illustrates all three cases: phase
noise without the diode, AGC action with a
470-ohm source resistor, and with the diode, as
previously mentioned. It becomes clear that the
phase noise with the diode still remains the
worse case scenario, while the DC feedback is
the best case. This is also consistent with
reports in Reference 3.

For further reduction of the undesired
“warm-up” effect of the FET at high bias point,
one must go to emitter resistors as large as 1 k
or higher and may even need to bias the gate
positive.

Figure 11 shows the circuit diagram for the
85 to 119 MHz FET oscillator from the Rohde
& Schwarz SMDU signal generator. This signal
generator, which is no longer in production,
had the same specifications as the HP 8640 and
obtained its extremely low level of phase noise
with the use of a helical resonator. It reflects
the situation above where the DC bias of the
transistor is provided by a fairly large source
resistor of 1.5 k and an adjustable resistor at the
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then moves back to the left with a resulting DC operating point shift.

Figure 20, DC/IV curve starting condition of FET oscillator using SPICE. DC curve starts at the left-hand corner, works its way up and
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gate offers the optimum bias condition. The
large DC feedback compensates for both toler-
ance in the device and temperature effects. This
is the correct method of operating the transistor
rather than using an AGC diode.

Other questions arise in the modeling area.
How much does the actual Q of the inductor
affect the performance in high Q cases like that
of the 10-MHz oscillator? Is it permissible to
allow the Q to be simulated at Q = % where Q =
500, which is obtainable at these frequencies, is
used as a point of reference. If we examine a
more modest Q, like 135, we get approximately
4-dB deterioration of phase noise, which shows
up at both close in and far out. For high fre-
quency applications above 30 MHz, it’s cer-
tainly important to properly model the Q of the
tuned circuit before it is connected to the tran-
sistor. Figure 12 shows the noise for different-
ly loaded Q.

When using integrated circuits for DC cou-
pling, one must resort to symmetrical circuitry
using a differential limiter type oscillator cir-

cuit, as shown in Reference 3. Unfortunately,
the outputs of these circuits were distorted and
we had questions about their phase noise per-
formance. We took the same circuit, and essen-
tially using FETs, modeled a differential oscil-
lator circuit. This circuit is consistent with that
in Reference 3, but operates at 10 MHz and
has a less elaborate DC circuitry. (See Figure
13, which shows the differential FET oscillator
that has become the heart of the HP 8662—the
Hewlett-Packard signal generator).

The initial starting condition was set by hav-
ing the common source resistor at 470 ohms,
which produced the phase noise prediction of
the first plot shown in Figure 14. By playing
with the output load, the phase noise far out can
be improved slightly. We finally decided to
take more drastic steps and reduce the source
resistor by a factor of 10. As can be seen, this
decreased the output phase noise significantly.
The phase noise improvement is approximately
12 dB across the board. This noise calculation
is still somewhat unrealistically optimistic
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because the FET model supplied is unrealistic
in its flicker noise contribution; however, it
clearly illustrates the trend.

Figure 15 shows the output waveform as a
function of DC bias when the absolute output
of the differential oscillator is 6 dBm.

The N junction FET model in SPICE doesn’t
consider any parasitics, which limits its practi-
cal high-frequency use. Table 1 indicates that
the first criteria for successful modeling
involves a match between predicted and mea-
sured S-parameters.

Figure 16 depicts the equivalent circuit for
the packaged nonlinear FET. To model energy
traps in the transistor, a series combination of R
and C is identified as parasitics labeled CDSD
and RDSD. By setting those two values to zero,
the DC/IV curve shifts looks as shown in
Figure 17. The fly-wheel effect to the right of

Figure 24. Schematic for the Motorola MC1648 oscillator chip.

the transistor has disappeared. This is the case
with no diode connected and no emitter resis-
tance. Figure 18 shows the time domain dis-
play of the drain current of the device. As one
looks at the this figure, it becomes obvious that
this has a fairly narrow duty cycle and, there-
fore, a high harmonic content. For the sake of
completeness, one should now look at a SPICE
modeling of the same circuit. Remember that
the SPICE models are less complete for high
frequencies. Also, the inherent dynamic range
is less than that of our harmonic balance simu-
lator. SPICE typically is lucky to get 60-dB
dynamic range. Our harmonic balance simula-
tor has 180 dB dynamic range. By inspecting
Figure 19, it’s apparent that there is no differ-
ence in resistance, as the drain current is
numerically unstable compared to the calcula-
tion in harmonic balance.
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Figure 25. Simulated phase noise for the oscillator circuitry shown in Figure 15 at 10 MHz. By reducing the collector current of the transis-
tor’s Q6 and 7 down to 500 pA, the flicker noise would be improved from 30 dB at t Hz to 52 dB at [ Hz.

The big advantage SPICE offers is that it lets
one look at the transient response and not just
at the steady state supplied by the harmonic
balance simulation. Figure 20 shows the “start
up” condition for the same oscillator. This
“start up” condition begins at the lower left-
hand corner with current and voltage at the zero
level. By the time the voltage increases to 3.5
volts and higher, the current begins to saturate
and oscillation starts. The DC bias point moves
to the left and then automatically settles down.
This curve becomes similar to the DC/IV curve
previously shown in Figure 19. Finally, it’s
interesting to measure the time it takes the
oscillation to actually start. This is done by
inspecting the load voltage. The oscillation hes-
itates 10 pS, then builds up to reach most of its
amplitude after 25 pS (and certainly after 50
uS), before it achieves stable amplitude. This is
shown in Figure 21.

At this point we ended our investigation of
FETs and decided to look at the bipolar transis-
tor circuits. The reason for our interest is that
most hand-held radios or wireless applications
will be built with silicon bipolar technology in
the future and, therefore, the noise of those cir-
cuits will become an issue. The single transistor
oscillator operating at 800 MHz had already

been successtfully modeled and reported on in
Reference 4. Figure 22 provides a plot of the
predicted and measured phase noise, as well as
the oscillator’s schematic. Oscillators for high-
ly integrated circuits make intensive use of dif-
ferential types of transistor pairs. Figure 23
shows the standard two differential transistor
pairs as offered by many suppliers. This has
become the de tacto standard for the pairs in
either mixers or oscillators.

Motorola built the first successful medium-
scale integrated circuit oscillator, the
MC1648M oscillator chip. We were particular-
ly interested in modeling this circuit because
initial inspection of the circuit indicates there is
no DC voltage difference between the chip and
collector of the transistors on the left. Figure
24 is the schematic of the internal oscillator as
published by Motorola.

We were pleased to be able to successfully
model the Motorola circuit, but the resulting
phase noise was quite surprising. Figure 25
shows the phase noise of the bipolar transistor
IC. It is well understood that the phase noise of
these oscillators is significantly higher than the
phase noise of the FETs. It was quite surprising
to find that the flicker noise contribution wors-
ened the phase noise to such a degree. We did a
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little experiment where we changed the bias of
the oscillator and reduced the loop gain. The
DC current dropped from 3 mA to approxi-
mately 500 pA. Because the flicker noise is
extremely bias-dependent, the phase noise
improved; however, the output power dropped
by about 10 dB. Simulation of this circuit also
showed a nonsinusoidal waveform at the out-
put, which, due to space constraints, is not
reproduced here. A circuit typically used for
LSI application is shown in Figure 26 and is
taken from Reference 1. These types of oscilla-
tors are actually being used for various applica-
tions and the interested user should use modern
CAD tools to investigate their performance.
Due to the heavy feedback in those oscillators,
the simulation shows that they are not as sensi-
tive to parameter variation of the devices as one
might expect. A particularly nice application of
this type is a Motorola VCO done entirely on
silicon material. Photo A shows its layout and
Figure 27 shows its schematic representation.
The monolithic inductors used in the VCO
were designed using Compact Software’s
Microwave Explorer program to model the
effect of various ways of building those induc-
tors. Measured and predicted Qs of the induc-
tors show extremely good agreement as com-
parisons. Figure 28 shows a discrete VCO for
complexity and size. One can see that consider-
able progress has been made here in high inte-
gration and first-hand layout of these devices,
when compared with the older version of
Figure 29,

As mentioned, these types of circuits are
found in large integrated circuits, and we decid-
ed to model the circuit of Figure 30 shown in
Reference 6. What's different between this cir-
cuit and others previously reported in this paper
is that the tuned circuit is coupled very loosely
to the transistor. We also made a modification
to the circuit by taking the feedback from the
second transistor rather than the first and plac-
ing the second transistor in the loop. Figure 31
shows a proper presentation with modern ICs.

When comparing these two cases with the
modified one, we found an improvement of
approximately 6 dB of the SSB phase noise
with the same output power. Figure 32 shows
the predicted phase noise and Figure 33 shows
the output waveform available at the collector.
According to our simulation analysis, both cir-
cuits only provide +4 dBm output. We weren’t
able to confirm the +17 dBm measurement
reported by the authors.

Circuit optimization

The oscillator circuit itself provides several
degrees of freedom over which the designer has
control. One of the three key issues to consider
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Photo A. Layout of a Motorola VCO for VHF handie-talkies,
which is built around silicon substrate material.

is the DC operating point of the transistor.
While it varies the output power, we have
shown that it more drastically changes the
flicker noise. Secondly, the feedback circuit, as
such, is responsible for the loop gain and the
loaded Q. Third, some negative rather than pos-
itive feedback—Ilike resistive feedback between
the emitter of the bipolar transistor and the
capacitive voltage divider—is responsible for
the phase noise reduction to the flicker noise
contribution, The automated optimization as
implemented in Microwave Harmonica can sig-
nificantly improve the circuit.

Figure 34 shows the phase noise—before
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Photo C. Test oscillator with conventional SMD design for 900-MHz hand-held cellular telephone.

and after optimization—of the Motorola 800-
MHz transistor oscillator for Figure 16. The
close-in phase noise at 1 Hz has been improved
by approximately 32 dB and even the phase
noise of approximately 1 ... 10 MHz off the
carrier was improved. Because of the reduction
in amplitude and the resistive feedback. the
phase noise at 20 MHz and further away is set
at —160 dBc per Hz, while the original circuit
predicted a slightly better performance, This

technique is applicable for arbitrary topologies
of oscillators and active devices for which we
have a good understanding of the relationship
between the flicker noise and the bias point.

Some other useful oscillator

circuits

Figure 35 shows a bipolar transistor oscilla-
tor with a frequency range of 2.75 10 3.75

PNI<HI>

-60.0

PN1<H1> (dBc/Hz)

10

il L — e - 7

Freq (Hz)

Figure 30, Simulated phase noise of the oscillator shown in Reference 5.
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Figure 32. Phase noise of the oscillator in Figure 16, before and after optimization.
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Figure 34. Low phase noise VCO from the Rohde & Schwarz XPC synthesizer, which can be modified for the 220-MHz
ham band. It offers extremely low phase noise of 150 dB per Hz, 25 kHz off the carrier.

MHz. This range can be shifted by adjusting L1
and Cl. A good application is 5 to 5.5 MHz.
This bipolar oscillator inside its oven-con-
trolled environment has a frequency shift of
less than 50 Hz per day and, even without the
electric heating, won't drive more than 200 Hz
per day after 15 minutes warm up.

For those attempting to build low phase noise
YCOs for the 200-MHz ham band as shown in
Figure 36. here’s a unique low phase noise
oscillator that should be included in the synthe-
sizer. Its phase noise at 200 MHz is 150 dB per
Hz, 25 kHz off the carrier.

Finally, for those experiencing noise in their
UHF repeater oscillator, the cavity resonator-
based low phase noise VCO in Figure 37 may
eliminate some headaches caused by some
noisy designs.

Summary
This paper has analyzed both FET and bipo-

lar oscillators, including circuit combinations
adapted for high-level integration. The general
theory seems to be that FETSs require more cur-
rent, but the f; of the available N junction FETs
isn’t sufficient to build oscillators above 400
MHz and the flicker noise contribution is very
small. On the other hand, bipolar transistors are
ideally suited for oscillator circuits for high
integration, and their bias point must be chosen
very carefully to avoid too much flicker noise
contribution. When these types of oscillators
are designed as one terminal oscillator circuits,
they do not provide an attractive choice of
topologies and, therefore, a good compromise
between performance and complexity must be
sought. Most hand-held two-way radios or
radio telephones with digital signal processing
don’t require very high performance oscillators.
This paper has sought to provide some guide-
lines for obtaining high performance circuits.
We have also addressed AGC action by self-
limiting the use of DC feedback and diode
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clamping. There has been some discussion on
these three topics within the engineering com-
munity and we have used our tools to provide
insight on these sensitive circuits, |
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New 1-GHz LCR Meter Applies New
Measurement Technique

Hewlett-Packard Company has announced
their RF LCR meter with a frequency range of
I GHz. An RF LCR meter is an instrument that
measures inductance, capacitance and resis-
tance. This meter applies a new measurement
technique to test components at their actual
operating conditions, allowing circuit designers
to select the right components for their designs.
The HP 4286A builds on and expands HP's
precision LCR meter family, the HP 4284A
and HP 4285A. The newest meter provides a
component test solution for the fast-growing
RF industry. The LCR meter offers | MHz to |
GHz with 10-kHz resolution; a test signal of 10
mV to 1V; a measurement speed of 15 msec:
and has a monochrome CRT display.

The HP 4286A RF LCR meter is available
now with delivery six weeks from receipt of
order; and can be purchased for $27,600. For
more information, contact Hewlett-Packard
Company, Direct Marketing Organization, P.O.

PRODUCT INFORMATION

Box 58059, MS51L-SJ, Santa Clara, CA
95051-8059.

HP Enhances Synthesized Microwave
Sources

Hewlett-Packard Company has added
options to the HP 8370 family of synthesized
microwave sources and improved the standard
instrument performance at no increase in price.
Enhancements include optional analog-phase-
modulation capability: optional internal modu-
lation generator for amplitude modulation
(AM), frequency modulation (FM) and phase
modulation; optional linear AM; and increased
output-power range from -90 dB to -110 dB
for the optional step attenuator. This product
family now provides improved phase noise and
seven convenient FM sensitivity ranges.

The HP 8370B product family can be config-
ured with options that deliver powerful signal
simulation tailored for specific applications in
the aerospace, defense, satellite, microwave-
communications and intelligent-transportation-
system industries. The products include the HP
837108 series of CW generators for frequency-
converter and exciter applications, and the HP
83730B series of synthesized signal generators
with signal-simulation capability for receiver-
test applications. In addition, HP offers the HP
83750B series of synthesized sweepers
designed for component test,

For more information, write to Hewlett-
Packard Company, Direct Marketing
Organization, P.O. Box 58059, MS51L-SJ,
Santa Clara, CA 95051-8059.
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QUARTERLY REVIEW

NEC-WIN BASIC For Windows

aragon Technology has adapted its engi- of students and amateur radio operators.
Pneering experience with NEC and the The Windows platform offers users some
optimization of antenna design to the facilities not easily implemented in DOS. For
Windows platform. In the process, it has devel- example, one can produce presentation-quality
oped a near-entry-level program for antenna graphic pattern plots as a matter of course (see
modelers, NEC-Win Basic, priced within reach Figure 1). Those who prefer pull-down menus
LPDA vs.

3-Element Yagi

270

180

Figure 1. A sample NEC-Win Basic plot comparing free-space azimuth patterns for a log-periodic antenna and a 3-
element Yagi beam on a log scale.
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Figure 2. The upper half of the rear lobe of a log periodic antenna as viewed from
below, with potentially confusing lines from the opposite half removed for clarity of

detail.
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(including cut, copy, paste, rotate, translate, and
scale operations) along with mouse navigation
through the program elements will find that the
program has similarities to a spreadsheet with
graphic outputs—interrupted, of course, by the
engagement of the NEC-2 calculation engine.
NEC-Win Basic tries to retain, in a fundamen-
tal program, much of the flexibility of design
decision to which engineers are accustomed. For
example, there are 9 preset choices of antenna
materials and two spaces for user specifications.
There are some 13 categories of printable output
data, much of which is in engineering notation.
The user can specify loads as either a set of RLC
values or as a combination of resistance and
reactance. Even the range of azimuth and eleva-

tion coverage can be specified, both for the cal-
culations and for pattern plots.

Such flexibility allows the user to develop
some precise tools for analysis. For example,
NEC-Win Basic offers a graphical surface plot
of far-field gain values (which, like the graphi-
cal view of the antenna, appears in DOS-based
graphics). By selectively setting the limits of
the patterns for both azimuth and elevation,
the user can focus in on small portions of the
surface plot, freed from the confusion created
by lines on the less interesting opposing sur-
face (see Figure 2). Likewise, one can judi-
ciously select for screen display or printing
from within the program the most useful data
from the calculations.

The wide range of open-ended options
offered by the program places responsibilities
on the user. Once the input file is created by a
combination of spread-sheet-style wire entry
and pull-down-menu entry of ground, frequen-
¢y, element conductor, transmission line(s),
source, and load values, nothing happens with-
out user decision. The user must decide what he
or she wants by way of result, and this requires
some understanding in advance of what is most
likely to be of significance. Paragon has pro-
duced a well-constructed manual combining
introductory and advanced walk-through exer-
cises with a feature-by-feature reference sec-
tion. However, to use the program comfortably
to its fullest capabilities, the user should com-
bine his or her growing experience with a wider
reading into the NEC-2 program and into
antenna modeling in general.

Although Paragon recommends a 4 MB
RAM minimum to run the program, excessive
TSR storage in upper RAM may make 8 MB a
better minimum to meet the NEC-2 need for
expanded memory pages. Laser printers should
have 1 MB or more of memory (standard for
the present and immediate past generations of
printers) for handling both the word and pictor-
ial elements of plots. The calculation portion of
the program is highly interactive with the hard
drive: hence, both hard disk and CPU speeds
are relevant to using the program efficiently.
Available Pentium and DX CPUs and current
generation drives are well up to the task.

NEC-Win Basic is available from Paragon
Technologies, 200 Innovation Blvd., State
College, PA 16803. The price is $75 plus ship-
ping and handling. |
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SIMPLE AND
NEXPENSIVE
HIGH-EFFICIENCY
POVWER AMPLIFIER

For 160 to 40 meters

‘ve been designing RF power amplifiers and ment surplus 1625 tubes (75 watt) were avail-
Ilmnsmincrs since shortly after receiving my able for about 19 cents each.

novice license in 1961. As a high-school Unfortunately, modern RF-power MOSFETs
student, my budget was rather limited and the cost about $1 per watt. The RF-power transis-
industry-standard 6146 power tube at $5 was tors in a typical transmitter can cost over $100
out of the question. Fortunately for me, govern- and can easily be damaged by static or over-

Photo A. Breadboard circuit. Note: Breadboard includes additional complementary MOSFET gate drivers
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load. It’s not hard to see why few of today’s
hams design their own power amplifiers.

I’ll describe a simple, inexpensive, and effi-
cient 250-watt transmitter for 160 to 40 meters
(Photo A). Its key features are:

« driver based on two low-cost ICs,

» final amplifier based on two low-cost RF-
power MOSFETS,

« simple output transformer, and

« Class D operation.

The PA and driver operate from +12 and +50
volts and require an RF input of only 10 mW.
The APT RF-power MOSFETS cost only about
$15 each and the whole breadboard circuit only
about $150. This should make it possible for
today’s hams to once again experiment with
RF-power circuits.

Basic design considerations

Class D power amplifiers use two transistors
in a push-pull configuration. The transistors are
driven to act as switches and generate a square-
wave voltage. The fundamental frequency com-
ponent of the square wave is passed to the load
through a filter. Power output is controlled by
varying the supply voltage.

A Class D PA is ideally 100 percent efficient
at all amplitudes and in spite of load reactance.
In practice, it is significantly more efficient
than a similar Class B PA—especially for
lower amplitudes and reactive loads.

Drain-load line and turns ratio

The power output of a Class D PA!2 is;

Py = S _Teff
0 n2 R (1

where the effective supply voltage (for
MOSFETs) is:

R

v = Vpp ——
eff DD R+R0n 2)

Above, R is the drain-load line (seen by one
drain with the other open) and R, is the on-
state drain-source resistance. For the ARF440
and the ARF441, R, ~ 0.8 ohms. Thus, a 250-
watt output with a 50-volt supply requires R <

6.4 ohms.
For a simple transformer, the drain-load line

is related to the load R, by:

R = (m/rz)3R0 3)

where m and » are the numbers of turns in the
primary and secondary windings, respectively.
For an RF transformer, m and » must be small
integers. For a 50-ohm load, a bit of iteration
yields m =1, n = 3, and R = 5.56 ohms.

In the absence of transformer, switching, and
capacitance losses. the efficiency of the PA is:

mn = Veff/VDD - 0874 (4)

The effects of switching and drain capacitance
can be predicted by the equations given in
Reference 2. These calculations yield an 82-
percent efficiency for operation at 7 MHz,
excluding losses in the transformer and output
filter. With typical losses in those components,
an efficiency of 70 percent is expected

Gate voltage and current

The peak drain current! 2 is:

4 Ve
el — 10.01 A
T R (5)

Dmax =

which corresponds to [y, = 6.37 A. The data
sheets for the ARF440/ARF441 show that a
gate-source voltage of 9 to 10 volts should be
sufficient for minimum R, at {p,.. = 10 A.
Because the threshold voltage is about 3.5
volts, the RF-drive voltage must be about 6.5
volts or slightly more.

