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The world’s
broadesi line of
.-Ilnears now boasts...

clways dreamed of owning.

2KD C!c:ssu:

HF ampilifiers. .80 thiough 15 meters
(10 meters included on export models)

The’ AKD-5...1200 watt desk model 5695
aNew!

The 2KD CLASSIC.. 2000 waitt desk rmodel,
We challenge you to find o better desk
model for even athousand dollars more.
5980

The 2K CLASSIC The latest and best
version of the console that made the
name "2-K” famous around the world.
$1208

‘5\4‘?""!

The 2K CLASSIC “X" We can’t think of any
way fo make this magnificent 2000 watt
amplifier better. Rugged..durable..the
last ampilifier you may ever need to buy.
$1790

oice of ten
superb amplifiers spanning the -
spectrum from 3.5 MHz to 450 MHz.
The most dazzling display of value
and performance the omofeur
world has ever known.

Here they are! Tredif yourself to the kind of amplifier vc;" [ale 15

The 3K CLASSIC uses the sdp
8877 tube. More than 13 db._ggin. We
belisve the 3K to ba the finestarmateur
linear available anywhere. $2695.

The 3K CLASSIC “X" version avaiiable for
export and  military cus‘romers only.
$2895

The 4K ULTRA A general coveroge .

generd! purpose amplifier for
commercial, military, scientific and
export customers. Not for sale io
amateurs in the UL.S.A. 54500

Ternpo 2002, 2004
2008 gimilar In appearance

Henry fadly

. "JFW,

9&1 N. Euclid, Anahelm
Butler, Missouri 64730

2K Classic, 2K Classic XS
ond 3K Classic sirilag

For VHF and UHF:

The TEMPO 2002 for 144-148 i
2000 watt workhorse  of the t2.
band. 51095 |
New! :
The new TEMPO 2004 ofiers 2000
input at 440 mMz. Few amateurs H

éver seen an amplifier capable o
poweared UHF, 51205

The TEMPO 2006. The same: relidble
design for 50-54 mHz. (For exporr ohly}
$1095

All three models: 2002, 2004 and 20045
are alse available on frequencies
autside the amateur bandsand are part
of @ unique line of high power
commercial, industrial and  scientific
amptlifiers and transmitters for
communications, plasma-generation:
nuctear magnetic resonance. heating
and other special applications. Let us
know what your requirements cre. Wa're
here to help both in the USA and
throughout the world.

92801 714) 772-9200

816} 679-3127

2050 8. Bundy Dr., Los Aggeles CA 90025 §213§ 820-1234

TOLL FREE DRDER NEIMBER: (800) 421-6631
For all states except California.
Calit, residents pleage ¢all colisct an aue ragular aumbers.




Message processing is now available forradio communications
systems. The MPT3100 is a complete up-date of the popular
HAL DS3100 RTTY terminal, adding the ability to store RTTY
messages, edit them, and retransmit them singly or in preset
groups. ALL of the previous features of the DS3100 and
MSO03100 are retained and new mailbox commands are includ-
ed. The editor may be used with any file that is stored. The
MP73100 includes ASR (Auto Send-Receive), MSO (Message
. Storage Option - “mailbox”), and TRO (Traffic Relay Option)
' modes. The MPT3100 is a new software package that works in

NEW FEATURES OF MPT3100:

ANY DS3100 with MS0O3100 circuit board. Some of the fea-
tures of the MPT3100 are:

& Automatic storage of all received text in files separated by the standard “NNNN" terminator {TRO-REC mode)
& Full editing capability of all files stored by mailbox (MSO} or by TRO storage

@ Editor allows insertion or deletion of text in any part of a stored message - 15 keyboard edit commands

@ Editor may be used even while recelving, transmitting, or storing messages - even when MSO mailbox Is in use
@ Files may be renamed, created in the editor, cut into sroaller files, and deleted with keyboard commands

& Message files may be transmitted singly or in batches

& Transmitted messages may be serial-numbered automatically
@ The full format requirements for NAYV MAR COR MARS NTP-8(4) are supported
& New TRO commands include: RXON, RXOFF, DIR, SEND, STOP, RESUME, RESTART, EDIT, CUT, CREATE, QUIT,

RENAME, DELETE.

& On-screen status indicators show: TRO mode; bytes of memory remaining; file names being recorded, transmitted, and edited
@& MSO mailbox .SDIR directory command revised to shorten time required for transmission
@ New .DIR [filematch] and .SDIR [filematch] mailbox commands give listing of only file names that include [filematch]

@ Programmable “header ID” for each mailbox transmission

MSO Mailbox Features:

% Programmable MSO call-up commaned

@ Mailbox may be controlled by external station to store message
files, read files, delete files, and list the file directory

& D53100 operator may perform all MSQ operations on the key-
board without transmitting

& Mailbox transmissions include user-prompting and automatic
CW and RTTY indentification

% HELP messages are provided to assist the new user in opera-
tion of the mailbox

@& All mailbox messages stored may also be edited, renamed, and
fransmitted using TRO commands

® MSO commands are: .DELETE, ,DIR, .DIR [filematch],
.ENDFILE, FILEHELP, .HELP, KY10ON/QOFF,
KYZON/OFF, PRINTON/OFF, .QBF, .READ, .RYS,
.SDIR, .SDIR [filematch], .WRITE

DS3100ASR Terminal Features:

@ Send and receive ASCII, Baudot, Morse codes

® ASCII or Baudot at 45, 50, 57, 74, 100, 110, 134, 150, 300,
600, 1200, 2400, 43800, and 9600 baud; full or half duplex

# Morse code at 1 to 175 wpm

@ Full length 72 character line / 24 line sereen display,

@ 50 line pre-type on-screen transmit buffer

@ True “ASR” operation - pretype transmit text while receiving

& 150 line receive display buffer

® MSO 3100 adds 32K bytes of additional storage

% 12 inch, P31 green display built-in

@ Control functions are clearly marked on keytop

@ On-screen status indicators with real-time indication

@ Upper-lower case ASCIl with ALL control codes

@ Current loop or RS232 RTTY input/ouiput

@ Positive and negative Morse key outputs

@ ASCII printer output prints Baudot, Morse, or ASCI text

& Operates on 105-130 / 210-250 VAC 50-400 Hz power

WHEN OUR CUSTOMERS TALK, WE LISTEN — and we have been listening. Rather than making a proven product
obsolete — a product that is well known and respected for its reliability and capabilities — HAL has completely re-
written the software of the DS3100 to offer the features that our communications customers have been asking for.
A full year in the preparation, these are features that could only be designed by people who know and operate RTTY.
Best of all, ANY DS3100 can be modified at the factory to include the MPT3100! In marked comparison to other
radio equipment that is made cbsolete by new models every 6 to 12 months, the DS3100 lives on —a full 4 years af-

ter its announcement.

]HAL COMMUNICATIONS CORP.

BOX 365
URBANA, ILLINOIS 61801

If you are really serious about your RITY, look to HAL, your
REAL RTTY company.

Please write for even more details about the MPT3100 Mes-
sage Processor Terminal. Cail your dealer or HAL for prices and
how to get a new MPT3100 or tc arrange for modification of
your present DS3100.
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ICOM IC25A

More Features Per Square

Inch!

o e 2088 m 005

The smallest 2 meter FM
mobile on the market (only 27H
X 5%"W x 7"D) is now even
easier to read and use with a
green LED readout and a
compuact touchfone/scanning
microphone.

1C-HM14
MIC

[COM Amesica, Inc., 2

g Memories. Instont dccess
to most frequenc R A
inforrmation is fransferred o the

ted memory by pushing the

wiite button,

Prioriiy Channel. 4ny
memory channel may be
rnonifored for activity on o
§ i erv 5 sec,onds

onducted on a VRGO freguency.

NOR/REV Capability. Lse of
this buttan in the duplex mode,
dllows one tauch monitoring of
the repeater input fraquency. |If
simplex operation Is possible you
will know ingtantly.

New HV14 Microphone.
Srnatlfer and lighter. . . the HWMI14
microphong provideas « 16

huttan touchtone® pad as wall
up and down scon buttons,

dditional tones for
repeater control

The Most Compact FM
Maobiles on the Market. Fifs in

the srallest of places, Stoacking,

rnafehing Mabile Mounts for
nplete mobile communi-
ations for vour car. This allows
the 25 wott IC-25A and its
rnetching UHF companicn, the
1 wortt 1C-458A, to maount in one
vanient package.

$canning. Pushing the 5/8
hutton iniliates the scan
circuitry. With the mode switch
in &1 memory position the unit
will scan all 5 memaras plus the
2 VRO frequencies. With the
modde switch In o VRO position,
the unit will scon the entire
band or the portion of the band
defined by memories 1 and 2,

Full band scan or proagram band
woan Is selected fom the front
panel and internally swifched
scanning choices of adjustable
detay period after a carrier is
ived then resume scan, o
eSUME N carrier drop, e

Memoty Backup. When the
optional 1C-8U1 backup power
unit 15 installed on the bhack of
the IC-264 or iC-454, mamary
will ba maintained while
Trc: ferring fhe unit from power
s to power source. If the
uRit is not remaved from power,
it will mainiain memory aven
iwheo]n Turﬂec:l off with ar wirhout

he [

The World System

72412-116th Ave NE, Bellevue, WA 98004 (206)454-8155 / 3031 Towerwaood Drive, Suite 307, Dafles, TX 75234 (214)620-2780

Al stared speaicanans are appraxamare and subject 1o change without natice or obigation. AlF ICOM radios significantly exceed FUU requlanons minng spunious ernisstons.
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Up early one morning,
Associate Technical Editor
K1TD came across this lovely
sunrise over the W1AW
antenna farm. Your antennas
may or may not be as
photogenic, but they're car-
tainly worth paying attentlon
to, especially at this time of
year. The articles baginning
on pages 16, 33, 36 and 38
provide some timely reading.
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The WELZ Family of Communications Accessories

Come to the WELZ for Station Accessories.
WELZ Co., Ltd., is the source for top quality,
superior performing, affordable products to
compliment the mainstay radio equipment in
your station. Increase the versatility of your
station with WELZ Wide-Z Sensor™ power and
V.5.\W.R. meters, precision 50 ohm terminations
with bandwidth to 1300MHz, EMP surge pro-
tectors, termination wattmeters and more. The
unique features and solid performance of WELZ
products make you more comfortable getting
maximum performance from your station. The
products in the photo and listed below are just
some of the WELZ family of products. Send QSL
for full catalog and see us at the Dayton
Hamvention, 1983.

1 & 2 —— Duplexers (DI-22C & DF-72W shown| WELZ produces a series of these
“littie black boxey” tu permit operauon on any twe of several bands from HF thry
“49MH2. 5235000 depending on madel 3 — LX-T0PF AL Fower Meter, line filter
arud switth Box Ior arganizng your shack and taking the trash off of the AC Mans
38200 4 — RS-120 Non Interniptatile Power Supply vath battery charger terminals
and 10 amp capacity. when used with ausiiary battery. 3210.00 5§ -~ SP-.280 most
economical 18-50MHz, 2KV wattmeter & V9w R Meter is perfect for your tam-
shack Mas < 0.06db nsertion and 3 watt sensitivity. 575 00 & — SP-800 VHF-UHF
1 30-500MHz inline type WwWattmster Very good accuracy (10%) has 57200150 watr
scales Has N type connectors, SI0A.00. 7 - SP-300 HF -VHFAUHF Three Sensor
wAttmeter up o 1 KW HF- 200 VEFAIRF Three power levels, 10% aguurdcy anod
axcelient sensipaty. 315000, B — SP600 our best Three " Wide 2 Sersar 2KW

05T

Feswer Meter Tor HE-VHE-LIHF serisor 1 s 1.6-S0MHz at 2KW, sensor 21s 1.6-150MHz
at 200/, sensor 3 18 130-500MM2 &t 200 watts. These three sensors allow moniroring
ub exciter drive and amplhier mput V.5 W.R. amplifier output and antenna v W R anet
preer and VS WLR, on the VHEURF station ak the touch uf a tinger withowur changing
cables or “slligs.” 3TAT00 9 — SP200 the tingle efemant 1KY but 2 antennas for
HF opetation 1LB-160MHZ Wide-Z Senset gret pertormance, style for she hamshack
$107.00. 10 — TP-286G S0MHZ to 13G0MH2Z fermmation Power Meter compact fast
BCNNG 5% watmeer 15 ideal tor up 10 15 watt urits, 21000 11 — TP-OBX
S0-500MHz Handheld performance raeter. Built i BNC connector fits an most hangd-
heids Tells if TX mup tospees 7100 17 - S0-40X | A2 HEOMHz Pocket Size umt #or
corvenient field of shack use Handles 1p to 200 wartts, 1% accuracy $3700 14 &
15 — CA-BSA & CA-23IN Coaxtal FMP Surge Protectnrs contai the latest chang-
able chip technalogy for surye pratection, Handle 300 watts W tu S00MHZ with low
IRertinn Ioss, A5A-32700, 2AN-126.00 16 CT-300 1I0W Wide Band Ol tess
Alrcooked Dummy DC-250MHz handles 1KW tar 3 min. ared 300 Watts CGnpmious.
568,00 17 — €T-1%0 400w Wide Bank Ol less Aircoaled Duinmy DC-250MHz has
gold plated SC-239 Less than 1,171 up 1o 250MHz. $36.00. 18 - CT-13N [5 war
C-400 MHz Dummy Load gold plated type "N connector, S0 watt peak power |2
b VSR <) 1T 32100 19— CT-1BA 15 Watt DC-S00MHz Dummy Load_the
waork horse around any shack. S0 walts peak |3 minl, VSWR, < T2 1 5702 20 &
21 - CT-03N & CT-X0G DC-1I00MHz Dummy Loads CT-O3N 3 watts, ow
WVSWR ~ 1. 1.1 at L 3GHz JO3N] — 347 00 (205G} — $123 040

Distributed by
Encomm, Inc.

