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For over 40 years...dedicated to amateur
radio...to offering the finest products...to
dependable service.

Henry Radio’s

TEMPO
CL I146A

a VHF/FM mobile transceiver for the 2 meter ama-
teur band. Compact, rugged and all solid state One
channel supplied plus two of your choice. 144 10 148
MHz. Multifrequency spread of 2 MHz. 12 channel
possible. Internal speaker, dynamic mike, mounting
bracket and power cord supplied A Tempo “‘best buy’
at $239 00

TEMPO VHF/UHF AMPLIFIERS
Solid state power amplifies for
use n most land mobile applica-
tions. Increase the range, clarity,
reliability and speed of two way
communications

KENWOODM:
TS-700A

operation...the
Kenwood way. The TS-700A operates all
modes: SSB (upper & lower) /FM/AM/CW
and provides the dependability of solid state
circuitry. Has tunable VFO and 4 MHz band

The promise of 2 meter

coverage (144 to 148 MHz). Automatically
switches transmit frequency 600 KHz for
repeater operation. AC and DC capability
through its built-in power supply. Outstand-
ing frequency stability Complete with micro
phone and built-in speaker. ......... $599.00

YAESU
FT-221R

A compact, versatile transceiver designed for
the active 2 meter enthusiast. Features all
mode operation — SSB/FM/CW/AM — with
repeater offset capability. Advanced phase
lock loop circuitry, computer-type modular
construction. Preset pass band tuning pro-
vides the optimun selectivity and performance
needed on today's active 2 meter band. Com-
plete 144-148 MHz coverage. Built-in AC and
DC power supplies and speaker. . . ... $595.00

ICOM I1C-211

ICOM's new fully synthesized 4 MHz FM, USB,
LSB, CW 2 meter transceiver. 100 Hz or 5 KHz
steps, with dual tracking, optically coupled VFO's
displayed by seven-segment LED readouts. Fea-
tures new styling, new versatility and a new
approach to the integration of functions. A com-
pact “'do everything'’ radio for 2-meters. The
PEEPNA | oonemarins oo remsisimsl sxeienes i o $749 00

Now,
meetl 42
Henry
Radio ... WaltHenry TedHenry Bob Henry
W6ZN weUOU WBARA
ANAHEIM LOS ANGELES BUTLER

Plus a large statf of highly qualified sales and service
personnel pledged to serve you. Henry Radio carries large
stocks of all major brands. We take trade-ins, sell used
equipment and offer better terms because we carry our
own financing. Our reconditioned equipment carries a
15 day trial, 90 day warranty and may be traded back
within 90 days for full credit toward the purchase of new
equipment. Export inquiries solicited. Also, military,
commercial, industrial, and scientific users...please write
for information on our custom line of high power linear
amplifiers and RF power genera:ors

We stock the Bird Model 43 Wattmeter and accessories.

Prices subyect to change withou! nobice

Henry ﬂﬂﬂ’/ﬂ

11240 W. Olympic Bivd., Los Angeles, Calil. 90064 213/477-6701

931 N. Euclid, Anaheim, Calif. 92801 714/772-9200
Butler, Missouri 64730 816/679-3127



_, SNEAK _i-

/= PREVIEW! ™

OUR NEW EXPANDED SPRING/SUMMER
1977 CATALOG IS JUST OFF THE PRESSI
Call or write todey for your FREE copy.
Meanwhile, here's a quick loek at some
of the fascinating projects you'll find.

Get in onthe Homebrew Revival using the Modular Approach
Projects Featured in Ham Radio Articles by WA2GCF

HAMTRONICS. INC.

EVER WISH YOUR RECEIVER
COULD HEAR THE WEAK ONES?

Almost every amateur ond commercial
VHF/UHF receiver con be more sens~
itive with these popular preamps,

Owver 7000 in use throughout the world.

P8 KIT $7.95
P16 W/T §16.95

Available for
any bond
20-190 MHz

® Eoyy ~to - tune coscode circuit
® 20-30 dB goin; 2.5 dB noise figure
o Fits in tramceiven, only 1/2 x 2-3/8"

&

PG KIT $9.95
P14 W/T $19.95

Availoble for
any band
26-230 MHz

» 2-stoge common gate fet cki

» 20-30 dB gain; 2 dB noise figure
o Compact — 1-1/2 x 3"

s & diode p

@ Coax c

P15 KIT §15.95
P35 W,/T $34.95
Available for
any bond
380-520 MHz

® 2 common gate fet's
# 20 dB gain; 4.5 db noise figure
» Greot for atv, ub, fm

VHF/UHF FM RCVR KITS

e MORE FOR YOUR MOMNEY
e COMMERCIAL TYPE DESIGN
e IDEAL FOR REPEATERS, MONITORS,
LINKS, OR RACK MTD RECEIVERS
e MAKE YOUR OWN 2M FM TRUNK
MOUNTED TRANSCEIVER
-

-

&

.
i1 5

VHF MODELS FOR ANY BAND 28-240 MHZ

R&0-( ), 0.5-1uV sens, incl VHF Converter ond IF/
Audio Boords, . sseunercsrsnrannens sessarans $64.95

R&9-( ), 0.2-0.4uV sens, incl P9 Preamp, VHF Conv,
and IF/Audio Boords. vuverinnnrsnnranenses $69.95

R40 10.7 MHz IF/Audio Board alone........us $39.95

UHF MODELS FOR ANY BAND 380-520 MHZ

R&0-450, 5-10 uV economy revr, incl UHF Conv & IF/

Audio Boards only. ... venanss 559,95

RBO-450, 2=5 uV sens monitor revr, incl UHF Conv, VHF

Conv, and IF/Audio Boards. .. ..... avsesesves $84.95
R95-450, 0.4-1uV sens rewr, incl P15 Preamp, UHF
Conv, VHF Conv, and IF/Audio Boards. ...... 594,95
ACCESSORIES
A13-45A Six Channel Adopter,....ovvserssssss 313,95
A5-10 Sconner Adopter (use w/ ony receiver), ... $10,95
T15 Receiver Alignment Oscillotor ....oovuunns.
A40 10.7 MHz Crystal Filter Module. .k
CRYSTALS (We stock common freg)............. $ 5.5

FM TRANSMITTER KITS

e FOR REPEATERS, LINKS, OR JUST

A GREAT SOUNDING PERSOMNAL RIG
e RATED FOR CONTINUOUS DUTY
s APPLICATION MOTES AVAILABLE
e SEE FEATURE ARTICLE IN AUG '76 HR
e FULLY SHIELDED PROFESSIONAL
DESIGN
INDIVIDUAL VERMNIER FREQ CONTROLS
o COMPANION CABINETS AVAILABLE

200 MW EXCITER MODULE KITS

T40-11 Eleven Channel Exciter for 2M, &M, or 220
MHZ. . oavsoas A T, ~ A L ]
T40-1 As Above but only One Channel,.....534,95

% i ' =S,
BE/ /7 /44444444
RF_POWER AMPLIFIER MODULES

o NO TUNING » VSWR PROTECTED » 150 MW DRIVE

180-150, 140-175 MHz, 20~25W output, Wired ond
Tested, simply connect your cobles ....... $79.95
TB0-450, 430-470 MHz, 13-15W, W/T...... 579.95

TEST PROBE KITS
— o

$7.95/ea

Contain prabe, ground clip, cable, and

all components except plug to mate with

your test equipment,

TE-3 RF Detector Probe for VIVM, good from 100 kHz
to over 500 MHz

TE-4 Direct probe for ac/ohms, etc,

TE-5 DC probe w/res for 11 meg input vtvm

TE-4 Blocking copacitor probe for counter, sig gen

TE-7 Wideband Detector probe for scopes

Low Maise FET
Front End
All common 'y
Coox Connectors
Low Power Drain
Crystals Avoil for any
Desired Freq Scheme

MODEL €25 VHF CONVERTER KIT (shown) $25.95

o Models for 2M, &M, 10M, 220 MHz, oircroft, com’l, etc,
® Stable coscode f stage o 0.3-0.5 uV sensitivity o 10-20
dB gain e Compact 2-1/2 x 4-1/2" pcb @ Any i-f 10-50 Mhz

MODEL U20-450 UHF CONVERTER ...... $19.95

» For 432 MHz ub or aty, 450 MHz fm, aircroft or com'l, ete.
® Economy Converter ® Use with P15 Preomp for Optimum

ANTENNAS. . - 5 -

We have in-depth stocks of CUSHCRAFT, LARSEN, and
HY-GAIN antennas for IMMEDIATE DELIVERY ., Pop-
ular items like Ringos, Beams, Magnet Mount Whips,
Rubber Duckies, 10-80M Verticols, Tribanders, Doublet
Insulators, Baluny, and Lightning Arresters.

CALL or WRITE MNOW! We'll be glad to advise you or
send you FREE cotolog:. Mo Obligation, of course!

OTHER ITEMS IN STOCK

Coox Cable — RG-8 Foam & miniature RG=174/u
Connectors ond Adopters; uhf, bne, F, etc.

MNew Hy=Gain vhi/ubf sconner w/ priority & WX olent
Hy=Gain Hondheld 2M Rig and HF Transceiven

P45 VHF Preamp in Die Cost Box w/ BNC's 544,95
P13 VHF Multicoupler Kit — Preamp to 2 revrs $12.95
ASI0UV vhi /ubf TV Preamp, 115 Vac, W/T $39.95
TB5 VHF FM Signal Generator Kit $84.95

AA=10 2W IC Audio Amplifier Kit $10.95

T130 PA/Preampfor 2M HT's

® Uses T80 RF Power Module ond P8
Preamp

» Automatic diode switching

® Any HT up to &W output

» Provides 20W outpul on xmit

® 20 dB Preamp on receive

Wired ond Tested only $129.95

Alio ovoil less preamp 5109.95

Receive af amplifier ond
wpecker option..... $19.95

Inexpensive DC Power Supplies

A great new line of power
wpplies to operote 12Vde
gear in the shack or shop|
All hove low ripple, good
regulation, ond overload
protection, And they ore
all IN 5TOCK for IMMED-
IATE DELIVERY, ond they
are all WIRED ond TESTED,

MODEL PRICE INTERMITTENT COMNT
12C84 §29.95 2.5A 1.5A
103R 39.95 44 2,54
104R 49,95 bA 4A
108RA 79.95 124 B8a
108RM * ¥9.95 124 BA
109R* 149,95 25A 10A

*Indicates model which hey ponel meteris)

HOW TO ORDER:
e CALL OR WRITE NOW FOR FREE

CATALOG OR TO PLACE YOUR ORDER!

o PHONE 716~663-9254 9AM-9PM E.5.T.
Use your credit card or C,0.0,

e SAME DAY SERVICE

ol el

When fing, specify op
other pertinent information,
Add $1.00 for shipping ond handling UPS or PP,
Add 52,00 for oir porcel post or blue lobel UPS,
NYS residents, plecse odd sales tax,

182 BELMONT RD., ROCHESTER, NY 14612

More Details? CHECK — OFF Page 126
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NEW LOW

PRICE

$1195.00

The HAL ST-6000 demodulator
/keyer and the DS-3000 and DS-4000
KSR/RO series of communications
terminals are designed to give you
superlative TTY performance today
—and in the future. DS series termi-
nals, for example, are re-program-
mable, assuring you freedom from
obsolescence. Sophisticated systems
all, these HAL products are attrac-
tively priced—for industry, govern-
ment and serious amateur radio
operators.

The HAL ST-6000 operates at
standard shifts of 850, 425, and
170 Hz, The tone keyer is crystal-
controlled. Loop supply is internal.
Active filters allow flexibility in estab-

R4

lishing different tone pairs. You can
select AM or hard-limiting FM modes
of operation to accommodate differ-
ent operating conditions. An internal
monitor scope (shown on model
above) allows fast, accurate tuning.
The ST-6000 has an outstandingly
high dynamic range of operation.
Data 1/O can be RS-232C, MIL-188C
or current loop.

The DS- and DS-4000 series of
KSR and RO terminals provide silent,
reliable, all-electronic TTY transmis-
sionand reception, or read-only (RO)
operation of different combinations

Stay tuned for future programs.

of codes, including Baudot, ASCII
and Morse. The powerful, program-
mable 8080A microprocessor is in-
cludedinthe circuitry to assure maxi-
mum flexibility for your present needs
—and for the future. The KSR models
offer you full editing capability. The
video display is a convenient 16-line
format, of 72 characters per line.

These are some of the highlights.,
The full range of features and speci-
fications for the ST-6000 and the DS
series of KSR and RO terminals
is covered in comprehensive data
sheets available on request.Write for
them now—and tune in to the most
sophisticated TTY operation you can
have today...or in the future.

HAL Communications Corp., Box 365, 807 E. Green Street
Urbana, lllinois 61801 * Telephone: (217) 367-7373

2 april 1977
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A new era in community education may well be the outcome if a petition filed recently with the FCC receives
favorable action. Based largely on experience gained with vhf repeaters, and more specifically, amateur
television repeaters, The Center for Advanced Study in Education of the City University of New York has filed
a petition for the establishment of a new community educational radio service to be known as Communi-
casting. Called communicasting because it embodies elements of both communications and broadcasting, the
new service would use television channels 70 through 83 for co-channel, multilateral video and audio
communications. Using inexpensive terminals in homes, schools, community centers, libraries and hospitals,
the system would tie the community together in an interactive educational network. The petition is
co-sponsored by the Communicasting Association of America, a non-profit organization headed by W2KPQ
which is dedicated to using the radio spectrum for multilateral educational and scientific communications.

If Communicasting is approved, any individual at home would be able to receive the transmissions on one
of the unused vhf channels of his television set. The low-power signals from the remote terminals would be
transmitted to a translator where they would be re-transmitted on one of the uhf TV channels. The antennas
would be high enough to cover the entire community. It is an idea that can effectively and inexpensively
implement the concept of “Communicate instead of Commute” by providing electronic classrooms, forums,
and lecture halls.

One of the first examples of Communicasting was established on the amateur two-meter band in 1955 when
the Albany Medical College started a novel form of post-graduate education: Two or three members of the
faculty discussed a medical topic while in direct radio communication with doctors located in outlying
hospitals. The conference network consisted of a high-power transmitter at Albany Medical College and
lower-powered units at twenty-one hospitals throughout eastern New York and western Massachusetts. The
system is functioning to this day.

The principal of Communicasting was further demonstrated on the MARS frequencies in 1958-1960 where
it was used for on-the-air scientific and educational forums. Today it is being used for weekly technical nets
which are transmitted through a vhf repeater in the New York metropolitan area. Further experiments will be
conducted in future months on the uhf television repeater recently unveiled by the Long lsland Mobile
Amateur Radio Club.