The data sheets provide typical small-signal
active-region gate-source and gate-drain capac-
itances of 730 and 77 pF, respectively. The
input capacitance is, however, the sum of
small-signal capacitances only while the MOS-
FET is in the cut-off region. As the MOSFET
enters the active (velocity-saturation) region,
the gate-drain capacitance is Miller-multiplied
by the voltage gain (plus one). Finally, as the
MOSFET enters saturation (resistive region),
the gate-drain capacitance inflates by a factor
of five, or so. As a result, the effective gate-
drain capacitance is close to 2600 pF during the
switching process.?

The total gate charge is 37 nC at 10 volts.
Transitioning the gate voltage in one tenth of
the RF period (73.7 ns at 13.56 MHz) requires
a peak gate current of 5 A. A low driving resis-
tance and low inductance are clearly required.

Circuit

Figure 1 shows the power amplifier and dri-
ver circuit; parts are identified in Tables 1 and
2. All stages are ac coupled. Consequently, the
unexpected absence of an input signal results
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Figure 1. Circuit of power amplifier and driver.
only in an inactive circuit with minimal current
flow and power consumption. a5
Driver GROUND
The driver uses a pair of low-cost ICs (U1

and U2 in Figure 1) rather than the convention-
al RF transformer to provide out-of-phase dri-
ving signals for the two final MOSFETSs. It also FILTER

provides hard limiting (sine-wave to square-
wave conversion) of the input signal.

The Elantec EL7144C is intended for use as
a gate driver. The internal Schmidt trigger
allows it to serve as hard limiter, and the pres-
ence of both inverting and noninverting inputs
allows a pair to serve as a phase splitter.

The RF input is ac coupled to the noninvert-
ing input of Ul and the inverting input of U2.
Adjustment of the biases via R6 and R8 allows
the transition points to be selected to produce
the desired duty ratio (50:50). The phase error
between the two EL7144s is about 0.5 ns. (If an
oscilloscope isn’t available, use a voltmeter
with a [-k series resistor and set the average
output voltage to 6 volts.)

The EL7144s have high input impedances, so
R35 provides a 50-ohm input impedance for the
signal source. Input signals in the range of 10

Figure 2. Construction of output transformer T1.

to 100 mW are satisfactory, allowing this PA to
be driven directly from a laboratory signal gen-
erator or oscillator with buffer.

The best switching speed is obtained with
V’UDI = ]2 volts.

Final amplifier

The final amplifier is based upon the
ARF440 and ARF441 symmetric-pair
MOSFETs. The quiescent currents are individ-
ually adjustable via R18 and R20 and should be
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Reference Designator
Cl

SKR330MIHEI1V
C3

C4-C27
C28

D1, D2
J1,J2

J3,14,17,18

L1
L2

Q5

Q6

R1,R2

R4

RS

R6, R8, R18, R20
R7,R9, R19, R21

Tl

ul, U2

Heatsink for DIP IC
Heatsink for Q5 and Q6

IC socket, 8-pin DIP (4)
PC board

Plastic bracket for L.2
Plastic bracket for C28

Feet (6)

Part Description
33-pF, 50-V electrolytic, Mallory

20-pF, 250-V electrolytic, Mallory TT250M20A
0.1-pF, 50-WYV chip, ATC 200B104NP50X
See Table 2.

5.1-V, 0.25-W Zener, IN751A

BNC femal bulkhead

Recommended: Amphenol 31-5538

Used: RF Industries RFB-1116S/UG
European-style binding post, Johnson 111-0104

3.5-uH. 7 turns #24 enameled wire on Ferroxcube
768X T188 4C4 toroid. See Table 2.

n-channel MOSFET, APT ARF440
n-channel MOSFET, APT ARF441

330-Q RCO7

10-kQ RCO7

51-Q RCO7

1-k€2 trimpot, Bournes 3299X-1-102
4.7-kQ RCO7

One Ceramic Magnetics 3000-4-CMD5005 block of
CMDS00S5 ferrite wired per Figure 3

Schmidt trigger/limiter, Elantec EL7144C

Aavid 5802 clip-on
Aavid 61475, 6.5-in wide by 4-in long

Augat 208-AG190C
Approximately 6.5-in wide by 8-in long

Cut from plastic L
Cut from plastic L

Aluminum threaded spacer, 4-40 x 2 in
(Keystone 2205)

Table 1. Components other than tuning

set to about 0.1 A each (i.e., just on the verge of
conduction). This results in gate bias of about
3.5 to 3.8 volts.

The variable gate biases provide a convenient
means of checking final MOSFETs QS and Q6
during development. The ac coupling also pro-
vides some isolation of the driver MOSFETs in
case there’s a short-circuit failure of the final
MOSFETs. It is, however, possible to simplify
the circuit by direct-coupling the output of the
driver to the gate of the final.

Output transformer T1 is made by winding
no. 22 insulated wire through one block of
CMD35005 ferrite as shown in Figure 2 The use

of different colors facilitates identification of
the leads. The VSWR and overrating factor are
less than 1.9 and 1.5, respectively, from 1 to 14
MHz. Capacitors C26 and C27 ensure a good
RF ground at the center of the primary winding.
Inductor L1 keeps RF out of the power-supply
line; its value isn’t critical.

The prototype uses simple series-tuned cir-
cuits (Table 2) with Q = 5 at the frequency of
operation. Tuning is accomplished by adjusting
padder C28 for maximum output power or
maximum dc-input current. Other output filters
or matching networks can be used provided
they include a series inductor on the trans-



former side to prevent current from flowing at
the harmonic frequencies.

layout

The general layout of the principal compo-
nents is shown in Figure 3. MOSFETs QS5 and
Q6 are separated by about 0.8 inch, so their
drain leads are aligned with the Ieads from TI.
The “symmetric-pair” packaging conveniently
places both drain leads on the right and both
gate leads on the left. The driver ICs are in-
stalled roughly in line with the leads from Q5
and Q6.

The prototype breadboard is constructed on a
6.5 by 8-inch piece of pc board. All wiring is
done on or above the surface so the lower
ground plane is unbroken.

For convenience in experimentation, I sock-
eted U1 and U2. Socketing is not, however,
recommended for a final layout as it adds in-
ductance between the devices.

The input to Ul and U2 is high-impedance
and therefore not especially critical. Install chip
capacitors C5, C6, C9, and C10 as close as pos-
sible to the power-supply leads. Place a clip-on
heat sink over each IC to provide adequate heat
dissipation. Connect the driver outputs to the
final gates through short, wide (low-induc-
tance) traces.

Mount the heatsink flush with the bottom of
the pc board. Cut holes for Q5 and Q6, but oth-
erwise do not interrupt the integrity of the
ground plane. Cut connection pads near the
gates and drains. Trim the leads of Q5 and Q6
at the point where they narrow and then bend
them downward slightly to contact the pc
board. Use thermal grease on the bottoms of QS5
and Q6 to ensure adequate conduction of dissi-
pated power into the heatsink.

Output transformer T1 lies flat on the pc
board and is held in place adequately by its
leads. Tuning elements L2 and C28 are sup-
ported on plastic L brackets.

Performance
The waveforms for operation at 1.8 MHz

Dczs.zJB m

rs[]{Jre0

Figure 3. General layout of amplifier.

with V5 = 20 volts are shown in Figure 4.
They include the final gate v g, final drain vpyg,
transformer output v, and filter output v,,.

Turn on begins shortly after the gate voltage
begins to rise. and flattens the driving wave-
form because of the Miller effect and inflation
of the gate-drain capacitance. The transients in
v are probably due to the length of wire con-
necting the driver and gate, and/or the voltage
that is developed across the internal induc-
tances of the MOSFETs.

The transients in the drain voltage are the
normal consequence of the MOSFET switching
faster than the rise time of the transformer. The
transient frequency of 56 MHz corresponds
roughly to the resonance of the 193-pF typical
drain capacitance and the measured 40 nH of
transformer inductance. The peak voltage
remains well within the ratings of the ARF440
and the ARF441. The transient is prevented
from reaching the load by the output filter.

The measured efficiency and power output
are shown in Figure 5 and Table 3 as functions
of frequency. The efficiency is based upon
measured RF output and d¢ input to the final
amplifier (Q5 and Q6), and includes all losses.
For 160 meters, the power output and efficien-
cy are in excellent agreement with the predic-
tions—especially given the addition of a few
percent of loss in the transformer and filter. As
frequency increases, the efficiency drops off
faster than expected. For 40-meter operation,
Vpp should be reduced slightly to maintain safe
drain currents (ip. < 11 A, I3 £7 A).

1.8 MHz L2:
enameled wire
C28:
3.5 MHz L2:
enameled wire
C28:
7 MHz L2:
enameled wire
C28:

22 uH, Micrometals T200-6 toroid (2-in O.D.) with 52 turns of 24-AWG
354 pF, 2.5-kV padder, FW Capacitors APO91HV

11.4 pH, Micrometals T200-6 toroid (2-in O.D.) with 32 turns of 24-AWG
180 pF, 2.5-kV padder, FW Capacitors APOSIHV

5.7 pH, Micrometals T200-2 toroid (2-in O.D.) with 20 turns of 24-AWG

90 pF, 2.5-kV padder, FW Capacitors APO31HV

Table 2. Tuning components.
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Figure 4. Waveforms for operation on 160 meters.
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Figure 5. Efficiency and output versus frequency.
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The faster-than-expected decrease in effi-
ciency occurs because both MOSFETS are on
simultaneously for a short period of time; this,
in turn, is because the turn-otf time is greater
than the turn-on time.# This problem can be
eliminated by adding a complementary MOS-
FET driver as discussed in the next section.

The variations of efficiency and output volt-
age with supply voltage are shown in Figure 6
and Table 3. In contrast to Class A and Class B
PAs, the efficiency remains relatively constant
and high for all output levels. The highest effi-
ciency generally occurs at mid-range supply
voltages because the drain capacitance is
reduced but the current isn’t yet high enough to
increase R,,. The linearity for control and mod-
ulation is quite good.

The total driver current varies from 110 mA
on 160 meters to 270 mA on 40 meters. This
means the total driver input power varies from
1.3 to 3.2 watts.

Completing the transmitter

To make the power amplifier and driver into
a transmitter, add the following:

« power supply,

« signal source (VFO),

* keying and/or modulation, and,
* output filter.

Since the Elantecs can be driven by a +10
dBm input signal, almost any VFO with an out-
put buffer can serve as the signal source. A
variety of suitable VFO and power supply cir-
cuits can be found in Reference 5.

The power amplifier and driver can be keyed
for CW transmission by interruption of either
the RF drive or the dc supply. Amplitude mod-
ulation is very linear (Figure 6) and can be
accomplished efficiently by a Class S modula-
tor.®7 Production of a single sideband and
other complex signals can be implemented
using the Kahn envelope-elimination-and-
restoration (EER) technique.3-

On-the-air use of the PA requires more har-
monic suppression than the simple series-tuned
circuits of Figure 1 can provide. A three-sec-
tion bandpass filter or five-section T-type
should suffice. A number of designs are given
in Reference 5. Remember that Class D opera-
tion requires the input side of the filter to
include a series inductor or series-resonant tank
to prevent harmonic currents.

Operation can be extended to 30 and 20
meters by inserting complementary MOSFET
gate drivers between the Elantecs and the APT
MOSFETs.4.10 Because the turn-off delay of the
APT MOSFET is slightly larger than the turn-on
time, operation at these frequencies requires the



Vom’
10 379 0.802 38.2
20 68.1 0.820 68.4
30 101.6 0.825 101.4
40 1339 0.825 133.0
45 149.3 0.820 147.0
50 164.1 0.813 159.7

Vop. V 10 MHz
Vom ¥ m

50 136.3 0.526

Vppr V 1.8 MHz 3.5 MHz
v M Vo Y

m

0.723
0.744
0.741
0.748
0.734
0.716

14 MHz

Vo ¥V

onr>

107.5

mn

0.500

7.0 MHz
Vom’ v n
36.0 0.574
68.4 0.581
99.6 0.604
126.8 0.593

145.3 0.545

Table 3. Output voltage and efficiency as functions of supply voltage.

Elantecs to be biased to produce slightly less
than a 50:50 duty ratio. This addition to the cir-
cuit also improves the power output and effi-
ciency on 80 and 40 meters (Figure 5).

Use of the ARF442 and ARF443 MOSFETs
and a 100-volt supply should allow the output
to be increased to about 400 watts.

Vom_ \'
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QUARTERLY DEVICES

The MRF-255 RF Power Field-Effect
Transistor and Digi-Key's Panasonic

Multilayer Ceramic Chip Capacitor Kits
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-power MOSFET: first appeared
as an alternative to bipolar junc-
tion transistors (BJTs) in the mid-

1970s. My first introduction to Motorola
TMOS devices dates back nearly 12 years,
when T built a small 30-watt SSB transceiver
around a MRF-138.! However, despite many
inherent advantages, the 28-volt Vdd require-
ment for early TMOS devices prevented them
from gaining popularity in the 12-volt world of
amateur and land-mobile applications. For
years, unofficial rumors persisted that a low-
voltage linear device would be forthcoming,
but none appeared. As it turned out, this proba-
bly had more to do with the small size of the

U.S. manufacturing market than with any par-
ticular roadblock in MOSFET technology.

In the end, the Japanese amateur-radio manu-
facturing industry provided the stimulus needed
to bring a viable 12.5-volt FET to market.
According to Mike Civiello, Motorola’s sales
representative for RF products in Japan, the
MREF-255 was developed especially for ICOM
to replace BJTs traditionally used in the RF-
power stages of amateur multi-band trans-
ceivers. MOSFETS generally perform better in
extremely wideband amplifier designs, and this
characteristic fit in well with ICOM’s plans to
build extended frequency-coverage multimode
transceivers. The first radio to use the Motorola

e g
—
N
1 M ‘—f

N
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NOTES
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982
2. CONTROLLING DIMENSION; INCH

INCHES | MILLIMETERS
o[ MIN | MAX | MIN | mAX
A | 0960 | 0.990 | 2439 | 2514
B | 0465 | 0510 | 1182 | 12.95
C 0228 [ 0275 | 582 | 6.98
D | 0216 | 0235 | 549 | 5.9
E 0084 | 010 ] 214 ] 279
H | o01ea | 0178 | abs | 452
s | 0003 | 0007 | 008 | 017
K | 0435 | — | 1105 |

M| __45°NOM 45°NOM
Q| 015 | 0030 | 263 | 330
R_| 0246 | 0255 | 625 | 647
U [ 0720 | 0730 | 18.20 | 1854

STYLE2:
PINT SOURCE
2. GATE
SEATNG 3. SOURCE
4 DRAIN

Figure 1. Case dimensions for the Motorola MRF255.



MAXIMUM RATINGS

Rating Symbol Value Unit

Drain~Source Voltage Vpss 36 Vdc
Drain—Gate Voltage (Rgg = 1.0 M()) VDGR 36 Vdc
Gate-Source Voltage vVGs +20 Vdc
Drain Current — Cantinuous i 22 Adc

Total Device Dissipation @ T¢ = 25°C Pp 175 Watts

Derate above 25°C 1.0 W/eC
Storage Temperature Range Tstg -65t0 +150 °C
Operating Junction Temperature Ty 200 °C

THERMAL CHARACTERISTICS

Characterlstic Symbo) Max Unit

Thermal Resistance, Junction to Case ReJc 1.0 °C/W

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

L Characteristic Symbol I Min rTyp r Max TUnit 7

OFF CHARACTERISTICS

Drain-Source Breakdown Voltage V(BR)DSS 36 — — Vde j
(Vgs =0, Ip = 20 mAdc)

Zero Gate Voltage Drain Current Ipss — — 5.0 mAdc
(Vps = 15 Vdc, Vas =0)

Gate-Source Leakage Current lgss — -~ 5.0 uAdc
(Vs = 20 Vde, Vps = 0)

ON CHARACTERISTICS

Gate Threshold Voltage VGSi(th) 125 2.3 35 Vdc
(Vps = 10 Vdc, ip = 25 mAdc)

Drain-Source On-Voltage VDS(on) — — 0.4 Vde
(VGs = 10 Vde, Ip = 4.0 Adc)

Forward Transconductance Ofs 42 — — S
{Vps = 10 Vdc, Ip = 3.0 Adc)

DYNAMIC CHARACTERISTICS

Input Capacitance Ciss — 140 — pF
(Vpg =125 Vdc, Vgg = 0. f = 1.0 MHz)

Output Capacitance Coss — 285 — pF
(Vps = 12.5 Vdc. Vgg = 0. f = 1.0 MHz)

Reverse Transfer Capacitance
(Vpg = 12.5Vde, Vs = 0, f = 1.0 MHz)

FUNCTIONAL TESTS (In Motorola Test Fixture.)

Common Source Amplifier Power Gain, f{ = 54, f3 = 54.001 MHz Gps 13 16 — dB
(VpD = 12.5 Vdc, Pgt = 55 W (PEP), Ipg = 400 mA)

Intermodulation Distortion (1), f1 = 54.000 MHz, f> = 54.001 MHz IMD(g3,d5) — -30 -25 dBc ‘_‘
(VDD = 12.5 Vdc. Pgyy = 55 W (PEP), Ipg = 400 mA)

Drain Efficiency, {1 = 54, fo = §4.001 MH2 1 40 45 — %
(Vpp = 12.5 Vdc, Pgyt = 55 W (PEP), Ipq = 400 mA)

Drain Efficiency, f = 54 MHz n — 60 — %
(Vpp = 12.5 Vdc, Pgyy = 55 W CW, IpQ = 400 mA)

Output Mismatch Stress, f1 = 54, fo = 54.001 MHz ]
(VDD = 12.5 Vdc, Pyt = 55 W (PEP), IpQ = 400 mA,
VSWR = 20:1, at ail phase angles)

(1) To MIL-STD-1311 Version A, Test Method 22048, Two Tone, Reference Each Tone.

No Degradation in Output Power
Before and After Test

Table 1. Ratings and performance specifications.
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C1 — 470 pF, Chip Capacitor

C2, C3, C11, C12 — 20-200 pF, Trimmer, ARCO #464
C4 — 100 pF, Chip Capacitor

C5, C17 — 100 uF, 15 V, Electrolytic

C6 — 0.001 pF, Disc Ceramic

C7, C8, C9, C10 — 330 pF, Chip Capacitor

C14 — 1200 pF, ATC Chip Capacitor

C15 — 910 pF, 500 V, Dipped Mica

C16 — 47 uF, 16 V, Electrolytic

RF
OUTPUT

L1 — 8 Turns, #20 AWG, 0.126” ID

L2 — 5 Turns, #18 AWG, 0.142” ID

L3 — 3 Turns, #20 AWG, 0.102” ID

L4 — 7 Turns, #24 AWG, 0.070” 1D

L5 —6.5 Turns, #18 AWG, 0.230” ID, 0.5” Long
N1, N2 — Type N Flange Mount

RFC1 — Ferraxcube VK-200-19/48

R1-— 39 k), 1/4 W Carbon

R2 — 150 Q, 1/4 W Carbon

Board — G—10 .060”

Figure 2. Motorola 54-MHz test circuit.
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MRF255 is ICOM’s new IC-706, where a pair
of these devices provide 100 watts-plus output
over a 1.8 to 54 MHz range from a single com-
pact amplifier deck. High stage gain and sim-
plified PA biasing contribute to the transceiv-
er’s uncommonly small size. According to a
Motorola engineer, no one earth-shattering
breakthrough was responsible for the develop-
ment of a successful 12.5-volt device. Rather,
development was a function of many smaller
refinements and optimizations of existing
Motorola MOSFET technology.

MRF255 specifications

The MRF255 is a 55-watt 12.5-volts DC N-
channel broadband power-FET designed for
large-signal common-source linear amplifier
applications at frequencies to 54 MHz. Like its
TMOS predecessors, the MRF255 is a vertical-
channel enhancement mode device. Minimum
gain at 54 MHz is guaranteed at 13 dB, with 16
dB gain being the norm (expect to provide
about 1.2 watts of drive for 55-watts CW out-
put). In SSB service, typical IMD/3 perfor-
mance is -30 dB or better at 55 watts PEP out-
put. Zin at 54 MHz is specified at 6.5=)7.96
and Zout specified at 1.27+j1.45 (S-parameter
data from 1 to 260 MHz is provided in the data
sheet to assist engineers with amplifier design).
For linear operation, Idq (idle current) is speci-
fied at 400 mA. The device is packaged in a

211-11 style-2 case with gold mounting tabs
and an aluminum nitride package insulator. For
more complete ratings and performance specifi-
cations, refer to Table 1. Case dimensions are
provided in Figure 1.

FET advantages

The MRF255 offers all the fundamental
advantages provided by other RF power FETS.
For one thing, it has very high gain—16 dB
being typical at 54 MHz—with higher gain at
lower frequencies. This, in turn, can downscale
your driver transistor requirements into the
“small-signal device” category—saving a lot in
packaging volume, excess heat, and cost. FET
amplifiers also have a simple bias supply
requirement. While BJT bias circuits use large
components and consume extra power, FET
bias circuits accomplish the same function on
milliwatts using only a couple 1/4-watt carbon
resistors and a small trimpot. The FET bias cir-
cuit can also function as a control gain, and
may be adapted to provide a AGC or remote-
MGC function.

In addition to biasing easily, FETS normally
don’t require thermal sensing in their bias cir-
cuit to prevent runaway. Unlike BJTs, the hot-
ter they get, the less current they draw—offer-
ing a measure of inherent built-in overcurrent
protection. And, unlike BJTs, FETs can be
extremely forgiving of mismatched loads.