2000 Averpe G, Suite 800, Plany, Texas 75074

Phone (214) 423-0024 TLX 79-4783 ENCOMM DAL




AMS-147
ATS-147
AMS-7En
ATS-220

ply

The best combination of gain,
bandwidth and low angle radiation
for simplex or repeater operation.

Quick easy assembiy and installation

Mount anywhere with compact dimensions and neat
appearance

Proven performance and durability in all environments
Complete FM band coverage

One year warranty

Cushcralt antennas created the FM antenna revolution by
making the best performance and value available to every
ham. We continue to set the pace with & broad line of
antennas for every FM appiication Tune across the band
and vou wifl find the overwhelming maiority of hams using
ane, two, or more Cusheraft antennas, The reason is very
simply that they are the best. Now is the time for vou to
enjoy the vaive of a Cushcraft antenna. See your nearby
dealer today.

RINGO RANGER {I

ARX-28 134-164 MHz
ARX-2208 1-225
ARX-4508 435-450 MHz
RINGO RANGER

ARX-2 154-164 MHz

e

RINGO

AR-6 50-54 MHz
AR-2
AR-10
AR-220
AR-450

MOBILE ANTENNAS

144-148 MHz  Magnetic Mount
144-148 MHz  Trunk Lig Mount

220-228 MHz - Magnetic Mount
#220-225 MHz - Trunk Lip Mount

| YAGIS

A147-4 145 5-148 MHz 4 Element
Al47-11 1455148 MHz 11 Element
A147-22 1455148 MHz 22 Element

= Z14-FB 1455148 MHz 14 Element

A220-7 220-225 MHz - 7 Element
A449-6 440-450 MHz & Element
Ad49-11 440-450 MHz 11 Element

CROSS YAGH

FOR CW/iSSE and FM

A147-20T  144-148 MHz Horizontal
145.5-148 MMz Vertical

CORPORATICN

THE ANTENNA COMPANY

48 Perimeter Road, PO. Box 4480
Manchester, NH O3108
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“DX-traordinary”...
superior dynamic range,
auto. antenna tuner,

QSK, dual NB, 2 VFO’s,
general coverage receiver.

A superlative, high-performance,
all solid-state HF transceiver,
that covers all Amateur HF
bands, and incorporates a 150
kHz to 30 MHz general coverage
receiver having an excellent
dynamic range.

EH-4308 FEATURES:

* 160-10 Meters, with 150 kHz-30
MHz generad coverage receiver
Covers all Amateur frequencios,
plus WARC, on SSB, CW, FBK,
aned AM. U conversion digital
PLL eircuit.

s Excellent receiver dynamic
vange. Typical two-tone dynamic
Farde, 1000 dB (20 meters, H0-kHz
spacing, 500 Hz CW bandwidth). «

* All solid-state 28 volt operated
tinal amplifier. Lowest IM distar-
tion. Power inpuf 250 W on

LW
“Digital DX-terity”...
General coverage,
Superior dynamic range,
2 VFQO’s, 8 memories,
Scan, Notch, COMPACT!

Combines compact styling with
state-of-the-art circuit design
and performance.

TH-4308 FEATURES:

* 160-10 meters, with 150 KHz-30
MHz general coveragde receiver,
Covers all Amaieur frequencies,
plus WARC. (P-conversion
digital PLL cirenit,

* ISR, LS, CW, AM, and
FM loptionad) all made.

= Uompact lightweight desogn,
omly 10-5/8 (R70W x 3-3/4 (96)
H s I0WTIB 1278 11, inchtes (mmy;
only 14.3 1bs. 6.5 kgl

= Buperior receiver dvnamic range
with Dyna-Mix high sensitivity
direct mixing system.

L

SEB/CW/FSK, 80 W on AM.
SWR/ Power meter.

Available with AT-230 automatic
antenna tuner buff-in, ur as @0
option. Covers 80-10 meters,
including WARC bands.

= CW full break-in, CMOS logic [C,

plus reed relay. Switchabie to
senl break-in.

Dhal digital VFO's, 10-Hz steps,
includes band information.
Eight memory channels, Stores
frequency and band data,
Internal battery memory hack-
up, est. Iy lite. (Battery not
Kenwood supplied.)

Dual mode noise blanker, NB-i,
with threshold cantrod, tor
“pulse” noise. NB-2 for
“woodpecker”

¢ 558 [F slope tuning, allows
independent adjustment of the
iow and/or high frequency
slopes of the IF passhand,

* CW VBT and piteh rontrol, VBT
tunes oul interfering signalks. CW
piteh cuntrot shifts IF pass-band
and beat frequency. "Nartow-
Wide™ filter switch.

+ Tuneable, peak-tvpe audio
filter tor CW.

* AL power supply built-in.

* Fluorescent tube digital dispiay
1100 Hz resolution, mnditiable to
10 Hzl with digitalized sub-seale,
In 20-kHz steps,

* RE speech processor,

* Une year limited warranty.

10~ Hy step dual digital VEO's,
Operate independently, include
band and mode information.
Mial torgue adjustable. Step
swilch for 10-Hz or 100-Hz sieps.
A=B switch shifts "B” VF( to
*A7 VRO freguency and made, or
vice versa, VRO LOCK switeh.
RIT for VFO or memory. LIy
DOWN manuat scan with
aptinnal UP'DOWN microphone,
Eight memories store frequency,
mnde, and band data. #ith
memory slares RX/TX fre-
yuencies independentiy.

Lithium battery memory back-up.
(Fsh 5 yr, life))

Memory Sean,

Prograutunuble sutomatic band
sean width.

¢ |F shift circuit for minimum M.

¢ Tuneable noteh tiller, baslt-in,

* Narrow-wide tilter selection on
SEH, CW,AM (iler uptionad.

¢ Speech processor, buil-in.

» All sofid state. input rated 250 W
PEP on §5%B, 200 W DC on CW,
120 W on FM (nptionall, 60 W on
AM. Uperates on 12 VDU oron
120 VA, or 2200240 VAC with
wptional P5~330 AC power
supply.

» Flnovescent tube digital display
indicates frequency to W0 He
110} Hz rroditiable).

* All-mode squeleh aircuit, built-in.,

* Built-in noise hlanker

* RF attenuator (20 dBL

* VOX circuit, plus semi break-in
with side-tone.

KENWOQOD

TRIO-KENWOOD COMMUNICATIONS

1111 West Walniit, Comstan, Cabufarmiz Q20

* S5B monitor circuit,
Qptional Accessories:

s AT-930 Auta. antenna tuner,

e SP-930 External speaker with
selectable audio filters.

* Y4551 (H00 Hzl or
Y(-455CN-1 1250 Hz] plug-in
CW filters for 455 kHz IF.

* YK-A8C-] (504 Hzl OW plug-in
fitter for 8.8:3 Mliz IF,

» YK-88A-1 16 kiizl AM plug-in
fitter for 8.83 MHz IF.

* S04 comniereiat grade TCXO,

* MC-60A deluxe desk micro-
phone. S-pin, with pre-amplifier,
LIPDOWN switches.

Optional accessories.

¢ I'S-130 compact AC
power snupply.

* PS-30 or KPS-21 AC supplles

s 5M-130 external spraker

* MB-430 mobile mounting bracket.

« AT-130 comparct andenna tuner,
BO-10 m, inel. WARC

» AT230 hase antenna tuner,
160-10 m, incl, WARC

* EM-4:30 FM unit.

o THR-ARC 1B Hy) or YR-88CN
1270 Hz CW filters,

* YK-BASN (1.8 kiizl narrow
S flter

» YK-HAA (6 kHTz] AM filier.

* MO-425 TTP/DOWN hand
iicrophone.

*» MC-60A deluxe desk micro-
phone, UP/DOWN switch.,
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All mode (FM/SSB/CW) 25 watts, plus...I1!

The TR-9130 is a powerful, yet

compact, 25 watt FM/USB/LSB/

CW transceiver. Available with

a 16-key autopatch UP/DOWN

microphone (MC-48}, or a basic

UP/DOWN microphone.

TR-9130 FEATURES:

e 25 Watts RF putput on all
modes, [FM/SSB/CW).

* FM/USH/LSB/CW all mude.
Seleciable tinting steps of
100-Hz, | kHz, 5-kHz. (0-kiz.

* Six memories, On FM, memories

1-5 for simplex or 2600 kHz
offset, using OFFSET switch,
Memory 6 for non-standard
offset. AH six memories mav be
simplex, any maode.

* Memory scarl.

¢ [nternal battery memory back-
up, using 9 ¥ Ni-Cd battery. {not
KEENWOOD supplied). Memories
are retained approx, 24 hours,
adequate for the typical move

oy

from base to mobile. External
back-up terminal on the rear.
* Automatic band scan.
* Dual digital VF('s,
« Transmit frequency tuning
for OSCAR operations.
* Buelch circuit for FM/SSB/CW,
* Repeater reverse switch.
* Tone switch,
* W semi break-in; sidefone.
» Compact size und lightweight,
» Covers 143,9 to 14899949 MHz.
* High performance noise blanker.

?0 CM SSB/CW/FM

transceiver

s Covers 430-440 MHz, in steps
of 100-Hz, I-kHz, 5-kHz, 25-kHz
ar 1-MHz,

s
S58 10 W.
* Autormmtic band/memory scan.
Search of selected 10-kHz seg-
ments on S5B/CW.

+ & memory channels.

W-FM Hi—10 W, Low—1 W.

s HILOW power switch. 256 or B
watls on FM or CW,

* RF gain cantrol, = RIT circuit

Optional accessories:

* KMS-TA AU power supply.

» 5200 AC powver supply
[TR-9500 only).

* BO-OA system base with
memory back-up supply.

* SP-120 external speaker.

« TK-1 AC adapter for memory
hack-up.

* 25 watts RF autput power, with
HILOW power switch,
* Five memories, Simplex ur

or PTT switch on mticrophone
cancels scan.
* UP/DOWN manual scan on

' € S 99 repeater operation, with trans- rmicrophone, ¢ither version.
Dyna-“mite”... mit offset switch, The Sth « Four digit LED frequency
miniaturized, memaory stores receive and display.

5 memories, memory/
band scan.

The TR-7730 is an incredibly
compact, reasonably priced, 25
watt, 2 meter FM mobile trans-
ceiver, with five memories,
memory scan, automatic band
scan, plus other convenient
operating features. It is avail-
able with a 16-key autopatch
UP/DOWN microphone, (MC-46],
or with a basic UP/DOWN
microphone.
TR-7730 FEATURES:
* [ Hmensiong: 5-3/4 W x 2 H x
7-3/4 I, inches, Weighs 3.3 Tbs.
* Estended frequency coverage,
143.900-148 995 MHz, in 5 or
10-kHz steps.

transmit frequencies indepen-
dently, for non-standard splits.
Memory back-up terminal on
rear panel,

# Memory scan, plus automatic
brand scail Locks on busy
channel, resumes whern signals
disappear, or when scan
switch is pressed. Scan HOLD

* 5/RF bar meter. LED indicators
for BUSY, ON-AlR, REPEATER
operation.