Many educators have recognized the potential of interactive radio and television in traditional classroom
activities as well as in continuing and extension programs, and homebound education. At the City University
of New York, the Center for Advanced Study in Education and the [nstitute for Research and Development in
Occupational Education have been actively developing courses of study for electronic classrooms, studying the
most effective way of delivering the curriculum, and assessing the coverage available with direct transmission
and with repeaters. Their research will have a direct bearing on initial efforts to demonstrate a working system
in New York State during the 1977-1978 academic year.

The FCC recognized the need for an ‘‘Educational Radio Service” in 1963 when they established the
Instructional Television Fixed Service {ITFS) in the 2.5-2.69 GHz band. However, since equipment for these
frequencies is up to a hundred times more expensive than equipment for the uhf bands, the use of ITFS is
effectively limited to large, wealthy institutions who can afford the equipment. The proposed Communicasting
network would put it within the reach of everyone.

As Dr. Lee Cohen of the City University of New York said recently, ‘At present we are in the stone age of
multilateral education and scientific communication by radio. We look forward to the day when the FCC will
allocate a band of frequencies wherein professional and educational groups could organize radio forums . . .
This could eliminate the problems of time and distance in getting some of our foremost minds to communicate
by radio, thereby educating a listening/viewing audience.”

If you are interested in supporting this worthwhile proposal, or would like to know more about it, write to
Ed Piller, W2KPQ, Communicasting Association of America, Inc., 80 Birchwood Park Drive, Syosset, New
York 11791.

Jim Fisk, W1HR
editor-in-chief
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ICOM INTRODUCES
THE REVOLUTION IN
VFO TECHNOLOGY

ERiCoM) 1c-aq
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Introducing the IC-245, 144-148 MHz FM Transceiver

The VFO Revolution goes mobile with the unique,
ICOM developed LSI synthesizer with 4 digit LED
readout. The IC-245 offers the most for mobile on the
market. The easy to use tuning knob moves accurately
over 50 detent steps and assures excellent control as
easily as steering the vehicle. With its optional adapter,
the IC-245 puts you into all mode operation on 12V
DC power with a compact dash-mounted transceiver.
In FM, the synthesizer command frequency is displayed
in 5 KHz steps from 146 to 148 MHz, and with the side
band adapter the step rate drops to 100Hz from 144 to
146 MHz. For maximum repeater flexibility, the trans-
mit and receive frequencies are independently pro-
gramable on any separation. The IC-245 even comes
equipped with a multiple pin Molex connector for re-
mote control.

The IC-245 is a product of the revolution in VFO
design, from its new style front panel, to its excellent
mechanical rigidity and Large Scale Integrated Cir-
cuitry. Your IC-245 will give you the most for mobile.

VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT

SPECIFICATIONS
GENERAL
Frequency Coverage *144.00 to 148.00 MHz
Modes FM (F3)

*SSB (A3J), CW(Al)
Supply Voltage DC 13.8V=15%
Size (mm) 90H x 155W x 235D
Weight (kg) 27
TRANSMITTER
TX Output F3 10W

*A3J 10W (PEP), Al 10W
Carrier Suppression 40 dB or better
Spurious Radiation ~60 dB or less below carrier
Maximum F
Desiction T <5 KHz
Microphone Impedance 600 ohms
RECEIVER:
Sensitivity *A3J, Al 0.5 microvolt input

Squelch Threshold
Spurious Response

SYNTHESIZER:
Frequency Range
Step Size

Stability

gives 10 dB S +N|N or better
F3 0.6 microvolt or less for
20 dB quieting S +N+D[N
at 1 microvolt input, 30 dB
~8 dB or less (F3)

~60 dB or better

144 MHz to 148 MHz
5 KHz for FM
*100 Hz or 5 KHz for SSB
per C in the ronge of —10 to
+60 C, +0.0000145% per C

* Valid with SSB Adapter only

THE BEGINNING OF THE ICOM VFO REVOLUTION!

Distributed by:

ICOM

ICOM WEST, INC.
Suite 3
13256 Northrup Way

Bellevue, Wash. 98005

(206) 747-9020

ICOM EAST, INC.
Suite 307

3331 Towerwood Drive
Dallas, Texas 75234

(214) 620-2780

ICOM CANADA

7087 Victoria Drive
Vancouver B.C. V5P 3Y9
Canada

(604) 321-1833
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FCC'S PROPOSED AMPLIFIER BAN would prohibit the marketing of external RF amplifiers
capable of operation from 24 through 35 MHz. 1In its February 18 Public Notice, the
Commission specified its concern with the so-called 'broad-band linears,'" which re-
placed '"business-band' linears in the marketplace after those had been banned two and
a half years ago, in February, 1975.

In Limiting Its Proposed Ban to 24-35 MHz the FCC also made note that though the
Amateur service would be affected Amateurs would still be permitted to build 10-meter
amplifiers or modify commercial units to cover 10 meters for their own use, while
they "would respect the intent of this regulation and not supply these devices to
non-Amateurs.' Such construction by individual Amateurs would be limited to a single
unit of a given model.

Some Specific Areas the FCC would like Amateurs to address in their comments are:

Any Further Requirements which may be necessary to prevent the use of illegal
amplification devices;

Practicality Of Such a prohibition and possible techniques which could be used to
produce such an amplifier;

Problems Associated With preventing the few unscrupulous manufacturers from in-
cluding such features as accessible wiring which could be cut to provide for operation
on the prohibited frequencies; and

Controls Which Could provide for operation on these frequencies, or any other con-
cepts which could be used to circumvent this prohibition.

Comments On This Docket, 21116, are due May 25; Reply Comments must be submitted
by June 6.

Amateur Transmitters and amplifiers would both require type acceptance under the
terms of Docket 2ITI7. 1In this NPRM the FCC pointed out that most current Amateur
equipment is commercial and some of it is capable of operation on CB frequencies, but
type acceptance could help control that capability. Furthermore, though Amateurs bear
the basic responsibility for the performance of their equipment, type acceptance
would be a means by which that responsibility could be shared by the makers.

Specific Exemptions from the type acceptance requirement for equipment built or
modified by Amateurs for their own use were also proposed, as were provisions for type
acceptance of kit-built designs. Comments on Docket 21117 are also due May 25 with
Reply Comments June 6.

In Both Of These far-reaching Notices of Proposed Rule Making the Commissioners
have left the door open fotr workable alternative-solutions to the problem of non-
Amateur use of Amateur equipment on the CB bands. Three months should provide enough
time to find some such solutions. Let's hope so!

SECONDARY AMATEUR STATION LICENSES could be abolished entirely or a moratorium
imposed on processing Amateur applications other than those from new, upgrading or
renewing Amateurs if the tide of multiple applications presently arriving at Gettys-
burg isn't stemmed. Since license fees were abolished in January an increasing

number of new applicants and the newly eligible 1x2 seekers — now threaten to bury
the limited portion of the Gettysburg facility devoted to processing Amateur
applications.

FCC'S NEW NOVICE EXAM has a circuit diagram error in the Ohm's Law problem which
makes 1t impossible to answer as presented. Gettysburg has been advised to give all
Novice applicants credit for that question whether it is answered or not — Novice
training instructors please note.

AMSAT AND ARRL HAVE SIGNED an agreement in which the League will provide major
assistance to the on-going Amateur space program. The League also provided two
technicians — WALJLD and WA1JZC — to bolster the AMSAT effort on the AO-D spacecraft.

The AO-D Satellite (OSCAR 8) is now scheduled for a November 15th launch. It'll
carry 145-28 and T45-435 MHz transponders; and, with its 500-mile high orbit, will be
even easier to access — though for shorter periods — than the present Amateur
satellites, OSCARS 6 and 7.

"AMATEUR RADIO...IN THE PUBLIC INTEREST" is a very attractive report on Amateur
Radio in 1976 published by the ARRL for use in presenting the Amateur service to
public officials and the media. Copies for PR use are available on request, but do
specify with your request how and where they'll be used.

RF POLLUTION is being studied by the Environmental Protection Agency. The EPA says
it's concerned about environmental exposure arising from the ever-increasing number of
RF sources, expects its extensive monitoring survey to lead to significant data within
the next 18-24 months. They've already determined that "significant portions of the
population are exposed to 0.1-1 microwatt/square centimeter range' radiation from the
55 to 1000-MHz part of the spectrum.
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Does Your Transmitter
Love Your Antenna?

—
romass =
arcTIR WATT

W3 WATT METER

If you're fighting the constant battle of limited band
width, high SWR ratios, inefficient low-pass TVI filter
operation due to high SWR you’re not alone.

DenTron makes the Problem Solvers.

The DenTron tuners give you maximum power transfer
from your transmitter to your antenna, and isn’t that where
it really counts?

Our Super Tuners(A. B. & E.) are the only tuners on the
market that match everything between 160 and 10 meters.
Whether you have balanced line, coax cable, random or
long wire the DenTron Super Tuners will match the antenna
impedance to your transmitter.

NEW: The Monitor Tuner (E.) was designed because of
overwhelming demand. Hams told us they wanted a 3
killowatt tuner with a built-in wattmeter, a front panel
antenna selector for coax, balanced line and random wire.
So we engineered the 160-10m Monitor Tuner. It's a life
time investment at $299 50

The DenTron 80-10 AT (D.) is a random wire, 80-10
meter tuner which is ideal for portable operation or apart-
ment dwellers.

Every serious ham knows he must read both forward
and reverse wattage simultaneously for that perfect match.
So upgrade with the DenTron W-2 Dual in line Wattmeter.(C.)

The flexibility we build into our Tuners make any
previous tuner you might have owned obsolete.

A.Super Tuner IKWPEP . . . . . ... ... ........ $12950
B. Super Super Tuner SKWPEP . . . .. .. ... ..... $229 50
C.W-2ZWattmetlr . ocs o5 ion e oo s5a wEmes 26 b $ 9950
D-BOI0OATBOOWPEP . .« cc. v vv via sinn sov s s $ 59.50
E. Monitor TunerSKWPEP .. .. ... v e s $29950

All DenTron products are made in U.S.A.

w, ’m_ 2100 Enterprise Parkway
Twinsburg, Ohio 44087

Radio Co., Inc. (216)425-3173

Desheiled T Mokind Ao Radig MORE FUN!



ME-3 microminiature tone encoder

Compatible with all sub-audible tone systems such as: Private Line,
Channel Guard, Quiet Channel, etc.

* Powered by 6-16vdc, unregulated

* Microminiature in size to fit inside all mobile units

and most portable units

¢ Field replaceable, plug-in, frequency determining elements

* Excellent frequency accuracy and temperature stability

* Output level adjustment potentiometer

* Low distortion sinewave output

» Available in all EIA tone frequencies, 67.0 Hz-203.5 Hz

* Complete immunity to RF

» Reverse polarity protection built-in

. g#.

29.95 each communications specialisty K1 FIELD REPLACEABLE,
v d? i PR, P PLUG-IN, FREQUENCY
ired and tested, compilete wi e
K-1 element BREA, CALIFORNIA 92621 DETERMINING ELEMENTS

(714) 998-3021 $3.00 each
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Kenwood adds to your
pleasure...
wherever youg

A 2-METER STATION THAT GOES WHERE YOU GO

The high performance portable 2-meter FM transceiver endowed with Ken-
wood s characteristic high level of quality. The TR-2200A provides superior
performance for the active outdoorsman portable, mobile or arrborne . . . pleasure or
emergency. 12 channel capacity (6 supplied). Built-in telescoping antenna can be easily
replaced by a "'rubber duck’’ antenna (RA-1 option). Connection for external antenna
External 12 VDC or internal ni-cad batteries. Battery-saving 'light off’" position. Hi-Lo
power switch (2 watts-400 mW). Everything you need is included: batteries, charger,
carrying case and microphone. Or mount it in your car as a mobile rig using an MB-1A
mounting bracket (option)

®xeEnwoop ¢ W e

TX OFFSET AH - lOW /
+800 =

\\”

Featuring Kenwood's New and Unique CONTINUOUS TONE
CODED SQUELCH SYSTEM = 4 MHz BAND COVERAGE »

25 WATT OUTPUT = FULLY SYNTHESIZED, 800 CHANNELS
Outstanding sensitivity, large-sized helical resonators with give you the kind of performance specifications you've always
High Q to minimize undesirable out-of-band interference. and  wanted to see in a 2-meter amateur ng High performance

a 2-pole 10 7 MHz monolithic crystal filter combine to give specifications of  Intermodulation charactenstics (Better than

your TR-7400A outstanding receiver performance 66dB). spurious (Better than —60dB), image rejection (Better
This compact 6 2 pound package measures only 7-3/16"” than —70dB). and a versatile squelch system make the
wide 10-5/8" deep. and 2-7 /8" high and i1s designed to TR-7400A tops In its class

TRIO-KENWOOD COMMUNICATIONS INC. 116 EAST ALONDRA/GARDENA, CA 90248 @ KENWDDD
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solid-state
microwave rf generators

Of the many interesting trends that have developed in
radio, perhaps none has been more spectacular than that

. . toward the higher frequencies. No doubt many readers

A dlSCUSS|On Of will remember when the term “high frequencies” was

. . . used to distinguish 100 kHz from audio, and when the
microwave d|0de OSClI ||atOI'S, “‘ultra highs" meant anything above 10 meters. Although
most of the early developments in wireless around the

|nC|ud|ng - descrl ptlon turn of the century were accomplished on radio frequen-

cies below 500 kHz, it's interesting to note that Heinrich

Hertz's first experiments with wireless transmission in
Of the Gunnplexer 1887 were conducted near 60 MHz; he later extended
them to 500 MHz. In the first decade following Hertz's
a Complete discovery the frequency frontier was quickly pushed to
75000 MHz. Marconi, in fact, used vhf in many of his
Solid_state transceiver early demonstrations, but quickly switched to the lower
frequencies when he recognized that greater distances
could be covered with the simple spark equipment then
for the amateur sy
About the same time amateurs were opening up the
].O“'GHZ band “short waves’’ above 1500 kHz with their famous Trans-

atlantic tests of the early 1920s, researchers E. F.
Nichols and J. D. Tear had succeeded in producing radio
waves as short as 0.22 mm (135 GHz). In 1923 Madame

By James R. Fisk, W1HR, ham radio magazine,
Greenville, New Hampshire 03048
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Glagowela-Arkadiewa working in Russia extended the
frequency limit to more than 35-million MHz.! In all of
these experiments the microwave energy appeared as a
harmonic component of high-energy spark discharges,
and the power level was very low — perhaps microscopic
would be a better description.