Generally speaking, as long as you don’t abuse
the gate or exceed rated Vdd, it’s nearly impos-
sible to kill a FET in a properly designed and
well laid-out amplifier circuit! Finally, the FET
offers immunity from some types of instability
that can plague BJT amplifiers—especially
half-f, mode parasitics.

FET precautions and techniques

The most important thing to avoid when
working with FETs is gate damage (sometimes
called “punch through™). Gate damage usually
occurs when an electrostatic charge or over-
voltage input ruptures and destroys a portion of
the thin oxide layer that forms the device’s
gate. To prevent this from happening, always
store MOSFETsS in conductive-type protective
materials. Also, use a grounded wrist strap and
grounded-tip iron when working with these
devices on the bench. In addition, be sure to
design a measure of gate protection into your
amplifier circuits. To see how this is done, refer
to the bias network in the 54-MHz Motorola
test-circuit shown in Figure 2. While the volt-
age divider provides a high DC resistance path
to ground through R1, the AC impedance
through R2, C5-C6 is low across a broad fre-
guency range. This limits the potential for gate
damage from input transients—without increas-
ing the bias network’s DC current consump-
tion. If necessary, you may install an external
zener on the gate for added transient protection
(the MRF255 is not internally protected).
Finally, avoid introducing large voltage spikes
into the amplifier’s drain circuit. These can
couple through to the gate via internal parasitic
capacitance within the device.

The high gain exhibited by most RF
MOSFETs is generally considered an advan-
tage. However, gain can also become a liability
on a poorly designed board. Think “UHF,” and
work carefully to eliminate all un-necessary
sources of parasitic inductance—especially in
the area of the source-to-ground path (parasitic
inductance in the source path can reduce gain
and increase the potential for instability).
Double-sided pc board is essential, and
Motorola recommends solidifying the top and
bottom groundplane surfaces with plate-
throughs or eyelets every 0.1 inch in the area
immediately around the device. Be sure to use
multiple bypassing on Vgg and Vdd lines to
provide a low-Z path to ground across the
broadest frequency range possible. For low fre-
quency designs, consider using an isolation
resistor in series with each gate to reduce high-
frequency gain (a value of 10-ohms or less is
probably sufficient for the MRF255).

Finally, most MOSFET amplifiers require
some external circuitry to optimize IMD per-

formance in SSB service. You’ll note that in
Figure 2, four 330 pF drain shunts (C7-C10)
are installed to ground. These provide harmonic
termination, which lowers amplifier’s IMD. In
some applications, introducing a small amount
of negative feedback via a simple RC network
may also reduce IMD without significantly
reducing stage gain.

For a more complete discussion of MOSFET
RF power amplifier design methods, obtain a
copy of Motorola Application Note AN211A,
“FETs in Theory and Practice,” from the
Motorola Literature Center. Also, Radio
Frequency Transistors—Principles and
Practical Applications by Norm Dye and Helge
Granberg? provides an excellent hands-on treat-
ment of both MOSFET and BIT amplifier
design. This book is also available through the
Motorola Literature Center.

Ordering the MRF255

The MRF255 is currently available in the U.S.
from Motorola distributors. Single lot (or low-
volume) pricing is approximately $47 per unit.
Samples from stock—and requests for produc-
tion-quantity pricing—should be directed to
your area Motorola sales office or Motorola dis-
tributor. Literature may be ordered directly from
the Motorola Literature Distribution Center at -
800-411-2447. For data sheets, order
MRF255/D; for a circuit board photomaster,
order MRF255PHT/D. Motorola Application
Note AN211 is also recommended for designers
not familiar with design and construction prac-
tices used in conjunction with high-power FET
power amplifiers.

Conclusion

MOSFET RF-power amplifiers provide
designers and builders of HF and VHF equip-
ment with some interesting options and possi-
bilities not offered by BJTs. Up until now, the
primary drawback to using FETSs in low-volt-
age portable or mobile SSB transceivers has
been the requirement for 28 or 50 volts Vdd.
The MRF255 now opens the door for designers
of 12.5-volt equipment to give FETs a serious
try. I, for one, have been waiting a long time
for this opportunity!

A "Quarterly Devices” Bonus
Device
In this issue, “Quarterly Devices” brings you

two for the price of one. Peter Bertini, K1ZJH,
our senior technical editor has information on
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PCC9-KIT-ND 50 2200 +10 percent

50 2700 +10 percent
Size  Type \iA% Cap. Tolerance 50 3300 +10 percent
Code DC pF 50 3900 +10 percent
0603 NPO* 50 0.5 +0.25 pF 50 4700 +10 percent
50 1 +0.25 pF 50 5600 +10 percent
50 1.5 +0.25 pF 50 6800 +10 percent
50 2 +0.25 pF 50 8200 +10 percent
50 3 +0.25 pF 50 10000 +10 percent
50 4 +0.25 pF 50 12000 +10 percent
50 5 +0.25 pF 50 18000 +10 percent
50 6 0.5 pF 50 22000 +10 percent
50 7 +0.5 pF
50 8 0.5 pF PCC7-KIT-ND
50 9 +1 pF
50 10 +10 percent Size  Type \\A% Cap. Tolerance
50 12 110 percent Code DC pF
50 15 10 percent 0805 NPO 50 0.5 10.25 pF
50 18 +10 percent 50 1.0 +0.25 pF
50 22 10 percent 50 1.5 +0.25 pF
50 27 *10 percent 50 2.0 10.25 pF
50 33 *10 percent 50 3.0 +0.25 pF
50 39 +10 percent 50 4.0 10.25 pF
50 47 110 percent 50 5.0 +0.25 pF
50 56 +10 percent 50 6.0 0.5 pF
50 68 +10 percent 50 7.0 +0.5 pF
50 82 +10 percent 50 8.0 +0.5 pF
50 100 +10 percent 50 9.0 +0.5 pF
50 120 +10 percent 50 10 +0.5 pF
50 150 +10 percent 50 12 +5 percent
50 180 +10 percent 50 15 +5 percent
50 220 +10 percent 50 18 15 percent
50 270 +10 percent 50 22 +5 percent
50 330 +10 percent 50 27 15 percent
50 390 110 percent 50 33 +5 percent
*12 pF not included 50 39 +5 percent
50 47 15 percent
PCC10-KIT-ND 50 56 +5 percent
50 68 %5 percent
Size  Type WV Cap. Tolerance 50 82 +5 percent
Code DC pF 50 100 +5 percent
0603 X7R 50 220 +10 percent 50 120 +5 percent
50 270 +10 percent 50 150 x5 percent
50 330 +10 percent 50 180 +5 percent
50 390 +10 percent 50 220 +5 percent
50 470 10 percent 50 270 +5 percent
50 560 %10 percent 50 330 15 percent
50 680 +10 percent 50 390 +5 percent
50 820 +10 percent 50 470 +5 percent
50 1000 +10 percent 50 560 +5 percent
50 1200 +10 percent 50 680 5 percent
50 1500 +10 percent 50 820 +5 percent
50 1800 +10 percent 50 1000 15 percent

Table 2. Capacitor values for the 0603, 0805, and 1206 capacitors in both X7R and NPO.
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Size
Code
0806

Size
Code
1206

Type
DC
X7R
50
50
50
50
50
50
50
50
S0
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

Type
DC
NPO

PCCS8-KIT-ND
WV Cap.
pF
50 220
270
330
390
470
560
680
820
1000
1200
1500
1800
2200
2700
3300
3900
4700
5600
6800
8200
10000
12000
15000
18000
20000
22000
27000

PCCS-KIT-ND
WV Cap.
pF
50 0.5
50 1.0
50 1.5
50 1.8
50 2.2
50 2.7
50 33
50 39
50 4.7
50 5.1
50 5.6
50 6.8
50 7.5
50 8.2
50 9.1
50 10
50 12

Tolerance

+10 percent
+10 percent
+10 percent
+10 percent
10 percent
110 percent
+10 percent
+10 perceent
+10 percent
110 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
110 percent
+10 percent
+10 percent
110 percent
+10 percent

Tolerance

+0.25 pF
1+0.25 pF
10.25 pF
+0.25 pF
+0.25 pF
10.25 pF
+0.25 pF
10.25 pF
10.25 pF
+0.25 pF
+0.25 pF
+0.5 pF
+0.5 pF
+0.5 pF
+0.5 pF
+0.5 pF
15 percent

Size
Code
1206

Type
DC
X7R

50 15
50 18
50 20
50 22
50 27
50 33
50 39
50 47
50 51
50 56
50 68
50 100
50 120
50 1000
PCC6-KIT-ND
WV Cap.
pF
50 220
50 270
50 330
50 390
50 470
50 560
50 680
50 820
50 1000
50 1200
50 1500
50 1800
50 2200
50 2700
50 3300
50 3900
50 4700
50 5600
50 63800
50 8200
50 10000
50 12000
50 15000
50 18000
50 22000
50 27000
50 33000
50 39000
50 47000
50 1000000

+5 percent
15 percent
+5 percent
+5 percent
+5 percent
+5 percent
+5 percent
+5 percent
15 percent
15 percent
5 percent
+5 percent
+5 percent
+5 percent

Tolerance

+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
10 percent
+10 percent
+10 percent
+10 percent
+10 percent
110 percent
110 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
110 percent
+10 percent
110 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
+10 percent
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(A) NPO dielectric type specifications: Operating range: —55 degrees C ~ +125 degrees C. Capacitance range: 1.0 pF ~ 1000 pF. Voltage: 50
volts DC. Q factor (1 MHz, 0.5 ~ 5 volts rms, 25 degrees (). Capacitance 30 pF: 400+20C min. 30 pF. Capacitance: 1,000 pF: 1,000 min.
Dissipation factor (1 kHz, 0.5 ~ 5 v rms, 25 degrees C). Capacitance: 1,000 pF...0.2 percent max. Insulation resistance (rated voltage applied
at 25 degrees C): 10,000 megs min.
(B) X7R dielectric type specifications: Operating temperature range: =55 degrees C ~ +125 degrees C. Capacitance range (1 kHz, 1.0 volts
rms, 25 degrees C): 220 pF ~ 47,000 pF. Voltage: 50 volts DC. Dissipation factor (1 kHz, L0 volts rms, 25 degrees C): 2.5 percent max.
Insulation resistance (rated voltage applied at 25 degrees C): 10,000 megs min. or 500 megs x yF min., whichever is smaller.

-Figure 3. Temperature and voltage shifts for (A) NPO and (B) X7R capacitors.
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some surface-mount-technology kits available
from Digi-Key.

Digi-Key's Panasonic Multilayer
Ceramic Chip Capacitor Kits

Surface-mount-technology (SMT) compo-
nents are used in most new products, and RF
design engineers and service technicians need
to have an assortment of these devices.
Unfortunately, unlike most other discrete com-
ponents, SMTs are often sold in production lot
quantities, with minimum orders set at 100 to
1000 devices of one value. Recently, I needed
several surface-mount capacitors of different
values to assemble a Motorola engineering
evaluation board. Alas, the average price of
these items ran about $14 per hundred for each

value ) required—a substantial outlay consider-
ing 1 only needed about 70 cents worth of com-
ponents! On average, about 60 or 70 different
value capacitors are needed to cover the most
popular ranges, and most of these are available
in several different package types and tempera-
ture coefficients, as well.

Fortunately, Digi-Key? has introduced a
series of parts kits encompassing many of the
items offered in their rather extensive SMT
parts line. Of immediate interest to me were the
Digi-Key kits for Panasonic’s line of multilayer
ceramic chip capacitors. With some exceptions
at the higher capacitance values that are avail-
able in X7R only, most of these capacitors can
be ordered with either X7R or NPO tempera-
ture coefficients (see Figure 3).

Table 2 lists the capacitor values for the
NPO and X7R versions of the Panasonic 1206,



0805, 0603 SMT capacitors. Figure 4 shows
these three SMT package sizes. All capacitors
are rated for 50 volts DC. The Panasonic 1206,
0805, and 0603 SMT capacitors are currently
offered as Digi-Key assortment kits in both
X7R and NPO versions. The SMT 0402 pack-
age-style capacitors will soon be featured in kit
assortments found in upcoming Digi-Key cata-
log releases. Ten capacitors of each value are
supplied in each kit (see Table 3).

Careful handling required

The kits come in handsome white vinyl-clad
notebooks that may be stored vertically on a
bookshelf. The kit part number is noted on the
spine of the notebook. Inside the notebook,
individual plastic bins are provided for each
value. Velcro closures secure the capacitors in
their individual bins when the cover is shut.
Each group of ten capacitors is supplied on a
small segment of reel tape in a labeled plastic
bag. The front inside flap of the notebook has a
diagram keyed to the bin locations and gives
capacitor values and parts numbers. it takes
about five minutes to sort and place the capaci-
tors into their assigned bins.

I strongly suggest that you keep each value in
its labeled shipping bag and each value together
on the tape segment! The bags will fit into the
bins if folded. The worst experience of my life
was dropping a CoilCraft assortment kit.
Despite the color coding, I still spent hours
sorting out the different values and getting
them back in order. I can’t imaging trying to
sort out 300 chip capacitors on the loose! The
parts values stamped on the SMT packages are
impossible to read without a strong magnifying
glass. If you do remove the caps from the bags,
I would advise that you at least consider storing
the tape segments under the foam rubber sup-
plies in each bin. The foam is a snug fit, and
will survive the trauma of a small drop. Having
all of the parts loose in the bins is handy, but
courts disaster.

[t would be nice to be able to have one each
of these kits on hand, but this is my hobby and
not my full-time job. Fortunately, most circuit
board layouts will generally accommodate the
use of capacitors with either 0603, 0805, or
1206 SMT footprints. 1 elected to start with the
Digi-key PCC9-Kit-ND and the Digi-Key
PCC6-KIT-ND SMT capacitor assortments.
and fill in the remainder as the need and
finances permit.

I chose the PCC9 because it yields a good
assortment of 30 NPO capacitor values over the
0.5 to 390 pF range. These capacitors would
most likely end up in critical RF VFO or tuned
circuits, and [ wanted the stability offered by
the NPO temperature coefficient. The 0.5 to

Size L w T S
Code

+0.2 +0.2 max. 0.3
0603 1.6 0.8 0.8 0.3
0805 2.0 1.25 0.65 0.5
1206 3.2 1.6 0.65 0.6

Figure 4. Length, width, thickness, and solder area data
for 0603, 0805, and 1206 packages.

390 pF range also seemed to cover the majority
of my needs for both NPO and small value
capacitors. The biggest drawback of this assort-
ment of handling the tiny 0603-style package.
By the way, the 0603 NPOs come in 31 val-
ues, but the 12-pF capacitor is omitted from the
PCC9 kit. There was a small error in the early
1995 Digi-Key catalogs that listed 25 values of
10 capacitors, each for the PCC9 assortment,
for a total of 250 instead of the actual 300
capacitors in the PCC9 kit. Likewise, the infor-
mation for the PCC10 incorrectly listed 30 val-
ues of 10 capacitors instead of the actual 25

Panasonic 1206 NPO, 10 ea. of 30 values,
300 pieces. Digi-Key part number PCCS5-
KIT-ND, $39.95.

Panasonic 1206 X7R, 10 ea. of 30 values,
300 pieces. Digi-Key part number PCCO6-
KIT-ND, $49.95.

Panasonic 0805 NPO, 10 ea. of 30 values,
300 pieces. Digi-Key part number PCC7-
KIT-ND, $39.95.

Panasonic 0805 X7R, 10 ea. of 26 values,
260 pieces. Digi-Key part number PCC8-
KIT-ND, $29.95.

Panasonic 0603 NPO, 10 ea. of 30 values,
300 pieces. Digi-Key part number PCC10-
KIT-ND, $34.95.

Panasonic 0603 X7R, 10 ea. of 25 values,
250 pieces. Digi-Key part number PCC10-
KIT-ND, $34.95.

Table 3. Catalog listing of Digi-Key’s Panasonic chip
kits, from the 951 1995 Digi-Key catalog. Prices subject
to change,
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values for the X7R capacitors. This means that
the actual parts count will be 250, and not 300
as stated in the catalog.

I also felt that the PCC6 offered me the
widest and best assortment (30 values) of high-
er capacitance values, spanning from 220 to
100,000 pF (0.1 pF). These X7R capacitors are
suitable for RF bypassing or coupling where
some temperature drift is easily tolerated. The
PCC6 capacitors are the larger 1206-style SMT
package and most easily handled. 1 am well
pleased with the Digi-Key Panasonic capacitor
kits: the price 1s fair and the assortment selec-
tions are large and varied. The only additional

thing one could wish for is a small pair of
tweezers to help handle these little fellows!

Comments or questions?

As usual, if you design and build an interest-
ing circuit using a quarterly device, we would
like to share it with our readers as a construction
article or “Tech Notes™ entry in the Quarterly.
Also, if you have comments or questions con-
cerning “Quarterly Devices,” please direct them
to the Communications Quarterly editorial
office at Box 465, Barrington, New Hampshire
038235, or via e-mail to kIbgt@aol.com. 1]

the Fall 1995 Communications Quarterly
Article Index. Under the heading “Antennas
and Related Topics,” please add:

* Designing the Long Wire Antenna
System

Bill Sabin, WOIYH

Summer 1994, page 75

Two articles were inadvertently omitted from

CORRECTIONS

Also, add the following under “Filters” and
*Quarterly Devices:”

* Quarterly Devices: New Narrowband
10.7-MHz Ceramic Filters from Murata

Rick Littlefield, KIBQT

Summer 1994, page 92

New Software For Radio Antenna Design

A new computer-aided antenna design and
analysis package, based on a Penn State engi-
neer’s core technology promises to replace
trial-and-error methods of antenna design and
optimization.

The package, called NEC-WIN, can be run at
expert, intermediate, or novice skill levels and
can be used to optimize an amateur radio
antenna or to model advanced applications for
a professional designer. Users can input their
requirements and have the software generate a
3-D graphic view of an appropriate antenna.
The software can also generate 2-D and 3-D
plots of the antenna’s output pattern.

NEC-WIN is packaged and marketed by
Paragon Technology, Inc., of State College,
Pennsylvania and is based on modeling tech-
niques developed by Dr. James K. Breakall,
associate professor of electrical engineering at
Penn State,

For more information, contact Barbara Hale
or Vicki Fong at 814-865-9481; or e-mail
either bah@ psu.edu or vyfl@psu.edu.

New Brochure from Hewlett Packard
Hewlett-Packard Company has released a

PRODUCT INFORMATION

brochure that describes test and measurement
products that evaluate wireless-communica-
tions-systems performance. Product families
included in the brochure are vector signal ana-
lyzers, modulation domain analyzers, RF-
channel simulators, peak-power analyzers,
signal generators, LCR meters, vector and
scalar network analyzers, spectrum analyzers,
board test systems, mixed-signal integrated-
circuit testers, modulation/audio analyzers and
transceiver test sets. Also included is dedicat-
ed software for evaluating transmitter perfor-
mance according to the requirements of vari-
ous wireless-communications standards.
These product families are capable of evaluat-
ing the performance of products including
GSM 900, DCS 1900, TDMA (NADC),
DECT, PHS, CT2, CT3, DCA, AMPS,
NAMPS, TACS/ETACS and NTACS.

The 18-page booklet, “Test and Measure-
ment Solutions for Wireless Communications,”
(Literature 5953-9471E), is available free of
charge from Hewlett-Packard Company by
calling 1-800-452-4844, ext. 9149; or write to
Hewlett-Packard Company, Direct Marketing
Organization, P.O. Box 58059, MS51L-SJ,
Santa Clara, CA 95051-8059.




R.P. Haviland, W4MB
1035 Green Acres Circle North
Daytona Beach, Florida 32119

INSTRUMENTS FOR
NTENNA DESIGN
-VELOPMENT AND
MAINTENANCE
PART 4

Field strength meters, grid dip
oscillators, and some mechanical
devices

ost amateurs are surprised to learn
Mthey own an unused field strength

indicator—their SWR meter. With a
telescoping antenna attached to one connector
and the sensitivity control turned to high, this 3 ft. TELESCOPING WHIP
meter is helpful in many situations. Some small
indicators sold for CB use even have a special
jack for just such an antenna.

A better design (see Figure 1) uses a tuning
coil, which increases the sensitivity and reduces
the effect of interfering signals. If you live near L 1N914
a broadcast station, a tuned unit is a necessity.
The handbooks provide information on varia-
tions in design, including some for field inten-
sity measurement. Commercial versions are
fairly common at hamfests.