* Tone switch for internal tone
encader {not Renwoaod supplied),

s Oftset switch 600 kHz, or
stmplex. Fifth memory for non-
standard offset.

Optional Accessories:

*» MC-46 |6-key autopatch UP/
DOWN microphione,

* SP-40 Compact mabile speaker.

* KPS-7A Fixed station power

supply.

Synthesized 70 -cm FM
mobile rig

Covers 440-450 MHz, in
25-kHz steps, with two VFQOs.
Transmit oftset swiich for
+5 MHz. Non-standard
uffset vses fifth memory.
HI/LOW power switch se-
lects 10 or | watt RF output.
Similar to TR-7730 in other
features, including five
MEmoTies, Memory sean,
automatic band scan, UP/
DOWN mastual scar, four
digit display. S/RF bar
meter, LELY indicatars, tone
switch, and same optional
accessories.

Hasic UP/DOWN micro-
phone supplied with unit.

TRIO-KENWOOD COMMUNICATIONS
1111 West Walnut, Coempton, California 90220
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The American Radio Relay League, Inc., i$ a noncom-
merclal association of radio amateurs, bonded tor the
promotion of interest in Amateur Aadic communica-
tion and experimentation, for the relaying of messages
by radlo, for the advancement of the radic art and of
the public weliare, for the rapresentation of the radio
amateur in Jogislative matters, and for the
maintenance of {raternalism and & high standard of
conduct.

It ts an incorporated association without capital
stock, chartered under the laws of Gonnecticut. Its
affairs are governad by a Board of Directors, elected
avary iwo years by the general membership. The of-
ficers are elected or appointed by the Direclors. The
League is noncemmersial and no one commaerclally
ongaged in the manufacture, sale or rental of radio
apparatus is eligible to membership onvits board.

“Q4, by and for the arnateus,” it numbers within its
ranks the vast majority of active amatsurs in the na-
tion and has a proud history of achievemont as the
standard-bearsr In amateur attairs,

Inquirles regarding membership are saliclted. A
tona fice interest in Amateur Radio Is the only essan-
tial qualification; ownership of a transmitting station
and knowledge of the code are not prerequisite,
although full voting membership is grantad anly to
licensed amateurs,

All general correspondenca should be addressed to
the administrative headguarters at Newington,
Connecticut 06111., USA, Telephone: 203-668-1541,
Telex: 643958 AMRAD NEWI.
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“It Seems to Us...”

The FCC No-Code Proposal:
Ready or Not, Here It Comes

The latest FCC proposal to create a codeless
class of Amateur Radio license is now *‘on the
street.”” The Notice of Proposed Rulemaking
in Docket 83-28, approved by the Commis-
sioners at their January 20 meeting and re-
leased February 1, proposes two alternatives,
One would drop the code requirement from the
existing Technician license (without affecting
present licensees’ privileges), while the other,
called the Experimenter license, would require
a more difficult written examination similar in
concept, but somewhat less demanding, than
the Canadian Digital Amateur Class Cer-
tificate. MNeither would confer operating
privileges below 30 MHz; the precise limita-
tions above that frequency are open to discus-
sion, The full text of the FCC NPRM begins on
page 49 of this issue; we urge you to study it
carefully.

The initial reaction of many amateurs to the
announcement of the FCC action was one of
shock and indignation. The League had re-
quested an 18-month deferral of the proposal,
citing the importance of getting the volunteer
examination program off {o a smooth start.
The request was denied, with the somewhat
misleading explanation that the amateur com-
munity itself had requested the new voluntcer
exam system; the fact is that, in trimming
amateur exams from its budget, the Commis-
sion left no alternative,

The FCC argues that *‘there are intelligent,
disciplined persons who can make a valuable
contribution to the Amateur Radio Service
without proficiency in Morse Telegraphy,”
and cites the case of young people having a
primary interest in computers. Another such
source, says the Commission, is handicapped
peaple. Some amateurs agree with the Com-
mission’s rationale, and see a codeless amateur
license as a way of bolstering activity at the
higher frequencies. Opponents, who at this
point are far more numerous, argue that the
Morse code has never been an obstacle to
motivated young people. Similarly, many han-
dicapped amateurs have been outspoken in
defense of their wish for equal treatment, with
concessions sought only in the manner in which
they may demonstrate their Morse code skills,

Clearly, the FCC wunderstands that the
amateur community has long opposed a
codeless class of amateur license, Why, then,
its insistence on pushing such an unpopular
idea? There are at least two theories.

The FCC proposal is regarded by some as
part of a continuing effort to ““solve”’ the CB
problem, by offering 2 palatable alternative to
those CBers who chafe under (or ignore)
27-MHz restrictions but resist learning the
code. This is seen as a futile effort, likely to
succeed only in expanding the prablem to a
new part of the spectrum and another radio
SErVICe — QUrs,

On the other hand, the Commission has ex-
pressed the desire to attract more young people
to Amateur Radio, Nearly everyone endorses
this objective, but it is seen as a difficult and
complex problem for which a codeless license is
no panacea, Amateur Radio is not everyone's
cup of tea; those who are interesied in com-
puters may not necessarily be attracted to
Amateur Radio, although the integration of
computer technology into Amateur Radio
communications activities now underway can
be expected to bring in additional numbers of
young people without uny changes in the li-
censing structure,

If the FCC realizes amateurs are opposed,
but is intent on proceeding anyway, how much
good will it do to file comments? Plenty! An
important question needs to be answered: Is
the Commission cofrect in its perception that
there are hordes of otherwise well-qualified in-
dividuals waiting for the opening of this new
entryway to Amateur Radio, or is this group
neither as numerous nor as well-qualified as the
FCC thinks? One way this question will be
answered is through the comments filed with
FCC by members of the general publie, ali of
whom, amateurs ot not, are eligible to com-
ment — & powerful argument for filing!

The Commission perceives a codeless license
as an entry-level license, from which new
amateurs will progress as they discover the
range of activities and pursuits available to
other licensees. [f this is valid, shouid not the
newcomer be ¢xposed in some way to the code
at the point of entry, and perhaps be expected
at least to be able to recognize Morse
characters? This is but one of the dimensions
that deserves to be explored in comments; you
will find others suggested in the FCC Notice
itself.

Form letters, petitions and one-sentence
“I'm opposed to (or support) a no-code
license’* will not be nearly as persuasive as well-
reasoned arguments, Even if you’re opposed,
you may wish to give the Commission some
idea of the features a codeless license should
have to be less objectionable to you, The in-
troduction on page 49 explains the mechanics
of filing comments with FCC by the deadline
of April 29,

Finally, make no mistake about this: The no-
cade license —— good or bad — is #ot an ARRL
proposal, nor has it been endorsed by the
League. The latest statement of policy was
adopted by the Board of Directors at its March
1982 meeting, . . . strongly opposing the is-
suance hy FCC of any amateur licenge with no
requirement for a knowledge of the Morse
Code.”” If you want the Lecague position to be
something different, it's important to tell your
Director before the Board Meeting on April 21!
~ Vie Clark, WAKFC, and David Sumner,
KIZZ
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League LINeS...

What are your feelings on a new amateur license class not requiring any demonstrated abil-

ity to send and receive the international Morse eode? The FCC {s proposing such a license.
For the text of this propasal and information on how to file your comments with the FCC, turn
to page 49.

A third-party agreement is now in effect between the United States and St. Vincent (Jg8). St.
Vincent includes the Grenadine Islands, and there may be some confusion regarding Grenada.
There is no third-party agreement between the U.S. and Grenada.

The FCC will soon authorize the use of the AMTOR digital teieprinter code by radio amateurs
in the amateur hf bands (3-30 MHz). Acting on a petition submitted by the League, the
Commisgion ruled that AMTOR is sufficiently standard worldwide to be considered "plain
language” and therefore permitted under international treaty. AMTOR Is an improved, error-
free RTTY system which automatically slows down transmission and reeeption of data under
marginal and fading hf propagation conditions. The rules (see this issue, page 63) will go
into effect upon publication in the Federal Register. We will pass along the effeetive date

via W1AW, Further details will appear In next month's "Happenings.”™ A complete deseription
of AMTOR appears in June 1981 QST.

Do vou own a so-called "ouch controlled" device that is causing RFI? Hq. has received
several isolated reports of interference to the a~-m broadeast and 80-m and 160-m amateur
bands from "touch controlled” lamps. The RFI is described as a "strong buzzing interference
so great that it ruined several bands." If you are experiencing interference from similar
devices, send details of the problem to the RFI Task Force, ARRL Hg.

The federal judge in the case Goumas v. City of Cerritos (California) has dismissed the
complaint filed by George Goumas, NGAWF, and others against this city because of its restrie-
tive antenna ordinance. The attorney in the case, Fred Lawson, KB6JAN, has filed for an imme-
diate appeal to the U.S. Court of Appeals for the 9th Circuit. We will keep you informed of
further developments.

The FCC has proposed to create a new Private Radio Communications Service at 900 MHz fo
satisfy "a documented public need for direet, affordable mobile communieations." The pro-
posed new service would be allocated speetrum at 898-902 and 937-941 MHz, making 133 fre-
quency pairs available. According to the Commission, the new service would not have

individual licenses, but repeater stations would be licensed. The proposal would not affect

the present Citizens Band (CB) Radio Service. The docket number is General Docket 83-26, and
more information is available from the FCC at (202) 632-4964.

The VHF/UHF Century Club Awards program announced in January QST has taken off like a rocket.
Applieations are now available from Hg. Maps will be gvailable soocn. Volunteers are needed

to aet as local check points for verifying QSLs and applications. For more information, con-

tact ARRL Communications Manager John Lindholm, WIXX, at Hg.

The Club and Training Department at ARRL Hq. is looking for an assistant training manager.
Bolid writing ability and an Advanced class amateur license are essential. Contact Steve
Pink, KF1Y, at Hq. for details.

The complete W1AW winter operating schedule appears in October QST, page 67. A W1AW schedule
is also available on request from Hq. for a self-addressed, stamped envelope. For the times

and dates of Code Proficiency Runs, see the Contest Corral section of this QST. The W1AW
summer schedule will appear in the April issue.

QST contributing editors (those who write QST columns but don't work at Hg.) are always happy
to hear your comments and suggestions. They'll get your message quieker if you send it to
their home address listed at the bottom of the page the column appears on, not Hq. If you'd
like a quick reply, please enclose an 8.a.8.e.

The Jet Propulsion Laboratory Amateur Radio Club has received s 90-day extension of a tem-
porary walver from the FCC, permitting it to retransmit, on Amateur Radio frequencies, radio
communications from the Space Shuitle Columbia. The next flight is scheduled for mid-April.
10 O5T=




Make Mine Modular: Easy-to-
Build Receiving Converter and
Test Equipment for 435 MHz

The amateur experimenter is not dead! Get in on the uhf
excitement. Easily found parts yield high performance

on a low budget.

By John C. Reed,* WBI0J

A lot of interesting activities take
place in the 70-cm band. I am particularly
interested in the amateur satellite pro-
gram. To operate OSCAR 8, Mode J, I
needed a receiving converter for 435
MHz. 1 decided to build one.

There are two potentially discouraging
hurdles to get over in a project of this
kind. The first is where to buy the parts. I
was able to put together a relatively high-
performance converter using parts pur-
chased mostly from Radio Shack. A mail
order parts emporium carried the few re-
maining items that were not in my
‘““junk box.":

The second potential discouragement is
where to find the uhf test equipment for
troubleshooting and alignment. Highly
sophisticated equipment is not needed;
you can construct the test equipment vou
need. This article will show you how.

I built my first 435-MHz converter on a
6-inch-square pe board.? It worked, but
there were a number of compromising
limitations. [ also found it difficult to
make changes. What to do? Start over
and forget about the shape and size —
make it easy to work with. The fina! ver-
sion had three separate assemblies:
oscillator, mixer and preamplifier. This
new arrangement resulted in simple
assemblies that are stable without shields
- an important convenience during
checkout and alignment.