Soon after the invention of the three-element vacuum
tube, work was started toward extending its range into
the higher frequencies but there were many difficulties
to be solved. Since the early tubes were built around
techniques borrowed from the electric lamp industry,
they were ill suited for the job at best. Extensions in
frequency closely followed improvements in vacuum-
tube manufacturing methods, but it wasn’t too long
before researchers were faced with another problem:
electron transit time — the finite time it takes an elec-
tron to cross the tube. At the high frequencies the
transit time (about a billionth of a second) is short
compared to one complete rf cycle, so the electrons can
follow the rf voltage fluctuations on the grid. At the
very high frequencies, however, the oscillations are so
rapid that the voltage on the grid may go through several
complete cycles while the electron travels across the
tube, and the grid voltage cannot impose its signal
pattern on the electron flow. The regenerative vacuum-
tube oscillator could be made to work up to 150 or 200
MHz with tuned Lecher lines, but that was about the
limit, even with specially designed tubes (two amateurs,
Robert Kruse and Boyd Phelps, extended this to nearly
750 MHz in 1927, but that's getting ahead of the story).

In 1920 two German engineers, H. Barkhausen and K.
Kurz, found that if the grid of a vacuum triode was
biased positively with respect to the plate, they could
produce rf output at a wavelength of 43 cm (697
MHz).? With this arrangement the highly positive grid
accelerates the electrons from the cathode at high speed

Small size of microwave power diodes is misieading — diodes the
same size as those shown here are capable of providing CW
power outputs of 500 mW or more at 10 GHz.

FILAMENT GRID PLATE

_,___.._'l_'.' ...... -
Ll
I L

/— ELECTRON ORBITS

fig. 1. Mechanism of Barkhausen-Kurz oscillators, early method
of obtaining uhf rf signals. The positive grid accelerates the
electrons from the filament — most strike the grid and give up
their energy in heat, but others pass through the openings in the
grid, and are repelled by the negatively-charged plate back
toward the grid. The electrons continue to orbit between the
grid and plate, as shown here. The feeble output is coupled out
through a tuned plate line.

(fig. 1) — some hit the grid and give up their energy as
heat, but others pass through the openings in the grid
only to be repelled back toward the grid by the
negatively-charged plate. When the electrode voltages are
properly adjusted, the electrons continue to gyrate
between the grid and plate at a very high frequency.
Barkhausen and Kurz further reported that the
frequency of oscillations was dependent upon the
applied voltages, with little regard for the external tuned
circuit. This phenomenon created quite a stir among
researchers, but American engineers were hard pressed to
duplicate their results — because of patent fights there
was an embargo on foreign vacuum tubes, and the
internal construction of American tubes didn’t support
this mode of operation (a cylindrical, coaxial plate and
grid structure was required and American tubes used a
flat, sandwich type construction).

Eventually the Americans were able to “acquire’’ some
suitable tubes from military sources who apparently
weren’t affected by domestic trade embargos, and the
same oscillations were observed. In 1922 E. Gill and J.
Morrell found that if the element voltages were very
carefully adjusted, the frequency of oscillation could be
controlled by tuned Lecher lines. By suitable modifica-
tion of the electrodes, frequencies of about 6000 MHz
were produced by Kohl in Germany as early as 1928.
This is the same rf source used at 600 MHz by Yagi and
Uda in 1928 when they were developing the parasitic
array. Two years later Dr. Esau used Barkhausen-Kurz
transmitters and receivers for full duplex operation
across the English channel on 1670 MHz.?

The efficiency of the Barkhausen-Kurz oscillator was
very low because most of the oscillating electrons were
intercepted by the grid — which often ran white hot. In
1921 A. W. Hull proposed a solution to the problem:
The magnetron, a device which didn't require a grid; the
electrons were kept in a circular orbit around the
cathode by an external magnetic field (fig. 2). The
original design received considerable modification,
notably by Yagi and Okabe in Japan who split the anode
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fig. 2. Basic magnetron. The electrons emitted by the cathode do
not reach the positively-charged anode if the magnetic field is
strong enough. If the magnetic field is properly adjusted, the
electrons go into a spiral orbit around the cathode (end view,
right), with the turns oscillating at a rate determined by an
external tuned circuit. By 1930 devices such as this were being
used to generate small amounts of microwave energy at wave-
lengths of 3cm (10 GHz2).

into two or more parts and increased both frequency
and power output. Although the magnetron offered
considerable promise, it ran into some of the same
difficulties as other devices — the dimensions of the
component parts became so small at microwave
frequencies that it was difficult to dissipate heat in the
small space which was available. Nevertheless, by 1936
C. Cleeton and N. Williams at the University of Michigan
were operating a magnetron at 50 GHz with very limited
power output.

Obviously, before microwaves could be put into
practical use, some way had to be found to generate
useful amounts of power, but researchers were stymied
on two fronts: the electrons moved too slowly, and the
electrodes of the tube had to be as small as possible
because they formed the capacitance of the resonant
circuit. For the generation of liberal amounts of rf
energy, however, the electrodes had to be as large as
possible to dissipate the heat of electron bombardment.
Thus, with existing devices, the requirements of micro-
wave rf and high power could not be fulfilled simul-
taneously. In 1935 Dr. A. Arsenjewa-Heil and Dr. Oskar
Heil proposed a unique solution to this mutual incom-
patibility. Why not, they asked, use the finite transit
time of electrons to control the electron stream and
derive the oscillation energy directly from the electron
stream? In their proposed design the electrons didn't hit
the electrodes at all, so the heating problem was
completely avoided. Although the Heils were the first to
describe the principle of velocity modulation, others had
been thinking along the same lines, including Dr. William
W. Hansen at Stanford University. Based on Hansen's
calculations, Russell and Sigurd Varian put these ideas to
work in 1937 when they built the first klystron, a
device which uses transit time and the deceleration of
bunched electrons across a vacuum gap to generate rf

*Although not discussed in this article, bipolar transistors, GaAs
fets, varactor multipliers, and tunnel diodes are widely used on
the microwave frequencies. The upper frequency limit for
bipolar transistors is now about 4000 MHz, but GaAs fets (calied
"‘gas fets'’) have been used experimentally at frequencies as high
as 15 GHz. Varactor multipiiers are used in many microwave
applications where good frequency stability is required, and
tunnel-diode receivers are used commercially on the frequencies
from about 4000 MHz to 15 GHz.
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power (fig. 3).

In many respects the development of modern, solid-
state microwave devices parallels advances in vacuum-
tube technology in the 1920s and 1930s. Transistors
suffer from electron drift-time problems at high
frequencies, too, and it wasn’t too many years ago that
amateurs were hoping for a low-cost transistor that they
could use successfully on 3.5 MHz. Vhf and uhf transis-
tors are now commonplace, but only because the
manufacturers have found ways of making the active
region of the transistor wafer thin enough that electron
transit time doesn’t cause problems.* At microwaves,
however, transit time is still the limiting factor, and this
is where the analogy between microwave vacuum-tube
and semiconductor development comes in: Like the
Barkhausen-Kurz oscillator, magnetron, and klystron
that preceded them, the operation of Gunn devices,
avalanche diodes, and other solid-state microwave rf
sources is also based on electron transit time.

In 1953 W. T. Read of Bell Labs proposed a muilti-
layer diode for generating microwave power.®> Read
suggested that the finite delay between an applied rf
voltage and the current generated by avalanche break-
down, and the subsequent drift of the generated carriers
through the depletion layer of the diode junction would
lead to negative resistance at microwave frequencies. The
multilayer diode proposed by Read was very difficult to
build, but in 1965 R. L. Johnston and his colleagues at
Bell Labs experimentally verified Read’s principle when
they achieved a pulsed power output of 80 mW at 12
GHz from a silicon junction diode driven into
avalanche.® Advances since 1965 have been so rapid that
today avalanche-diode oscillators are established as one

FEEDBACK PATH
y——— -— — -—

COLLECTOR

CATHODE BEAM BUNCHER INTERMEDIATE  CATCHER
FOCUSING caviTy CAVITY CAVITY

fig. 3. Klystron operation. Electrons are emitted by the hot
cathode surface, formed into a beam, and drawn through the
buncher cavity toward the positive anode. As the electron beam
pours through the buncher grid it induces an rf voltage in the
resonant buncher cavity which, for one half cycle, is in a
direction that tends to speed up the eiectrons flowing through
the gap; on the following half cycle the electric field tends to
slow down the electrons as they cross the gap. This is called
‘‘velocity modulation.” In the drift tube the electrons which
have been speeded up tend to overtake the electrons which have
been slowed down during the preceding half cycle, forming
clumps or “bunches’” of electrons in the drift tube. If the
velocity of the electron beam and the length of the drift tube are
properiy adjusted, the bunched electrons will be completely
formed by the time they reach the gap of the catcher cavity. The
time between arrival of individual electron bunches coincides
with one rf cycle. When a feedback path is provided, the
klystron becomes a self-excited oscillator. Intermediate cavities
serve to remodulate the electron beam and greatly increase the
gain of the device.
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fig. 4. Voltage-current plot for typical junction diode. When
reverse bias exceeds the breakdown voltage, VB' diode is biased
into the avalanche breakdown region where large pumbers of
electrons are generated by secondary emission (also calied
avalanche multiplication).

of the most important of the solid-state microwave
power sources. Since the operation of the Read device is
based on a combination of impact avalanche breakdown
and electron transit-time effects, diodes of this general
type are generally called IMPATT diodes from IMPact
Avalanche and Transit Time.

IMPATT operation

The basic construction of an IMPATT diode is similar
to that of any pn junction diode. Shown in fig. 4 is a
typical plot of dc current vs voltage for a pn junction
diode. When the diode is forward biased, current
increases rapidly for voltages above 0.5 volt or so. When
the diode is reversed biased, however, a very small cur-
rent called ‘‘leakage current’” flows until the breakdown
voltage, Vg, is reached. In ordinary rectifier diodes the
breakdown voltage, Vg, determines the maximum PIV

Low voltage dc to rf
the solid-state way.

rating of the diode; if this rating is exceeded the diode
will be destroyed.

When a pn junction is reverse biased a depletion
region forms in the n-type region of the diode with its
width depending on the applied bias. If the bias voltage
is less than Vg the depletion zone acts like a nonlinear
capacitor — this is the property used in varactors and
tuning diodes. When the reverse voltage exceeds Vg by a
small amount, the diode is biased into the avalanche
region. In this region the small leakage current has a very
high probability of creating additional electrons by the
process of secondary emission or avalanche multiplica-
tion. Biasing some diodes into the avalanche region
results in catastrophic failure, because once started, the
avalanche current cannot be stopped. However, if the
semiconductor material is properly doped, the avalanche
process can be controlled (as it is in Zener diodes and
avalanche rectifiers).

Fig. 5 is a schematic representation of the electron
movement in a reverse-biased pn junction with a large
number of electrons generated in the avalanche zone
flowing into the drift zone. In this condition, a large
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DEPLETION. -
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fig. 5. Schematic representation of a reversed-biased PN junction
diode. When biased into the avalanche region, a farge number of
electrons are launched into the drift region. If the width of the
drift zone, Wp), is such that the drift time of the electrons is
about 37% of the time of one complete rf cycle, the device
exhibits negative resistance because the output current will be
180° out of phase with the applied rf voltage (see fig. 6).

current can flow in the reverse direction with little
increase in applied voltage. This is the avalanche break-
down current depicted in fig. 4. If, in addition to the
bias voltage, an rf voltage exists across the depletion
region of the diode (as it would be if the diode were
mounted in a resonant cavity), under certain conditions
the rf voltage induces an rf current that is out of phase
with the applied voltage. If the rf current in the external
circuit lags the rf voltage by more than 90 degrees, this is
equivalent to a negative resistance.

In actual operation the IMPATT diode is biased just
above the avalanche point (fig. 4) so the diode is biased
into avalanche on positive swings of the rf voltage (fig.
6A). Since the number of electrons generated in the
avalanche zone depends not only on the applied voltage
but also on the number of charge carriers that are
present, the avalanche current pulse continues to build
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fig. 6. Voltage and current waveforms in a microwave avalance
(IMPATT) diode. When an rf voltage (A) is applied across a
reverse-biased PN junction, during the positive half of the rf
cycle large numbers of electrons are produced by avalanche
generation. Since the avalanche process builds up slowly (B), it
peaks when the rf voltage is zero, then slowly decays. This
produces a pulse of electrons (C) which drifts toward the anode.
The combination of avalanche buildup and drift time produces
an external circuit current which is 180 degrees out of phase
with the rf voltage (D).

up even after the rt voltage has begun to drop (fig. 6B).
This is because of the highly nonlinear nature of the
avalanche generation process. In a properly designed
IMPATT diode the excess charge slowly builds up in the
avalanche region during the positive half cycle of the rf
voltage, and reaches a sharply-peaked maximum in the
middle of the rf voltage cycle when the rf voltage is zero.
Thus the wave form of the avalanche current, in addition
to being very sharply peaked, lags the rf voltage by 90
degrees.

The pulse of avalanche current is launched into the
drift zone (fig. 6C) and slowly drifts to the right toward
the positively charged n-side of the junction. The
electrons drift through the semiconductor material at a
nearly constant velocity (about 107 cm/second) so the
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time it takes them to pass through the drift zone is
simply the width of the drift zone, Wp,, divided by the
velocity of the electrons, v

T=Wp,,

where T is the drift time. Since drift time is related to
the frequency of operation, the width of the drift zone
is carefully controlled during the manufacturing process.

While the pulse of electrons is drifting through the
diode, they induce an approximate square wave of
current in the external circuit as shown in fig. 6D. As
can be seen in fig. 7, the combined delay of the
avalanche process and the finite transit time across the
drift zone has caused a positive current to flow in the
external circuit while the rf voltage is going through its
negative half cycle. Therefore the diode is delivering rf
energy to the external circuit because of negative
resistance.

The useful frequency range of the IMPATT diode is
generally above 3000 MHz. Below this point the long
transit times require a structure of such thickness that
the breakdown voltage is very high. Most high-power
IMPATT oscillators are used in the range from 5 to 13
GHz, although they have also been used successfully
above 100 GHz. Most of the early IMPATTs were silicon
types, but both germanium and gallium-arsenide (GaAs)
have been used successfully. All types are noisy because
avalanche breakdown is a noisy phenomenon, but GaAs
types are somewhat less noisy than silicon devices. This
is a problem in some applications (such as receiver local
oscillators), but noise can be reduced substantially by
proper circuit design. Another disadvantage is the
relative high operating voltage (70 to 135 volts), and the
requirement for a constant-current power supply.
Operating efficiencies are on the order of 12 to 15 per
cent, although careful construction, the use of GaAs,
and the so-called double-drift structure can increase
efficiency to 25 or 30 per cent.

The double-drift IMPATT diode has four layers
instead of the usual three because an additional drift
region is implanted in the diode (fig. 8). In the single-
drift IMPATT described previously, the output current
was the result of drifting electrons. The avalanche
process, however, generates holes (positive charges) as

— RF VOLTAGE
—~

/— EXTERNAL CIRCUIT CURRENT

fig. 7. IMPATT diode exhibits negative resistance because the
external circuit current is 180 degrees out of phase with the rf
voltage. Because of its negative resistance, it directly converts dc
power to microwave energy. Mechanism of microwave current
generation is shown in fig. 6.
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fig. 8. Construction of single- and doubile-drift IMPATT diodes.
Efficiency is greatly increased in the double-drift diode because
the holes (positive charges) generated in the avalanche region
drift across the P-doped region in phase with the electrons,
providing greater power output. In the single-drift IMPATT the
holes are simply returned to the cathode.

well as electrons. In the single-drift IMPATT the holes
simply are returned to the cathode — in the double-drift
structure the holes drift across the added p-doped drift
region in phase with the electrons, resulting in greater rf
power outputs.