A field strength indicator can be calibrated
by measuring the strength of a high-end broad-
cast station at one or more known locations,

L- TO SUIT BAND

140 pF ;".]
001 0-50 A

t-1

Figure 1. Basic field strength meter. Shown are the essential elements
and using the strength curves the station filed of a field strength metfar meast.lring the .electric field. A magne‘ti? field
R Lo . . measurement type omits the pickup whip, and enlarges the coil into a
W'th its FCC appllcatlop. With care, a.cahbra- small loop or a ferrite “loop-stick.” Low sensitivity types omit the
tion can be obtained using a short vertical fed tuned circuit, but become sensitive to stray fields. An amplifier may
with a known amount of power. be added to increase sensitivity. See handbooks for design detail,
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The signal strength meter indicates the RF
field—the entire purpose of the antenna. Such a
meter is mandatory for proper adjustment of a
low-frequency phased vertical array. During
development of a new directional antenna, the

{a)
”GRID"
DIP \MJ
METER /
COAX TO DIGITAL FREQUENCY METER
(B)
“GRID*
DIP
METER
3-5pF
ALLIGATOR CLIP TO
ELEMENT OR CIRCUIT
()

*«—3"T0 12—

"GRID DIPPER"

Figure 2. Dipper modifications. (A) Addition of a pickup
loop for magnetic coupling to a digital frequency meter.
The loop should be permanently mounted, together with its
associated cable, after determining that the pickup level is
adequate for the meter in use. The dipper is now a preci-
sion resonance indicator. (B) Addition of a coupling capaci-
tor to permit capacitive coupling to a resonant circuit, for
example an antenna. The coil connection can be one or two
turns of the lead around the coil pin, but an internal con-
nection to the tip jack is better. This should be connected to
a high-voltage point. In an antenna, this is the element end.
In a trap antenna, it’s the inside end of the trap resonant on
the band being investigated. Traps are best checked when
separated from the rest of the element. A shallow dip is rea-
son to suspect a poor trap. This is an aiternative to (A) for
the frequency meter. (C) Coil shape to increase magnetic
coupling to a linear circuit, such as an antenna element.
Several turns are needed for the lower frequencies. Large
coils tend to damage the coil receptacle, so mechanical sup-
port should be added for these. A pair of hooks can be built
into this, to hold the dipper at a constant position to the ele-
ment. Coupling should be to a high-current point. In
dipoles and trap dipoles, this is the element center. Using
this with (A) allows determination of the exact resonant fre-
quency of the element, especially important in parasitic
beams. The assembly is very useful in checking for tower,
guy, and boom resonances. It’s also useful in TVI elimina-
tion, for searching for unwanted resonances in the trans-
mitter and TV antenna, and as an interfering signal source.

pattern is the best indicator of gain perfor-
mance. One way to measure it is with the field
strength meter.

The grid dip oscillator

The grid dip oscillator (GDO) is one of the
most neglected antenna measuring devices. The
GDO is used to obtain the resonant frequency
of an antenna element, a trap, a guy, or a boom.
It provides an indication of the usable band-
width and also the loss. For a good dip indica-
tion, simply adjust the dipper’s sensitivity con-
trol. A narrow, deep dip occurs if the element
being checked is high Q, which also means low
loss. A narrow, shallow dip usually means low
coupling. A wide-band reduction of reading
with no pronounced dip indicates loss.

Figure 2 shows three additions or modifica-
tions the dipper needs to be really useful. The
first at (A) allows use of a digital frequency
meter and makes the dipper a precision reso-
nance indicator. At the dip, the frequency of the
dip oscillator is determined by whether the cou-
pled circuit is high Q, and 1s the frequency of
the coupled circuit at the exact dip—even for
lower Q circuits.

A temporary loop or a pickup antenna
attached to the frequency meter is adequate for
occasional work. But for regular use it’s neces-
sary to add a connector and mount the loop per-
manently. Alternatively, the antenna may be
connected to some internal pickup point. In the
tube-type unit, there’s a capacitor to the cathode.
In tunnel diode and transistor models, it may be
necessary to add an FET isolation stage coupled
to the tuning circuit. These should really be built
into the unit by the designer/manufacturer.

The second addition, Figure 2B, makes pro-
vision for capacitance coupling to the measured
element. In antennas, coupling is to the end of
an element or to the inside end of a trap. The
capacitor can be a 2 to 5 pF ceramic with one
end lead wrapped around one coil-plug pin and
the other ending in a small alligator or battery
clip. This is the connection to the circuit being
measured. The frequency scale calibration is
affected, especially at the high-frequency end
of the dial. For repeat work, this capacitor
should be built-in and connected to a separate
jack. Again, these modifications should be pro-
vided by the dipper’s designer.

The third change, shown in Figure 2C,
involves the construction of a set of special
coils. These coils are shaped to provide good
magnetic coupling to a linear element, the anten-
na wire, or tube, and resemble wire coat hang-
ers. You could try to make the inductance match
that ot the regular coils, but the frequency meter
connection makes this unnecessary. In use, the
straight section is brought close to the antenna.



With this change in place, the dipper allows
direct measurement of the element’s resonant
frequency. In the Yagi, the reflector should res-
onate a few percent below a design frequency,
and the director a few percent above. The de-
sign frequency depends on whether the antenna
is optimized for maximum gain or maximum
F/B ratio. The percentage depends on the
desired bandwidth. Usually the radiator is made
resonant, but it doesn’t need to be. Specifi-
cation sheets will sometimes provide the reso-
nant frequencies.

This dipper measurement is helpful because
it includes the effect of element taper, clamps,
and boom shortening. It’s a valuable check on
design details. Use this measurement to check
the calculated resonant frequency.

Other instruments

Until now, this series has dealt with electrical
measurements. However, there are several use-
ful mechanical devices. The most basic is a
steel tape calibrated in meters and centimeters.
This basic tool saves no end of conversions.
With just a little practice, it’s easy to think in
meters rather than in feet.

A spring scale is another helpful mechanical
device for antenna work. Not only is a scale
handy when checking the weight of elements,
but it’s even more important for proof testing
element and clamping strength. The projected
element area times the wind loading (50 Ibs.
per square foot typically) gives the element
load. The center clamp must withstand this load
as a pull along the boom. The distributed load
can be converted to an equivalent end load, and
the scale can be used to place this at the ele-
ment end. The boom-to-mast fitting must with-
stand the entire load of the antenna.

A torque wrench is useful when working on
larger beams and on towers. Most amateur
mechanics pride themselves on their ability to
tighten fittings correctly. Perhaps so; however,
a torque wrench is better.

An ohmmeter, which indicates fractions of an
ohm, is a handy device. It indicates if you have
an open trap or a badly corroded connection. If
you’re doing a lot of antenna work, it’s worth-
while to modify a pair of large battery clips so
the clamp point is semi-circular instead of near-
ly square. This modification provides better
contact to tubing elements.

The antenna range

An antenna range can be a place for continu-
ous antenna development or simply a place to
check out “that new beam.” Results depend on
several fundamentals common to all ranges.

The most important consideration is the dis-
tance between the antenna and the measuring
device. This distance must be great enough to
allow the emitted signal to be essentially a
plane wave at the measuring point. For a point
source (or detector pickup) Kraus gives this as
d=k*a*aflambda, where lambda is the wave-
length and ¢ is the maximum antenna dimen-
sion, in the same units as wavelength. The £ is
determined by the accuracy needed. A value of
2 is satisfactory for work on the main lobe for
gain. For adequate resolution of the sidelobes, a
value of 4 will do. For very low-sidelobe
designs, a value around 9 is needed.

For a typical small triband yagi, with a turn-
ing radius of 23 feet, a is equal to 14 meters.
The minimum separation is very nearly 20
meters; that’s 66 feet for gain measurement, or
130 feet for sidelobe checking. On 10 meters, it
would approach twice as much. This data is for
a point source or pickup. If the pickup were a
half wave long, approximately another 33 or 66
feet would be required on 20 meters. Try the
values for a large moonbounce antenna on 2.

Few amateurs have space for an adequate
range. For individual stations, an interested,
friendly neighbor is an important factor in
building a personal antenna range.

Even if you have plenty of room, there are
points to watch. A major one is ground reflec-
tion. The effect of ground reflection decreases
with height of the antennas. It also decreases if
the antennas at both ends of the path are direc-
tional; but this also means that greater separa-
tion is needed. Pattern distortion is caused by
reflections like those from a roof or the side of
the building. Moving objects are a delaying
nuisance. These factors are the reason pattern
measurements are often neglected. If measure-
ments are made, they're usually done with the
cooperation of another ham. This is sometimes
a local some miles away, and sometimes DX.
Neither outcome is really good: the first
because of stray reflections, the second because
of fading.

There are several possibilities for radio club
activity here. Some groups maintain an antenna
trailer for Field Day and emergency use. The
addition of a good field strength meter or a
low-power remotely controlled transmitter
makes such a setup into a portable measuring
unit. Temporary parking in a low traffic area,
well away from the antenna under test,
shouldn’t be any problem; but warning cones
and lights are indicated, and a review of plans
with the local police may be in order.

Two well-separated flat roofed buildings can
offer space for a good range, if there’s no
reflecting traffic between them. An individual,
better still a club, might be able to make
arrangements for use of such rooftops as an
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antenna range. Schools, especially high school
level or above, may be more cooperative if
there’s an arrangement for student participa-
tion. This provides good publicity for the club
and a source for new hams, as well.

Many computerized repeaters have a signal
strength measuring/reporting routine.
Unfortunately, this doesn’t seem to attract the
attention it deserves—either from the station
manager or repeater users. With a little work
on equipment stability and software revision
for easy use, it's possible to develop a real
antenna range that’s available to all users.

Control can be over the air. or via a special
telephone line,

This idea can be extended. There are many
relatively low-cos! transmitters, receivers, and
transceivers that cover all amateur bands (and
more) under computer control. Such a radio at
the repeater site, or even a special site, would
make a remote antenna range a multi-band
activity. The largest problem would be anten-
nas; however, high efficiency isn't needed, so
small loaded crossed loops or dipoles would
serve. A really good installation would have a
choice of antennas for both polarizations. W

New GPS Firmware For AEA Products

Advanced Electronic Applications’ PK-96
dual speed 9600/1200 bps Packet controller is
now shipping with GPS firmware. The PK-96
now also includes in the packaging: AEA’s PC
PakRatt Lite™, the packet-only, DOS TNC ter-
minal control software and the Automatic
Packet Reporting System (APRS™) software
developed by Bob Bruninga, WB4APR, for
GPS use, as does AEA’s PK-12 1200 bps
packet TNC.

The GPS firmware incorporated in both the
PK-12 and PK-96 automatically detects if there
is a GPS receiver connected to the TNC upon
power-up. If a GPS receiver is detected, an ini-
tialization string will be sent and the TNC will
be ready for GPS work: if no GPS receiver is
detected, the TNC will be ready for traditional
packet data work.

One new feature of the PK-96 and PK-12 is
that GPS commands can be remotely pro-
grammed, 5o in Stand Alone Tracking applica-
tions, the unit does not need to be removed and
connected to a computer to change GPS para-
meters—it is all done remotely. PK-96s and
PK-12s automatically transmit their position
information at user defined intervals and now
can also be remotely polled for GPS location
information at any time. Other new GPS
firmware features include time and date setting

the GPS receiver itself, and the ability to oper-
ate as a WIDE and RELAY digipeater. Both
TNCs work with AEA's APRS Adapter Cable
which saves a communication port on the com-
puter. This cable allows the TNC and GPS
receiver to connect 1o a single COM port.

GPS firmware upgrades for early PK-96s
and PK-12s are available directly through AEA
for $10.00 (free shipping). Call the AEA
Upgrade Hotline at 206-774-1722 to order the
GPS upgrade. The PK-96 and PK-12 packet

from the GPS receiver, remote programming of

PRODUCT INFORMATION

controllers and AEA APRS Adapter Cable, are
available from you local amateur radio dealer.
GPS Firmware has also been added to AEA’s
PK-232MBX and PK-900 multi-mode data
controllers. For more information, call AEA’s
Literature Request Line at 1-800-432-8873; or
fax 206-775-2340.

New 80-watt Triple-Output Power Supply

Hewlett-Packard Company has introduced
the HP E3631A. This new power supply pro-
vides multiple outputs and allows users to read
and program current and voltage remotely
through both interfaces using SCPI (Standard
Commands for Programmable Instruments).

The front panel of the HP E3631A power
supply utilizes a bright vacuum-fluorescent dis-
play and a traditional knob allowing users to
change settings in one motion. The HP
E3631A powers up components, circuits or
assemblies, For systems not requiring high
throughput, the power supply is a high-perfor-
mance, programmable lab-bench supply that
can be used to build simple systems.

The HP E3631A offers triple output (0 to
25V, 1A; 010 +25V, 1A; and 0 to +6V, 5A);
HP-IB or RS-232 programmability with SCPI
via a controller or a personal computer; low
noise with 0.01 percent load and line regula-
tion; separate digital panel meters; and soft-
ware calibration.

The HP E3631A programmable power sup-
ply is available from Hewlett-Packard for
$995. The instrument is shipped with an oper-
ating manual (available in multiple languages),
a service manual, certificate of calibration and
power cord. The power supply comes with a
standard three-year limited warranty.

For more information, please contact
Hewlett-Packard Company, Direct Marketing
Organization, P.O. Box 58059, MS51L-SJ,
Santa Clara, CA 95051-8059.
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New CMOS Frequency Counter Chip from
Radio Adventures Corp.

Radio Adventures Corp. has announced the
availability of the C5 advanced CMOS
Frequency Counter chip. The C5 offers many
counting features in a 28-pin DIP package. The
C5 along with a standard 74HC02 gate and
three driver transistors drives a six-digit seven-
segment LED display to 100 Hz resolution.
Frequency range is DC to beyond 50 MHz and
the update rate is approximately 40 times per
second. Some of the advanced features include
“anti-jitter code” which reduces last digit jitter,
sixteen non-volatile programmable offsets, five
of which are pushbutton selectable when used
with optional EEPROM, selectable reverse
counting for reverse tuning VFOs, selectable
direct frequency readout, selectable 100 Hz
digit blanking, selectable automatic display
blanking for power conservation, automatic dis-
play enable when frequency changes and lead-
ing zero blanking of MHz digits.

The C5 CMOS Frequency Counter chip is
available from Radio Adventures Corp. for
$14.95. To receive a free data sheet, contact
Lee M. Richey, Radio Adventures Corp., P.O.

Box 339, Seneca, PA 16346: phone 814-677-
7221; fax 814-677-6456; or e-mail
rac@USA .net.

QUALCOMM Releases New Master
Selection Guide

QUALCOMM Incorporated VLSI Products
has announced the newly revised Master
Selection Guide. Their Master Selection Guide
features QUALCOMM's complete line of syn-
thesizer, forward error correction and voice
compression products for advanced communi-
cation systems.

The 37-page Master Selection Guide details
the three product areas with photos, product
applications, block diagrams, and tables. This
resource provides background information,
technical data and product summaries for DDS,
Digital to Analog Converters (DAC), Phase-
Locked Loop (PLL) Frequency Synthesizers,
Viterbi Decoders, Trellis Codecs, Variable-
Rate Vocoders, and evaluation circuit boards.

For additional information, contact QUAL-
COMM, 6455 Lusk Blvd., San Diego, CA
92121; fax 619-658-1556: or e-mail vlsi-prod-
ucts@qualcomm.com.

Communications Guarterly

81



Brad Thompson, AA/IP
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QUARTERLY
COMPUT
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Software that's good enough fo use

ecently, a friend sent me several pack-
ages containing dusty but mechanically
intact 1930s-vintage issues of QST mag-
azine. As | browsed through several equipment
construction articles, | gradually became aware
of an interesting omission.
Almost without exception, these stories con-
centrated heavily on the how-to aspects of rig

construction and offered very little in the way of

theoretical explanations of why circuits worked,
or of the compromises the unsophisticated tech-
nology of the times forced on its users.

For example, one experimenter reported
instability in an exciter stage that stabilized
when he lowered the screen grid-supply volt-

ICALL for Windows [~ |

File Image Options Help
Advanced
Ji A S ar
Rt 4 Box 16
Mineral, VA 23117-9411

Buckmaster
Rt. 4, Box 1630

Last transaction(s):

Latitude: 37.994
Grid Square: FM17E
Hours past GMT: 5

Longitude: -77.87081 W
ounty: Louisa
Code: 540

E-Mall addre

[ ]

Enter Callsign _ P———

Print 1o File I

[ |

[eerin]

ICALL version 5.10 (C) 1995 Buckmurstor Publishing Press F1 for help

Figure 1. Enter a callsign in the lower left-hand data block of Buckmaster’s
ICALLW working window.

Winter 190¢

age. Chances are, the vacuum tube in question
generated parasitic oscillations at a frequency
far beyond the experimenter’s measurement
capabilities. Lowering the screen voltage prob-
ably decreased the tube’s gain at VHF and sup-
pressed the parasitics.

Before we allow ourselves the luxuries of
condescension or amusement at the foibles of
early experimenters, remember that we enjoy
the twin benefits of hindsight and, in many
cases, sophisticated technical knowledge that
far surpasses the wildest imaginings of 1930s-
era research engineers,

Sixty years hence, will anyone remember—
let alone use—any of today’s software?
Windows 95 will no doubt occupy a place in
marketing and economics textbooks, either as a
footnote or a cautionary tale, but an average
working software package will no doubt be
long forgotten.

If you, OM or XYL, are perusing these pages
in the year 2056, remember that like our prede-
cessors of 1935 who built their equipment
around balky vacuum tubes and managed to
enjoy amateur radio nonetheless, these are the
software tools—the type 53s and 47s and
203As—we have to work with today, and
they're good enough to use.

In this issue, we'll review three widely dif-
ferent applications that analyze antenna
designs, draw technical diagrams, contain call-
sign data, and much more.

Hamcall CD-ROM

Released twice a year (in October and April),
the $50 Buckmaster Hamcall CD-ROM repre-
sents a work-in-progress that shows continual
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Figure 2. Schematic prepared with Visio Technical includes user-designed three-terminal voltage regulator symbol

at upper left. Note rubber-banding of connections to transistor Q1.
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Azimuth Pattern Plot

File Edit Legend Options

Gain Probe

Use the Left Mouse Button to
[ _Pn-261Deg |

AAI1IP's "Dachshund Dipole™ at 14.25 MHz

Figure 3. Azimuthal radiation plot of AALIP’s too-low, too-long, off-center-fed dipole at 14.25 MHz as compiled by

NEC-Win Basic for Windows.

improvement—sometimes in increments, and
sometlimes in major jumps.

In its October 1995 issue, Hamcall features
significant improvements. For starters, most
U.S. listings now include precise location data
in the form of ZIP+4 postal codes, latitude and
longitude values carried to five or six decimal
places. and grid-square coordinates.

According to the user’s notes, the
latitude/longitude data is accurate to within a
few hundred feet. Now, you can easily locate
your QTH on a topographical map and obtain a
better idea of how local geography may affect
your antenna patterns,

Actually, Hamcall contains more than one
search engine—if you're attempting to locate a
callsign, you can choose from ICALL (for DOS
users) or ICALLW (for Windows users).
Figure 1 shows an ICALLW screen, with
Buckmaster's publisher’s callsign entered in
the lower left-hand callsign window.

There's also a TSR (terminate-and-stay-resi-
dent) routine called LOOKUP that keeps call-
sign data available at a keystroke or two—a
convenience if you're using a logging program.

For those of us who have difficulty remem-
bering callsigns, Buckmaster provides a pro-
gram called HAM. Built around the Folio
search engine. HAM features structured search-

es that can help you locate any or all radio ama-
teurs named Jack who live in, say, Topeka,
Kansas. This program will find favor among
those of us who operate mobile-in-motion and
retain names and places longer than calls.

Other interesting features new to Hamcall
include user-editable records, and photos of
licensees. You can look up a friend’s callsign
and add his or her telephone number to the
record’s area code field. While writing new
data to a CD-ROM disc is obviously impossi-
ble, Hamcall creates a file on your PC's hard
disk drive to retain new records. When you pur-
chase a later revision of Hamcall, the software
is able to retain your existing edited records.

If you wish. you can submit a personal photo
for inclusion in future releases of Hamcall. So
far, over 375 hams have done so—the images
range from professional to basic driver’s
license in quality. Under DOS, ICALL's view-
ing feature worked fine, but ICALLW’s
Windows viewer refused to display any images
on the review system.

Label printing rates have improved over earli-
er editions. You can look up callsigns and create
a queue of mailing labels (which don’t include
callsigns—good camouflage for the TVI-prone)
that won't print until you issue a page-eject
command to the printer. Labels emerge in one-




up format—ideal for dot-matrix printout, but not
well-suited to laser or page-oriented printers.

As a workaround, you can print the list of
labels to a file, and then use an editor or word
processor to reformat the labels into page lay-
outs, Given the large number of permutations
of label formats and printer models, it’s unsur-
prising that mailing-list creation remains some-
thing of a challenge, not only for Hamcall, but
for all callsign programs.

Beyond its primary mission of callsign iden-
tification, Hamcall inciudes over 42 MB and
320 files of assorted shareware, freeware and
public-domain software. Highlights include
YTAD.ZIP, an experimental program for
exploring effects of HF antenna elevation ver-
sus terrain height.

Hamcall also includes over 10 MB in 635 files
of ARRL-related and contributed material. You
can research the ARRL s positions on legisla-
tion (some now past, some pending), check
product reviews, and browse through indexes for
QST magazine for the years 1989 through 1993.

Should you purchase a CD-ROM-bused call-
sign directory instead of a paper version? Yes,
if you need the ability to create mailing lists,
search rapidly for a variety of callsigns, or just
plain enjoy browsing. In the long run (say, 30
years or so), evolving technology may bypass
our current CD-ROM format and render the
discs unreadable, while we 'l stili be able to
read our crumbling paper callbooks. Still, for
now, Buckmaster’s CD-ROM Hamcall offers
considerable convenience and a bumper crop of
usable shareware at a reasonable price.

Visio Technical

For those of us who document our homebrew
projects in orderly notebooks filled with clearly
drawn schematics, the availability of PC-based
schematic-capture software has represented
both a boon and a bane.