Oscillator

This module is mountedona 5 x 4-1/4
inch double-sided pc board (Figs. 1 and
2). The layout deliberately places the in-
put and output circuits for each stage on
opposite sides of the pe board. Isolation

'Notes appear on page 15.
*770 La Buena Tierra, Santa Barbara, CA 93111

provided by this method allows stability
without additional shielding, I use no-etch
circuit boards. Construction is easy and
the results are good.

I chose a 29.5-MHz-and-up converter
i~f. Oscillator output at 405.5 MHz is the
eighth harmonic of the 50.7-MHz crystal.
Three criteria guided the design process. I
wanted a simple circuit that had plenty of
spurious-free output.

Circuit simplicity dictated the use of an
FET for QI. The piston-trimmer and
feedthrough capacitors were purchased
from Meshna. The 24-pF capacitor in the

source lead of QI is actually two 47-pF,
disc-ceramic capacitors in series. Being
satisfied with their performance, I chose
to use disc-ceramic capacitors throughout.
the project.

A simple pi network provides coupling
between Q1 and Q2. The 100-pF capacitor
should be mounted as close as possible to
the base of Q2 to prevent spurious oscilla-
tions, Reasonable Q is maintained in the
202.7-MHz tuned circuit through the use
of link coupling. Spurious signals at this
point are at least 40 dB below the desired
signal.

Fig
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Fig. 2 ~- Schematic diagram of the local oscillator is shown at A; a detail drawing of L5 is &t B. All resistors are 1/4 W; fixedvalue capacitors are
disc ceramic. Feed4hrough capacitors are from Meshna, part no. H-30.

€1, G2 -~ 20-pF piston trimmer {Meshna L3 — 7 turns of no. 14 wire, 34 in. long and cold end,
SP-108). 114 in. in diameter. Q1 — Radio Shack 276-2035.
3 — 10-pF piston trimmer (Meshna SP-109A). L4 — 2 turns of no. 22 hook-up wire, 1/4 in. Q2 -~ Radio Shack 276-2011.
1.1 = 0.327 to 0.587 uH (Millar 40A477CE1). in diarneter. Q3 — Radio Shack 276-4055.
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in. in diameter.
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Fig. 3 — Schematic diagram of the mixer is shown at A; a datail drawing of L7 and C8§ is at B. All resistors are 1/4 W; fixad-vaiue capacitors

are disc ceramic..

G4, G5 — 10-pF piston trimmer. (Radic Shack 278-105). cold end. D1 tap 1-1/4 in. from cold end.

G6 — 2:1/2 X 3i8 x 1M16-in, double-sided 16, L7 — 3-1/4 % 38 x 1M6in. double-sided L8, LS — 0,83 to 1.02 uH (Miller 40AB27CB1).
glass-epoxy pc board, Sea text. glass-apoxy pc board. L6 input tap 3/4 in. 5, Q6 — Radio Shack 276-2033,

01 — Schottky diode (Radio Shack 276-1124). from cold end. L7 input tap 38 In. from RFC1 — 42 turns of no. 34 wire wound on a

J1, J2 — LIG-1094 BNC chassis connactor 10-k&, 1-W rasistor.
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I have had some difficulties with the
Radio Shack 276-2011 bipolar transistor
(32). 1 bought eight of them and two were
inoperable. Of the remaining six, only one
had the lead connections listed on the
package. [ have never experienced this
problem with other Radio Shack semi-
conductors.

As with Q2, mount the 47-pF capacitor
as close to the base of Q3 as possible. A
strip-line circuit, resonant at 405.5 MHz,
is coupled to the collector of Q3. The col-
lector tap position on the strip line was
determined experimentally fot best signal
purity consistent with reasonable output,

All converter strip lines are made from
double-sided glass-epoxy pc board. The
necessary dc isolation is obtained by using
both sides of the board. Compatibility
with the piston-trimmer capacitors led to
the choice of 3/R-inch-wide strip line,
spaced 3/8 inch away from the pc
mounting board. The strip lines, at their
“cold” ends, are fastened to the
mounting board by means of copper
brackets (Fig.. 2B).

Qutput is approximately four times that
required by the mixer; it appears to be
relatively free from spurious energy.
Tuning the output strip line either plus or
minus 50.7 MHz produces no perceptible
output. -

Mixer

I tried several active mixers using com-
monly available FETs. Rated to perform
above 500 MHz, the devices did show con-
siderable gain. However, noise-figure per-
formance was better using a Schottky
diode, 1t is a bit more difficult to make a
single-ended diode mixer circuit perform
optimally. Nevertheless, adjusting for op-
timum noise figure is not a formidabie
task when the local oscillator is clean and
you have a gated noise source.

Two strip lines, mounted with their
centers 7/8 inch apart, are used in the in-
put of the mixer circuit (Figs. 3 and 4).
Owing to the high oscillator output there
should be very light coupling between Lé
and L7. Coupling is controlled by an
L.-shaped shield of solid, light-gauge
aluminum. A pair of screws through the
foot of the shield mounts and holds it
centered between the strip lines. I adjusted
the shield dimensions for about [ to 2 mA
of mixer current. Mixer current can be
read by substituting a milliammeter for
the jumper from RFC 1 to ground.

Mounting details for C6 are shown in
Fig. 3B. The capacitor is formed by the
two sides of a piece of double-sided pc
board. Be sure to remove copper from
around the mounting-screw heads. That
will prevent short-circuiting the capacitor.

A pi network is used to obtain an im-
pedance match between the mixer diode
and the low-noise MOSFET, Q4. The
34-pF capacitors at the input and output
of 4 are actually each a pair of series-
connected 68-pF disc-ceramic units.

Fig. 4 — Photograph of the mixer module,

Fig. & — Photograph of the rf-amplifier module.
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Fig. 6 — Schematic diagram ot the rf amplifier. All resistors are 114 W; fixed-value capacitors are
dist ceramic unless otherwise specified. Radio Shack part numbers are In parenthesas,

T — 10-pF piston trimmer.

C8 — 1314 x Al4-in. pe board insulated from
mounting board by Saran Wrap®, See text.

43, J4 — UG-1094 BNG chassis connactor
(278-105).

10 — 2-3/4 % 38 x 1/18-in. double-sided

glass-epoxy pc board. Blas resistor tap is 112
inch from transistor end.

L11 — 3 x 3/8 x 1/18-in. double-sided glass-
epoxy pc board, Collector tap 7/8 in. from
cold end, Qutput tap 142 in. from cold end.

QT — (276-2044).
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Fig. 7 — Rf amplifier module assembly detail Is shown at A; details of CF are at B.

Post-amplifier gain (approximately 40
dB) is much more than is usually required
for the application. Emitter followers Q5
and Q6 were chosen for low output im-

pedance, simplicity and stability.

The module is mounted on a 5-1/2 %
5-1/2 inch double-sided pe board. Input
and output circuits are mounted on
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opposite sides of the board to provide
isolation.

Preamplifier
It would be nice to use a GaAs FET
preamplifier. However, the readily

available and inexpensive MRF901, with a
rated noise figure of approximately 1.5 dB
and a gain of 20 dB at 450 MHz, is not a
poor compromise. The transistor is a con-
sistent and stable performer.

The preamplifier is mounted on a 6 %
4-1/2 inch double-sided pc board (Fig. 5).
A broadband strip-line circuit is used for
input coupling (Fig. 6). Double-sided pc
board provides dc isolation between the
antenna and the transistor base circuit. A
special ¢mitter-bypass capacitor is made
from pc-board material insulated with
Saran Wrap® (Fig. 7). Saran Wrap is a
soft material, and exceptional care must
be taken to ensure that the mating sur-
faces are smooth; soldering must be done
before assembiy. I have experienced no
problems with the material after final
assembly,

The position of the collector tap on the
output strip line was determined ex-
perimentally. It was set for a near-
maximum-gain condition, consistent with
& reasonable Q. The output circuit Is
sharp enough to provide substantial rejec-
tion of the 376-MHz image.

Mode-J Filter

Energy from the 145-MHz uplink
transmitter may overload or ‘‘desense’’
the preamplifier. A strip-line filier has
proved effective in preventing this (Figs. 8
and 9. L12 and L13 are spaced 1/2 inch
on centers. Insertion loss of the filter is
slight, being barely perceptible with a
noise generator and oscilloscope. Checks
were made with the filter in and out
of the line.

Test Kquipment

You don’t need a digital ohmmeter to
check continuity — a battery and lamp or
buzzer will do the job. Having a lab full of
uhf test squipment is nice, but a few
relatively simpie devices will add Iittle to
the complexity of this project. Those
devices, properly used, will virtually en-
sure successful performance.

Lecher Wires

How would you measure frequency in
the uhf range? Would you try to borrow a
uhf frequency counter? (You probably
don’t own one — they are expensivel)
Lecher wires have been around aimost as
long as radio communication. They can
be used to determine frequency with a fair
degree of accuracy; they are also simple,
inexpensive and easy to use. When the
end-effect factor has been caiculated
while using a known frequency, further
meastrements can be made with 1%
accuracy.,

Simple Lecher wires are shown in Fig.

14 O57T=

10, A one-turn loop is mounted per-
manently at the shorted end; a sliding
short can be moved freely along the wires,
Resonance of the Lecher wires is indicated
by a null in the reading on the external
VTVM. Using the known frequency out-
put from the oscillator module, [ was able
to calculate end effect using the formula:

5904
f(MHz)

£ (inches) = ® end effect

(Eq. 1)

The result, 0.96, was substituted into the
formuia, which was then used to calibrate
the frequency scale opposite the sliding
short.

Before the Lecher wires were cali-
brated, I used them to great advantage
during the development of the oscillator.
One time I was able to detect, and conse-
quently eliminate, an 800-MHz spurious
oscillation. Another time,- I discovered
that the final doubler stage was actually
acting as a tripler. After retuning, it func-
tioned properly. Later, when the Lecher
wires had been calibrated, they were used

Flg. 8 — Photagraph of the Mode-J filter.

to calibrate the ubf test oscillator,

Unf Test Oscillator

|1 had two goals for the test oscillator
design; It should have a wide frequency
range and no major output level varia-
tions. The simpie circuit shown in Fig. 11
is the result. The output frequency is
varied through two ranges. With C12 set
at maximum capacity, Cl1l tunes the
oscillator from 340 to 420 MHz; with C12
at mifimum, C11 tunes from 410 to 310
MHz. An L getwork output attenuator
was chosen to minimize output variations
as a fuaction of frequency. An additional
20 dB of attenuation is used at J9.

A polystyrene block supports - the
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Fig. 8 — Schamatic diagram of the Moda-)

filter.

39 — 14-nF pe-board capacitor {formed by
removing 1-1/2 in. of foil from the tap side,
cold end of L13).

C10 — 10-pF piston trimmer.

J&, J6 — LIG-1094 BNC chassis connector.

L12 — 3-1/4 % 3B-in, giass-epoxy pe board.
Input tap 7/8 in. from cold end.

L13 — 3114 x 38 x 1/16-in. double-sided
glass-epoxy pc board.
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Fig. 10 — Diagram of the Lecher wires.

D2 — Schottky diode (Radio Shack 276-1124).
J7 — UG-1084 BNG chassis connector.

L14 — Singleturn loap of no. 14 wire, 1 X 9186
In.
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Fig. 11 — Schematic diagram of the uhf test oscillator. All resistors are 1/4 W: fixedvalue
capacitors are disc ceramic.

C11, C12 — 9pF subminiature variable tapped 2 in. from the hot (C} end.

{Johnson 8M11 or equiv.). 8 — Radio Shack 276-2011.
J8, J9 — UG-1094 BNC chassis connector. RFC2 — 15 turns of no. 28 wire wound 3/4 in.
L15, L16 — No. 14 copper wire 5-3/4 in. long, long on a 1/4-n.-diameter plastic form.

' Fig. 13 — Photograph of the gated noise
Fig. 12 — Photagraph of the uhf tast oscillator,  generator.
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Fig. 14 — Schematic diagram of the gated noise generator, All resistors are 1/4 W.

13 — 10-pF piston trimmer.

J10 — Phono connector, single-hole mount. apoxy pe board. Collector tap 7/8 in, from
§11 — UG-1094 BNC chassis connector, cold end. Output tap 1/2 in. from cold end.
17 — 3 x 3/8 x 1/16-in. double-gided glass- Q9 — Radlo Shack 276-2044,

*cold”” (transistor) end of L15 and Li6; Frequency stability is poor, particularly
spacing between them is 5/16 inch. They as a function of input voltage. This makes
are both spaced 3/8 inch above the pc the signal unsuitable for tests using a
mounting board (Fig. 12). narrow-bandwidth receiver at the i-f. It

can be easily used to check the converter if
vou add a diode detector at the mixer
module output.