Even with operating efficiencies of 25 per cent, heat
dissipation becomes the limiting factor when substantial
amounts of rf power are required from an IMPATT
diode. With good heatsinking techniques the power out-
put can be increased as much as 20 per cent — diamond
heatsinks, which have superb thermal characteristics, are
being used extensively in commercial IMPATT applica-
tions. It should also be noted that IMPATT diodes are
being used almost exclusively as amplifiers — few are
used as power oscillators.” When used as an amplifier the
IMPATT is coupled into the system through a circulator
as shown below. The IMPATT amplifier has only one

IMPATT
AMPLIFIER
INPUT # CIRCULATOR

REFLECTION AMPLIFIER

ouTPUT

port so the circulator, which allows rf energy to
propagate in only one direction, is required to isolate the
input signal from the output signal. Operation is similar
to that used in a parametric amplifier and is called
“reflection amplification.”

TRAPATT diodes

In 1967 researchers at RCA were trying to develop an
avalanche diode that would provide operation around
1000 MHz. According to the drift-time theory, as noted
above, IMPATT diodes could not be made to operate at
that low frequency, but the engineers had hopes of

*Researchers in France have reported that the IMPATT diode
operates with very high efficiency in diode frequency-multiplier
circuits, but few details are available. This application may be
widely used in the future.

exciting the diode into some other mode. Within a few
months they had found a new mode of operation that
had both good efficiency and high power output: 425
watts peak, pulsed output with an efficiency of about 25
percent.” As researchers continued to work with the
new mode, they found a few diodes with efficiencies as
high as 60 percent. They also worked on tuned circuits
and eventually developed one that permitted continuous
tuning from 900 to 1500 MHz. Since the operation of
the high-efficiency diode didn't fit any then-known
theory, they called it the “anomalous’ mode.

Further work at Bell Labs with computer simulation
led to the announcement that the high efficiency
resulted from the creation of a trapped voltage plasma
state between successive sweeps of the classical IMPATT
cycle. According to the Bell Theory, this dense plasma
then shielded the interior of the diode from the external
voltage so the charges (electrons and holes) drift out of
the diode at low velocities, causing very long transit
times. This led to the acronym TRAPATT for TRApped
Plasma Triggered Transit.

TRAPATT diode configuration built by
RCA in 1970 that provided 1200 watts
peak power output at 1100 MHz with
about 25% efficiency. Five TRAPATT
diodes are stacked in a 1N23 rectifier
package.

Quantum physicists from Cornell University didn’t
agree with the theory offered by Bell Labs — they held
that though a trapped plasma could undoubtedly be
created in an over-driven diode, it was not fundamental
to high efficiency. Their contention was that the para-
metric theory of Avalanche Resonance Pumping (ARP)
had broader validity. Many researchers felt that Bell
Labs" TRAPATT and Cornell University's ARP were
actually two aspects of the same thing. RCA apparently
preferred the TRAPATT model but stayed out of the
battle of the acronyms. However, in a moment of humor
during one heated debate, someone suggested that the
original RCA terminology ‘“anomalous” mode could
stand for “A Non-Ohmic Maximum Allowable Large
QOutput Uhf Source!”

In the early 1970s it was discovered that many
ordinary silicon rectifier diodes could be made to
oscillate in the TRAPATT mode,8:? but since this mode
of operation is very fussy and requires tricky resonant
circuit design to generate the required voltage waveform
and suppress higher mode harmonics, the device has
found limited applications — primarily in military L-
band radar systems.
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Gunn devices

In 1963, when John Gunn of IBM was studying the
bulk resistance of a sample of n-type gallium arsenide, he
discovered that when the voltage impressed across the
sample was raised above a certain point (fig. 9), the
current became unstable and began to pulsate cyclically
at microwave frequencies.!® The mechanism which
caused this to happen was a mystery at first, but Gunn
suspected that a negative resistance was probably
responsible, and suggested that a decrease in the
mobility (velocity) of the electrons with an increase in
applied voltage could account for the negative resistance.
This was eventually proved to be the case.

Unlike most other materials, the electrons in gallium
arsenide (GaAs) can be in one of two conduction bands,
one with much higher electron velocity than the other.
As the voltage across the GaAs in increased, more and
more electrons are scattered to the low mobility
band. This is shown graphically in fig. 10. Below the
threshold point the current through the material is
proportional to the applied voltage, so it behaves as a
resistor. As the voltage is increased above threshold,
however, sufficient electrons are displaced from the high
mobility band that the net electron velocity through the
GaAs begins to drop. Since the current through the
material is proportional to electron velocity, this means
a GaAs resistor (Gunn diode) will have a region of

. N-TYPE
[1 GaAs I
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fig. 9. When the bias voltage across a sample of n-type gallium
arsenide (GaAs) is increased above the threshold point, the
current becomes unstable and pulsates in a cyclic way. This is a
result of negative resistance and is called the Gunn effect.

negative resistance — decreasing current with increasing
voltage. As the voltage is increased past the negative
resistance region, the current flow once again increases
with applied voltage. Since this behavior is based on the
transfer of electrons from one conduction band to
another, microwave oscillators of this type are often
called Transferred-Electron Oscillators or TEOs.
Although the negative resistance of GaAs accounts
for its current instability characteristics at certain bias
levels, the oscillation at microwave frequencies requires
further explanation. As was mentioned previously, when
the applied voltage is below threshold, the GaAs behaves
as a linear positive resistance; under these conditions the
internal electric field is constant throughout the material
as shown in fig. 11A. If the applied voltage is increased
above threshold, many of the electrons entering at the
cathode are entering faster than they leave. This leads to
a high field buildup at the cathode with an accumulation
of electrons on the cathode side and a depletion of
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Construction of Gunn diodes. Most of the package shown here is
actually the heatsink — the ceramic-packaged device is only
0.025" (0.6mm) thick. To give you an idea of size, the stud is
threaded 3-48 (M2.5).

electrons on the anode side (fig. 11B). The electric field
throughout the rest of the material begins to fall to a
value below threshold. The high field domain drifts
rapidly across the GaAs wafer (figs. 11C and 11D) to the
anode where it is collected (fig. 11E). When the domain
reaches the anode the bias supply again causes the field
at the cathode to exceed the threshold level — a new
domain is formed and the process repeats itself.

The current through the GaAs is lower during the
transit time of the domain, and increases momentarily

HIGH-MOBILITY BAND e
/

’ ro— THRESHOLD

NEGATIVE
RESISTANCE —-f
REGION

INCREASING ELECTRON VELOCITY

- — -—

INCREASING VOLTAGE —————=

fig. 10. Electron velocity in GaAs as a function of applied
electric field. As the electric field is increased, more and more
electrons are scattered to the low mobility band, resulting in a
net decrease in current flow through the material — this is
equivalent to a negative resistance.
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fig. 11. When a wafer of GaAs is biased below threshold, th'
the material behaves as a linear resistance (A). A charge layer
(domain) forms at the cathode when the material is biased above
threshold (B), and drifts toward the anode at about 107 em per
second (C) and (D). Note that when the field domain forms at
the cathode, the electric field in the rest of the material drops
below the threshold level. When the domain is collected at the
anode (E), the field in the material momentarily increases above
threshold, a new damain forms at the cathode, and the process
repeats itself. The current through the GaAs is tower during the
transit time of the domain and increases when the domain
reaches the anode, giving a series of sharp current spikes (F).

when the domain is extinguished at the anode. Thus the
output is a series of narrow current spikes with a period
equal to the transit time through the wafer (fig. 11F).
The domain velocity is about 107 cm per second so the
wafer of GaAs must be about 10 microns thick for
operation at 10 GHz. Since the frequency of the output
current pulses is a function of drift time, this is caltled
the transit-time mode of operation. It is rarely used,
however, because frequency tuning is nil and efficiency
is very low.

In practical microwave circuits the Gunn device is
mounted in a high-Q resonant circuit — this provides a
considerable tuning range because the rf voltage in the
circuit influences the formation of the field domain at
the cathode by swinging the applied voltage above and
below the threshold level as shown in fig. 12. If the bias
is set so the rf voltage drops below the sustaining
voltage, V,, the field domain will be quenched; when the
rf voltage rises above threshold, V,,, a new domain will
form at the cathode. As the domain starts to drift across
the GaAs, the rf voltage will increase to a maximum and
then decrease until it, too, is quenched.

The delayed-domain mode occurs when the instan-
taneous rf voltage never falls below the sustaining value
but does go below threshold for a part of the cycle. If
the field domain reaches the anode when the applied
voltage is between V and V,,,, the formation of a new
domain is delayed until the rf swings above threshold.
Using these techniques and others, the frequency of the
output current spikes will adapt to the resonant
frequency of the external tuned circuit and can be tuned
over very wide frequency ranges.

The greatest advantage a Gunn device has over
IMPATT and TRAPATT diodes is its ability to operate
over a wide band with less noise and lower bias voltages
at equivalent frequencies — this is an important consider-
ation for amateurs who want to build simple microwave
systems that operate from batteries for portable,

/ RF VOLTAGE

BIAS\ VOLJAGE

Ve
THRESHOLD VOLTAGE e B
Vi — — — — — - — = e -
SUSTAINING VOLTAGE
Vg - ———— - —_ ¢ - — e

fig. 12. Operating mode of a Gunn diode in a high-Q resonant
circuit is determined by the bias level, as shown here. If the
diode is biased so the rf voitage drops below the sustaining
voltage, I/, the field domain wil be gquenched until the rf
voltage rises above threshold, I7¢4;» and the formation of a new
domain at the cathode will be delayed (see text). Therefore, the
frequency of the output current spikes will adapt to the resonant
frequency of the tuned circuit and can be tuned over wide
frequency ranges.
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fig. 13. Simple Gunn-diode oscillator uses a half-wavelength
ial cavity. | d matching is provided by the output
coupling loop. This type of circuit can be tuned over an octave
or more, but difficulties with oscillation at harmonic frequencies
are common, and the coaxial cavity is more sensitive to

temperature changes and load mismatches than waveguide
rasonators.

mountain-top expeditions. Moreover, Gunn diodes are
easily frequency modulated and lend themselves to auto-
matic frequency control (afc). Compared to tubes the
Gunn device operates at lower temperatures and without
a vacuum, factors that contribute to longer life. In fact,
a number of manufacturers are predicting useful lives of
well over 300,000 hours for CW devices (in case you
don’t want to figure it out, that’s equivalent to about 34
years of 24-hour-per-day operation). On the debit side,
the Gunn diode is less efficient and has lower power
output then other solid-state microwave devices, but this
is more than offset by its simplicity of operation, wide
tuning range, and lower operating voltage.

Gunn oscillators

Many early attempts to build Gunn oscillators were
not all that successful — the results were seldom
reproducible. Sometimes the device refused to oscillate
in the resonant circuit, or if it did oscillate it wouldn't
be on the desired frequency, but this was new tech-

fig. 14. Simple waveguide r tor for Gunn-diode oscillators.
In this circuit the microwave energy from the Gunn diode is
coupled into the cavity with a post mounted between the narrow
dimension of the waveguide. The size of the opening (iris) is
optimized for maximum power output and isolation from
impedance mismatches. The rf choke requires careful design for

minimum rf loss.
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nology, fresh from the laboratory; the GaAs manufac-
turing process was still in its infancy so there were
problems with the diodes, and nobody had any
comparable experience to fall back on. Gunn diodes
have improved over the years, and we now know what
types of resonant circuits work best, but the plain truth
of the matter is that not much actual circuit design takes
place — not in the traditional sense anyway. As one
designer at Microwave Associates pointed out recently,
““Those who have experience with Gunn diodes usually
take a rough cut at what they think will work, and then
home in on the final layout by trial, error, and a good
deal of sheer feel.”

One of the simplest forms of Gunn oscillator circuits
is shown in fig. 13. Here, the diode is mounted at one
end of a half-wavelength coaxial cavity which is adjusted

Microwave Associates varactor-tuned Gunn oscillator for tne
amateur 10-GHz band. Terminals are for the Gunn power supply
and varactor bias. Power output is 20 milliwatts.

to the desired operating frequency with a tuning screw.
The location of the output coupling loop determines the
load impedance presented to the diode. This type of
resonator is easy to build and can be tuned over a very
wide frequency range, typically an octave, but it has
several disadvantages. For one thing, the Q is relatively
low and the diode may want to oscillate at a harmonic
frequency. In comparison with waveguide cavities, the
coaxial resonator is also more sensitive to temperature
changes and load mismatches.

For most applications a much better choice is the
post-coupled rectangular waveguide cavity shown in fig.
14 separated from the output waveguide by a coupling
iris. The size of the iris is determined experimentally for
the best compromise between maximum power output



table 1. Operating characteristics of the Microwave Associates
MA-87127 series 10-GHz Gunnplexers.

RF center frequency 10250 MHz (4V varactor bias)

RF power output 20 mwW
Tuning: mechanical + 100 MH2
electronic 60 MHz minimum

Frequency stabllity —-350 kH2/°C maximum
RF power vs temperature
and tuning voltage

Frequency pushing

Nolse figure

Input reguirements:
Gunn voltage
Gunn current
Tuning voltage

Rf connectors

Operating temperature

6 dB maximum
15 MHz per volt, maximum
12 dB maximum

+10 Vdc typical

500 mA maximum

+1 to +20 volts

mates with UG-39/U waveguide
-30to +70°C

and isolation from changes in diode impedance and load.
The tuning rod may be either metal or a low-loss
dielectric. The diode must be properly decoupled from
the bias supply to minimize any rf resonances in the bias
circuit and to prevent any rf loss. None of these things is
trivial, so if you're interested in building your own Gunn
oscillators for the 10-GHz amateur band, | suggest that
you try one of the proven designs published in the
RSGB’s VHF - UHF Manual 11

If you don’t have any previous experience with
microwave circuits, you may find it easier and less
frustrating to purchase one of the new 10-GHz Gunn-
plexers which are being offered to amateurs by Micro-
wave Associates.” These Gunn-oscillator transceivers
provide 20 mW of output power, include a built-in
low-noise Schottky mixer diode, and are provided with
varactor tuning. A ferrite circulator isolates the receiver
and transmitter functions. The electrical specifications
of the Gunnplexer are listed in table 1; a cut-away view
of the transceiver is shown in fig. 15.