On the positive side, PC-schematic programs
can create high-quality drawings, and more
expensive programs can transfer circuit dia-
grams to printed-circuit layout software.
However, most schematic-capture programs are
limited in flexibility and sometimes present a
formidably steep learning (or relearning) curve
for the occasional user.

Offering an alternative approach, Visio
Corporation’s $299 (approximate street price)
Visio Technical for Windows program uses a
“stencil” metaphor to build a wide range of
drawings and diagrams of interest to radio ama-
teurs and anyone who works in technical fields
ranging from architecture to computer pro-
gramming. Visio Technical includes over 2,000
objects, or “SmartShapes” in Visio’s parlance,
contained in 94 stencils—roughly analogous to

a PC layout program’s component libraries.

Unlike the paper cutouts found in childrens’
signmaking stencil kits, Visio's SmartShapes
more closely resemble electronic modules in
the way they’re used. You assemble a Visio
drawing by dragging individual symbols from a
stencil and positioning each symbol on a page.
When you’ve placed symbols as required, you
draw interconnecting lines and add text labels
as appropriate.

So far, this description could apply to any
one of a number of what are known as object-
oriented drawing programs. What sets Visio
apart is its range of symbols and ease of use,
plus a few features that most computer-aided
design programs don’t offer.

For starters, you can alter the shapes of sten-
cil elements without introducing distortion. For
example, dragging on the end of a bolt length-
ens the bolt without distorting its dimensions.
Another stencil includes pie chart segments;
manipulating a “handle” on a segment alters its
size and percentage. You assemble segments as
needed to draw the chart.

Figure 2 shows a partially completed
schematic diagram of a VXO in which one
transistor has been moved off-grid to show the
degree of “stickiness” with which components
can remain interconnected or locked to the ref-
erence grid.

Visio’s symbols include connection points
that specify where you connect lines or other
symbols. For example, a three-input AND gate
would include three input points and one output
point. Note that unlike true schematic-capture
software, Visio’s logic and analog-circuit sym-
bols don’t include assigned pin numbers or
packaging of multiple circuits per device. It’s
up to you to label circuit pinouts and keep track
of multiple-gate utilization.

I noted that a few useful symbols for electron-
ic design were missing—including those for an
LED/bipolar-transistor optical isolator, a ferrite-
cored transformer, and three-terminal positive
and negative voltage regulators. However. it
took me only a few minutes to create the three-
terminal voltage regulator symbol used in
Figure 2 and add it to the stencil library.

Also, Visio Technical’s grouping feature lets
you couple elements together, which makes it
easy 1o synthesize an eight-pole switch from a
group of four two-pole contact sets. You can
link one page of a drawing to another via a
hypertext feature.

Visio Technical includes several add-on or
expansion programs dubbed Wizards. which
apply a degree of automation to a task. Ex-
amples include: a utility for measuring perime-
ter and area of a closed shape, a property-plot-
ting routine (handy for keeping antennas within
your own QTH), and a Gantt chart creator.
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File Format/Version

ABC Flowcharter 2.x-4.x
AutoCAD DXF, DWG

Bitmap BMP/DIB

Computer Graphics Metafile CGM
CorelDraw 3.x-5.x

CorelFLOW 2.0

Encapsulated PostScript EPS/AlL
IGES

PCX

Macintosh PICT

Micrografix DRW

TIFF

Windows Metafile WMF

Imported? Exported?
Yes No
Yes Yes
Yes Yes
Yes Yes
Yes No
Yes No
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes No
Yes Yes
Yes Yes

Table 1. Visio Technical 4.0 reads and writes files created in most common file formats.

Although I haven’t had time to experiment,
I'll speculate that Visio Technical might be
useful for creating printed-circuit board layouts
that don’t lend themselves well to conventional
layout tools. Examples might include: planar
antennas and stripline couplers for the lower-
microwave region, irregularly shaped copper-
clad shields, and PC boards that include non-
standard discrete components.

As Table 1 shows, you can import and
export a wide range of file types into and out of
Visio Technical. Of special interest is
AutoCAD compatibility, which allows you to
convert drafting symbols available in
AutoCAD’s .DWG format into Visio master
objects for reuse or editing. You can also
export a Visio Technical drawing in
AutoCAD’s .DWG and .DXF formats.

As shipped, Visio Technical arrives on 17(!)
3 1/2-inch floppy disks and one CD-ROM. If
you own a CD-ROM drive, the latter will save
considerable time otherwise spent in shuffling
floppies. Documentation consists of a clearly
written 114-page introductory manual, plus a
420-page developer’s manual and supplemental
floppy disk containing help files and Visual
Basic and C/C++ source code. Visio encour-
ages users to delve into custom programming
that takes advantage of Visio Technical’s heavy
reliance on OLE (object linking and embed-
ment) technology for exchanging data with
other Windows applications.

To use Visio Technical, you’ll need a PC
running Windows 3.1, Windows 95 or
Windows NT—the software selects appropriate
drivers at installation—and equipped with at
least 4 MB of memory, VGA graphics and a
386 or higher processor. You'll enjoy faster
performance if your PC contains a 486DX CPU
and at least 8 MB of RAM. Also, note that a
full installation of Visio Technical from CD-

ROM consumed approximately 25 MB of hard
disk space. One minor glitch occurred during
installation from CD-ROM when Visio’s
promised quick tour appeared only as a grayed-
out menu item.

Clearly, Visio isn’t intended for large-scale
logic designs, but would work well for knock-
ing off a schematic containing, say, ten to 20
ICs and 50 or more discrete components.
However, Visio also includes a wealth of sym-
bols that will enable you to design a new ham-
shack, plan a 10-GHz mountaintop repeater site
using microwave-equipment symbols, create a
Gantt chart, and design software via Booch,
Chen, Martin, or Yourdon charts, Can your
schematic-capture software do as much?

NEC-Win Basic For Windows

If you're interested in antennas, chances are
you’ve heard of NEC—the Numerical Electro-
magnetics Code—that forms the core of much
antenna-analysis software. You may have even
looked over the public-domain source code, and
found the prospect of compiling and using the
code somewhat daunting. You may have tried a
shareware version and achieved less-than-satis-
factory results due to user bewilderment.

NEC-Win Basic for Windows, available for
$75 in version 1.0 from Paragon Technology,
Inc. of State College, Pennsylvania, goes a long
way toward simplifying NEC and actually
making it available for radio amateurs to use on
an everyday basis.

To use a classic version of NEC, you model
your antenna as a collection of conductors
whose endpoints are identified at (X, Y, Z) coor-
dinates in space. You divide each conductor into
segments and attach driving sources or load
impedances to segments. You specify conductor
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Figure 4. Elevation radiation plot of antenna in Figure 3.

material, frequency of operation, and run the
program. In its most spartan implementations,
NEC feeds you results in tabular form, forcing
you to invoke an auxiliary plotting program to
visualize the antenna’s radiation pattern.
NEC-Win Basic neatly short-circuits the tedi-

um by invoking a spreadsheet-like format for
entry of antenna conductor lengths and proper-
ties. You specify frequency, and up to ten
azimuth and elevation radiation patterns for
analysis, and then click on an NecVu control.
You view a three-dimensional representation of

Figure 5. Three-dimensional radiation plot as calculated from azimuth and elevation data.
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your antenna and its orientation to the X, Y,
and Z axes and a user-specified ground plane
(if present).

If the configuration looks satisfactory (e.g.,
you haven't confused the coordinates and creat-
ed an accidental sloper), you run NEC and view
another spreadsheet-like form that lists the dis-
play patterns you've selected.

From there, you invoke a plotting routine that
generates radiation pattern plots from the data.
Figure 3 shows an azimuthal plot, and Figure
4 an elevation plot for AALIP’s too-low, off-
center-fed dipole at a frequency of 14.25 MHz.
Figure 5 shows a three-dimensional radiation
plot for the antenna. You can include additional
plots within a view to show variations in radia-
tion pattern versus frequency.

If the routine listed above sounds complex,
it’s actually much easier to perform than to
describe. NEC-Win Basic includes a well-writ-
ten and clearly illustrated manual consisting of
130 8-by-11 inch pages bound with a lie-flat
plastic comb binding. Chapter 2 offers a walk-
through dipole antenna example, followed by
examples of a tri-band auto antenna, a two-wire
vertical, and a log-periodic beam in Chapter 3.

that includes more detailed explanations of how
to set up more complex calculations and add
transmission-line and lumped-element loads to
antennas. A brief appendix describes antenna-
modeling basics. Aside from a few minor
typos, NEC-Win Basic's manual stands as one
of the better user’s manuals I've encountered,

I found NEC-Win Basic a pleasure to use,
both in terms of ease of entering antenna para-
meters and availability of easy-to-understand
output data. When I encountered weird results,
I typically found 1'd made errors in data entry
or coordinate specification—problems revealed

by examining NecVu's version of what I'd
entered. However, NEC-Win Basic would ben-
efit from addition of error messages.

I somehow added a second, invisible and ille-
gal source to an antenna—provoking a cryptic
error message and a call to Paragon’s technical
support. My call was answered promptly. and a
support person walked me through the problem,
promising to examine possible improvements
in user error-trapping in future versions,

To run NEC-Win Basic, you'll need a 386 or
higher PC equipped with a math coprocessor, 4
MB or more of RAM, VGA graphics. MS-DOS
version 5.0, and Windows 3.0 or higher. Para-
gon recommends a minimum of 10 MB of free
hard-disk space, but the program installed in a
little over 6 MB on my machine.

If you've held off exploring antenna-analysis
software because of its complexity or expense,
NEC-Win Basic allows you neither excuse. A
few hours spent calculating your new skywire’s
pattern before you install it will pay off in better
QSO0s and less time teetering on shaky ladders.

Purchasing information

Where to buy products mentioned in this
column:

You can purchase Visio Technical from most
software suppliers, or from Visio Corporation,
520 Pike St., Suite 1080, Seattle, Washington,
or phone (206) 521-4500.

Order Hamcall from Buckmaster Publishing,
Route 4, Box 1630, Mineral, Virginia 23117, or
phone (800) 282-5628.

To buy NEC-Win Basic for Windows, con-
tact Paragon Technology, Inc., 200 Innovation
Blvd., Suite 240, State College, Pennsylvania
16803, or phone (814) 234-3335. |

HP Accessory Provides Portable Power
Choices

A new accessory for use with the HP Basic
Instruments line draws operating power from
the cigarette lighter of a car or from an external
12-volt battery.

The HP34397A DC-to-AC inverter, makes it
possible to use instruments on a portable cali-
bration cart that travels throughout a plant, to
make measurements at remote locations where
no AC line is available, and to keep instru-
ments powered and ready to use while in transit
between sites.

Specifications include: 10.5-15 volts input
voltage: —115Vac, 60 Hz, £0.06 Hz output

PRODUCT INFORMATION

voltage: 100 watts output power; and quasi-
sine wave output waveform.

The HP34397A DC-to-AC inverter is avail-
able for $160. The unit is supplied with a man-
ual in English, French and German and a set of
battery-clip leads. The 230-volt option OE3
comes with an IEC-to-1EC power cord to con-
nect the instrument to the inverter. The
HP34397A is covered by a limited three-year
warranty.

For more information, contact Hewlett-
Packard Company, Direct Marketing
Organization, P.O. Box 58059, MS51L.-SJ,
Santa Clara, CA 95051-8059; or phone 1-800-
452-4844 ext. 9800.
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Frame length, protocol, and forward
error correction coding

y experience, HF packeteers have
B learned to reduce packet length in the

presence of noise or interference in
order to get frames through. Like any system,
300 baud (HF) packet works weli when the
band is open and activity is low. However, as
the reception bit error rate (BER) increases to 1
in 1,000 (0.001) or more, standard length pack-
ets (128 bytes) begin to fail and throughput of
64-byte packets is spotty, too. This fact wasn’t
lost on the designers of Clover, Pactor, or G-
TOR.* In fact, the generally poor pertormance
of HF packet, in the presence of a high BER,
gave rise to these other modes.

While errors in HF communication are only
somewhat random, we can gain some insight
about throughput versus frame length by
assuming the errors are random. Consequently,
if errors are due entirely to additive white
Gaussian noise (AWGN), we can calculate the
probability of receiving a frame of any chosen
length, given a specific BER. For example,
suppose that a system with 100-bit frames
exhibits a BER of 0.001. The probability (P) of
receiving that frame correctly is:

P = (I-BER)10 (1)

Figure 1 repeats and graphs this equation for
trames of 100, 300, and 500 bits for 2 BER
from 0 to 0.01. Note that even at a BER of 0.5
percent, the 100-bit frame has just a 50 percent
chance of being received correctly. Further, the

BER:s 0.0001,0.0005..0.01 N}:=100 N2:=300 N3::500
PI(BER): = (1-BERINI P2 (BER).s(1-BERINZ pP3(BER): = {1-BERIN3

1 T
Pl {BER)
0.5 -
P2 {BER)
P3 ‘BER\
. \
0 0.005 0.01

BER

*G-TOR is a trademack of Kantronies Co., Ine . Clover is a trademark of Hal
Communications, Inc._and Pactor is w trademark of SCS. Germany.

Figure 1. Probability of successful frame reception versus BER, for

several frame sizes. No ARQ cycle is assumed.

chances of receiving the longer frames at this
BER are drastically reduced.

No wonder HF packeteers reduce packet
length (paclen) to 64 or less! With paclen set to
64, HF packets contain 512 data bits and 160
overhead bits, and this still exposes the frame to
noise “hits” for about 2.23 seconds. For an
equivalent number of characters, AMTOR
would expose a “set” of 3-byte frames to hits for
roughly 4.88 seconds! By combining AMTOR
and packet techniques, Pactor reduces frame
exposure, as compared to packet, by shortening
the duration of the frame transmission to 0.96
seconds. However, AMTOR, packet, and Pactor
are all Type-1 ARQ systems; that is, these sys-
tems can detect errors in a frame but do not cor-

Communications Quarterly

89



Q0  Winter 1996

SETS OF 12 BITS

STEP#2: 000100111010100111 SETSOF16BITS

\ B j

AN/

1
STEP#3: 000100111010011001 BITS TRANSMITTED

v Y
STEP#4: 0001 00111010011001

13-17 HIT AND
REVERSED

vy

RECEIVED

STEP#5: 00001 000011001 01 01 RE-INTERLEAVEDTO

SETS OF 12 BITS

as single-bit errors throughout the 16 bins.
Step One:
Step Two:

and reversed.
Step Four:
Step Five:

Step Six:

Scheme.

With G-TOR at 100 baud, the interleaving process starts with 192 bits per frame, or 16 sets
(bins) of 12 bits each. These data are then interleaved, transmitted, and reinterleaved back to sets
of 12 bits in 16 bins. However, any burst errors received during transmission are now distributed

Data to be transmitted is divided into a set of 12 bits.

These data are then interleaved; bit 1 goes to bin 1, bit 2 goes to bit 1 of bin 2. ..
bit 13 goes to bit 2 of bin [, and so on.

Step Three:  Transmission example, the interleaved data is transmitted, and bits 13-17 are hit

These data are received and stored in bins of 16 bits.

The frame is reinterleaved; bit 1 goes to bin 1, bit 2 goes to bit L of bin 2. ..

bit 17 goes to bit 2 of bin 1, and so on.

With the noise burst distributed, only one bit error now resides in five of several
12-bit bins. These single-bit errors in 12 bits are then corrected using the Golay

Figure 2. G-TOR interleaving at 100 baud

rect errors by using error correction codes. They
must continue to request a frame until it is
received correctly. Pactor (Pactor-1), while not
using error correction codes, does attempt to
produce a good frame by adding consecutive
frames together—a technique called memory-
ARQ. Hence, it’s clear that with a BER above
0.001, systems with long duration frames will
suffer. At the same time, shorter-frame systems
suffer, too, since time is wasted in switching
back and forth between transmission and recep-
tion and too many bytes are used for control
rather than data.

A partial solution to this dilemma is to create
systems with longer frames and add error cor-
rection coding. By using data interleaving and
an error correction code, bit error rates in
excess of 3 percent can be tolerated. Such sys-
tems are called Type-II, or Hybrid ARQ. Clover
and G-TOR are the first true instances of this
type of system within the amateur community.

Adding error correction

Two good choices for an error correction




21 data bits, 210 ms trame duration,

/8 bits/192 data bits/8 bits/16 bits/,
192 data bits, 0.96 sec frame duration, 1.25 sec cycle

AMTOR /7 bits/7 bits/7 bits/,

0.45 sec cycle
PACTOR@200 baud /tlag/data/C/FCS/,
HF Packet

@ 300 baud, paclen=64 bytes:

/flag/14-70 bytes address/C/PID/data/FCS/flag/, or

/8 bits/112 bits/8 bits/ 8 bits/312 data bits/16 bits/8 bits/
512 data bits, 2.23 sec frame duration, no cycle defined

G-TOR @300 baud /data/C/FCS/

/552 bits data/8 bits/16 bits/,
552 bits data, 1.92 sec frame duration, 2.4 sec cycle

Table 1. Frame protocol, popular ARQ systems.

code for HF are the Golay and the Reed
Solomon (RS) codes. G-TOR, named for the
Golay code, is based on the Golay error correc-
tion scheme. Both codes are classified as block
codes; that is, a fixed number of parity bits are
coded for each fixed set of data bits. These
codes correct errors well when the errors are
random; for this reason, it’s necessary to inter-
leave the data frames for HF systems before
and after transmission. By doing so, the bursty,
multiple-bit hits during reception are made to
look random. The interleaving process is out-
lined in Figure 2.

Frame makeup

While frame duration and error correction
coding affect throughput in these systems, the
number of control and data bytes within the
frames also makes a difference. The frame pro-
tocol for AMTOR, Pactor at 200 baud, HF
Packet (300 baud), and G-TOR at 300 baud are
listed in Table 1.

Throughput

Assuming an ideal channel (no errors), the
throughput for these systems is tabulated in
Table 2. For example, Pactor (Pactor-1) at 200
baud, its highest rate. transmits 160 bits of
information during a 1.25 second cycle; hence,
its ideal throughput is 128 BPS. For packet,
assuming 64 bytes of data are contained in a
packet at 300 baud, its ideal rate is 146 BPS.
Finally, G-TOR transmits 552 data bits during
its 2.4 second cycle, so its ideal throughput is
230 BPS.

In the presence of a high BER, it’s clear from
Figure 1 that systems with long frames but no
error correction fail to maintain a good
throughput. However, by adding error correc-
tion coding, a good throughput can be main-
tained—even at a BER of up to 4 percent, as
indicated in Figure 3. Note in the graph that G-
TOR’s throughput falls to 50 percent of the
ideal, as soon as the BER exceeds a fraction of
1 percent. However, it maintains that rate until

Mode data bits/f bits/f
AMTOR 21 21
Pactor 100 baud 64 96
G-TOR 100 baud 168 192
Pactor 200 baud 160 192
Pactor 300 baud 512 672
G-TOR 300 baud 552 576

* Assumes a pseudo-cycle time of 3.5 seconds.

frame ideal
efficiency throughput
BPS
100% 46
66% 51
87% 70
83% 128
76% 146*
96% 230

Table 2. Throughput, HF-ARQ systems.
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Figure 3. Throughput versus BER at 300 baud for G-TOR.
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it reaches a BER of nearly 4 percent! Without
error coding protection, as indicated in Figure
1, G-TOR’s throughput with its 576-bit frame
would have dropped to roughly 10 percent with
a BER of as little as 0.5 percent!

Conclusion

While HF packeteers have learned to reduce
paclen in order to increase the chances of get-
ting frames through, we see that shortening
frames somewhat doesn’t help much as the

BER exceeds 0.001. At the same time, short
frame systems such as AMTOR *‘churn away’
their time resources by switching back and
forth between transmission and reception.
Making ARQ system frame protocols more
efficient, increasing the ratio of data bits to
control bits, helps throughput some, but this
scheme fails too as the BER gets heavy. As a
result, the only way to overcome the time wast-
ed by short frame systems and the hits that will
surely occur with longer frame systems is to
add error correction coding to a long frame sys-
tem. ARQ systems without frame protection
will simply fail with a BER approaching one
bit per frame. At the same time, ARQ systems
that incorporate forward error correction coding
are capable of tolerating error rates of 4 percent
or more. ]

’
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Present packet radio protocol originated in
the line-of-sight propagation world. At the
time, a fundamental assumption was that most
everyone could receive most all of the signals.
While packet radio has been reasonably suc-
cessful at VHF/UHF, its extension to HF has
not. WOXT’s article explains some of the tech-
nical reasons why this is so, but there are soci-
ological problems, too.

Old-time RTTY types can probably remem-
ber the courteous adherence to informal sub-
band agreements between AMTOR and RTTY.
Unfortunately. even before packet incursions
started, these arrangements began to unravel
with the arrival of 24-hour automatic mailbox-
es that took a proprietary view towards certain
frequency spots.

We now have some fairly modern digital
communications protocols, and they are prolif-
erating rapidly. However. many of their relative
advantages are too strongly defended with inap-
propriate “white noise” analysis. Meanwhile,
the real concern is that while we search for
excellence, we are creating a Tower of Babel.

HF Packet: Some editorial comments

HF digital communications such as Clover,
Pactor, or G-TOR are advances; but this prolif-
eration is hurtful if it further divides the amateur
radio community. Maybe we need to functional-
ly compare these systems. There are several
questions we could consider. What is good for
short QSOs; what is good for long data streams?
Should we suggest sub-bands for functions as
well as protocols? A few simple changes may
make digital communications more enjoyable
and user-friendly to newcomers.