I used the test oscillator for two major
purposes. First, it proved helpful in
checking initial strip-line resonarce.
When the oscillator output is coupled into
a strip line, several volts of rf will be pre-
sent when the line is tuned to resonance,
Rf voltage can be measured by means of
an rf probe that uses a Schottky detector
diode. Some loading will result from con-
necting the probe to the strip line; this can
be minimized by moving the probe toward
the cold end.

A second use of the oscillator was as a
large-signal source for converter testing,
This allowed me to check for spurious
responses that might result from stray
resonances or faulty focal-oscillator injec-
tion. Ln addition, I was able to get an idea
of converter image response. Owing to the
lack of frequency stability, however, use
of a narrow-band i-f was not possible. A
simple diode detector at the mixer-module
output works just fine.

Noise Source

Since the 1979 edition, The Radio
Armateur’s Handbook has contained a
description of a gated noise source and the
procedure for using it.* Although the pro-
cedure section is fine, | found that the
output level was low at 435 MHz. The cir-
cuit shown in Figs. 13 and 14 overcomes
that problem. Noise output is sufficient to
permit using a 50-ohm terminating net-
work to ensure proper loading. A strip-
line tuned circuit Emits noise output to the
T0-cm. region; this helps prevent tune-up
on the image frequency. Noise ontput is a
function of input voltage. I use an ancient
square-wave generator to supply up to 10
peak volts of square-wave drive,

Final Comments

Perhaps you are now a little more in-
clined to try building a uhf converter - I
hepe so! Building your own gear and test
equipment (and geiting it to perform
properly) is indeed a satisfying achieve-
ment. It is also great experience for hams
who want to iearn more about uhf,

My desire was to operate OSCAR 8,
Mode J. The converter has performed in a
respectable manner for me on Mode J. 1
have enjoyed QSOs with hams as far away
as New England and as close as Los
Angeles. My next plans for the con-
verter are to use it in conjunction with the
Phase 1] satellite on Mode L. See vou
there? (EE-]

Naotes
‘Jolllgo.& Meshna Jr., Inc., PO, Box 62, E, Lynn, MA
0

mm = in. X 25.4.
‘The Radio Amateur’s Handbook (Newington:
ARRL, Inc.), Chapter i6,
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A Simple
Approach

to Antenna
Impedances

Every active amateur owns
at least one antenna.
And every antenna has

“WHAT VALUE IS
THE BEST TO BUY FOR
A RADIATION

RESISTANCE P"

a property we call
impedance.

\\\E\
.

You can’t see it and you can’t feel it, but it's there.

By Jerry Hall,* K1TD

In July 1977 OQST, we introduced two
fictitious characters, Gus and Jack.' Gus
was the seasoned amateur, the fellow who
had tutored several folks into Amateur
Radio and helped them progress to the
higher classes of license. Jack was the new
Novice who lived down the street from
Gus. In 1977 Gus was helping Jack learn
some of the theory he’d need for the
General class exam, Well, he passed that
exam with flying colors, and has since
gone on to obtain his Amateur Extra
ticket.

But enough about Jack. Qur scenario
now opens with Gus and Donna working
on an antenna in Donna’s backvard.

'J. Hall, "A Simple
Circuits,” QST, July 1

*Associate Technlcal Editor
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Donna is a young housewife who had just
received her Novice ticket a few days
before. She has aiready made a few
80-meter contacts with a wire dipole
antenna, but is itching to work some DX
(foreign countrics). Donna’s OM bought
her a new l5-meter beam, and she ac-
cepted Gus’s offer of assistance in getting
it up. (Her OM knows nothing about
these things, she told Gus.) The instatla-
tion is going smoothly, with Gus and
Donna simply following the manufac-
turer’s instruction sheet for the assembly
of the array. But Donna wants to under-
stand all the technical information in the
instruction sheet and the brochures that
accompanied the antenna. Let’s listen as
they converse.

“Cus,”” Donna is saying, “‘will my
SWR curve he exactly like this curve
here?’’ She was referring to the printed in-
struction sheet for the antenna they were
assembling. Donna already knew that

SWR stood for standing-wave ratio.

“Well,”” Gus began his careful reply.
““That curve is typical for this antenna.
We'll measure the SWR across the band
later and see what we get, bui it should be
¢lose to what they show there.”’

“¥ou mean it won't be exactly the
same,”’ Donna inferred from Gus’s reply.
“*Will that mean there’s something wrong
with my antenna, like maybe we didn’t
put it together right?”

“(3h, no, nothing like that,” Gus was
quick to say, “What I mean is that the im-
pedance of any antenna will depend a lot
on where it is installed. Its height above
ground and being near other objects will
have the greatest coffect on  the
impedance.”’

*Yes, but what does that have to do
with the SWR curve,”” Donna asked.

“Well, no two antenna installations are
exactly alike. The impedances for your
apntenna may be a little different from



those at the factory when they measured
the SWR, even though the antennas are
identical, And that could change the SWR
curve a little bit,”” Gus explained.

T guess [ don't really know what im-
pedance is,”’ Donna confided. “How do
different impedances change the SWR
curve?”

Radintion Resistance

*“Oh,” exclaimed Gus, realizing he
hadn't answered Donna’s question as
clearly as he could have. ““Forget about
impedance for a little bit, and let’s talk
about resistance. You remember what
resistance is, don’t you?"’

*Yes,”” Donna answered, “‘resistance is
something in & circuit that limits the flow
of electric current.”” “*That’s right,”” said
Gus. “When you're talking about an or-
dinary circuit, that kind of resistance con-
sumes power, and it produces heat in the
process. The constmed power can be
calculated from the equation
P = I2R (Eq. )
where

P = power in watts

I = current in amperes

R = resistance in ohms

An antenna also has resistance, but . . .7
Donna interrupted, **But won’t that

resistance be reafly low? For my 80-meter

dipole there’s nothing but copper wire,
And for this beam antenna it’s all
aluminum tubing. That can’t have very
much resistance, can it?"’

*“That’s true,” Gus agreed. “But the
kind of resistance I'm talking about is
called the radiation resistance of the
antenna. It isn’t a real resistor. In fact,
you can'’t even measure the value of the
radiation resistance with an ochmmeter,””

1 don’t understand,”” said Donna.
““How can you have a resistance that you
can’t even measure?’’

“*Oh, you c¢gn measure it,”’ Cus
remarked, “*but it takes a special kind of
measuring instrument.”’ [See the article by
Priedigkeit elsewhere in this issue, — Ed.]
““I just said you can’t measure it with an
obmmeter. That’s because it isn’t the
same as an ordinary resistor. Let's say you
key your transmitter with vour antenna
connected. And let’s say that 100 waits of
power is delivered to the antenna ter-
minals through the transmission line.
What happens to that 100 watts?*

“Well, I guess it gets radiated,”” was
Ponna’s reply.

““Yes, that’s right. Most of it does get
radiated, and that’s the useful part of the
energy. But current flows in the wire or
tubing, and a small part of that energy is
converted to heat. This happens because
of the resistance you were thinking abous,
The heating losses are usually called
ohmic losses, and the same old I2R equa-
tion applies (Eq. 1, above). In the case of

these heat losses the resistance is real; it's
the resistance of the copper or aluminum
conductors. But in the case of the power
being radiated from the antenna, the
resistance is only assumed to.exist. lts
value is the one that would consume the
power being radiated by the antenna.”

“Oh,” said Donna, “‘what value is the
best to buy for a radiation resistance?”’

**You can't just go out and buy a value
of radiation resistance to your liking,”
Gus explained, “*Each different type of
antenna has its own radiation resistance,
and that value depends on the fundamen-
tal design of the antenna. For example, a
half-wave dipole that is far away from the
garth and any other objects would have a
radiation resistance of about 73 ohms. We
call this its free-space resistance. This
resistance can go either up or down from
that vaize when you put the dipole close
to other objects or at a practical height
above the ground. Are you with me so far,
Donna?"

I think so,”’ she stated. *“What about
other antennas? What kind of radiation
resistance  will this 15-meter antenna
have?"

“Good question,”” Gus commented.
*'This is a 3-element parasitic beam. It has
one driven element and two parasitic
elements. The driven element is like a
dipole.”’

“0Oh,”” chimed in Donna, ““then will the
free-space radiation resistance of my
beam be 73 ochms?"

“No, it'll be muoch lower. That’s
because of the presence of the two
parasitic elements. It’ll probably be
something like 20 to 30 ohms.”

“Well, then, shouldn’® we use
something besides this 50-ohm coax to
feed the beam?’* Donna asked.

**No, we’re okay on that. The manufac-
turer has included this matching arrange-
ment to transform the low resistance up to
50 ohmis, 50 you can feed it with 50-ohm
line,” Gus explained. *“This kind of
matching arrangement is called a beta
match., Another popular type is a gamma
match. But I won’t go into matching ar-
rangements just now. Maybe we can talk
about them later.”

*“Okay,”” replied Donna. “A little bit
ago you said a helf-wave dipole had a
radiation resistance of 73 ohms. What if
it’s not a half wave? Will the radiation
resistance be different?’

“Ahal” Gus exclaimed. “‘You're
thinking the resistance might change with
antenna length, and you’re right. If the
dipole were made shorter, its radiation
resistance would go to lower values. And
it it were made longer, the resistance
would go higher, up to a point. Now tell
me, Donna, what happens to the radiation
resistance if we have a fixed length for an
antenna, but we use it for different fre-
quencies, like your 80-meter dipole? You
use that for several different frequencies
in the Novice band, you know.”

““Well,”” Donna mused, “‘the antenna is
a half-wavelength long for 80 meters, so I
guess if it were in free space it’d be 73
ohms for all the Novice frequencies. Is
that right?**

“Not quite,”* was Gus’s reply. ““The
antenna is really a half-wavelength long at
Just one frequency. As you move up or
down from that frequency, the antenna is
not an electrical half wave any more. So
its radiation resistance changes as you
move in frequency.””

“Oh, [ see!” Donna exclaimed.
“*That’s why my SWR reading changes
when I change frequency.””

Antenna Reactance

“Partly true,” said Gus. ““But across
the 80-meter Novice band the radiation
resistance won’t change very much — only
a few ohms. And that by itself won’t have
much effect on your SWR. But re-
member, I mentioned the antenna is really
a half-wavelength long at just onre fre-
guency. At that frequency the antenna is
said to be resonant. And resonance means
there is no reactance present. You
remember what reactance is, don’t you
Donna?’’

“Doesn’t reactance come from circuit
elements that don’t consume any power?"’

“Exactly right. And remember, Donna,
only resistances can absorb power. Or in
the case of the radiation resistance, you
might say it can radiate power. You know
what kind of circuit elements have reac-
tance, don't you?”’

“Qh, sure,”” Donna replied, “‘inductors
and capacitors. And now P'lL bet you're
going to tell me that an antenna can have
reactance, e¢ven though there aren’t any
inductors or capacitors there.””

Gus exclaimed, **You took the words
right out of my mouth! With a half-wave
dipole, you get inductive reactance as you
g0 above the resonant frequency. And
you get capacitive reactance when you go
below. It's exactly the same as a tuned cir-
cuit. At circuit resonance there is no reac-
tance, and as you depart from resonance,
you get either inductive or capacitive reac-
tance, depending on which way you
changed the frequency.”

“I see,”” Donna said gleefully. ““A little
while ago vou said the radiation resistance
didn’t change much over the band, and
you said the change wouldn’t have much
effect on the $WR. Then it must be the
reactance that makes the SWR go up
when [ change frequency.”

“*Exactly right,” Gus confirmed.
“‘How about if we take a short break from
putting this antenna together, and I have
you do some simple calculations on
paper? You're very close to having a good
understanding of antenna impedance.”’

“Good idea,’” Donna thought aloud.

Antenng Impedance

Inside, Donna fixed cool drinks to sip
while she and Gus talked. ““You know,
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Fig. 1 — Electrical circuit and diagram
representing an impedance of 25 + j25 chms.
The lower-case | is a shorthand notation in-
dicating that the ohmic values cannot he
added directly. The plus sign with the j in-
dicates inductive reactance.