VARACTOR BIAS
GUNN SUPPLY

I~F oUTPUT — o RF CHOKE

MIXER GUNN OSCILLATOR

fig. 15. Cutaway view of the 10-GHz Microwave Associates
Gunnplexer. The post-coupled Gunn diode is tuned to the
desired frequency with the dielectric tuning screw, and the rf
energy is coupled out through an iris. The ferrite circulator
couples a small amount of energy into the Schottky mixer diode
and isolates the transmit and receive functions. Mixer injection
can be adjusted with the small screw mounted in front of the
circulator. A horn antenna provides 17 dB gain.

GUNNPLEXER 1 GUNNPLEXER 2

'/-IOZOO MHZ f, 210230 MHZ

fig. 16. Gunnplexer operation. Since the same oscillator is used
as both a transmitter and local oscillator for the mixer, the i-f at
each end of the link must be at the same frequency, and the
frequencies of the Gunn oscillators must be separated by the i-f.
In the example shown here the Gunnplexer at one end of the
link is tuned to 10200 MHz — 30-MHz i-f receivers are used so
the Gunnplexer at the other end must be tuned 30 MHz higher
or lower (10230 or 10170 MH2z).

In the Gunnplexer the Gunn oscillator provides both
the transmit power and LO injection for the mixer
diode. Therefore, the i-f used at each end of a communi-
cations link must be tuned to the same frequency, and
the frequencies of the Gunn oscillators at each end of
the link must be separated by the intermediate
frequency. This is the same system used with klystron
polaplexers and is shown in fig. 16. If the i-f is at 30
MHz, for example, and one Gunn oscillator is tuned to
10200 MHz, the other oscillator is tuned 30 MHz higher
(or lower) to 10230 MHz (or 10170 MHz). Gunnplexers
can also be used for two-way communications with
stations which use polaplexers or separate 10-GHz
transmitters and receivers. If a polaplexer is used at one
end of the link, however, you should expect about 3 dB
loss because of the difference in polarization.

All you need to put the Gunnplexer on the air is a
well regulated 9-volt power supply (200 mA maximum),
a bias supply for the varactor, an fm receiver, and a
microphone and speech amplifier. This is the system
used by WIHR and WI1SL in their first two-way
communications with Gunnplexers. Later you may want
to add automatic frequency control (afc) or a
phase-locking system, but this isn't necessary to get
started.

The 30-MHz i-f has been the standard for amateur
microwave communications for a number of years, but
there’s no reason why you can't use a standard 88-108
MHz fm broadcast receiver as a tunable i-f. If you choose
to go this route, be sure to pick a frequency that’s not
occupied by a nearby fm transmitter — otherwise you
may have problems with i-f feedthrough. In
metropolitan areas it may be impossible to find a clear

*The Microwave Associates MA87127 Gunnplexer is a complete
10-GHz transceiver consisting of a Gunn oscillator, tuning diode,
detector, and circulator and is priced at $85. Also available is the
MA87108 which consists of the Gunn oscillator and tuning
diode ($60), and the MAB87140 which includes a complete
transceiver and a 17-dB gain horn antenna ($108). Two complete
transceivers with horn antennas, part number MA87141, are
priced at $185. Write to Microwave Associates, Inc., Burlington,
Massachusetts 01803 for the name of your nearest sales
representative.
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fig. 17. Basic system used by W1HR and W1SL for short-range
communications with the 10-GHz Gunnpiexers. Output
frequency is adjusted +30 MHz with the 5k potentiometer across
the 9V varactor bias supply.

channel, but most fm receivers can be ‘tweaked”
slightly so they will tune to a clear spot above or below
the fm broadcast band. If you use an fm broadcast
receiver you won’t be able to work stations using a
30-MHz i-f, but this is an inexpensive way to get started,
and you can always to to-30-MHz i-f later.

If you decide to use a 30-MHz i-f, military surplus i-f
strips are inexpensive, or you can use a tunable fm
receiver such as the old Hallicrafters S-36 or S-27, or the
military surplus BC683. W1SL and | used 35-year-old
S-36 receivers in our initial experiments, but are
planning to build some solid-state replacements in the
near future. With the wide availability of ICs designed
for rf amplification and fm demodulation, this should be
a relatively easy task.

communications range

One of the first questions you're probably asking is
what kind of communications range can | expect with a
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fig. 18. Range vs i-f bandwidth for the Microwave Associates
10-GHz Gunnplexers. Dashed lines show increased range
available with 12-inch (30cm) and 24-inch (61cm) parabolic
reflectors.
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20 mW Gunnplexer system? As shown in fig. 18, this is a
function of the bandwidth of the i-f system. This graph
assumes a noise figure of 12 dB at 10 GHz which should
be no problem with a low-noise (about 1 dB) i-f strip,
and 17-dB horn antennas at each end of the link. For the
bandwidth of an fm broadcast receiver, 240 kHz, the
maximum line-of-sight range is about 25 miles (40 km).
However, this graph is based on “threshold’’ (the begin-
ning of reception of intelligible speech) and allows no
margin for fading due to rainfall, multipath propagation,
or other environmental effects. Therefore, for a practical
system with good signal-to-noise ratios, somewhat less
range should be expected. Range can be increased
considerably by using parabolic reflectors, as shown by
the dashed lines in fig. 18, but this entails additional cost
and you may have trouble getting the antennas properly
lined up.

Range can also be improved by using a narrower i-f
bandwidth, but this requires the use of automatic

GUNNPLEXER |

GUNNPLEXER 2

AFC DISCONNECTED INTERNALLY
AND APPLIED TO GUNNPLEXER
VARACTOR

fig. 19. Basic arrangement for automatic frequency control (afc)
of the Gunnplexer. Manual frequency control is used at one end
of the link; afc at the other end of the link is derived from the
fm receiver and applied to the varactor.

frequency control or a phase-lock arrangement. Since
the drift characteristics of the Microwave Associates
Gunnplexer is about —350 kHz per °C maximum (down-
ward drift with increasing temperature), it's doubtful
that the 240-kHz bandwidth of an fm broadcast receiver
would be practical without continually adjusting
varactor bias or using afc. The basic afc system is shown
in fig. 19. To prevent the two Gunnplexers from chasing
each other all over the band, only one end should use afc
of the Gunn diode. Afc of the i-f LO is permissible at
both ends of the link.

Stability can also be improved by placing the Gunn-
plexer in an insulated box and heating it with a lightbulb
or other heat source (such as a power resistor). For
maximum temperature stability, a proportional tempera-
ture control system is suggested (reference 12 describes a
proportional control circuit for crystal ovens that could
be easily adapted to the Gunnplexer).

For an idea of what can be accomplished with fow
power on 10 GHz, consider the new world’s record on
this band which was set in August, 1976, by GM30XX
in Scotland, and G4BRS, in Cornwall, England — a



distance of 324 miles (521 km). Both stations used 10
mW Gunn oscillators with parabolic reflectors — a 24
inch (61cm) dish in Scotland and a 30-inch (76cm)
reflector in England. This was their ninth try over this
particular path, so it wasn't as easy as it sounds, but it
should give you an idea of what can be done with simple
equipment, patience, and a /ot of persistence.

phase locking

One of the best ways to improve communications
range with the Gunnplexer is to decrease i-f bandwidth
but this can only be done by phase locking the trans-
mitter to a stable crystal oscillator. | don’t have any
practical, tried and true circuits to offer yet, because |
don’t know of any amateurs who have built a phase-
locked Gunnplexer system, so the following are merely
suggestions.

GUNNPLEXER | GUNNPLEXER 2
oC weuT ( fi oc eyt
L0 vDC #10 VDG
o— — — :
MANUAL TUNING ¢ | & MANUAL TUNING /
MOOULATION NPUT MODULATION INPUT
+I To+20 vOC oo t-f 1 T0420 VOC
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TiME
CONSTANT
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CREAMP
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fig. 20. Gunnplexer phase-lock system suggested by W1FC. Out-
put of i-f amplifier is divided down and compared against a
crystal-controlled reference oscillator. Output of the phase
detector is amplified to a suitable level to keep the Gunn
oscillator locked to the crystal. Time constant of the RC net-
work shunting the error amplifier is chosen to allow the Gunn-
plexer to be frequency modulated.

One arrangement, which was suggested by W1FC of
Microwave Associates, is shown in fig. 20. In this system
the output of the i-f amplifier is divided digitally and
phase compared against a stable crystal reference. The dc
output information from the MC4044 phase detector is
amplified and fed to the Gunnplexer tuning varactor.
The time constant of the RC network which shunts the
dc error amplifier permits the Gunnplexer to be
frequency modulated. Without the RC circuit, the
phase-lock system would tend to cancel the modulation.

Another, more complex phase-lock circuit, based on
the San Bernadino Microwave Society's Rocloc system
for klystron polaplexers,13 is shown in fig. 21. In this
circuit a small portion of rf from the Gunnplexer is
mixed with the output from a harmonic multiplier — the
output from the mixer is then phase compared with a
low-frequency crystal-controlled source. The rest of the
system is similar to that shown in fig. 20.
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fig. 21. Proposed phase-lock system for a Gunnplexer operating
on 10250 MHz. In this system the 120th harmonic of the
85.24-MHz crystal oscillator is mixed with a sample of rf energy
from the Gunnplexer. The difference output is amplified, then
phase compared with a signal derived from the crystal oscillator.
The error voltage is amplified and fed to the tuning varactor in
the Gunnplexer. With proper design, frequency stability of the
Gunnplexer will be the same as the crystal reference oscillator.

Phase locking can also be used to good advantage in
the receiver as a tracking filter. Whereas the threshold of
intelligible speech in a conventional fm system occurs
when the fm signal is about 10 dB above the noise, a
phase-locked tracking filter can linearly demodulate fm
signals buried 20 to 30 dB in the noise.14 One IC on the
market which was designed specifically for this task is
the Exar XR-215.

Microwave Assoclates 10-GHz Gunnplexer and 17-dB horn
antenna. Receiver section is housed in waveguide section
machined from large block of metal. This improves thermal
stability of the unit.

april 1977 [ 21



Microwave Associates 10-GHz Gunnplexer.

i-f circuits

Good afc capture range requires a wider bandwidth
than optimum signal processing, so a dual i-f system is
recommended. One suggestion here is an input at 30
MHz followed by conversion to 10.7 MHz for signal
processing. A parallel i-f at 30 MHz would be used for
afc control. The 30-MHz preamp should have a noise
figure on the order of 1 dB and should be impedance
matched to the Schottky mixer in the Gunnplexer
{about 200 ohms). The capacitance of the mixer diode
(approximately 27 pF) can be resonated with an rf
choke connected from the i-f output terminal to ground
(use 1 uH at 30 MHz, 0.33 uH at 100 MHz).

radiation hazard

Although 20 mW isn’t very much power, remember
that it's concentrated at the small, open end of the
waveguide so power density is about 6.2 mW per square
cm. This is considerably higher than OSHA’s 1 mW/cm?
safety limit. Fortunately, rf power density falls off to
safe levels a few inches (15 cm) away, but remember
that your eyes are especially susceptible to damage from
rf radiation — never look into the open end of a Gunn-
plexer when it’s operating.

summary

The amateur microwave bands have been badly
neglected by most amateurs, but this is one area where
amateurs can still make contributions to modern rf
technology. Presented here are the basic requirements
for a modern, solid-state, amateur microwave system,
and some suggestions for putting your own Gunnplexer
on the air. In future months we will try to publish
practical, successful circuits — if you have suggestions
for improvements, or have solved a problem that may
give others trouble, we would like to have the opportu-
nity to publish it in ham radio.

22 april 1977

| would like to thank Dana Atchley, W1CF, of Micro-
wave Associates for making Gunnplexers available to the
amateur community, and Fred Collins, W1FC (ex
W1FRR), and Dr. Ron Posner (ex K6DJB) for their
circuit suggestions.
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Head-on view of the Gunnplexer showing the mixer diode, left,
and ferrite circulator (black cylinder to right). The small screw
which protrudes through the top of the waveguide is used to
adjust mixer injection.
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solid-state
five-band transmitter

A companion transmitter
to the I5TDJ receiver
features all bands,
solid-state circuitry,

and 10-watt output

On the air, amateurs speak proudly of using the *'S-
Line’ or the ""Drake Line.” To complement the receiver
| described last year in these pages,! | built a companion
five-band solid-state transmitter. Thus | felt | could
proudly speak of using the “TDJ Line!”

| actually started the design in 1973 when high power
rf transistors were not available in Italy. Thus, the out-
put is only a modest 10 watts. None the less, |'ve made
contacts with all continents and had a nice QSO on CW
and ssb with JD1ACH during the Ogasawara (Bonin
Island) D Xpedition.

The transistors | used are a mixture of Phillips and
U.S. types, collected over the years. Despite that, the
3rd-order IMD measures -28 dB below one tone of a
2-tone test. Qutput is actually greater than ten watts on
all bands, with no tuning. A SPOT switch and carrier
insertion for linear amplifier tuneup are included for
convenience. Again, my friend ISFLN has duplicated my
circuitry.

circuit description

block diagram, fig. 1, note that the two modules, vfo
and vfo converter, are common to both units. The
builder has three options: you may use these two
modules in the receiver, you can duplicate just the vfo
module, or you can duplicate both modules and have a
completely self-contained transmitter with frequency
control from either unit — just like Drake. Don’t forget a
light to indicate which dial is operative!

In the ssb generator module, shown in fig. 1, the
microphone signal is amplified in two stages and then
applied to a diode-ring balanced modulator. The carrier
is initially generated at 454 or 455 kHz, for CW/ssb.
Undesired products are attenuated and suppressed by
adjustment of the modulator and also FL1, a 2.4-kHz
mechanical filter. The output from the filter is applied
through a buffer to a balanced mixer comprised of two
fets. Another pair of crystals at 8545 and 9455 kHz
provide the signal, which is simultaneously applied to
the fet mixer, for USB or LSB selection. The mixer
output. after a three-section LC filter, is now a 9-MHz
ssb signal.

In the next module, the 9-MHz signal is buffered and
applied to a second diode ring mixer for addition to the
signal from the vfo converter. Five wide-band LC filters
at the output of the diode mixer select the desired band.
The combination of diode mixer and LC filters again
make for excellent suppression of undesired mixer
products. The signal is now fed to a wide band amplifier
and then to the power amplifier (PA) module.