HF packet’s continued inefficiency and wide
bandwidth casts doubt on its entitlement to
continue making universal noise everywhere.
RTTY is still relatively efficient. It easily fits
into less that 500 Hz bandwidth and is a world-
wide protocol. But think of how many sub-
bands of modern protocols we could fit into all
those Fat Packet Bandwidths!

Hunter Harris, W/S/
Communications Quarterly
Editorial Review Board




Receivers

Our fall 1994 “Tech Notes” column high-
lighting the commutative H-mode FET mixer by
Colin Horrabin, G38BI, generated a bit of
reader interest in seeing further material on his
quest for the ultimate high-dynamic range
receiver. In this edition of “Tech Notes,” you'll
find a low-noise AGC-controlled post-mixer IF
amplifier design, and a treatise on low-noise
oscillators by G3SBI. Qur third featwre deals
with designing stable LC oscillators, and is
annotated with many practical examples of the

circuits discussed.
Peter Bertini, KI1ZJH, Senior Technical Editor

Low-noise AGC-controlled IF
Amplifier

Reprinted from “Pat Hawker's Technical
Topics,” Radio Communication, May 1995

Several times in the past, TT has emphasized.,
when discussing modern approaches to the
design of receivers with super-linear front-
ends, the importance of the 1F amplifier that
immediately follows a mixer having conversion
loss rather than gain. For example, in TT,
February 1993, I stated: “It should be noted that
with any mixer operating directly on the incom-
ing RF signals without premixer amplification,
the IF amplifier that follows the mixer, either
directly or after a roofing filter, must have a

TECHNOTES

16 dB 13dB

gain gain
Noise figure 0.6 dB .6dB
Input impedance 50 ohms 50 ohms
Qutput impedance 50 ohms 50 ohms
Third order intercept
Vs = +12V (max gain) 23dBm 26 dBm
Vs = +20V (max AGC) 28 dBm 30 dBm
Input for 1 dB compression
V& = +12V (max gain) 0 dBm +3 dBm
(max AGC) 7 dBm +11 dBm
Vs = 420V (max gain) +5 dBm +8 dBm
(max AGC) +11 dBm +14 dBm

Amplifier input and output impedances are 50 ohms regardless of AGC-
controlled gain. Gain range 45 dB.

Table 1. Performance of 9-MHz AGC-controlied amplifier.

low noise figure and a high intercept figure,
with a diplexer arrangement often used to
achieve constant input impedance over a broad
band of frequencies.”

A simplified diagram was included of a
grounded-gate FET amplifier capable of pro-
viding a 2-dB noise figure, 9 dB gain in a 50-
ohm system for a 45, 70, or 100 MHz up-con-
verted first IF stage. [t was reproduced from the
IEE’s Radio Receivers book edited by Dr.
William Gosling.

Colin Horrabin, G3SBI, recently sent details
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Figure 1. G3SBI’s low-noise, AGC-controlled cascode IF amplifier.
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of a 9-MHz cascode-FET amplifier that he pro-
poses to use immediately behind the roofing fil-
ters in any receiver using his superlinear H-
mode mixer (see TT, October 1993, the new
edition of Radio Communication Handbook, or
Communications Quarterly, Fall 1994). He
points out that this could also be a useful
approach for anyone constructing high-perfor-
mance receivers because of the low noise fig-
ure, reasonable gain and intercept point, and the
50-ohm input and output impedance that
remains constant over the 45-dB AGC range.

The circuit diagram of the 9-MHz version of
this amplifier is given in Figure 1. Note that
the AGC amplifier must be capable of sinking
the current through D1 at O volts (i.e., maxi-
mum gain). The warning to keep leads short in
the drain circuit of the second U310 FET arises
from G3SBI’s experience in finding the initial
IP3 measurements were poor due to this stage
oscillating around 400 MHz. Performance is
given in Table 1.

Component notes: The two U310 are
Siliconix low-noise JFETs. C1 is an 82 pF
ceramic, C2 a 60 pF ceramic trimmer (Cirkit),
and all other capacitors are monolithic ceramic
(RS Components). Resistors are 1/8th watt
metal film (RS Components). D1, D2, are
HP3081 PIN diodes (Farnell). T15+43 turns of
0.224 mm diameter Bicelflux enamel on Fairite
Balun core 28-43002402 (Cirkit). T2 (primary)
2.81 pH, 31 turns of 0.314 mm Bicelflux enam-
el on Micrometals toroid T37-6 (Cirkit). T2

(secondary) (1) for 16 dB gain 3 turns, Rx 8k2;
(2) for 13 dB gain 4 turns, Rx 3k9. Note that
(1) and (2) could be relay switched for use with
an SSB or CW filter (loss 10 dB or 3 dB). L1,
L2, and L3 7 turns 9.314 mm enamel on balun
core 28-43002402 (Cirkit).

Towards The Superlinear
Receiver: Low-Noise
Oscillators

Reprinted from *Pat Hawker's Technical
Topics,” Radio Communication,
July 1994

It was emphasized in the January TT (page
39) that if full advantage is to be taken for
high-dynamic range receivers of the latest
super-linear mixers, such as G3SBI's H-mode
FET-array mixer, there remains a need to pro-
duce free-running or preferably synthesized
oscillators having an extremely low phase noise
of the order of 150 dBc/Hz or better, a few kHz
off the tuned frequency.

Colin Horrabin, G3SBI, has progressed sig-
nificantly towards this target for a free-running
oscillator although he recognizes that to design
and build a complete digitally synthesized local
oscillator based on his preliminary results is
still a major undertaking. However. he feels
that information at an early stage may encour-
age some readers to take these developments
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Figure 1. The initial prototype grounded-gate, low-phase-noise oscillator using lumped wound coils.



Figure 2. Typical free-running spectra of the original
oscillator at 76 MHz. >

further and faster than his own other commit-
ments permit.

He writes: “These present notes cover an
oscillator suitable for use as a VCO (voltage-
controlled oscillator) or as an overtone crystal
oscillator that has low inherent phase noise.
The initial measurements were made on an
oscillator operating over 20 to 80 MHz using
conventionally wound inductors, but subse-
quently it has been found that a version using
stripline inductors against a groundplane shows
the most promise. This form of construction
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Figure 3. Prototype strip-line oscillator capable of providing an operating range of 3.5:1 before oscillation ceases.

Length A: 40 mm, width B: 2 mm, width C: | mm. To change the frequency range, alter the length A and the length

of the output coupling wire. Typical frequencies with C = 0 pF about 145 MHz, 27 pF about 80 MHz, 56 pF about 60
MHz, and 150 pF about 36 MHz (plate-ceramic capacitors). With 1/16-inch double-sided pc board, note that the bot-
tom ground plane covers the whole of the board. Output about 0 dBm. The U310 FET is pushed through from the

bottom side of the pc board until it touches the ground plane and is soldered directly to the groundplane.
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Figure 4. Later version of the stripline pc board art.

has been found to cut dramatically the sensitivi-
ty to stray capacitance fields. The prototype
stripline version operates in the 36 to 150 MHz
region (capacitance 0—180 pF) or 82 to 146
MHz (0-27 pF), but changes to the length of
the line could give a 3.5:1 operating frequency
range anywhere between 20 and 450 MHz. The
stripline artworks were produced by my SERC
colleague, Alex Macdonald, on an Apple PC

using MacDraw software with output onto a
laser printer.

“Figure 1 shows the original design using
coils. It was constructed inside a box made
from double-sided pc board material. OQutput
at 50 ohms impedance and 0 dBm signal level
for a spectrum analyzer can be taken either
from the FET source or via a two-turn link
winding on the main tank coil, L.1. These are




terminated in SMA connectors. The oscillator
comprises a U310 junction FET in grounded-
gate configuration.”

The two capacitors marked C must be of the
same value, Components are as follows: C
Suflex or plate-ceramic capacitors between 15
and 220 pF (Cirkit Components). L1: 7+ 7
turns 6 mm diameter enamel for about 20 to 80
MHz. When used as a crystal oscillator, the
oscillator is first used free running on the crys-
tal frequency. One of the capacitors, C, is made
variable so the frequency can be tuned. The
crystal is inserted after breaking line X and on
the C adjusted for oscillation. Output from the
source has slightly improved sidebands. For
VXO use, the 220-pF capacitor can be varied to
give about 5 kHz variation at 53 MHz. As a
crystal or free-running oscillator, outputs of
about 0 dBm are available from the source or
tank. A high-impedance output of about 10
volts peak-to-peak can be taken as shown. The
two Hi-Z outputs are 180 degrees out of phase.

The grounded-gate happens to be the case of
the FET, so a hole is drilled in the groundplane
and the FET pushed through with the case sol-
dered to ground. A 47-ohm resistor is necessary
in series with the drain lead (but not in the
stripline version) to control a 500-MHz para-
sitic oscillation.

“L1 is a split coil; this is fundamental to the
design in order to avoid the use of a bypassing
capacitor to ground at its center. The other half
of this coil acts as a series-tuned circuit and
therefore presents a low impedance at reso-
nance to ground at the DC feedpoint. [f neces-
sary, push-pull signals at a high impedance can
be taken between the ends of L1 to ground: C1
and C2 are identical values and must be
changed together. Varicap diodes, if used, must
be matched, since any significant difterence in
value of C1 and C2 will inhibit oscillation.

“Some tests were made using a 53-MHz
third-overtone crystal inserted between points.
Noise sidebands were down 98 dB at 200 Hz
from center frequency.

“Typical free-running spectra of the original
oscillator at 76 MHz are shown in Figure 2,
about 98 dB down at 2 kHz. Contrast this with
the superior stripline circuit (Figures 3 and 4)
at 82.9 MHz (Figure 5) and 201 MHz (Figure
6). Most of the close-in phase noise noted in a
run at 62 MHz is due to FM at 50 kHz. This is
presumably due to AC mains inducing fields in
the tank coil causing low-level AM and FM
modulation of the FET. In a closed loop of any
useful bandwidth, these wouid be suppressed.

“So how good is the oscillator phase noise? [t
is visually superior to two of our professional
high-grade synthesized signal generators, but
without access to a Hewlett Packard phase-
noise measuring system or other methods of
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measurement more suited to home construc-
tion, exact figures can not yet be given.
Nevertheless, it is clear that the oscillator
shows great promise. It is intended to use one
or more stripline oscillators in the design of a
low-phase-noise synthesized local oscillator
system when time permits.

“Two further stripline oscillator layouts have
been implemented for the frequency range 20
to 50 MHz and are being tested. One of these
uses thinner and closer tracks with the object of
reducing the physical size of the pc board. A
practical board layout for the local oscillator of
a receiver would probably have the two
striplines back-to-back on two separate pc
boards so that a band-change wafer switch (per-
haps driven by a stepper motor) would be sim-
ple to accommodate.

“Finally, it needs to be stressed that the design
of the voltage regulator is important in order to
obtain results as good as, or better than, a 9-volt
battery as the oscillator power source. The best
spectrum results have been achieved with a reg-
ulator output of 8 to 9 volts. Conventional IC
regulators slightly degrade the oscillator noise
floor, particularly close-in. The simple regulator
circuit shown in Figure 7 gives good results and
was used during the measurements shown, but
could probably be improved with a little more
loop gain. In this design, the regulator voltage
reference is a high gm FET type 10KM driven
by a J510 JFET current source and has low-
noise characteristics.

Stable LC Oscillator

Reprinted from “Pat Hawker's Technical
Topics,” Radio Communication,
November 1994

Despite the attractions of crystal resonators in
conjunction with frequency synthesis as a
means of obtaining stable frequency operation,
there remains a real need for free-running LC-
type VFOs with stabilities approaching those of
low-cost crystal oscillators. The search for
improved stability of LC oscillators began in
the 1920s and continued in the [930s and
1940s. By the mid-1950s, virtually all the basic
requirements needed for reasonably stable LC
oscillators were understood and suitable cir-
cuits developed for use with thermionic valves.
Since then, there have been few major develop-
ments with most work focused simply on
adapting the proven valve circuits for use with
solid-state devices, although much more atten-
tion has been paid to oscillator noise since the
publication in 1953 of the book Vacuum Tube
Oscillators by W.A. Edson.

One of the earliest oscillators that provided
good stability on HF was the Franklin oscillator
developed in the 1920s (Figure 1). This used
two active devices, providing sufficient gain in
the amplifier/phase inversion section to permit
very loose coupling to the frequency-determin-
ing high-Q LC resonant circuit. The Franklin
has several other advantages including the con-
nection of the tuned circuit directly to earth and
the use of a two-terminal coil. Curiously, the
Franklin oscillator, developed for the Marconi
Short Wave Beam system, has never been wide-
ly used in the U.S. where engineers continue to
investigate single-valve circuits based on varia-
tions of the Hartley and Colpitts oscillators.

The early 1930s, with the coming of higher-
gain tetrode and pentode valves, saw the intro-
duction by J.R. Dow (Proceedings of the IRE,
Vol. 19, 1931, pages 2095-2108) of electron
coupling within the valve in conjunction with
either Colpitts or Hartley oscillators to provide
an oscillator much less affected by variations in
the HT supplies. The ECO took advantage of
the fact that a drop in screen voltage can com-
pensate for a drop in anode voltage. The ECO,
as adopted by amateurs, also had the advantage
that the tuned anode circuit from which output
is taken can be at double the frequency of the
frequency-determining resonant circuit, making
it easier to achieve good stability.

The introduction of neon-stabilized voltage
regulator tubes by the end of the 1930s also
made it possible to achieve better stability

HT+

na
7
—

Figure 1. The basic Franklin Master Oscillator, first
described in 1930, uses very low value capacitors Cl,
C2, (about 1 to 3 pF) imposing a very light load on the
high-Q tuned circuit. Further advantages include the
two-terminal inductance, and the earthing of one end of
the resonant circuit. This form of oscillator can be
readily adapted for use with MOSFET devices.



from basic Hartley and Colpitts oscillators
without electron coupling, provided always
that the components and circuit parameters
were well chosen. It was soon recognized that
a high-C tank circuit was particularly impor-
tant, although this limited the frequency span
of the oscillator; no problem for amateur
bands, but a disadvantage for general-coverage
receiver oscillators.

A simple, but important, modification to the
basic Rartley circuit was described by A.F.
Lampkin (Lampkin’s Laboratories, Florida and
also a radio amateur of 1924 vintage who
wrote frequent article in QST in the 1930s) in
“An improvement in constant-frequency oscil-
lators” (Proceedings of the [RE, March 1939).
Surprisingly little advantage has ever been
taken by amateurs of his discovery that by sim-
ply tapping the grid connection down the coil,
the influence of the active device can be
reduced by a factor of ten or more (see Figures
2 and 3).

Lampkin’s idea was, however, recognized by
Walter Van Roberts of the RCA Patents
Division, but also as W3CHO, the first person
ever to describe a unidirectional close-spaced
rotary Yagi beam antenna (Radio, January
1938, pages 19-23 and 173). In “The limits of
inherent frequency stability” (RCA Review:,
April 1940), he concluded that to obtain opti-
mum stability from an LC oscillator:

» Make the fundamental frequency as low as
possible.

» Make the Q of the coil as large as possible
at the fundamental frequency. This means that
the coil should be as large physically as there
is room for within the shield can, subject to
clearance of at least half a diameter, as well as
that the coil design should be good in other
respects.

« Use the loosest couplings between the
tuned circuit and the tube that will give the
required output. and use a low enough bias
resistor so that the effective transconductance
in the oscillating condition is not seriously
reduced.

» For the oscillator tube, choose one which
has a high ratio of transconductance to capaci-
tance fluctuations when operating at the
required level.

» Keeping the oscillation strength constant,
vary the ratio between the grid and plate cou-
plings. The best ratio depends on the ratio
between the capacitance variations of the grid
and the plate.

These points remain as valid for solid-state
devices as for valves. Walter Roberts also
advocated as “tricks of the trade:” The use of
temperature compensation; supporting the

(a) HT+

WLU]

{b) oHT+

Figure 2. A.F. Lampkin in 1939 showed that a high-C Hartley oscil-
lator (as typically used in the once popular ECO VFQ) could be
improved by a factor of about ten times simply by tapping the grid
[gate or base] connection down the coil.

tuned circuit on a single rigid member to avoid
bending and vibration of its parts; reducing the
power taken from the oscillator as much as pos-
sible and preferably taking output at a harmonic
frequency; supplying screen voltage from a
voltage divider whose two portions have resis-
tances forming the combination that best com-
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Figure 3. Showing how the long warm-up drift of a Hartley
valve oscillator can be much reduced by tapping down the coil.
Performance with various ratios of n1:n2 are shown.
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Figure 4. The BBC high-stability master oscillator developed by Geoffrey Gouriet about 1938, but not fully described by him until

1950. The stability obtained is, for all practical purposes, a function only of the parameters of the single tuned circuit at series reso-
nance. The unit provided a one hour stability of the order of +/- one part in a million, and ten parts in a million over 24 hours. The

same basic ascillator circuit was later developed independently by J.K. Clapp and published in 1948.

100 Winter 1996

Figure 5. Three high-stability oscillator circuits showing the
minor, but significant, differences between: (A) Gouriet-Clapp
with series resonance; (B)Seiler low-C Colpitt’s oscillator with
parallel resonance. (C) The Vackar oscillator in which the
ratios C2:CV and C1:Cx should both be about 1:6.

pensated for variations in supply voltage, and
stabilizing the supply voltage.

About 1938, Geoffrey Gouriet of BBC
Research developed a series-tuned form of
oscillator (Figure 4) sufficiently stable to be
used as a crystal-substitute for broadcast trans-
mitters. Because of the war, full details of this
were not published until J.K. Clapp of the
General Radio Company had independently
developed a similar circuit in 1946, details of
which were published in “An inductance-
capacitance oscillator of unusual frequency sta-
bility” (Proceedings of the IRE, March 1948).
Clapp later recognized that his oscillator,
quickly taken up and widely used by amateurs
as the Clapp oscillator, should rightfully be
called the Gouriet-Clapp oscillator. He also
noted that the same form of oscillator has also
been developed independently by O. Landini in
Italy and described in Radio Rivista in 1948. A
detailed paper by Gouriet was published in
Wireless Engineer, April 1950.

E.O. Seiler, W8PK, (later W2EB) wrote in
QST (November 1941) about a 3.5-MHz keyed
VFO, which he described as a “low-C electron
coupled oscillator” as an alternative to the pop-
ular high-C Colpitts oscillator and with a cir-
cuit arrangement similar to but different in
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Figure 6. W3JHRs “synthetic rock” popular transistor VFO of the early 1960s was an adaptation of the Seiler oscil-
lator. In the original design, W3JHR used high-quality components from the American surplus ARCS equipment.
Transistors were 2N384, but similar later devices can be used.

some respects from the later “Vackar” or
“Tesla™ oscillator developed by the Czech
engineer Jiri Vackar, who worked for the state-
owned Tesla organization. Vackar developed
his oscillator circuit in 1945. It was described
with English text in Tesla Technical Reports,
December 1949.

The Gouriet-Clapp, the Vackar (Tesla), and
WS8PK's Seiler oscillators (Figure §) were ana-
lyzed by J.K. Clapp in Proceedings of the IRE,
August 1954. (“Frequency Stable LC
Oscillators™) suggesting that the good frequen-
cy stability range of the Vackar extends over a
tuning range of 2.5:1 compared with 1.8:1 for
the Seiler and 1.2:1 for the Gouriet-Clapp, thus
awarding the edge (at least for receiver applica-
tions) to the Vackar. In March 1955, Tesla sub-
mitted a report on the Vackar oscillator to the

CCIR SG1, Document 57E, pointing out that
the high frequency stability was accompanied
by low harmonic content.

The first publication in an amateur journal
was by David Deacon, G3BCM, RSGB
Bulletin, March 1956, pages 3471-2 (“The
Tesla Oscillator”) reproducing information on
the precautions required to achieve high stabili-
ty. Unfortunately, somewhere along the path
from Czechoslovakia to Brussels, to the UK.,
there was an unfortunate mix-up with the result
that G3BCM inadvertently transposed the sug-
gested values for Cx and C1 of Figure 5C.
These should have a ratio of about 1:6 to pro-
vide an impedance step-down from the reso-
nant circuit to the active device. This quite seri-
ous error, which impaired stability, was repro-
duced in the RSGB Amateur Radio Handbook
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Figure 7. The high-stability FET Vackar oscillator covering 5.88 to 6.93 MHz developed by G3PDM in the late 1960s, but still a valid design

for HF VFQs for receiver, transmitter, and transceiver applications.
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(3rd edition, pages 169-70) and also in several
designs published in the “Bull.” It was not until
196566 that the error was spotted and correct-
ed by W.H. (“Bert”) Allen, G2UJ, and Lyell
Herdman. G6HD, (see correspondence in the
“Bull,” January and March 1965).

In September 1966 in a reply to E. Chicken,
G3BIK, I drew attention to the differences
between the Seiler and Vackar designs. A
Seiler-type oscillator using a bipolar transistor
was designed by W3JHR in the early 1960s and
become popular as the “synthetic rock VFO”
shown in Figure 6.