R=3001
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T30~ )40 = 50O OHMS

Fig. 2 — Electrical circuit and diagram
representing an impedance ot 30 -~ j40 ohms.
The minus sign with the | Indicates capacitive
reactance.

Donna, an impedance is nothing more
than what vou get from a circuit that has
both resistance and reactance in it. And as
I've indicated, an antenna behaves just
like a circuit.” Gus explained further,
““You've heard me talk about antenna im-
pedance. Such an impedance is made up
of some resistance and some reactance.
The resistance and the reactance are both
measured in ohms. What if we had an
antenna with 25 ohms of radiation
resistance and 25 ohms of inductive reac-
tance? Can you tell me what the total
antenna impedance would be?”

“] think it’d be 50 ohms,”* was the re-
ply, 25 plus 25.”

“MNope, sorry.” Gus corrected, **It’s
more like 35 ohms.”

“How’d you get that number?'* Donna
asked sharply.

“That’s why | wanted to sit down with
pencil and paper, so I could show you,”
said Gus. He drew the circuit shown in
Fig. 1A, talking as he was drawing. *“This
circuit represents the impedance I was
talking about.” Then he drew the triangle
shown in Fig. IB. ““And here’s how we
diagram that impedance. This horizontal
line represents the resistance, R, 25 chms.
And this vertical line represents the induc-
tive reactance, X;. That's also 25 ohms
for this example. It’s customary to draw
the inductive reactance line upward from
the base line or resistance line, and to
draw a capacitive reactance [line down-
ward from the base line, Now, the
hypotenuse of the triangle represents the
total impedance, and we represent that
with the letter Z,"*

Recognizing the solution from earlier
school days, Donna said, “Oh, yes, we
can use the equation
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Fig. 3 — Voltage standing wave along a mismatched line, resulting from components of the for-
ward power wave and the reflected powsr wave combining in various phase relationships at dif-
ferent points on the line. The power waves travel along the line, while the standing wave is sta-
tionary. The positions of the maxima and minima depend on the value of the load components

with respect to the line impedance, but there will always be an electrical quartsr wave-length of

Jina between a mexdmum and a minimum.

Z =R+ X2

where
Z = total impedance

(Eq. 2)

R = resistance (radiation resistance of
the antenna)
X = reactance (may be inductive

or capacitive)

and we get 35.4 ohms,” Donna had used
her household electronic calculator to
figure the answer.

“Good,” said Gus. ““Here’s how we in-
dicate that same impedance without
having to draw the triangle. it's a more
convenient way when you are writing
about impedances.”’ At the bottom of the
drawing he wrote, *Z = 25 + 25 =
35.4 ohms,'" as shown in Fig, 1, ““That
little letter j is a shorthand way of saying
that vou cannot add the resistive ohms
and the reactive ohms directly. You have
to use the process you went through
(Eq. 2). Sometimes that is called vector
addition.””

Offering another example, Gus said,
“How about if we had 30 ohms of
resistance and 40 ohms of capacitive reac-
tance? Draw the equivalent circuit and
diagram the impedance for me, And tell
me the impedance value,” Donna drew
the information shown in Fig. 2, and
caiculated the impedance to be 50 ohms.

“Exactly right,” Gus said proudly. “1
think you've got this antenna impedance
business down pat.*’

Standing Waves and Standing-Wave
Ratios

“Well 'm not sure,”’ said Donna. **i
still don’t understand exactly how the
SWR curve depends on the impedance.”

*QOkay,” said Gus. **One important
thing to remember is that the reactive part
of the impedance does not absorb any
power. Or in the case of an antenna, it
does not radiate any power. But it can

prevent some of the available power from
being transferred to the resistance. The
power that isn’t radiated is then reflected
back down the transmission line, and
that’s what creates a standing wave.””

“If the antenna had no reactance, then
you’d have no standing wave?” Donna
asked. “*And just what is a standing
wave?’”

“Well, let me answer your questions in
the reverse order,” Gus said as he began
drawing what appears in Fig. 3. “A
standing wave is developed on the
transmission line any time you have power
reflected from the antenna. The forward
power and the reflected power waves are
traveling in different directions along the
line. If the line is long enough, at some
points in the line the voltages in the two
waves will be in phase with each other. At
these points the voltages will add, and the
total 1f voltage there will be greater than
the voltage from either power wave alone.
And at some other points on the line the
two waves will be 180° out of phase with
each other. At these points the voltages
will tend to cancef each other, and the
total rf voltage will be less than from
cither power wave alone, as I’ve shown in
this drawing.”

He continued, “Now this wavy line
represents the voltages that are developed
at all the points along the mismatched
transmission line. A lot of amateurs forget
that at every point along the line the rf
voltage will go through zero at some in-
stant in time, You see, the rf voltage at
any point on the transmission line is a sine
wave. It’s just that the amplitude of the
sine wave is higher at some points than it
is at others. And this is what that wavy
line represents, nothing more than a piot
of the rf voltage at all points along the
line. That wavy line also represents the
standing wave, which is merely the re-
sultant of the forward power wave and the
reflected power waves,”



*“Then how does that tie in with
standing-wave ratio?”” Donna asked.

““Simple. By definition, the standing-
wave ratio, or the SWR, is the ratio of the
maximum voltage to the minimum voltage
in the standing wave.”” Gus indicated this
information on his sketch, also shown in
Fig. 3.

MAX

SWR =
Enn

(Eq. 3)

where
SWR = standing-wave ratio
Emax = maximum amplitude in the
standing wave
Epn = minimum amplitude in the
standing wave

“Now to answer your first question, it’s
not always true that you have no standing
wave when you have no reactance. No
standing wave means vyou have no
refiected power. A line operating under
these conditions is sometimes called a flat
line, because the wavy line showing the
voltage along the line now becomes flat.
And of course the SWR is 1:1, because the
ratio of maximum to minimum voltage
along the line is 1."

*“That’s easy to understand,” said
Donna.

Gus continued, “But you can still have
a mismatched line without having reac-
tance at the load. Say von have an anten-
na that has a radiation resistance of 100
ohms but no reactance, And say vou feed
it with 50 ohm-line. The line is not
matched, so there would be some reflected
power."”

SWR vs. Antenna Impedance

“What would the SWR be if vou did
feed a 100-ohm antenna with 50-ohm
line?”’ Donna asked.

““If you have a load that is resonant or
purcly resistive, it's easy to figure the
SWR. Just divide the line impedance into
the load resistance, or vice versa,
whichever gives a number bigger than 1.
In equation form, vou can write it this
way.

SWR = Z,/Ror (Eq. 4)
SWR = R/Z, (Eq. 5
where

SWR = standing-wave ratio

4y = characteristic impedance of
transmission line

R = load resistance (load must be
purely resistive)

Use the equation that gives an answer
greater than 1,”" Gus continued. “*So your
SWR would be 2:1. You get this by
dividing 100 by 50. You'd also have a 2:1
SWR if yvou fed a 23-ohm resistive load
with 50-ohm line.”

*[ see. And if you had an antenna with
an impedance of 50 ohms and fed it with a
50-ohm line, your SWR would be 1:1.
That figures, since 50 divided by 50
equals I.”

“Be careful,” Gus cautioned. ““That’s
true only if the load is purely resistive.
You know, a lot of amateurs talk about
antenna impedance when they really mean
radiation resistance — or maybe radiation
resistance plus loss resistance. That’s what
you just did. The word impedance sort of
implies that there is some reactance pre-
sent. See this example | gave you,” Qus
said as he pulled out the information
shown in Fig, 2..**This impedance is made
up of 30 ohms resistance and 40 ohms
reactance. Yet the total impedance is
exactly 50 ohms. But that’ll look a lot dif-
ferent to a 50-ohm line than a 50-ohm
resistance will.”

“How much different? What would the
SWR be?”

Gus had to do some brain searching to
come up with an answer to that one, for it
involved a set of equations he didn’t use
often. Finally he said, *“Okay, here’s how
you can calculate it.
SWR = -*:-i—B- (Eq. 6)
where e .

A= VR ¥ Z) + X2

B=VR - Z) ¥ X2

R = resistance at load, ohms
Z, = characteristic impedance of feed
line

X = reactance at load, ohms

“In this case, R equals 30 and X equals
40,"” Gus went on. Borrowing Donna’s
calculator, he said, **Okay, A is going to
equal the sguare root of 30 + 50 or 80
squared plus 40 squared. That’s the
square root of 8000, which is 89.44. And
B equals the square root of 30 — 50 or
negative 20 squared plus 40 squared.
That’s the square root of a positive 400
plus 1600 or the square root of 2000,
which is 44.72. Okay, A plus B is 134,16,
and A — B is 44.72, so the SWR is
134.16/44.72, or 3.0 to 1. Donna, would
you believe a 50-ohm #mpedance on the
end of a 50-ohm line could give you a 3:1
SWR?

“No, 1 wouldn’t have. Did you figure
that right?*’ she asked, rechecking Gus’s
calculations. Coming up with the same
answer, she exclaimed, ‘“‘But 1 do now.
it’s still hard to believe, though.”

“Well, we’d better get back to work on
that antenna so we ¢an get it done before
dark,’* Gus said,

““Gus,”" Domnna said, *‘I’'m glad you
came over to help me with this antenna. I
guess almost anybody can put the parts
together, but you explained it so well that
1 feel I really understand it. Thanks.”
Together they walked out the back door
to the waiting hardware and tools.  gFe=]

Past Hudson Division Director Stan Zak,
K28J0 (right}, presents a plague to Time senior
writer Ed Magnuson, W21JB, honoring him for
his story (May 3, 1982) about the DXpedition to
Navassa Island. An avid DXer himself, Ed par-
ticipated in the DXpedition.

Francis G. Leonard, W2NPT, of Fairlawn, New
Jersey, proudly displays the plaques he re-
celved after belng named 1982 Eimer ot the
Year by the Northern New Jersey Chapter of
the QCWA. The larger plague will rotate an-
nually, but the other will grace W2NPT’s shack
permanantly, (tnx N2XJ)

Nesxt Month in @ST

Now that the FCC has unveiled its no-
code license proposal (see pages 9
and 49, this issue), it's time to digest
the next plece of news Ffrom
Washington: volunteers will be able
to give code and theory exams.
Details will appear in April QST, as
will:

® news about a new League book ex-
plaining the ins and outs of the FCC
Rules, Part 97, and

® two ltems of interest to microwave
enthusiasts — a discussion of
10-GHz Gunnpiexer theory and opera-
tion, and details on how to buiid a
1298-MHz slug tuner from easily ob-
tainable parts.
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Modifying a CB-Board
Synthesizer for Amateur Use

If you've ever needed
a synthesizer for a

receiver or transmitter

but weren’t up to
building a circuit with

10 to 20 ICs (and then
trying to make it work),

this is for you!

By J. Robert Witmer,* W3RW

The widely available Hy-Gain CB
transceiver board can be adapted to pro-
vide synthesized frequency control of a
treceiver or transmitter.! > ¥ Included here
are some guidelines to follow when per-
forming the conversion, along with some
suggested applications. The modifications
involved are simple. One elective {more
vomplex) step provides for a high syn-
thesizer-signal output {evel. This involves
modifying the CB board to connect the
output that is normally fed to the receiver
section to the on-board transmitter
predriver and driver stages for ampli-
fication.

The CB-board synthesizer section can
be modified to provide a 35- to 41-MHz
output range of frequencies by changing
the PLL mixer oscillator crystal and
retuning the VCO coil. The version I'm
using with the higher drive-level modifica-
tion supplies approximately 1.8 V of rf
output to a 50-ohm load from 35 to 35.7
MHz. It has a very clean output wave-
form. Harmonics are about 45 dB down
from peak fundamental output, and the
close-in spurious signals arc at least 60 dB
down. Measured residual fm noise devia-
tion is 0.003 kHz, which is not noticeable
even after multiplication.*

Basic Synthesizer Operation

The unmodified CB-board synthesizer
output-frequency range is approximately
37 to 38 MHz in 10-kHz steps. This out-
put is used as high-side local oscillator

‘Notas appear on page 24.
*79 Blaine Ave., Leola, PA 17540,

20 sT=

(LO)Y injection for the receiver section
(10.695-MHz i-f), and is mixed with 2
10.695-MHz crystal-oscillator signal to
obtain the reqguired 26.9- to 27.4-MHz CB
transmitter output frequencies. See Fig. 1,
The described modification will ignore the
10.695-MHz oscillator and transmitter
mixer functions and will concentrate on
the 37- to 38-MHz synthesizer.