Two transistors are used for the driver in the power
amplifier module. The final transistor operates as a linear
amplifier and has been protected against thermal run-
away. No mismatch protection was deemed necessary.
On several occasions the antenna was not connected, and
no damage has resulted to date! In order to make the

The transmitter was designed to transceive with my By Piero Moroni, I5TDJ, Cosseria 10, Florence, Italy
receiver; the rf mixing scheme being identical. In the 50129 (translated by Joe Darmento, W4SXK)
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most of the modest power available, a tuned circuit is
used to match the final transistor to a 50-ohm output.
Each circuit need only be set once during the initial
adjustments. A sample of the output is rectified and
used for alc. The 0-1 mA meter reads the supply voltage
or may be switched to read alc voltage and thus monitor
the output.

should be selected for equal forward resistance at 1 mA
of current. Crystals Y1 and Y2 provide the 454/455-kHz
carrier. On CW, the 454-kHz crystal causes the carrier to
be transmitted 1 kHz above the vfo frequency. No
problem — your contact receives a 1-kHz signal in the
usb position of his receiver. R1 and C1 are used to null
the carrier during the initial adjustment.

fig. 1. Block diagram of the solid-state
transmitter. The vfo and mixing scheme are

identical to the one used in the receiver
described by the author in the October,
1975, issue of ham radio.
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Except for the auxiliary circuit, each module was
enclosed in a standard aluminum box, 3 x 4% x 2 inches
(77x107x49mm). The PA module is slightly larger, 3 x
5.7 x 2 inches (77x145x49mm). Each module may be
arranged as desired to fit a commercial case, as done by
IGFLN. All circuitry is mounted on single-sided epoxy-
glass PC boards. | used an isolated pad drill rather than
printed-circuit technique; it's easier and quicker for a
one-time project. Signal interconnections are made with
phono jacks and plugs. All other interconnections enter
the modules through 1500-pF feedthrough capacitors.
Points designated as +12 always have power applied;
+12T implies voltage on with PTT. When winding the
toroids, make sure you twist the wires 7 to 8 turns per
inch (2 to 3 turns per cm).

ssb generator module

Referring to fig. 2, Q1 and Q2 amplify the micro-
phone signal to a few hundred millivolts for application
to the balanced modulator. The four 1N270 diodes

Mixer and amplifier module. The individual band filters are
mounted on the vertical circuit board. The balanced mixer is on
the left and the output circuits on the right.

The gain of Q3 is controlled by the alc developed
from the final transistor. Q6 and Q7 form the balanced
mixer for signal conversion to 9 MHz, R2 is the balance
pot, and when properly adjusted the mixer, in conjunc-
tion with L1, L2 and L3, will provide good attenuation
of spurious products without resorting to an expensive
commercial filter, One precaution, do not mount any
oscillator components near the ends of the mechanical
filter or you will not obtain good carrier suppression.
Component placement is shown in the photograph.

mixer amplifier module

In the schematic, fig. 3, transistor Q1 is a buffer
amplifier; the 100-ohm potentiometer adjusts the 9-MHz
signal level into the diode mixer. Unfortunately, this
type of mixer attenuates the desired signal approxi-
mately 6 dB and requires about 5 mW of oscillator
injection. However, it does attenuate the oscillator signal
at least 30 dB with satisfactory performance from 0.5 to
50 MHz. This latter characteristic is eminently desirable
to provide constant output on all bands. Thanks to these
characteristics the simple filters on the output are
perfectly adequate. Except for component values these
five filters are all identical to the 3.5 to 4 MHz filter
shown in detail in the schematic. The filters are diode
selected by the bandswitch. With feedback to improve
linearity, the signal is amplified to about 50 mW by Q2
and Q3.

Components for this module are mounted on three
small boards approximately 3/4 x 1 inch (15x25mm).
One board holds the buffer and mixer, the second the 5
filters, and the third board contains Q2 and Q3.
Separating the boards is helpful in home brewing. In case
you make a fatal error, you ruin only a small part of
your work.

power amplifier module

Two transistors in push-pull, fig. 4, raise the signal
level to 0.5 watt, CR1 is in thermal contact with one
transistor to maintain collector currents within safe
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2850417 285
26 # I
IS00pF IS00pF I500pF  IS00pF I500pF  IS00pF  I1S00pF ~c2 28
( ) ( ) ( ) { A f4 AYf4 A)[4 m 7
) \ AN i\ 7\ /J7
220 220 220
285
VK200 VK200
---------- 1sosrsw VK200

fig. 4. Schematic diagram of the power amplifier. RFC1 is 2 turns of no. 22 AWG (0.6mm) wound on a large Amidon bead. CR1 is a
silicon diode rated at 0.4 A and 50 PIV. CR2 is also a silicon diode, 3 A and 50 PIV, stud mounted. T1 and T2 are each 6 turns no. 28
AWG (0.3mm), trifilar wound on a hi-u 1/4-inch (6.5mm) core (Indiana General CF-2). T3 is a TV balun core wound with four twisted no.
28 AWG (0.3mm) wire. T4 is a high-u Ferroxcube core wound with 5 turns of 6 twisted no. 28 AWG (0.3mm) wires.

capacitors
80 -
40 C7-360pF
C8 - 600 pF
20 C5 - 180 pF
C6 - 300 pF

inductors
L2 - 3.8 uH, 30 turns.no. 24 AWG (0.5mm) 15
tapped 10 turns from the ground end
L4 - 2 uH, 22 turns no. 2§ AWG (0.5mm) 10

tapped 5 turns from the ground end

LS -1uH, 15 turns no. 20 AWG (0.8mm)
tapped 4 turns from the ground end

C3-120 pF
C4 - 200 pF
Cl- 90pF
C2-150pF

L6 - 0.6 uH, 13 turns no. 20 AWG (0.8mm)
tapped 3 turns from the ground end
L7 - 0.5 uH, 11 turns no. 20 AWG (0.8mm)
tapped 3 turns from the ground end

Note that L2 through L5 are wound on Amidon T50-6 cores while L6 and LL7 are wound on T50-10 cores.

The ARCO trimmers are type 42 or 46 with the values indicated being for resonance. The trimmers, Amidon, and Miller parts are available
from Circuit Speciatists, Box 3047, Scottsdale, Arizona.
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limits. T1 and T2 are wide-band toroid transformers,
while T3 matches the collectors to the base of the final
power transistor.

The final power transistor is a TRW PT5693, which
was my pride and joy when | first acquired it. It is now a
discontinued model but better substitutes are available:
PT5649, PT8710, 2N6081 to name a few. The PT5693

Construction of the power amplifier module. The output tran-
sistor and associated circuitry is mounted on the heatsink at the
left. The large switch selects the correct output network.

is rated at 17% watts for 175-MHz fm. As a linear
amplifier it will provide 10 watts. Forward bias, to
improve linearity, is provided by CR2. When rf drive is
applied, the necessary increased base current is “‘robbed"’
from the diode. CR2 also provides temperature compen-
sation, and should be mounted on the heatsink close to
the transistor.

auxiliary circuits

The alc and receive/transmit control circuits are
shown in fig. 5. Q1, with the base and emitter at +12
volts, is normally off. The positive peaks of the rf are
filtered and applied to the emitter of Q1. The negative
peaks have been clipped by CR3. As the emitter
becomes more positive, the transistor starts conducting.
The gain of Q3 in the ssb generator is then controlled by
this change in conduction level. Transmit control is by
Q3, Q4, and Q5. Q3 and Q4 are normally off with K2
de-energized. Pushing the PTT button turns Q3 on,
applying +12T power to the ssb generator, turning K2
on. To inhibit K2 opening up between characters on CW,
capacitor C1 introduces a delay. In my case 22 uF
worked fine; it may be varied for different dropout
times.

checkout and alignment

| suggest you check each stage individually. As a
minimum you’ll need a vom or vtvm with an rf probe, a
receiver that will tune around 9 MHz, and a grid-dip
oscillator. An oscilloscope and frequency counter will
help, and of course, a source of 12 volts at 3 amperes.
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Starting with the ssb generator, apply power to Q4
and verify there is about 2 volts of rf on the secondary
of T2; adjust the core for maximum, Switch to CW, add
power to Q3 at +12T and connect an oscilloscope to the
secondary of T1. It should indicate about 100 millivolts;
again adjust the core for maximum voltage.

Connect the grid-dip oscillator through a 1 to 2 pF
“gimmick” to the source of Q5, apply +12 volts and
verify that the transistor oscillates with either crystal.
With a receiver connected to the 9-MHz output jack,
apply power to Q6 and Q7 and check for output. It may
be necessary to adjust the turns slightly on L1/L2/L3 for
maximum output.

Turn Q4 off, switch to the 9455-kHz crystal and tune
a receiver to this frequency. Adjust R2, the 10k pot, for
minimum signal. After turning Q4 on again, switch to
ssb, and alternate the adjustment of R1 and C1 in the
balanced modulator, for minimum signal. In some cases
C1 must be connected to the opposite side of the
balanced modulator for better suppression. In my trans-
mitter the carrier was down 80 dB.

With the ssb generator connected to the mixer ampli-
fier module, tempaorarily solder a 47-ohm resistor on the
output of the mixer module. The output of the vfo
converter, as measured at the 150-ohm interconnecting
resistor, should be approximately 0.5 volts. Switch to
CW, set the vfo to 3.5 MHz, and apply power to +12 and
+12T. You should measure at least 1.6 volts with an rf
probe on the output. It may be necessary to adjust the
turn spacing of L1 and L2 for maximum output. Repeat
this procedure for all five bands, making any slight
adjustment necessary to the respective filters.

The power amplifier is normally adjusted for maxi-
mum output. A temporarily-connected rf voltmeter is
used to measure the output across a 50-ohm dummy
load. The respective trimmers, C1 through C8, are
adjusted for each band. At this point the entire trans-
mitter can be interconnected as shown in fig. 6.

Set the carrier balance pot to its midpoint and adjust
R3 in the mixer amplifier module for 200 millivolts on
the secondary of T5. Change to 28-MHz CW and put a
voltmeter in the alc line from the PA module. As the
carrier level is increased you should get 10 watts output
on all bands. Note also that the alc responds. Now,
connect the alc line to the ssb generator. Locate the
62-pF trimmer on the PA module and adjust it for
proper level of alc action — it should limit the output to
10 watts. Switch to ssb and, using a two-tone test or
your mike, verify that this condition also exists.
Depending on your voice quality and language (ltalian
needs lots of alc) you may need to readjust the alc
trimmer. The transmitter is now ready for operation.

reference

1. P. Moroni, I5TDJ, “Solid-State Communications Receiver,”
ham radio, October, 1975, page 32. )
ham radio



Drake Accessories

designed for convenience and accuracy

Drake Directional RF Wattmeters [ )

Drake RCS-4
Remote Coax Switch

* Remotely Selects One
of Five Antennas

* Grounds All Unused
Antennas

* Grounds All Antennas
in Gnd Position for
Lightning Protection

+ Front Panel Indicator
Monitors Antenna

W-4 1.8-54 MHz WV-4 20-200 MHz

Drake directional, through line wattmeters, using
printed circuits, toroids, and state of the art techniques,
permit versatile performance and unsurpassed ac-
curacy, yet at a lower cost.

In contrast to VSWR measuring devices of the past,
Drake wattmeters are frequency insensitive throughout
their specified range, requiring no adjustments for
power or VSWR measurements.

Negligible insertion loss allows continuous moni-
toring of either forward or reflected power for fast ac-
curate tune up and checking of transmitter-antenna
performance.

Indirectly measure radiated power (forward power
minus reflected power) and VSWR by means of a plastic
nomogram included.

Each wattmeter makes possible quick, accurate ad-
justments of antenna resonance and impedance
match, when placed between transmitter and matching
network.

High accuracy; ideal as laboratory instruments.

Removable coupler allows remote metering.

Selection Interval

* Protected Against
Adverse Weather
Conditions

* S0-239 Connectors
Provided for Main
Coax Feed-Line and
Individual Antenna
Feed-Lines

« Handles 2000 Watts
PEP

* Available in 120 V-ac
or 240 V-ac
50/60Hz Versions

RCS-4

$120.00

« Control unit works on 110/220 V-ac, 50/60 Hz, and supplies
necessary voltage to motor.  Excellent for single coax feed o

Specifications W-4 $72.00 WV-4 $84.00
Frequency
Coverage 1.8-54 MHz 20-200 MHz

Line Iimpedance
Power Capability

Jacks, Remov-
able Coupler

Semiconductors

50 ohm resistive
2000 W continuous

Two S0239 input and
output connectors

Two 1N295 power
meter rectifiers

50 ohm resistive
1000 W continuous

Type N input and
output connectors

Two 1N695 power
meter rectifiers

multiband quads or arrays of monobanders. The five positions
allow a single coax feed to three beams and two dipoles, or
other similar combinations. » Control cable (not supplied) same
as for HAM-M rotator. = Selects antennas remotely, grounds all
unused antennas. Gnd position grounds all antennas when
leaving station. “Rain-Hat" construction shields motor and
switches. « Up to 30 MHz, insertion of switch changes VSWR no

more than 1.05:1. « From 30 MHz to 150 MHz, insertion changes

VSWR no more than 1.5:1. » Motor: 24 V-ac, 2 amp. Lubrication

good to —40°F = Switch Rf Capability: Maximum legal limit
+ (5% of reading + 1% of full scale) \ =

Accuracy

* 80-10 Meters

» Antenna Selector and
By-Pass Switches included

Drake MN-4 & MN-2000 Matching Networks

A Drake matching network is a worthwhile addition to any
amateur station where peak performance is desired Basically
identical, except for power handling capabilities, the MN-4 and
MN-2000 enable feedline SWR's of 5:1 to be matched to the
transmitter. If input impedance is purely resistive, even higher
SWR's can be handled. = Besides presenting a 50 ohm load to
the transmitter, the Matching Network’s built in rf wattmeter
allows accurate and continuous power measurement and
VSWR indication. The advanced wattmeter circuitry yields
frequency-insensitive readings from 2 to 30 MHz, and accuracy
until now obtainable only in expensive watimeters.

MN-2000 (2000 Watts)
$220.00

MN-4 (300 Watts)
$110.00

To receive a FREE Drake Full Line Catalog, All prices (suggested amateur net) and specitications subject to change without nolice

please send name and date of this publication to

R.L. DRAKE COMPANY

Western Sales and Service Center, 2020 Western Sireet, Las Vegas, Nevada 89102 » 702/382-9470

540 Richard St., Miamisburg, Ohio 45342
® Phone: (513) 866-2421 » Telex: 288-017

More Details? CHECK — OFF Page 126 april 1977 [ 31



the remote base:

an alternative
to repeaters

Recommended reading
for those wishing

to relieve congestion
on the vhf bands —

a definitive description
of the difference
between remote-base
and repeater stations
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We feel that the case for remote base stations, as op-
posed to repeaters, is a very strong one for those
interested in the advancement of vhf/uhf amateur
communications. In this article we discuss the remote
base-station concept with emphasis on its advantages
over repeaters in today’s crowded vhf/uhf spectrum.