By then bipolar transistor and FET devices
were being used for Vackar type oscillators,
although many designs continued (and still
continue) to neglect another requirement of the
Vackar to optimum stability and minimum har-
monic content: the need to use a relatively high
capacitance across the tuned circuit. Indeed
one of the very few Vackar oscillators that
meet all of the original requirements for opti-
mum performance was the FET design by
Peter Martin, G3PDM, published originally in
TT (December 1969, pages 846-7), and since
reproduced in a number of RSGB publications
including Amateur Rudio Technigues (7th edi-
tion, pages 166—7) and Radio Communication
Handbook (4th edition, page 4.27 and also the
new 5th edition).

The G3PDM Vackar design (Figure 7),
although now 25 years old. remains possibly
the most stable LC oscillator ever described for
home construction. His design, intended as a
tunable local oscillator covering 5.88 to 6.38
MHz in a double conversion hybrid valve/tran-
sistor receiver, has a switch-on drift of 500 Hz

in the first 60 seconds (caused by the gate-
source capacitance changing as the 2N3819
junction FET achieved thermal stability) and
thereafter a drift of only about £2Hz per 30
minutes, that is about 3 parts in 10 million! As
for all LC oscillators, the mechanical stability
and correct choice of good-quality components
is as important no matter which basic oscillator
configuration is used.

To achieve the sort of stability quoted,
G3DPM listed 15 points to watch. An updated
version is given below: '

« Strongly recommend the genuine Vackar
circuit; i.e., with C1/(C4+C6)=C3/C2 and both
approximately 6:1 [C4+C6 should have suffi-
cient capacitance to form a high-C tuned circuit.
In the original Vackar prototype covering fre-
quencies around 1.7 MHz, a 1000 pF trimmer
was used across the coil. The Seiler is a low-C
configuration, the Vackar high-C—G3VA].

« Use a FET rather than a valve; they are
more stable, last longer, use the same circuits,
and are cheaper. [But note that solid-state
devices are more affected by changes in the
ambient temperature than valves once these
have fully warmed up—G3VAL

* Use a strong box (die-cast or better).

« Use a high-quality variable capacitor. The
so-called straight-line-frequency (SLF) laws
are for a tuning range of 2:1 and not useful for
normal amateur use. However, Jackson Type
U101 (or surplus RF-26 type) capacitors pro-
vide an almost perfect SLF law when tuning
500 kHz in this circuit.

« To reduce the heating effect of the RF cur-
rents in C2, this should be an air-spaced trim-
mer; this allows adjustment of feedback so that
the circuit just oscillates, reducing harmonic
output and drift due to interaction of harmonic
energy.

+ All variable capacitors should be effective-
ly cleaned, preferably in an ultrasonic bath,
before using (G3PDM stressed this really
makes a difference).

« Preferably use (continuously) adjustable
temperature compensation. Originally G3DPM
used an Oxley “Tempatrimmer” or the lower
cost Osley “Thermo Trimmer” with a more
restricted range of compensation. [These
appear to be no longer available. Suitable tem-
perature coefficient capacitor(s) may have to be
chosen by trial and error. Alternatively, if a dif-
ferential capacitor is available, as shown in
Figure 8A or with conventional trimmers as in
Figure 8B—G3VA].

« C1, C3, and C6 should be silvered-mica
types, isolated from surrounding solid objects
(this reduces “warbling” during a “mallet test”).

» The gate resistor should be a 2-watt solid
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by increasing the value of C2+C3 and decreasing that of L1 to make it a true Vacker oscillator. Component informa-
tion recommended by K6BSU. C1, C5: 800 pF polystyrene (see text), C2: air trimmer for setting calibration. C3: air
variable for main tuning. C4: 70 pF made up of NPO ceramic and silver mica 1o provide required temperature com-
pensation. C7: 33 pF NPO ceramic. C6, C8: 0.1-pF 25-volt monolithic capacitor. TR1: 40673 or SK3050 dual-gate
MOSFET. D1: 1N4153 or IN914 silicon signal diode. L1: 16 pF, 34 turns no. 26 enamel on 3/4-inch diameter ceramic
form (no slug core), winding length 0.6 inch. All resistors 0.25 watt, 5 percent.

carbon type for minimum heating and low
inductance.

« Use of a buffer/isolating amplifier is essen-
tial. With a feedback pair, the gain is readily
adjusted while negative feedback maintains low
harmonic content.

« Circuits using a diode from gate to earth for
rectification outside the FET appear to increase
drift.

» Power supplies must be very well stabi-
lized, and disc ceramic bypass capacitors
should be liberally used to prevent unwanted
feedback along the supply rails. [Note: modem
IC regulators would be an improvement on the
use of Zener diodes—G3VA].

+ Oscillator components around the tuned cir-
cuit (L. C1, 2, 3.4, 6, R1, and FET source)
should have a single common earthing point.
(This usually means using one of the fixing
screws of C4.)

« Ceramic coil formers are preferred. An iron
dust core facilitates VFO calibration, but ferrite
cores must be avoided.

« Keep leads short, and use stiff wire (16 or
18 SWG) for interconnections in the oscillator
tank circuit.

G3DPM added that performance achieved
included: resetability—after switching off for 12
hours, returns to within 10 Hz of previous fre-
quency; voltage stability (without Zener diode
or other voltage regulation), L0 percent change
in supply results in shift of 8 Hz; G3DPM stan-
dard mallet test results in average shift of 6 Hz;
scale linearity—maximum error over 500 kHz
band, 12 kHz “without any codging.”

pe

}oOUTPUT

AY!
VA

—

s

Figure 10. Possible simple AGC system for use with a Vackar oscillator which
should be an improvement over a diode connected directly between gate and
source. D1: any good quality RF silicon diode.

American amateurs have been relatively slow
to adopt the European Vackar circuit. However,
a number of articles have appeared in the
American magazines since the 1970s, although
few seem to have appreciated that the Vackar,
unlike the Seiler, really requires a high-C tank
circuit. This factor is still missing from an oth-
erwise useful article “The Vackar High-
Stability L-C Oscillator,” by Floyd E. Carter,
K6BSU (CQ, June 1994). He uses a dual-gate
MOSFET (40673 or SK3050) and gives com-
ponent values for tuning 4.0 to 4.3 MHz:
Figure 9. Although he gives impressive perfor-
mance figures, it seems likely that these could
be improved simply by reducing the inductance
of L1 and adding considerably more capaci-
tance to the trimmer C2 and tuning capacitor

Communications Quarterly
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C3 10 make it a true Vackar circuit, and possi-
bly by removing DI.

Among the constructional features he recom-
mends is the use of a high-quality double-bear-
ing air variable capacitor for C3, with the trim-
mer C2 also a ceramic-base air variable. C1, 4,
and 5 are made up from parallel capacitors
adding up to the required value since the use of
multiple capacitors reduces the RF heating of
the dielectric in the individual capacitors. C1
and 5 are each implemented from two poly-
styrene capacitors, while C4 is a combination
of an NPO ceramic and a silver mica capacitor,
providing temperature compensation for the
positive temperature coefficient of L.1. This
seems an odd way of providing temperature
compensation since the purpose of C4 is to
form part of a capacitive potential divider with
the effect of tapping down G1.

In his prototype. he used a 62 pF NPO

ceramic with 8 pF silver mica, but I feel that
G3PDM’s use of a trimmer adjusted to just
beyond oscillation together with temperature
compensation directly across the tuned circuit
should prove the better approach. For supply
regulation, K6BSU uses an adjustable IC regu-
lator type LM317 to provide 12 volts, although
he found that the circuit oscillated well with the
7 volt supply. He recommended following the
oscillator with a high input impedance Class A
buffer amplifier. The use of a diode (D1)
between gate and source of the MOSFET to
provide a form of AGC is common practice,
but has been criticized by some designers. An
effective AGC system (as used for example in
the original Gouriet BBC VFO) is undoubtedly
beneficial; a simpler arrangement has been pro-
posed for use with a dual-gate MOSFET
Vackar oscillator (Figure 10) although I have
not heard of this being used in practice. n

Analog Devices Announces New Family of
DSPs

Analog Devices, Inc. has announced the
availability of the ADSP-21¢sp01. The ADSP-
21sp01 is the first in a new family of 16-bit
fixed-point DSPs from Analog Devices. The
new 16-bit fixed-point core is able to power the
2lcsp family of concurrent signal processors.
The ADSP-21¢sp01 addresses the challenges
of many applications by integrating a highly-
parallel, 50-MIPS DSP core capable of execut-
ing 550 Million Operations Per Second
(MOPS); a parallel DMA port, a parallel mem-
ory port, and two multi-channel serial ports;
and low latency interrupt servicing with a 20 ns
task switching speed.

Based on a modified Harvard architecture, the
core maintains a three-bus bandwidth on-chip
through a 64-word, selective instruction cache.
A three-stage instruction pipeline increases the
overall instruction rate while keeping latency to
a minimum, There is no arithmetic pipeline
allowing all computational instructions 1o exe-
cute in a single cycle. The 24-bit instruction
word supports multiple programs and data sets
with a 16 MWord address range. Additional
features include two data address generators
which support eight simultaneous circular
buffers. Independent arithmetic units include:
16-bit ALU; 16 x 16-bit MAC with dual 40-bit
accumulators and the option to saturate every
cycle; 32-bit, bi-directional barrel shifter with
block floating-point support. The result is an
effective processing rate of 550 MOPS.

To maximize the efficiency of interrupt pro-
cessing, the ADSP-21esp01 includes a com-

PRODUCT INFORMATION

plete background register set which contributes
to the device’s ability to task switch in one
clock cycle (20 ns). Combined with low inter-
rupt latency, the background registers are
switched to support a new task in 100 ns fol-
lowing an interrupt.

To minimize interruption of the core pro-
cessing functions and maximize the flow of
data into and out of the processor, the ADSP-
21espO1 integrates serial ports running at 100
Mby/s. a 150 Mbyte/s parallel memory inter-
face, and parallel 50 Mbyte/s DMA ports on-
chip. Two bi-directional serial ports, each sup-
porting two to 32 TDMA channels, operate at
25 Mb/s data rates. Because the serial ports are
independent and bi-directional, a total of four
data paths are available simultaneously, pro-
viding a total serial port transfer capacity of
100 Mb/s. The serial ports also have Direct
Memory Access (DMA) capability, allowing
converters and other peripherals to move data
into and out of DSP memory without interrupt-
ing the DSP. The internal DMA port is a 16-bit
parallel port interfacing the ADSP-21¢sp01 to
other processors and to system buses. A DMA
controller supports five DMA channels
between the serial ports or IDMA port and the
memory of the ADSP-21csp01.

Samples are available now in limited quanti-
ties. General sampling begins in January with
volume production planned for the summer of
1996. The 10,000 unit price is $33.00.

For further information, contact Analog
Devices. Inc.. Three Technology Way,
Norwood, MA 02062; phone 617-461-3881:
fax 617-821-4273.
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only $89
IDEO

Made in USA

SEE THE SPACE SHUTTLE
AND GET THE ATV BUG

Many ATV repeaters and individuals are retransmitting Space
Shuttle Video & Audio from their TVRO's tuned to Spacenet 2
transponder 9 or weather radar during significant storms, as well
as home camcorder video from other hams. If it's being done in
your area on 420 - check page 538 in the 95-96 ARRL Repeater
Directory or call us, ATV repeaters are springing up all over - all
you need is one of the TVC-4G ATV 420-450 MHz downconveters,
add any TV settoch 2, 3or4 and a 70 CM antenna (you can use
your 435 Oscar antenna). You dont need computers or other
radios, it's that easy. We also have ATV downconverters, anten-

AMATEUR TELEVISION

4 PORT REPEATER AND

LINK CONTROLLER

FEATURES:
¢ 4-full duplex radio ports
+ Optional Autopaich available
* Unique CW for each port
* DTMEF control from any port
= 100 user command macros
= 300-9600 baud serial port
» 4-Layer board construction

* Priced for any groups budget

RLC-4 REPEATER CONTROLLER

Benefits:

With DTMF and serial programming features, your controller
is more secure from unwanted access. Use only 1 controller at
your site to control up to 4 separate repeaters/links with their
own personalities and features intact. Make emergency
autopatch calls with the telephone option. Only the RLC-4 can
make these features available at such a low price.

nas, transmitters and amplifiers for the 400, 900 and 1200 MHz
bands. In fact we are your one stop for all your ATV needs and info.
We ship most items within 24 hours after you call.

Hams, call for our complete 10 page ATV catalogue.

(818) 447-4565 M-Th 8am-5:30pm

$414.95

Link Communications, Inc.
115 2nd Ave. N.E., Sidney, MT 59270

Call for informaion about our complete line of controllers
(406) 482-7515 (Voice)  (500) 6104085 (Orders) (406) 482-7547 (Fax)

E-Mail address linkcomm @ netins.net

Visa, MC, UPS COD
Email: tomsmb@aol.com
24 Hr. FAX (818) 447-0489

P.C. ELECTRONICS
2522 Paxson Ln, Arcadia CA 91007

310 Garfield St Suite 4
TN oo goroas
ElecTtRONICS €ugene, Oregon 97402
Control your home 2 |
from your radio!
$99.0
The Auto-Kall® AK-16 DTMF Controller
Board features 16 relay driver outpute

and DIMF to X-10 control

Control the relay driver

Introducing the Standard

|_DUPLEXERS _Jf introducing the Sandy

* QUALITY % SERVICE YU HGGT A s B (VY

* PRICE P—
WE'VE GOT IT ALL!

Our Bandpass-Reject ¥
Duplexers with our 4
patented BB,
Circuit" Filters
provide superior
performance. . .
especially at

close frequency
separation.

house

capabilit yl
nJu!.[JuL--w_- X-10 modules, or both with
X-10 operation
PL-513 Fower Line
Interface ($20). The AK-16 mates
readily with our RB-8/1 ($29) or RB-
16/1 ($149) relay boards. The O-12 digit
security code i2 user pt
your DTMF keypad. A

ANANDA POWER TECHNOLOGIES, INC
is the recognized Solar industry leader in the de-
velopment of high quality, reliable DC control,
maonitoring, and overcurrent protection products,

your radio keypad!
requires 1 he

For your repeater site, residential or commercial
solar electric or generator system, RV, or for any
DC system need, we offer Class T fuse blocks,
safety switches, and fusible pullout disconnects
rated up to 400 amps at 125Vdc; battery state-of
charge LED and digital monitors, and fully in-

jramable using
ditional features

~ - Tels . W I .
include reprogramable cw 1D and tegrated balance of system control, monitoring,
several modes of operation, Inc luding and overcurrent protection packages
two with CW response. Frinted circuit For high voltage DC system applications we also
board assembled and tested offer custom design and manufacturing services.

For more intormation on our |}rndllt ts and servic-
5, please contact us lor a free catalog.

APT

ANANDA POWER TECHNOLOGIES, INC
14618 Tyler Foote Road Nevada City, CA 95959
916,202, 3834 FAX 916.292.3330
E-mall: jeffreyp@apt] .com  N6COYS

PHONE 817-848-4435
FAX 817-848-4209

Visa, MastirCard, Amirican Expriss, Discover
COD (%%) on Cash or Mony Onder basis only
S/H: $b LISA; S 10 Canada %1% Foreigy

Orders: (800) 338-9058
Info: (541) 687-2118 Fax: (541) 687-2492
Cataloge are also available via the Internet

motron.info@emerald.com

RODC, iC
PO. BOX 21145 » WACO, TX 76702
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Antenna Software
by W7EL

l;flers. ATV Down Converters & Hard to Find Parts
7 HARD TO FIND PART

HF Amplifiers
PC bosrd | W completa pans " dascribed in * AF Power Transiators
EZNEC (“Easy-NEC”) captures the power of the ;"M Notes and Eng 9 'g;‘mh:::*f 1'1';‘-1'3m--
Il ns . Lomol,
NEC-2 calculating engine while offering the same = _ +ihataicind Wice C
-10- E ade ELNEC s 2 Mater Amplifiers (144-148 MHz) « ARCO/SPRAGUE
friendly, easy-to-use operation that made ELNEC piads, Pl . ATV Cewn Converierns IC: Gi
famous. EZNEC lats you analyze nearly any kind of AN TH2 (Kit or Wired and Tested) {Kit or Wired and Tested)
g a - 35W - Model 335A, $79.955109.95
antenna - including quads, long Yagis, and antennas EBad ”.w Moger e t5' o Model ATV-3 (420-450)
within inches of the ground - in its actual operating ARMS (30W) S IR SR DA TR i A FETY
environment. Press a key and see Its pattern AN WOW) $40 95560 95 DIGITAL FREQUENCY READOUT
y 440-450 MHz Amplifiers
Another, its gain, beamwidth, and front/back ratio INII\. o 00W) 1‘ g Model ATV-4 (002-926) Fot olde > slog & I's -
o - 1ITA WOW) ISSE-FM-ATV) x £ K- Wited ar »1)5149.95
See the SWR, feedpoint impedance, a 3-D view of the e gl O ARt M 7. B e (GaAS - FET)

558 85579.95

antenna, and much, much more. With 500 segment AR 1000W
CRPAOINY: JOu. O\ TGN SR LIRS MeT formation and prices, call o ite for a our free catalog
nas and their surroundings. Includes true current

source and transmission line models. Requires ADDITIONAL ITEMS Add $4.5 . .
80386 or higher with coprocessor, 4860DX, or "’f‘ Ef'*_:f:l“’"" R E ication
Pentium;, 2Mb available extended RAM, and Coppor Spraader (8 *x 6 x V), $24.00 nceDtS Im
EGANGA/SVGA graphics

Low Pln Filters (up to 300W) FO( harmonics )
" p” S0M. BOM of 160M “ W8 Millstone Dinive » Beavercreek, Ohue 45434-5840)

HF Splnlon and Cmnnlrurn up to 2KW Phone:{513) 426-8600 = FAX (513) 429-3811

ipping and handling

ELNEC is a MININEC-based program with nearly all
the features of EZNEC except transmission line
models, and a limitation of about 127 segments (6-8

total w.':warangrhs of wire). Not recommended for CALL TOLL FREE WRITE FOR A
quads, long Yigus. or I(mmnhnns w.urll1| IIIJIIZI.'F‘HT-"]|-WIYI':: (800) 292-7711 c&s SAL Es FREE 60 PAGE
e typas. Funs on any P companbie win oi0x | EXCELLENCE IN SERVICE CATALOG!
AAM. CONERAVANEercues grachics: Spacily AFFORDABLE, HIGH QUALITY ELENCO OSCILLOSCOPES MX-9300

COProcessor Of NoN-Coprocessor type
2 YEAR WARRANTY Four Functions in One Instrument

Features
= One instrument with four test and mea-

Both programs suppon Epson-compatible dot-matrix,
and HP-compatible laser and ink jet printers

suring sysiems:
= 1.3GHz Frequency Counter
« 2MHz Sweep Function Generator
L * Digital Multimeter
* Digital Triple Power Supply
«0-30V @ JA, 15V @ 1A, 5V @ 2A

- .
"uffl

Prices - US. & Canada-EZNEC $89, ELNEC $49,
postpaid

Other countries, add $3. VISA AND MASTERCARD

ACCEPTED " STANDARD SERIES DELUXE SERIES
5-1325 25MHz §335 $-1330 25MHz $439
Roy Lewallen, W7EL
S-1340 40MHz $489 $-1345 40MHz $569
P.0. Box 6658, Beaverton, OR 97007 S 51360 GOMHz S759
« TV Syne * High Luminance &° CAT o
= ImV¥ Senwitivity * Complete Schematic + Delaywd Sweep « Dual tine base

*X-¥Operation Pl much, much morel! + Automatic Beam Finder  » [luminated internal

o 7 Axin M gradicule
2 FREE probes included with sach scope!! J . I'I\.lllr'-m Companent Test s4 79 .95

* Plus all of the features of the “aflordabis” sedes’!
= .581
B&K 2MHz Function Generator Model 4010 4 Fully Hegulﬂa?jdp.;!wxrguﬂles in One Unit

s1 95 95 4 DC volsges 3 faed - o5V @ 34, <13V @ 1A, 1TV @ 1A= 1 Varishle - 25 - 20V @ 24
L ;

Ideal for laboratories,

« 0.2Hz to 2MHz service shops and hob-

* Sine, Square, Triangle, § byists

Pulse and ramp outpul ' s
= Variable duty cycle
* Variable DC offset

Fluke Multimeters |  model M-6000 B&K Model 1688

1.3GHz Universal Counter

70 i -
um”y?u? 5$69.95 Features Computer interface and High Current (25 amp) Power Supply “ode| F 1 300
Model 73| 597,50 Son /

* Connectors Model 750 $135.00 i St
Model 7711 $154.95 ‘o e LE——

b Adaplors Model 79l i $175.00 :-':-W:m o bt :.:::: :
80 Series * Large 3 34 LCD

e Cable Assemblies Model 83 ... 823500 D 295
Made + : . 1F

» Coaxial Cable Model 87 $289.00 s

XK-550 Digital / Analog Trainer

* Audibie contiesty

M-1700

* Autn o ot
* lint -z-w Elenco's advanced designed Digital /| Analog Trainer is spocially
I ‘m:" designed for school projects. It is buill on a single PC board for max}-
AV IS o mum reliabllity. It includes 5 buill-in power supplies, a function genar-
ator with continuously sine, triangular and square wave forms

1560 the point breadboard area.