Applications Steps

The following steps will help vou to
modify the synthesizer for your purposes.
Refer to Table 1 and Figs. 2 and 3. Details

of my first conversion work, a 443- to
450-MHz synthesizer for a modified
surplus fm receiver, are included as a
guide. The required calculations are
shown in equation form.

1) Frequency Range. Establish the fre-
guency range yon wish to cover. I re-
quired reception of frequencies between
443 to 449.95 MHz (Table 1, column 1).

2) Determine The Equipment Hetero-
dyning Scheme. What is the multiplica-
tion factor of the multiplier string and of
the first multiplier stage? Ii's also
necessary {in the case of receiver applica-

FREQUENCY SELECT INPUT
FHOM GHANNEL-SELECT SWITCH
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Fig. 1 - Block diagram ot the Hy-Gain PLL synthesizer.



Table 1

Key Parameters For Various PLL Synthesizer Applications

1 2 3 4 5 @& & )] 8
443-449.95 52.7- 50 an2 35.1333- 4.168 85333 139
receive {21.4-MHz i-f) 53.568 35.7125

443-449.95 12.3055- 50 3612 36.91686- 4.166 8.5333 139
transmit 12.4986 ar.485.

222-224.98 52.825- 40 a6 35.2166- 6.666 6.8266 75
receive {(10.7-MHz i-f) 53.57 35.7133

222-224.98 18.5- 40 12/8 3r.0- 6.668 5.8268 75
transmit 18.748 37.4966

222-224.96 58.825- 20 45 35.2166- 3.333 6.8266 150
receive (10,7 MMz i-f) 53.570 357133

222.224.98 18.5- 20 12/6 37.0- 3.333 6.8266 150
transmit 53.57 37.4966

26.965-27.405 — 10 1 37.66- 10,0 10.24 40
{origina! configuration} 38.10

N () 10 @ 11 { 12

256-395 106868  11.3555 2048
164383  (34.0866)

256-395  1.0666-  11.950 2048
164383  {35.850)

256331  1.7086-  12.3077 1024
2.2066 (36.9233)

256331 1.7086-  11.7644 1024
2.2068 (35.2933)

256406  0.85333-  11.4544 2048
135333 (34.3833)

256-408  0.85333-  12.0488 2048
135333 (36.1486)

234268 2.240- 11.808 1024
2,680 {35.418)

Notes
Circled lettars reter Lo corresponding letters in Fig, 2

1 - Application and frequency range (MHz)
2 — Original crystal freguency range (MHz)

tions} to know the i-f and whether upper-
or lower-side LO injection is used. This
can usually be obtained from the equip-
ment schematic diagram or operating
manual (Table 1, column 4).

As shown in Fig. 3A, my surplus
450-MHz  receiver used a frequency
multiplication factor of eight. The first
stage of the multiplier string was a fre-
quency doubler with output in the
106-MHz range. The i-f i3 21.4 MUz with
low-side LO injection.

3) Channel Spacing. Decide what sort
of channel spacing you require, At 450
MHz, I felt that 50-kHz channel spacing
was adequate {Table 1, column 3).

4) Crystal-Range To Synthesizer-Range
Conversion. If yowre performing this
modification to use the synthesizer with
an existing piece of equipment, find the

3 — Channel spacing (kHz)

4 — Multiplication factor, cldinew

& = Synthesizer VGO range (MHz)

£ — Reference frequency (kHz}

7 - Reference oscillator crystal fraquency (MHz)

original crystal frequency operating range
of the unit and determine the needed
synthesizer output frequency range.
Calculate the input frequency range
necessary for your desired band coverage.
As shown in Fig. 3A, my fm receiver used
a crystal frequency operating range of
32,7 to 53.56 MHz. Since the synthesizer
output is about 35 to 40 MHz, I decided to
use the first multiplier stage of the surplus
receiver (which normally operated as a
doubler) as a tripler, Therefore, I needed
a 105.4- to 107.1375-MHz output from
this first muitiplier stage or a synthesizer
output frequency range of 35.1333 to
35.7125 MHz. Thus, the new multiplica-
tion factor is 12. See Table I, columns 2, 4
and 5, and Fig. 3B. More information
concerning the selection of synthesizer
operating frequencies is available.® 6
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Fig. 2 — Block diagram of the Hy-Gain CB-board PLL synthesizer,

circled letters that correspond to thosa of Table 1.

Key parameters ara shown in

& — Number of channsls

9 — Divide-by-N range
10 — Divide-by-N input frequency range (I!I.leJ
11 — PLL oscillator crystal fraquency (MHz)
12 -« Divida-by-N number

5) PLL Reference and Reference-
Osciflator Crystal Frequencies. The PLL
reference frequency is equal to the
selected channel spacing divided by the re-
quired frequency multiplication factor of
the receiver or transmitter. In my applica-
tion:
EO_IE;E = 4.166666 kHz (Eq. 1)

The MCi145109 (IC101) on my CB
board has selectable reference-divide
ratios of 1024 or 2048 (pin 4 high or low,
respectively). The reference-divide ratio
of the CB board is 1024, but it can be
modified easily to obtain a divide ratio of
2048. To determine the reference-
oscillator crystal frequency, multiply the
reference frequency of Eq. 1 by the two
reference-divider ratios (1024 and 2048).
Thus:

4,166666 kHz % 1024 = 4.26666 MHz
{Eq. 2)

4.166666 kHz x 2048 = 8,53333 MHz
(Eq. 3)

Bince 8.5333 MHz is closer to the original
reference crystal frequency of 10.24 MHz,
[ chose it and modified the PLL board
wiring to use the 2048 divide ratio {ground
pin 4 of IC101). See Table 1, columns 6
and 7.

6) Number of Channels. This is deter-
mined by dividing the frequency range
(Table 1, column 1) by channel spacing
(Table 1, column 3). In my case:

449.95 MHz — 443 MHz = 6.95 MHz

(Eq. 4}
6.95 MHz _
SR T 139 channels (Eq. 5)

7Y PLL IC Divide-By-N Range. The
unmodified CB-board synthesizer has a
divide-by-N range of 224 to 268 with the
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divide-by-32, -64 and -128 select pins
wired to Veoe. | freed these pins and
made them available for divide-by-N
programming.

At this point, the divide-by-N selection
can be anything from 2 to 511. But the im-
portant factor to consider is {hat the
maximum input frequency o the PLL
divide-by-N input is 4 MHz. The highest
frequency that will be applied to the PLL
divide-by-N input may be determined by
muitiplying the highest divide-by-N
number by the reference frequency. To
simplify things, I wired the divide-by-256
pin to Vee. This provides a divide-by-N
range of 256 to 511 or a2 maximum of 255
channels to be selected by the use of eight
spst switches connected fo the 1 through
128 divide-by-N programming pins of the
PLL IC, Since I needed only 139 channels
for my receiver, the divide-by-N range is
256 to 395 (Table 1, column 9).

8) Divide-By-N  Input  Frequency
Range. As mentioned earlier, this is found
by muitiplying the divide-by-N range (step
7 by the reference frequency (step 5). For
my receiver, this is

256 % 4.166 kHz

1.0667 MHz (Eq. 6)
395 x 4.166 kHz

1.6458 MHz (Eq.7)

See Table 1, column 10.

9y PLL Oscillator Crystal Frequency.
The new PLL oscillator crystal frequency
can be calculated by subtracting the low-
end divide-by-N frequency found in step &
from the corresponding low-end YCO
output frequency, and dividing by three,
in my case:

35.1333 MHz ~ 1,0667 MH:z
3

= 11.3555 MHz

(Eq. 8)

See Table 1, column 11.

Upon completion of these steps, you're
ready to order your crystals and start the
physical modifications of the CB board.
My crystal oscillator circuits have 39-pF
capacitors in series with the crystals, so I

used a 32-pF load capacitance factor when
[ ordered new parallel resonant crystals,

CB-Bosard Modifications and Alignment

Before starting medifications, check to
see that the PLL circuit is basically the
same as that described (see Fig. 4). 1've
used Hy-Gain 75A080 boards that | pur-
chased from Poly-Paks several years ago.
CB units manufactured by Kraco,
Lafayette, Midiand and Pierce-Simpson
use the basic Hy-Gain design. Avoid the
remote-PLL boards {such as the Hy-Gain
750096).

Get the original synthesizer section
working. One advantage of the CB-board
synthesizer approach is that if the board
tequires troubleshooting, there usually isa
service manual available to aid you. You
don’t usuaily have this type of help with

home-made synthesizers.

Crystal Installation

Refer to Figs. 4 and 3. Remove the off-
set oscillator crystal (X102), the PLL
reference oscillator crystal (X101) and
C126. Install the pew PLL crystal at
X101. With power applied to the board,
measure the reference oscillator frequency
at pin 3 of the PLL IC, if vou wish, you
may add a trimmer capacitor to fine-tune
the oscillator. PLL oscillator operation
can be checked by loosely coupling a fre-
guency counter to the PLL mixer tran-
sistor base ((Q102) or to the emiiter of
(3105 through a 5-pF capacitor.

FCO Alignment

Connect a high-impedance voltmeter to
»in 6 of the PLL IC and program the syn-
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thesizer divide-by-N for a synthesizer out-
put frequency in the middle of the desired
frequency range. If the voltmeter in-
dicates approximately 5 V, the synthesizer
is locked. If not, adjust T101 slowly unti]
a lock is indicated by the presence of 5 V
at pin 6. Once the synthesizer is locked,
connect the meter to TP8 (R114) and ad-
just T101 so that a voltage range of about
1.5 to 4 (at the respective low and high
ends of the synthesizer range} is obtained.
Voltages below approximately 1 or above
4 may indicate the synthesizer is out of
lock.

Reference Divider and Divide-By-N
Programming Changes

If it’s necessary, you should now
change the PLL IC reference-divider pro-
gramming. After this is completed,
change the PLL divide-by-N program-
ming input line wiring. Break the Vo
connections of pins 8, 9 and 10 and con-
nect pin 7 to Vie. Pins 8 through 15, in-
clusive, control the synthesizer frequency
selection.

Final Touch-Up

You may want to recheck the VCO
alignment using your intended frequency
range. At this point, your synthesizer is
complete except for coupling out the
signal at a level sufficient to drive the
oscillator or multiplier circuit of the par-
ticuiar receiver or transmitter, Synthesizer
output can be obtained from the secon-
dary of Ti11 (break the connection to
C162). T1i1 should be then tuned for
maximum output,

Higher Synthesizer Qutput Level

To raise the synthesizer output level,
changes are needed in both the on-board
transmitter predriver and driver stages.
See Figs. 4 and 5 for before-and-after
schematic diagrams.

PreDriver and Driver Changes

To change the predriver, connect a
short piece of RG-174/1) or similar
50-ohm coaxial cable from the secondary

of TI11! to the base circuit of predriver
(J111. Remove T102 to make a connection
point for the inner cable conductor.
Replace the 100-pF capacitor across the
primary of T103 with a 68-pF unit.

See Fig, 4 for driver changes. Carefully
remove R128, R129, R130, R131, R203,
Cl46, C148, C149, C153, L105, L10s6,
1107 and Q112. Remove L109 and install
it in place of L105, A 1-k{} resistor is
mounted where R129 was located. Install
a 5- to 25-pF trimmer capacitor at the
board Iocation for C221 (Q112 collector).
A 2N3563 is mounted at the Q112 loca-
tion. Connect a 10-kf2 resistor from the
base ta the collector of 112, At location
C148, mount a 12-pF disc ceramic
capacitor, Install a 100-ohm resistor from
the junction of C147/R129 to the pad ad-
jacent to connection point 32. Connect a
wire from point 32 to point 9 (+ 12 V). In-
stall 33-pF disc ceramic capacitors at loca-
tions C149 and C153. At location L1086,
mount a 0.5- to 0.7-uH coil or rf choke,
Break the connection between the base of
Q113 and the junction of L106 and C153.
Connect the coaxial cable output lead
across C153.

Tune-Up

You may find it helpful to preadjust the
1.105/C221 combination for resonance at
the VCO frequency with a dip meter
(GDO) prior to applying power to the
board. When power is applied, adjust

+5Y

3301,
14 W
by

TOPIN 6 33080

0k pLL O—AAN

1 vaw -

BOTH
ZN3904

Fig. 6 — Schematic diagram of a simple PLL
synthesizer lock indicator.