Appreciable differences exist in the technical details
between remote bases and repeaters. The former require
a far more flexible command and control system than
for repeaters, but they are potentially capable of per-
forming many more functions. Furthermore, the remote
base is designed and built with the systems approach in
mind and with an eye toward modernization and expan-
sion, whereas repeaters tend to be limited to one or two
functions and are generally designed as “‘common-
carrier'” machines.

background

Radio amateurs have explored the characteristics of
frequency-modulated communications systems since the
1930s, when Edwin H. Armstrong demonstrated the
feasibility of this mode of transmission.! Initially failing
to win acceptance on the hf bands because of the superi-
ority of ssb in spectrum conservation and weak-signal

By Gordon Schlesinger, WAG6LBV, and William F.
Kelsey, WAGFVC. Mr. Schiesinger's address is 5364
Saxon Street, San Diego, California 92115; Mr.
Kelsey at 13086 Melrose Avenue, Chino, California
91710.



XMTR ¢ RCVR XMTR

RCVR

XMTR RCVR

fig. 1. Evolution of a vhf remote-base station. A typical locally
controlled amateur station is depicted in A. “Extended’ local
control is shown in B in which the microphone, speaker and
control lines are routed from the operating position to equip-
ment located elsewhere on the premises. A wire-line-controlled
remote base is shown in C (transmitter and receiver are located
at an elevated site to increase operating range). A radio-
controlled remote base station, D, is the same as in C except that
the wire link is replaced with a pair of uhf radio channels.

reception, fm entered into general amateur use on the
vhf bands in the late 1950s.

Amateurs associated with the commercial® two-way
radio business (land mobile service) purchased obsolete
police and taxicab radios, retuned them to operate on
adjacent amateur vhf bands, and began to experiment
with the new mode. Having radios that generaily offered
one, or at most two, crystal-controlled transmitting and
receiving frequencies (or channels), local fm groups
quickly adopted standardized channels on which all
radios would be operated. In the uncrowded vhf bands
of those golden days, these few fm channels were placed
well away from existing a-m and CW activity, and the
new fm operators were generally ignored. With pretuned
radios transmitting and receiving on the same frequency
and with effective squelch circuits silencing receiver
noise between transmissions, a natural party-line type of
operation ensued. Thus the very first amateur fm opera-
tions were of a simplex nature — direct, point-to-point
transmissions on a single frequency.

In southern California, the first simplex channels
were established on 146.760 and 146.940 MHz. Since an
a-m repeater (KBMYK) had been in operation at this
time, fm operators saw no need for duplication. Instead
they concentrated on extending the range of their sim-
plex stations. In the mid 1960s several groups of fm
operators established remotely controlled 2-meter fm
transmitters on several southern California mountains.
These transmitters were operated by radio-control links
on the 450-MHz amateur band. Soon thereafter 2-meter
fm receivers, tuned to the transmitting frequency, were
added to the remotely controlled installations. These
early groups of fm experimenters had established base
stations (ie., stations designed to be operated at fixed

*The term ‘“‘commercial radio” applies to a radio originally
designed and manufactured for operation in the commercial
two-way Land Mobile Radio Service and adapted to amateur use.

VHF XMTR > VHF RCVR
UHF UHF
CONTROL- CONTROL-
LINK RCVR LINK XMTR

UHE UHF
CONTROL- CONTROL-
LINK XMTR LINK RCVR

locations), which were on mountains to increase range.
They were remotely controlled and were operated by
uhf radio links. These were among the first remotely
controlled base stations, or remote bases, as they are
more commonly known.

Early remote bases in southern California included
those of W6EYY, WBBSLR, WB6CZW, WBG6LXD, and
WB6QEN. From this beginning the number of southern
California remote bases has increased to over 100 at
present, with a smaller number in northern California,
Nevada, and Arizona, Remote bases have been estab-
lished in other parts of the country though nowhere in
the numbers found in California.

the remote-base concept

While both remote bases and vhf fm repeaters operate
from elevated locations, it should be clearly understood
that a remote base is not a repeater station. Major
differences exist between them in construction, opera-
tion, and licensing; these differences are discussed later
in greater detail. Most important, however, is the differ-
ence in intent of the two stations. Repeaters exist
primarily to extend the intracommunity range of user
mobile and hand-held portable stations, most operators

april 1977 [i§ 33



of which are not owners or control operators of the
repeater. Remote bases, on the other hand, are exten-
sions of the personal stations of their owners and are
operated generally only by control operators.

Fig. 1 presents the evolution of the remote base
concept. A typical amateur station is depicted in fig. 1A;
for the sake of discussion let's assume that it's an fm
base station. The owner/control operator talks on the
local microphone, listens on the local speaker, and
manually turns the transmitter on and off. All controls
are at arms’ length. This has been the typical style of
amateur operation on all bands since the inception of
ham radio.

Let's now assume, for reasons of space limitations,
that.it is inconvenient for the amateur to keep his fm
base equipment at his operating position. Since fm sta-
tions are operated on crystal-controlled, fixed-tuned

Several radios may be instailed at the remote base and operated
through one uhf control station, which avoids duplication of
radios between home and car or between several cooperating
amateurs.

channels, it's not necessary to have direct physical access
to the transmitter and receiver for tuning purposes.
Therefore the amateur may elect to place his base equip-
ment in his basement, attic, or garage, and extend the
microphone, speaker, and push-to-talk lines back into his
operating position (fig. 1B). Many commercial fm base
stations include provisions for doing just this. The
amateur is now operating his base station remotely by
wire line, although for licensing purposes the station is
still under direct control as long as it is entirely
contained within the amateur’s fixed station license
location.
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In fig. 1C we extend the operating range of the fm
base station by relocating it to a higher elevation. It
might be situated at a friend’s house on a hill, on a
mountain top commercial two-way radio site, or on top
of a tall building — all depending on the local geography.
The station is still controlled and operated by wire line,
but in this case the length of the control line is measured
in miles (km) rather than in feet (m). (The technical
details of the control system depend on the character-
istics of the wire-line pair, its length, and whether or not
it is leased from the telephone company). This installa-
tion is now a remotely-controlled base station, or remote
base, and it must be licensed as a remotely-controlled
station. Few, if any, southern California remote bases
are wire-line controlled, but the idea has merit for other
areas of the country where distances and topography
permit.

Now, let’s assume that no wire lines can be run to the
proposed remote base-station location because of
expense, distance, or inaccessibility. It then becomes
necessary to control and operate the remote base by
radio (fig. 1D). FCC rules, (Part 97.109a), require that
radio remote-control links operate on frequencies
above 220 MHz. While some remote bases operate with
220-MHz radio links and a few others use the amateur
microwave bands, the vast majority of remote base
operators have elected to control and operate their sta-
tions through radio links on the 420-450 MHz amateur
band. The reason for this is the availability of high-
quality, surplus, commercial fm equipment designed to
operate in the 450-470 MHz land mobile service band, or
the 406-420 MHz government service band. The former
set of radios can be easily retuned to operate in the
440-450-MHz segment of the amateur 3/4-meter band,
while the latter set converts easily to the 420-430-MHz
segment,

Note from fig. 1D that the control link must be
bidirectional. Speech and control information is sent
from the local uhf control-link transmitter to the remote
base uhf control-link receiver. The information is
demodulated and used to operate the vhf fm transmitter.
Signals received by the remote base vhf receiver are used
to modulate the remote uhf control-link transmitter and
are then recovered by the local control-link uhf receiver.
The entire control link could be operated on a single uhf
channel but this is technically cumbersome. It has
become customary to use separate channels for the uhf
uplink and downlink. Spacing between the two control-
link channels is typically on the order of 5 MHz, a
separation sufficient to allow all uhf receivers to func-
tion properly while their associated transmitters are
operating. Thus full two-way duplex operation of the
control link is permitted; the control operator can
simultaneously transmit signals to, and receive signals
from, the remote-base station.

The locally-controlled fm base station in fig. 1A has
now grown to become the radio-controlled remote base
station in fig. 1D. Fundamentally, however, the only
significant change between the two stations has been the
replacement of three pairs of wires by one pair of
450-MHz radio links: the pair connecting the micro-



phone to the transmitter, the pair between the receiver
and its speaker, and the push-to-talk line pair.

remote-base advantages

To this point we've discussed the concept of the
radio-controlled remote-base station operating on fm
simplex channels. While many southern California
remote bases have been established to do just this, the
description above is actually a restricted view of the
capabilities of remote bases. In point of fact, the
existence of the basic radio link and control equipment,
together with the physical location of the remotely
controlled station, represent a resource that can be
developed: radios of any type of emission on any
amateur band, from 1800 kHz to 10 GHz or higher can
be operated remotely. The remote base, for example,
allows operation of high-power transmitters, such as on
the 50-MHz band, in areas where TVI is a problem. [t
allows operation on any amateur band where antennas
can’t be erected at the control operator's location. It
affords improved operation on the hf bands where space
for efficient antenna systems may be more easily avail-
able at the remote-base site.

A remote base offers the opportunity for a group of
amateurs to relocate all their radios at one central point
while achieving antenna space advantages on hf and
height advantages on vhf/uhf. This relocation includes
not only home-station radios but mobiles as well. All
may be replaced with one uhf radio per location, there-
by saving on duplication of radios among several home
station and mobile installations.

Those remote-base stations that operate on the fm
simplex channels promote spectrum conservation in
several ways. With their extended tocal operating range,
they provide interference-free regional-area communica-
tions. This can relieve congestion on the hf phone bands
by shifting local-area communications to vhf. Because
remote bases operate as simplex stations, each occupies
only one vhf channel at a time {ie., 146.940 MHz)
rather than two required by a repeater (/.e., 146.340 and
146.940 MHz). Additionally, by the nature of the
remote-base design, a control operator always monitors
the channel of operation with a mountaintop receiver
before transmitting. Thus activity on the operating chan-
nel over the entire remote base transmitting range can be
easily detected and inadvertent interference avoided.
The same is true for repeaters only when a separate
receiver and auxiliary link system is used to monitor the
output frequency from the repeater site.

Finally, a remote base usually represents the desire of
a group of active vhf/uhf amateurs to build a communi-
cations system. In deciding to build a remote base, the
constructing group does not require the use of the
limited set of 2-meter repeater channels. This translates
to spectrum conservation. In the southern California
area it would be impossible to fit more than the one-
hundred remote-base groups into individual 2-meter
repeater pairs, even when using 15-kHz channel spacing
and all the simplex channels. While it’s true that each
remote base requires a pair of dedicated channels, these
channels are in the spacious 440-450 MHz region. On a

narrow-band deviation (*5 kHz) basis, this region of the
spectrum contains a potential 200 pairs of channels,
with another 200 pairs in reserve between 420 and 430
MHz.

constructing a remote base

Occasionally an individual will undertake the entire
job of designing, building, and installing a remote base.
He will then either operate it as his own station, or may
invite his friends to use the remote base as co-control
operators. More often, in southern California, at least, a
group of individuals will be formed to build and operate
the remote base, thereby sharing the financial and
technical responsibilities. The following comments,
although addressed primarily to the group-ownership
case, apply as well to single-owner bases.
administrative and technical responsibility. A remote
base is a communications system that contains separate
but intercommunicating radios. The cost and effort to
build and operate a remote base is greater than that
required to operate a home station, so careful attention
should be given to financial and technical responsibili-
ties. One member of the group should be responsible for
handling and reporting finances. Provisions should be
made for one owner selling his equity in the remote base
in the event he must move out of the area. Provisions
also should be made for including new members or
owners. Lack of adequate preparation in this area has
been an historical source of conflict in many remote
base groups.

One individual should be responsible for obtaining
the site for the remote base, which should be the first
task undertaken and completed. When the site involves
rental of space at a commercial two-way radio installa-
tion, it has been found best to have a single individual
from the group maintain relations with the site owner.
One individual will have to arrange for licensing the
remote base, whether it is in his name or in that of a
club station. Additional non-technical duties that may
need to be delegated include a) obtaining supplementary
permits (for example, from the Forest Service, Bureau of
Land Management, local governmental authority) to
operate the station, b) maintaining memberships in
regional amateur radio associations, and c} providing for
fulfillment of public-service commitments.

Technical responsibilities in establishing a remote
base should be divided into design, construction, and
installation and maintenance areas. A single individual
should have overall responsibility for the design of the
entire system, although he may wish to delegate specific
design projects to others. Particular attention should be
given to interfacing between the various subsystems,
such as audio and control signal levels between rf hard-
ware and the control system.

Once original equipment designs are complete,
construction of individual components can be delegated
to group members. Emphasis should be placed on
building for reliability, both in selection of components
and in construction practices. One or two individuals
should assume the responsibility of tuning the rf hard-
ware, integrating the amateur-constructed subsystems
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into the final assembly, and performing on-the-ground
checkout.

Maintenance. When installation of the remote base is
completed, the maintenance team assumes responsibility
for continued operation. These people should be
equipped with the specialized test equipment (watt-
meters, signal generators, frequency and deviation
meters) for servicing fm communications systems.
Inevitably there will be an initial period of system de-
bugging as various design and subsystem deficiencies
become apparent. Frequent trips to repair and service
the remote will later taper off to occasional visits for
scheduled maintenance. At this point the design team
will probably begin work on improved subsystems to be
retrofitted into the existing remote base, or perhaps
better quality rf hardware will be acquired and put into
service. Few remote bases are ever truly “‘completed.”’
Rf hardware. The remote base typically will consist of
commercially manufactured rf hardware and amateur-
built control systems. Antennas may be either
commercially manufactured or home built. In the selec-
tion of transmitter and receiver strips, southern Califor-
nia remote-base groups invariably use late-model
commercial equipment. All or partially solid-state equip-
ment is preferred for greater reliability, although high-
quality all-tube equipment has performed well at some
installations for many years. Receivers shouid have good
sensitivity (fet preamps may be added) as well as
excelient rf selectivity and cross-modulation rejection;
many busy commercial radio sites contain very heavy rf
fields. Vhf receivers and transmitters should be capabie

HF 10~-METER 6-METER 2-METER
STATION STATION STATION STATION
AUDIO
MIXER
UHF TOUCHTONE CONTROL UHF
RCVR OECOOER FUNCTION XMTR

fig. 2. Block diagram of a typical remote-base station. Control
signals from the uhf receiver are decoded in the Touch-Tone
decoder, processed in the control-function circuits, and used to
operate hf or vhf base station. Speech information is routed to
the selected base station through the audio mixer.

of operation on several different channels, so that the
remote base may be switched to operate on whatever
channel the control operator wishes to use. The vhf
transmitters should be capable of moderate power out-
put (30 - 100 watts), and should be free from spurious
output. A remote base operating from an elevated loca-
tion with a few hundred milliwatts of spurious output
will certainly make its presence known.