Digital Multimeter

11 hinctions incliding treq to

088 cap te J0.F  Mawts LA
1744 satery specs

75

Manufacturer Of Custom
Electronic Wire And Cable.
* Low Minimums * Quick Delivery

OR FAX YOUR REQUIREMENTS TO Kit Corner over 100 kits available Assembled and Tested
1-305-895-8178 Model AR-2N6K Model AM/FM-108K 51 69 95
EMAIL:nemal @mcimail.com :m"_‘::ﬁ’rfﬂl'!:i?:f" AMFM Transistor Radio Kit "
Internet:http://www.nemal.com/nemal E ! 53 4.% 329.95 - XK-550K - Kit
Call for your copy of our new 48-page 3 51 39 95
Cable & Connector Selection Guide M-2665K TT-400K Telephone Analyzer Kit [ ]
More than 2,500 commercial and QPL el Digital Multimeter Kit

cable and connector products in stock a $ 5 4'55 31 9 .95 - o
- shown optional

L e

NEMAL ELECTRONICS, INC. INC. 15 DAY MONEY BACK
12240 N.E. 14th AVE., N. MIAMI, FL 33161 | [Fuasanisuivg, 150 W. CARPENTER AVEN E:’ GUARANTEE
(305) 899-0900 OTHERS CALL (53 min. / $10 max.) g
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Lew McCoy
On Antennas

Building

other examples.

Thae NEW

Shortwave
Propagation
Handbook

McCoy on Antennas
CQ magazine author and acclaimed authority on antenna the-
ory and design, Lew McCoy, W1ICP, has written a truly unique
antenna book that's a must for every amateur. Unlike many
technical publications, Lew presents his invaluable information
in a casual, non-intimidating way. Lew McCoy on Antennas—
It's not just an antenna handbook, but a wealth of practical
Order No. MCCOY.....515.95

antenna advice for the ham!

and Using Baluns and Ununs

Written by world-renowned expert Jerry Sevick, W2FMI, this
volume is the definitive source for his latest practical informa-
tion and designs on transmission line transformer theory.
W2FMI has unraveled the technological mysteries with designs
that are simple and work. Discover new applications for dipoles,
yagis, log periodics, beverages, antenna tuners, and countiess -
Order No. BALUN.....$19.95 (3¥8

The NEW Shortwave Propagation Handbook
The most comprehensive source of information on HF
propagation is available from CQ! We've built an award-win-
ning team, gathering information from individuals and organi-
zations around the world. Collectively, co-authors George
Jacobs, W3ASK, Ted Cohen, N4XX, and Robert Rose,
K6GKU, have devoted much of their professional and amateur
careers to advancing ionospheric science. Propagation princi-
ples, sunspots, ionospheric predictions, photography, charts
and tables galore—it's all in this unique reference volume!
Order No. SWP....$19.95

Buqu?ng -'mﬂ'u:lrlg

The Quad
Antenna

Hams love antenna
books. Written by noted
author Bob Haviland,
W4MB, The Quad
Antenna is the authori-
tative technical book on
the design, construction,
characteristics and appli-
cations of quad antennas. Discover how to
easily build a quad antenna for your station
that will help you fill your logbook with rare
DX that you've only dreamed about before
Order No. QUAD..... $§15.95

The Packet Radio
Operator’s
Manual

f This book is written
by CQ columnist and
Amateur Radio Packet
authority Buck Rogers,
K4ABT. An excellent
introduction and guide to
packet operation, it is the perfect single
source, whether you're an advanced user
orjust starting out. Learn about packet radio
without all the technical jargon. This book
is the definitive resource for the active pack-
et user.

Order No. PROM..... $15.95

[ﬂmmm TNt -ﬂl

Title

ARRL Operating

ARRL Antenna Book 3
ARRL Handbook (1996 Ed. w/software)

ARRL Repeater Directory ('95-'96) .
ARRL Antenna Compendium Vol. 1
ARRL Antenna Compendium Vol. 2 ...
ARRL Antenna Compendium Vol. 3.....
ARRL Antenna Compendium Vol. 4
ARRL Weather Satellite Handbook ............. ARSAT ........ $20
ARRL FCC Rule BooK....................

ARRL World Map ...

CQ Buyer’s Guides

1995 Beginner’'s Guide
to Amateur Radio

| Whether you're a Novice, Technician or just
fl beginning to think about getting your license,
T C()'s Beginner's Guide is the perfect addition

to your shack. In addition to practical articles
on HF, DXing. building your first station,
QSLing, and more, you'll also find our famous
dealer and manufacturer’s listings!

Order No. 95BBG....$5.95

Order No. Price
ARRLAB .......830
ARRLHB .......%38
Manual (New Edition).. ARRLOM 522
...ARRLRD ... 57
L ARRANT1 $10
ARRANT2 .......512
ARRANTS ........514
L ARRANT4 .......520

ARFCC .......... $9
ARMAP .......812

edition is the best yet!

Title

ON4UN Antennas and Technlques
for Low Band DXing y

1996 NA Callbook .
1996 Int’l Callbook
1996 Callbook Pair

1996 Callbook on CD-ROM (New)

Dealers * Manufacturers * Product Specs * Feature Articles » Equipment Prices

1996 Equipment

Buyer's Guide
Learn from the experts about the latest
features in HF/VHF gear, choosing the best
antennas and reaching the top of amateur
licensing. Our 1996 Equipment Buyer's
Guide is a package of solid information
including the latest in amateur dealers and
manufacturers. Discover why this year's
Order No. 96EBG....85.95

CQ's Buyer's Guides are the single source for information on what equipment is available, features and functions, and where to buy it!

Now Available Direct From CQ!

Order No. Price

LOWDX . $20

Gordon West No-Code Technician

Plus License Manual............................
Gordon West General

License Manual...
Gordon West Extra License Manual

NACB .......535

.INTCB 535

.....NAICB ..565

..CBCD........349

...GWTM .......810

Sinicaaidns coreemsensneree . GWGM L.......810




Keys, Keys, Keys
Enjoy nostalgia with this visual
celebration of amateur radio's
favorite accessory written by
CQ's Dave Ingram, K4TWJ.

Order No. KEYS.....$9.95

The VHF
“How-To" Book
This book is the perfect operat-
ing guide for the new and expe-
rienced VHF enthusiast as only
Joe Lynch, N6CL, can describe.

Order No. BVHF.....515.95

Ham Radio Horizons:
The Book

This is an excellent book for the

beginner or for use in your club’s

licensing classes. HRH, by Peter

O'Dell, WB2D, is full of informa-

tion about all phases of ham

radio and how to get started.
Order No. BHOR.....§12.95

The Vertical
Antenna Handbook
Take advantage of the 20 years
of research and practical expe-
rience of naval communica-
tions engineer Capt. Paul H.
Lee, USN(ret), N6PL. Learn
basic theory, design, and prac-
tice of the vertical antenna.
Discover easy construction
projects such as a four-band
DX vertical or a broadband
array for 80 meters. Paul Lee

can get you started today!
Order No. VAH..... $9.95

Order Toll-Free 1

X
i YES! | wantto learn from the experts. Rush me my book(s), video(s), buyer's guide(s) right away! |
| Please add $4 shipping & handling. FREE shipping & handling for orders $50 and over.
! Please make your check or money order payable to: CQ Communications, Inc.

Getting Started in Ham Radio

This is a fast-paced video introduction to the fascinating world of ham radio. CQ's experts show how to select
equipment and antennas; which bands to use; how to use repeater stations for improved VHF coverage; the
importance of grounding and the basics of soldering. Get the most out of your station, whether it's home-
based, mobile or hand-held. Order No. VHR .....519.95

Getting Started in Packet Radio
This video will help de-mystify the exciting but sometimes confusing world of packet radio. Learn how to get
started using your computer on the radio. Included are step-by-step instructions on making packet contacts
and using packet bulletin boards, networks and satellites. Order No. VPAC.. §19.95

Getting Started in Contesting
For the newcomer to contesting or an experienced veteran, this video is for you! You'll get advice and operat-
ing tips from some of contesting’s most successful competitors, including Ken Wolff, K1EA, Dick Newell, AK1A,
and CQ's own contest columnist, John Dorr, K1AR. Here's just a sample of what you'll see: what contesting’s
all about, explaining contest jargon, tips for beginners, how to compete from a small station, operating secrets
from the “pros”, live QSOs from world-class stations, and VHF/UHF contesting. Order No. VCON .....$19.95

Getting Started in Amateur Satellites
Learn with this video how veteran operators set up their satellite stations. Find out how to locate and track ham
satellites with ease. Watch as operators access current satellites and contact far ranging countries around the

world. This video is filled with easy to understand advice and tips that can't be found anywhere else.
Order No. VSAT..... $19.95

Getting Started in DXing
Top DXers share their experience with equipment, antennas, operating skills, and QSLing. You'll see hams
work rare DX around the world. If you're new to DXing, this video is for you! All this valuable information may

well give you the competitive edge you need to master the world of DXing.
Order No. VDX..... $19.95

Getting Started in VHF
This is the ideal introduction to VHF. See demonstrations of the latest radios. Also, learn about repeater
usage as well as the more exotic VHF operating modes. Whether you are interested in packet radio, satel-
lite operation, or simply using your local repeater, this is your video! Order No. VVHF....§19.95

Ham Radio Horizons: The Video
This introduction to Amateur Radio is an excellent complement to the Ham Radio Horizons book. Enjoy see-
ing all aspects of ham radio ranging from what it takes {and costs) to get started to how you can get your ham
license. HRH is ideal for public events, presentations to community groups and as an opening to your club's
licensing courses! Order No. VHOR.....$19.95

-800-853-9797

Please mail your orders to:

I —

| ety Item # Description Price Total Price
|

1

]

1

]

i

1 Shipping/Handling

‘I NY State R ts add applicable sales tax. Total

', Name R Callsign

I

: Address___ _ — == = —

| City_ o —— S State__ _7p S
|

1 MC/VISA/AMEX/Discover & : o ~ Expires.

: Form of payment OmMC OviIsA [ AMEX [Discover [Check [Money Order

]




E@IT}JB 19986 Equipment Buysr's Guids

Completely updated, the CQ 1996 Equipment Buyer's Guide is the definitive resource for
active hams. Published since 1989,CQ's Buyer's Guide is the only source for all the
information you need on the equipment that's available
including features, functionsand prices

Be sure to check out our world-acclaimed manufacturer and dealer listings, tool

DEALERS!

Radios, John Dorr, K1 AR

Gordon West, WB6NOA
-What's Hot in VHF/UHF

This year's BuyersGuide features
practical articles from some of our
hobby s foremost experts, including:

-Navigating HF with Today's
- A Practical Approach to the Perfect

Antenna, Randy Thompson, K6ZD
-Upgrading without Surprises,

Equipment, John Dorr, K1AR

MANUFACTURERS!
PropucT SpPECS!
FEATURE ARTICLES!
EQUIPMENT PRICES!

Orcdar Toll Fras
800-853-9797

Mail your order to: 199
CQ Communications, Inc.
76 North Broadway
Hicksville, NY 11801
phone (516) 681-2922
fax (516) 681-2926

MININEC Professional

for Windows

by J. Rockway and J. Logan

An extraordinary computer program for
the design and analysis of wire antennas!
= Faster!
» More Accurate
» Larger Problems!
« Easier to use!

A QUANTUM LEAP for MININEC!
= Design Long Wires, Yagi's & Quads!
*Visualize geometry & results in 3-D!
*Solve up to 1000 wires & 2000 currents

in minutes! (Depending on PC memory & speed.)
Features include:
= Context sensitive help.
= Straight wires, helix, arcs, & meshes.
*Translate, rotate, & duplicate wires.
= 3-D geometry with rotate & zoom
*3-D current & pattern display
*Charge distribution & near fields.

* Documentation & validation.
*AND MUCH MORE!
ORDER TODAY from:

«k EM Scientific, c.
2533 N. Carson Street, Suite 2107
Carson City, NV 89706

TEL: (702) 888-9449
FAX: (702) 883-2384

E-MAIL: 76111.3171@compuserve.com

w~ An Invitation To Authors e

ommunications 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, we'd like the chance to review it.
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,
Communications Quarterly, P.O. Box 465, Barrington, New Hampshire 03825.

=d‘- A C :
= ANTIQUE ELECTRONIC SUPPLY o 3 D00, TY.P
[N RS0 G|
Also capacitors, transformers
and parts for tube type
equipment.

ELECTRONIC
SUPPLY Write or call for our
40 page catalog.

ANTIQUE

110 Winfer 1996

|
6221 S. Maple Ave, Tempe, AZ 85283

602-820-5411 FAX (602) 820-4643 or (800) 706-6789



The Question is...

o hat are the callsigns of dozens « "Vho was the fastest
of famous ham personalities CW operator in history and
from around the world? ® what was his speed record?
o Where can I find hundreds of ham e Who has the world’s
¢ radio computer bulletin board o biggest QSL card
system locations? collection?

The Answer is...

: only
$19.95

plus $4 shipping

o

S

I Yes! Send me copies of the NEW 1996 CQ Amateur Radio Almanac |
| at $19.95 each plus $4 s/h per order. '
| |
(New York residents add applicable sales tax)
| P I
I |
: Check/Money Order Enclosed Charge My: MC VISA AMEX Discover :
| (payable to CQ Communications) Account # Exp I
| |
I Name Callsign I
| Address :
I City State Zip |
l Please mail your orders to: CQ Communications, Inc., 76 North Broadway, Hicksville, New York 11801-9962 |
| ¢ [
L Call 516-681-2922 or fax your order to 516-681-2926. 3

Also available at your local dealer!



-- all the (ealures you’ve heen dskm;_,
DSP4100 for in a CLOVER DSP Modem --

At long last, the proven HAL DSP Modem architecture, modes, and software are available
for applications that cannot use plug-in PC cards. While the DSP4100 closely follows the
concepts of the PCI-4000, now you get CLOVER-II and high-performance TOR, Pactor,
and RTTY in a stand-alone DSP modem. Requiring only 0.25A from a 12V battery, the
2.75 1b DSP4100 will go anywhere you can take your LAP-TOP PC and transceiver.
Software changes are easily made in the field. Just pick-up new software from HAL and
upload it to the DSP4100 via the serial port for storage in non-volatile FLASH RAM. A 2nd
RS-232 port is included for customized systems. Call HAL now for complete details.

HAL Communications Corp. @ ==
P.O. Box 365, Urbana, IL 61801 USA S
Phone (217) 367-7373 Fax (217) 367-1701 E-Mail halcomm@prairienet.org

HEl P / ADVERTISER’S INDEX
* AMSAT 112
Yourself and Amateur Radio ABINCO EICCIONICS o ooveoo oo Cov.ll
Yes, you can contribute to the future of our hobby by Amidon Inc ......ocvene. SRR e 0
doing your part toward the completion of the exciting Ananda ll’t]m-.l luilllllh\;'lL\ s e el O
. Antique Electromic Supply....... SO | |
Phase 3D Satellite RSt CopORIOR et ee e o
X Beezley, Brian, KOST....ccooiviiiiiiiicciiiiicciciiisiinscciccsnnenn |03
C & S Sales.. PP P P e F Lo i SRRt 1 107
cQ \Iln.m.n R S USSP SSSRRTRSTRSROS I |
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FREE copy of KBISF's great book PC EIBCITONICS. ...ccnrvvsssnprssssusssisarases o ewssrase bR ReS l(ll‘:
How to Use the Amateur Radio Satellites PacComm.. ; i U L R s b i e L
Plus 6 issues of the AMSAT journal TARX Systems LR —
= ? WACOM . sssssessssasssessecserassseessenses | O

Write:

AMSAT 850 Slico Ave Suite 600 We'd like to see your company listed here o, Contact Amie
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Or Call: 301-589-6062 work out an advertising program o suit your needs.
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Wireless Solutions

From Motorola’s Communications Semiconductor Products Division

To keep pace with the climbing
demands of your business
and personal wireless
communications customers,
you need a semiconductor team
that won't leave you hanging in
midair. One that can provide
you uncompromising support,
not only with cutting-edge
products, but also with
complete system solutions.

CHIP SET SOLUTIONS
900 MHz 1.8 GHz 24GHr |

LNA/MIXER LNAMIXER LNAMILER
MRFIC2001 MAFICIB04 MRFIC2401
UPMIXER UPMIXER UPMIXER
MAFIC2002 MRAFICIBO3 RFIC 1803
EXCITER EXCITER EXCITER
MAFIC2004 MRFIC 1806 MRAFIC2404
MIXEREXCITER MIXEREXCITER MIXEREXCITER
MRAFIC2101 NA NiA
PA PA PA
MAFIC2008 NA MAFIC24003
SWITCH SWITCH SWITCH
MRAFIC2000 MRFICTEY MRFICT80!
PASSWITCH PASSWITCH PASSWITCH
NA MRFIC1807 MN/A
MODULATOR MODULATOR MODULATOR
MRFIC000! MRFICO001 MRFIC0001
N PA IN PA PA
MRFCIIOTINNI| MRFICINS 0%

As a leading global provider
of wireless communications,
Motorola has the company-
wide experience and resources
to give you that support. We
offer a broad range of RFICs
designed in multiple high-
performance technologies,
including GaAs MESFET, Si
LDMOS FET, and Si Bipolar,
with complete RF chip sets for
three frequency bands-900
MHz, 1.8 GHz and 2.4 GHz.

TO: MOTOROLA SEMICONDUCTOR PRODUCTS
PLEASE SEND ME SAMPLE XITS

For more information on these
Motorola wireless communica-
tions products and solutions,
call 1-800-441-2447, or return
the coupon below to:

Motorola Semiconductor
Products, P.O. Box 20912,
Phoenix, AZ 85036.

Let's team up. Together, we
can scale great heights.

@ MOTOROLA

PHOENIX, AZ 95036

0113CQ010096}

PO BOX 20812

; )} CSPOMRFIC2APAK/D (2.4 GHIl
i ) CSPOMBFICIEPAK/D (1.8 GHel
JCSPOMRFICSPAK/D (900 Mz

NAME

TITLE

COMPANY

ADDRESS

CITY STATE ZIP

CALLME[ )
Motorola and (M) are registered trademarks of Motorala, Inc
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Best Dual-Band

ers on Wheels

Theft-Deterrent Features

~ 144MHz/440MHz Dual-Band Operation

Kenwood’s TM-733A is a versatile FM dual-bander
with sophistication and power (144MHz; 50W/
440MHz; 35W) for high performance mobile
communications. As well as receiving simulta-
neously on VHF and UHF bands, it can receive two
frequencies on the same band.

Six-In-One Programmable Memory

Six entire operating profiles—including everything
from the frequency range to the dimmer level can be
stored in the programmable memory for recall at the
press of a button. It's like having six transceivers in
one.

Data Connector for 1200,/9600 bps Packet

Using the 6-pin mini DIN connector on the front
panel, you can hook up a TNC to the TM-733A for
either 1200 or 9600 bps packet communications

9600

* povrmis e Jor MARS snd CAP (e Specificabors guaranseed for A bands ondy

144MHz/440MHz & 144MHz/220MHz
Operation

The TM-742A (144MHz; 50W/440MHz; 35W) and
TM-642A (144MHz; 50W/220MHz; 25W) dual-band
mobile transceivers can be converted into tri-
banders with the addition of an optional FM band
unit: 28MHz (50W), 50MHz (50W), 220MHz (25W:
TM-742A only), 440MHz (35W; TM-642A only), or

T™M-T42A

Other Features

1 Built-in DTSS selective calling with page B Independent
S0L & VOL controls for each band B Built-in CTCSS
encoder & optional TSU-7 decoder B Wireless remote
control function W High-visibility iluminated panel keys

1 Wide-band VHF/UHF receive coverage (including Air

KENWOOD

For the added safety, you can choose the quick-
release detachable front panel kit (option). The
transceiver unit can be concealed under a seat or
in the trunk.

Other Features

1 72 multi-function memory channels B AIP (Advanced
Intercept Point & Built-in DTSS with page 8 Cross-band
repeater B Wireless clone function I Wireless remote

1200MHz (10W). The transceiver can display and
even receive three bands simultaneously

101 Memory Channels

For each band, there are 100 memory channels
plus 1 call channel. Each channel can store
transmit and receive frequencies independently
or odd split repeaters.

T™M-642A

Band) mDate & time display, stopwatch, alarm, onvoff timer
B Cross-hand repeater function B Modifiable for MARS/CAP*

*Prormits mgtend doe MARS and CAP s, Specdicalions quisariend Jor Al bosvs only.
Koo fidiows  policy of confinueus advanoomenl in developrment
For s reason specifications msy be dhaged wilhoul /oo

B86ARD-1376

FM MULTI

TM-733A

FM DUAL BANDER

P1SO 9002 3

Merts IS0 Manigfacturing
Quality Systom

function B Auto simplex checker 8 Built-in CTCSS
encoder & optional TSU-8 decoder B Key function
display 8 Modifiable for MARS/CAP*

Separate Control & Display Units

The display and controls can be mounted
separately on either side of the steering wheel,

for example — while the main unit is concealed in
the trunk.

TM-7TRA/642A

BANDER

IS0 9002%

Mects 150 Mamufacturing
Quality System

KENWOOD COMMUNICATIONS CORPORATION

AMATEUR RADIO PRODUCTS GROUP

P.O. Box 22745, 2201 E. Dominguez 5L, Long Beach, Califonia 90801-5745
Cuslomer

suppor/Brochures (310) 638-5300

Repair Locations/Parts (B00) KENWOOD Bulletin Board Service (BBS) (310) 761-8284

INTERNET http://www.kenwood.net

KENWOOD ELECTRONICS CANADA INC.
6070 Kestrol Road, Mississauga, Ontario, Canada L5T 158
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