Commercially manufactured resonant cavities are
often used ahead of the entire vhf portion of the remote
base to provide additional rf selectivity. The uhf remote
base control-link radio should be the best that can be
purchased, since it will be the limiting factor in using
remote base from distant locations. Matching commer-
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cially manufactured 110-Vac power supplies for fm
installations are preferred to home-built supplies since
they provide the exact voltages required, have provisions
for properly interconnecting the transmitter and receiver
to other equipment, and are usually rated for
continuous-duty operation under severe environmental
conditions.
Antennas. Antennas and transmission lines for the
remote base should be selected with regard to survival
under severe weather conditions. Antenna gain, easily
obtainable at vhf and uhf is an additional factor to be
considered. Remember, however, that many ‘“gain”
antennae have major radiation lobes directed at the
horizon; for a mountaintop installation it may be prefer-
able to select antennas that radiate their major lobes
below the horizon. Transmission lines should exhibit the
lowest loss possibie; weak received signals and
expensively generated vhf and uhf power can be lost in
inferior coax. If available, commercially manufactured
Foamflex should be used.
Control systems. Control systems are the heart of a
remote base; they are always amateur constructed. In
southern California they vary in complexity from simple
audio-tone decoders that drive rotary stepping switches
to sophisticated multilevel digital logic circuitry. These
advanced systems allow any piece of rf hardware in the
remote base to be interconnected with one or more of
the remaining pieces in various combinations. Control
systems reflect individual needs and capabilities; space
prohibits giving specific examples.

A control system performs several functions in
addition to enabling transmitters to be turned on and
off. In general, the control system must provide for:

1. Authentication and decoding of the received control
signals,

2. Selection and activation of the required transmitters
and receivers.

3. Selection of specific frequencies to be used within
each transmitter and receiver.

4. Processing and conditioning of audio.
5. Automatic indentification of active transmitters.

6. Automatic timing of transmission length to provide
ultimate shutdown protection should the control link
fail.

Typically, remote bases are controlled by specific
audio tones sent along with speech on the uhf uplink
channel. The use of Touch-Tone* audio encoders for
this purpose has become relatively standard. The control
link usually also contains a subaudible continuous tone
squelch signal (Private Line, Channel Guard, etc.) as a
verification device. Audio-tone decoders, logic circuits,
and audio processors are matters of personal preference
and design, although some circuits have been published.
Timers and [Ders are well documented in amateur
literature.

*Touch-Tone is a trademark of American Telephone and Tele-
graph.



packaging. It is considered good construction practice to
build all control circuits, timers, audio processors, and
identifiers on standard-size edge-connector cards for
insertion into a card rack. Interconnections to the
individual pieces of rf hardware from the control system
are made from the contacts at the rear of the card rack.
Provisions should be included in any control system for
expansion; the use of individual cards for specific
circuits facilitates this goal.

New designs for amateur-built components should be
breadboarded and thoroughly tested on the bench
before being constructed in final form. In testing,
provisions should be made for checkout of the new
designs under conditions of continuous duty in tempera-
ture and humidity extremes. Fig. 2 shows a typical
remote base station,

One other design feature should be included in any
remote base: "'series audio.” This is illustrated in fig. 3.
In a series-audio system, the remote-base vhf receiver
runs continuously, even when the control operator
transmits; his speech is sent from his 450-MHz control
transmitter to the 450-MHz remote base receiver and is
then transmitted by the remote base vhf transmitter.
The vhf receiver remains on, and although not connected
to an antenna during this time, still receives a signal from
the vhf transmitter operating nearby. This signal is re-
transmitted back to the control operator over the
450-MHz downlink. The control operator can listen to
his voice as it is being transmitted on vhf by the remote
base and can verify that the vhf transmitter in the
remote base is being properly modulated. The speech
from the control operator follows a path from the
control-station microphone back to the control-station
loudspeaker, with the remote base vhf transmitter and
receiver in “‘series” with the duplex control link.

operating a remote base

What can be done with a remote base is limited only
by the imagination and ingenuity of its owners. First and
foremost, however, southern California remote bases
operate on the area’s simplex channels: many can be
heard on 146.940 and 146.760 MHz. This is the histori-
cal rationale for the establishment of a remote base; and
in fulfilling this function, remote bases have helped to
remind fm operators — in a time of rapidly expanding
numbers of repeaters — that much good work can be
accomplished on a point-to-point simplex basis. Occa-
sionally a remote base will be used to transmit bulletins
of interest to the regional fm community on 146.940
MHz (a channel that every fm operator can monitor).
With their height advantage, many southern California
remote bases can be heard from Santa Barbara to the
Mexican border; they provide an invaluable resource for
tying together an entire region by radio.

Because of the large number of remote bases in
southern California, an agreement has been reached that
use of the 146.460-MHz simplex channel will be limited
to an "intercom’ channel among remote bases. This
allows two or more remote bases to avoid monopolizing
146.760 or 146.940 MHz, which would prevent mobiles
and home-base stations from using these channels. This

arrangement has worked well in practice. A number of
remote bases also have provisions for operating on
52525 MHz and 29.600 MHz, the National simplex
frequencies for these bands.

While it's possible to equip a remote base to transmit
on a repeater input channel and listen to the corres-
ponding repeater output channel, such practice is not
often done. An exception would be where the repeater
to be contacted is so far from a majority of the remote
bases’ control operators that they couldn’t transmit on
vhf directly into the repeater from their locations.

Several remote bases have been equipped with hf ssb

Control system for the remote-base station of WABZOI. Card-
rack construction is featured. A typical edge-connector card,
containing one circuit element, is shown in the lower-right
corner.

transceivers. Notable was the former WABZRB remote
base, which contained provisions for transmitting on 40
meters including remote tuning of the transceiver vfo.
The remote was often used by control operators to
check into the WCARS net.

Many remote bases contain autopatches. The use of a
remote base for this purpose is particularly fortuitous
because it removes the autopatch operation from
repeaters in the busy 2-meter band thus reducing conges-
tion and increasing repeater availability for mobile users.
Generally, because of nonavailability of telephone lines
at the remote base site, a special pair of auxiliary link
channels operating in the 420 - 430 MHz region are used
to transmit control-link audio from the remote base site
to a telephone ground station at a convenient location,

Many remote bases contain auxiliary uhf radios,
which link to other remote bases in other areas. Often
two or more remote base groups will enter into recipro-
cal operating agreements, so that by means of the radio
links the members of one group, transmitting through
their own remote, can control and operate the other
remote bases. For example, the Gronk Radio Network
can be activated so that stations in southern California
can talk to and operate through remote bases in central
and nothern California, and in Nevada and Arizona (and
vice versa). This is an area where advanced fm operators
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are awaiting FCC rules and regulations to catch up to the
state of the art.

Several remote bases contain special functions, such
as telemetry of prevailing environmental and equipment
conditions at the remote base site, or television surveil-
lance of the site.

Remote bases have participated in emergency
activities. With their great range and ability to contact
virtually any fm-equipped amateur through vhf simplex
channels, they provide a natural focus for emergency
and disaster operations. Of particular note is the partici-
pation of remote bases in the rescue effort after the San
Fernando Valley earthquake of 1971.2 The use of
remote bases to relay traffic accidents and other
emergencies to public service agencies is a common
occurence.

licensing

Before adoption of Repeater Docket RM 18803,
remote bases were routinely licensed by the FCC after
the required showings had been submitted. The FCC,
then as now, wanted to be convinced that the remotely
controlled station would not be tampered with or
operated by unauthorized people, and that provisions
had been made for automatic shutdown of the trans-

VHF 0w VHF
XMTR RCVR
SIGNALX
REMOTE-gaSE LEAKAGE
STATION

UHF UHF
CONTROL - CONTROL-
LINK RCVR LINK XMTR

DUPLEX
RADIO LINK

F1 F2

TRy co#?;or. cmw;o
TATION - L=
STATIO LINK XMTR LINK RCVR

fig. 3. Remote-base station except for series-audio feature. All
transmitters and receivers operate simultaneously. Speech
information travels from the controi-operator’s microphone
through the remote base station, then back to the control-station
speaker.

mitters should a failure of the control link occur.
Remote-base licenses could be single “additional sta-
tion’’ licenses, or primary-station licenses with authoriza-
tion for remote control. Control operators required no
special licenses but were listed as control points on the
remote base license.

Southern California remote-base operators became
concerned with the status of licensing after the adoption
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of RM 18803. Apparently under the misapprehension
that only a handful of remote base licenses would be
requested, the FCC devoted its time to the increasing
number of repeater applications. But along the way,
they released a set of “interpretations’” of the new Part
97 rules, which completely changed the nature of
remote-base operation.

The interpretations included a requirement for a) the
licensing as auxiliary-link stations of all uhf transmitters
that carry speech to and from the remote base, b) the
licensing as contro! stations of all uhf transmitters
sending control information to the remote base, and c)
the use of separate ubhf frequencies for remote base
speech and control uplink channels, A subsidiary effect
of these interpretations was to declare as “illegal’’ the
operation of the remote base from portable and mobile
locations since, by definition, auxiliary links must
operate between two fixed points. The FCC has since
dropped the requirement that separate channels must be
used for speech and control uplinks.

Nevertheless, remote-base operators are faced with a
cumbersome and expensive licensing procedure and with
operating restrictions more severe than those before RM
18803. The current licensing procedure, under which the
FCC is processing and issuing remote base licenses, is as
follows:

The mountaintop remote base must be licensed as a
“secondary station’’ or “‘club station.”” This basic license
covers the hf and vhf portion of the station; an
“auxiliary link’" license is required to cover the uhf
down-link transmitter. Both privileges may be combined
on a single station license for a single application fee.
Each control operator must modify his primary station
license to include both “control station’’ and “auxiliary
link”" privileges; this also can be accomplished with one
application fee. The FCC has deleted the requirements
for submitting many parts of the required showings,
making them instead a required part of the station log.

During the ensuing years the FCC has come to better
understand the remote base concept, and has shown
increasing willingness to allow remote base {and also
repeater) licensees more latitude in the operation of
their stations. Docket 21033, which is based in part on a
Rule Making petition by the authors of this article, if
adopted, will grant essentially complete freedom to
operate remote-base stations in the traditional ways
described above. For example, Commission restrictions
against operation of a remote base from portable and
mobile control locations will be eliminated, licensing will
be greatly simplified, and the distinction between the
remotely controlled base station {with its associated
control operators) and the true repeater will be clearly
drawn. Southern California remote base operators are
generally pleased with the contents of this Docket, and
are looking forward to increased flexibility and freedom
to innovate.

Remote bases are completely different in intent and
operation from repeater stations. Repeaters are operated
to extend the communications range for operators of
specific mobile and hand-held portable stations inter-
ested in communications among themselves. Remote
bases are operated as extensions of the owners’ personal



View of the WABZOI remote-base station. Equipment includes a
50-MHz base station, 450-MHz receiver, power supplies and
control system. The station is located on Johnstone Peak in
southern California.

stations for purposes of communicating with al/l amateur
stations. Almost all users of repeaters are not control
operators, and the act of activating a repeater by trans-
mitting on its input channel is not an act of controlling
the repeater. Repeater control station operators are
responsible for activating the station to repeat the
transmissions of other amateurs and for suspending
operations in the event that FCC rules are not complied
with. By contrast, in southern California, every user of a
remote base station has been a control operator. The
remote base must be commanded by the control opera-
tor through the uhf radio link to operate for each
transmission; it is not designed to automatically re-
transmit signals.

The comment has been made that, because the opera-
tion of a remote-base station involves speech transferred
between hf-vhf and uhf frequencies, the remote base
operates as a crosshand repeater. From the discussion
above it should be clear that the remote-base station
does not fit the basic definitions of a repeater. The act
of monitoring a vhf channel through the remote-base vhf
receiver and uhf downlink channel is not an act of
repeater usage. The system could be used as a crossband
repeater if a) two nonremote base simplex stations were
to transmit on a channel being monitored by a remote

base, and b) each were to listen to the other through the
remote base 450-MHz downlink instead of directly on
the vhf channel. In practice this seldom happens; if it
should happen it is the responsibility of the remote-base
control operator to suspend operations on that vhf
channel,

It is our feeling, which is shared by a majority of
southern California remote base operators, that liberali-
zation of the present FCC rules (and interpretations of
these rules) is required. ldeally each remote base could
be licensed as a remotely controlled station, with one
license covering the entire mountaintop station including
the uhf radio links. Each user would be required to be an
authorized control-station operator, having control-
station privileges added to his primary station license.
There would be no limit to the number of control
stations that could be conveniently licensed including
other remote base stations operating as control stations
(many remote bases have 15 control operators at
present). The control-station license would confer the
privileges of both controlling and operating the remote
base and would be usable in portable and mobile opera-
tion in addition to its customary fixed-station use. Were
these proposed changes to be adopted, remote-base
operators would achieve more flexibility to innovate in
the amateur vhf and uhf bands.

conclusion

For those vhf/uhf-oriented groups wishing to expand
their interests from individual circuits and individual
stations to building an entire communications system,
the remote-base concept has several advantages. It offers
the chance to experiment with systems engineering — to
design and build a system constructed from individual
pieces of equipment. The final system can reflect the
designers’ needs, wishes, and abilities, rather than the
standardized requirements of the marketplace. The
remote base offers reliable, interference-free local com-
munications capability on the vhf bands, thus helping to
relieve congestion on the crowded hf bands. It abolishes
the need for duplication of radios between home and
car, or duplication among several cooperating owners,
and permits the establishment of high-power transmit-
ters and large antennas at the remote-base site. It fosters
spectrum conservation on popular bands by removing
the requirement for dedicated repeater channels, substi-
tuting instead the need for a dedicated pair of channels
in the far-less congested 420-450 MHz band. It promotes
the use of simplex communications, thus reducing the
load of busy repeaters.

Southern California amateurs developed the remote-
base concept more than ten years ago. It has proved to
be a useful adjunct to the amateur vhf community. We
look forward to its adoption in other parts of the
country,

references

1. Thomas McMullen, W1SL, FM and Repeaters For the Radio
Amateur, ARRL, Newington, Connecticut, 1972, page 7.

2. "The Southern California Earthquake,”' QST, June, 1971,
page 60.

april 1977 8 39






graphical aid for

winding rf coils

You'll find this
family of
parametric curves
indispensable when
designing

small inductors

for rf work

Winding a small inductor can be frustrating and usually
involves several trials. Here's a simple graphical method
that will produce accurate inductance values on the very
first try. Carbon composition resistors, % through 2
watts, and standard-size coil forms up to % inch
(12.5mm) diameter are used for winding the coils.

literature methods

The usual method for winding coils is to use
Wheeler’s approximate formuia
= 727!2

9r+ 101

where L = inductance (uH)
r = coil radius (inches)
I = coil length {inches)

(1)

If all dimensions are in millimeters, eq. T becomes

0.0394r2n?
9r+ 101

These formulas are accurate with one percent for | >
0.8r (i.e., if the coil is not too short).! The procedure
for winding the coil is described in The Radio Amateur’s
Handbook and several other publications. It usually
involves the solution of Wheeier’s formula for n, search-
ing a wire table for a suitable wire size, then spacing the
wire along the coil form to get the required number of
turns in the calculated coil length. Also coil inductance
slide rules are used such as the ARRL Type A Lightning

L(uH) =

By Earl Palmer, W7POG, 17510 Military Road South,
Seattle, Washington 98188
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