This photo and the titie-page photo are pic-
tures of the author's synthesizer mentioned in
the text. BCD thumbwheel switches have been
added to provide seiection of various PLL IC
divide ratios. The thumbwheel antties are sent
o the PLL IC through a 2716 EPROM BCD-to-
binary converter, which may be seen at the
upper end of the enclosure.

TI11, TI03, L105, €221 and L106 (if
you’ve used a variable inductor} for maxi-
mum rf output across C153. I used a
VTVM equipped with an rf probe as a
tuning indicator. You may also monitor
the voitage drop across R131 or the CB-
board power-supply output current. In
the latter case, adjust T111 and T103 for
maximum current drain. As mentioned
earlier, 1 have obtained 1.8 V of ¢f output
across a 50-ohm load from this syn-
thesizer. This should be more than enough
to drive most oscillator circuits. Exact in-
terfacing instructions for this synthesizer
and your receiver or transmitter are
beyond the scope of this article, but notes
5 and 6 contain excellent discussions of
this subject.

Limitations

Reference Frequency. The CB-board
circuit was designed originally for a

March t983 23



10-kHz ceference frequency wusing a .
10.24-MHz crystal in the reference g‘&[ﬁ@ S \&ﬁ
oscillator, and wide deviations from these -

figures may not work. However, ve suc-
cessfully tried reference-oscillator crystal
frequencies as low as 3,7 MHz with
resulting reference frequencies as low as
1.8 kHz, I've also used a variety of
reference crystals at frequencies of 5.05
and 6.317, and a 25.66-MHz overtone
crystal operating on its fundamental. This
would seem to indicate that the circuit is
quite tolerant of a wide range of crystal
and reference frequencies.

VCO Operating Frequency. The lowest
frequency at which 1’ve operated the VCO
is 34 MHz. Most 10-meter conversion ar-
ticles I’ve seen operate the VCO in the
40-MHz range, so there appears to be a
wide spread of VCO frequency ranges Anairwound coll of 2.5 mH resonates a

available. The original frequency spread 10-meter whip antenna for a trial in the ex- Bruce Balla, VE2QO, of Quebec, shows the

of the VCO was from 37.66 to 38.1 MHz perimental 1750-meter band. One watt of input  spoils of his DXing: cw, phone and RTTY DXCGC
' : - ; : »  to & transistor final ampfifier produced enough  awards. The RTTY DXGC award is number 12

or a width of 0.44 MHz. I've operated  signal for 2 10-mile mobite-to-fixed-station in the world and number 1 in Canada. (VE2BEP

it from 35.1333 to 35.71666 MHz (a slgnal. {(W6HDO photo) photo}
0.58-MHz spread) without any trouble.
Wider ranges should be possible at higher
VCO frequencies. To optimize the VCO
tuning for maximum bandwidth, monitor
the voltage at TP8 (R114) with a high- AMSAT NETS SCHEDULE

impedance voltmeter. The voltage should [J The following AMSAT Nets meet regularly to disseminate information to
range from approximately 1.5 at the low newcomers and to keep regular satellite users in communication with one another:
lock frequency to about 4 V at the high

lock frequency. T101 should be adjusted

to center the voltage—swing within this Net Name Dav/Time (UTC} Frequency Remarks

range as much as possible. When the PLL  HF Nets

is out of lock, the voltage at TP8 is usually

: AMSAT Argentina Sunday 3737 2100 Local Time
greater than 4 V and the voltage at pin 6\ o0 Sunday 14,277 2200 Local Time
of the PLL IC is about 0 {(about 5 V when AMSAT Asi e

. L . g sia/Pacific Sunday 1100 14,305
]ocked): A1-51mple PLL lock indicator is AMSAT Austria Saturday 0900 1070
shown in Fig. 6. AMSAT Aastralian Sunday 1000 3680 During winter
" AMSAT Australian Sunday 1000 7064 During sumemer
Summary AMSAT Canada To be determined
The Hy-Gain CB-board PLIL syn- AMSAT East Coast, 1.5, Wednesday 0200 3850 2100 EST Tuesday
thesizer circuit is quite versatile, This step- AMSAT Espanol ‘ Being rescheduled
by-step modification and the examples ﬁﬁgg; }*:“tTOPet%“ " gat‘-:jf:ﬁﬁ égg” ;"2’23
) ; ow nternation unday ,2
;zﬁ:\zlr;ﬁsgf;l Lideilgrl:ll: C’{&‘:ﬁt{\:;::n;é; to AMSAT International Sunday 1900 14,282
P © AMSAT Mid-America Wednesday 0300 3850 2100 CST Tuesday
convert the original CB synthe:ﬂzer owtput  Now Zealand V.U.S. Being rescheduled
to a range that can be useful in many ap-  AMSAT South Africa Sunday 0900 7080 Lsb
plications. It also allows you to learn  AMSAT South Africa Sunday 0900 14,280
about the operation of a PLL synthesizer AMSAT South Pacific Saturday 2200 28,878
with a minimum investment if vou just SESAT Southeast [0S, Sunday 1300 280
wish to experiment. AMSAT UK. Sunday 3780 1015 TL.ocal Time
I'll be happy to try to answer any ques- AMSAT UK. Meon. & Wed, 3780 1900 Local Time
tions you have about the synthesizer AMSAT West Coast, U.S. Wednesday 0400 3850 2000 PST Tuesday
modification. Please enclose a large VHF Nets
s.a.s.e. with your inquiry. HE-]  AMSAT Buenos Aires Sunday 145,700 Fm
AMSAT Dallas/Ft. Worth Wednesday 146.610 Fm 2000 Local Time
AMSAT Goddard Wednesday 0200 146.835 2100 EST Tuesday
Notes AMSAT London Sunday 144,280 {930 Local Time
'H, Knickerbocker, R, Stielau and A, Wise, “CB-To- AMSAT Los Angeles MTWThF 144,144 O730-0830 Local
10 FM — Best Conversion Yet?,"” 73, Jan. 1?80.“ Time
B g yperience 10-Meter M Operarion.™  AMSAT South Africa Sunday 0900 145,650 Fru
‘Roards are available from Poly-Paks, P.O. Box 942, AMSAT South Africa Sunday 0900 145.725 Fm
South Lynnfield, MA 01940. Also, Surplus Elec-
""l‘ggs Lorp., T294 NW. St St., M‘ﬂmt‘ FIL A new “Satellite Basics’® net is in the “‘talking and thinking”” stage. Many requests to
f,fmd; ot iﬂ?;,;;i’e ﬁ;ﬁ;no:, 5:2?;’;:;;‘,“‘ siyle provide introductory-level material in an accessible format/frequency have been heard.

‘ARRL lab spectral analysis of the author’s synthe-  Possibly, a new net will develop on 75 meters (3900-4000 kHz) or 40 meters to service
sizer shawed the second harmenic to be about 53 dB

below peak fundamental output. newcomers. Several existing nets will be moving to Phase IIIB next summer, so other hf
*B. Fanming and G, Grantland, ‘800 Channel 2 nets are now being looked at as *‘breeding grounds.” Send your suggestions regarding
citer Syathesizer,” Ham Radio, Jan. 97, AMSAT Nets to AMSAT Net Manager W8GQW, 1617 West McKaid Rd., Troy, OH
tronics, 1952 Clinjon St., Buffalo, NY 14206. 45373.
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Go Class B or C with Power

MOSFETs

The ‘‘solid-state tube”

is here to stay! Power

FETs offer similar

performance to triode

vacuum tubes, at

comparable cost. Let's
examine them in Class

B and C amateur
service.

By Doug DeMaw,* W1FB

How about a transistor that works
well from [.8 MHz to 175 MHz, delivers
30 W of ocutput power, is virtually
destruct-proof, has a gain of 15to 18 dB
and exhibits excellent two-tone IMD
characteristics? The Motorola MRF138
and others of that power-FET family fit
this general description. The new MRF
series contains devices that will deliver as
much as 100 W from a single unit
{MRF150}.1, 2 Some of these {ransistors
are in the same price class as a 61468 tube,
Amplifier design is considerably less rigid
when using power FETs than when power
bipolar transistors (BPT) are employed.

This paper treats practical designs for
12- and 28-V power FETs. The amplifiers
are highly efficient and provide a gain in
excess of 20 dB. Information is given with
regard to curing some of the problems
that arise in power-FET design and opera-
tion — data that are kept a secret or ig-
nored unintentionally by those who write
application notes.

Power-FET Advantages

Immunity to damage from mismatching
is a virtue of the power FET. It can with-
stand all load conditions at any phase
angle without being damaged. This makes
it unnecessary to include VSWR-
protective circuits in one’s amplifier,
Thermal runaway, a specter that is ever-
present with power BPTs, need not be a
major concern with FETs, Also, the input

'Notas appear an page 29.
*ARRL Senicr Technical Editor

the

and
capacitance (Cpg) of the FET do not
change with the operating frequency or
drive level. This simplifies the design of

capacitance

(Cgs) output

fed-back power-FET amplifiers. The
same is not true of BPTs. Still another ad-
vantage is the relatively flat gain
characteristic of the power FET. The gain
undergoes a gradual decline toward the fp
of the device, whereas the theoretical gain
of a BPT is 6 dB per octave as the
operating frequency is lowered. In other
words, a specified power BPT might have
a 10-dB gain at 14 MHz in a selected cir-
cuit, whereas the gain could increase to 28
dB at 1.8 MHz in the same circuit. This
poses a threat to amplifier stability,
especialiy at medium and low frequencies.
To ensure a fairly constant gain band-
width for a 2.30 MHz power BPT
amplifier, it is necessary to include some
form of R-C or R-C-L compensating net-
work at the input port of the amplifier.
This reduces the effective driving power as
the operating frequency is lowered. Such
is not the case with power-FET amplifiers;
gain leveling is not needed.

Owing to the high impedance of FETs
(1 megohm or greater at dc), design of the
input circuit is uncompiicated. Shunt
resistors can be used to establish the
desired input impedance {usually between
50 and S00 ohms). The gate-to-ground
resistor can serve double duty as part of a
resistive divider for establishing the for-
ward gate bias, This feature is helpful
when using transmission-line broadband
transformers of fixed-value integer ratios;
a suitable gate resistor is chosen to provide

an impedance match to the excitation
source — usually 50 ohms. Bipolar tran-
sistors, on the other hand, have inherently
low base impedances — typically 10 ohms
or less in power amplifiers — which com-
plicates the transformer design.

The high-order IMD of power FETs is
on par with that of vacuum tubes. This
ideal characteristic is not common to
BPTs. Also, the efficiency of FETS is ex-
cellent, owing to the low internal
resistance (Rpg) during conduction. This
value is typically 0.25 to 1 ohm, which
means that very little power is dissipated
within the FET. This is cspecially
noteworthy when using FETs that operate
with high drain voltage (Vpg) and low
drain current {Ip). Finally, the driving-
power requirement for FETs is somewhat
lower than for bipolar transistors. Only
voltage (at a few microamperes) is needed
to turn on the FET (30 V pk-pk maxi-
murn), which is easy to develop across a
gate impedance of 100 or 200 ohms. Just
288 mW of driving power was required to
obtain 60 W of output at 7 MHz from
push-pull MRF138s in Class B service (see
note 2), A simple model of a power FET is
shown in Fig, 1.

Some Disadvantages

A cliche is in order: ‘“‘Nothing is
perfect,” and this includes power FETs.
Vhf self-oscillations haunt the designer.
This is because most FETS are rated to [75
MHz for normal operation. The gain of
an MRF-series FET is stated as 15 to 18
dB for 30 MHz, and it drops to only 10 dB
at 175 MHz. So all of the encouragement
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needed for vhf parasitics is ever-present!
The same kinds of preventive measures
used with vacuum tubes are effective in
stabilizing power FETs. That is, lowering
the input impedance (swamping), bypass-
ing the drains at vhf or using resistors in
series with the gates will usually damp
these unwanted oscillations. Careful
layout (input-output isolation) is aiso
necessary, as is effective bypassing of
critical circuit points.

FETs can be damaged quickly —
perhaps faster than one can destroy a
bipolar device. The MOSFET is sensitive
to excess gate or drain voltage. Too much
drive, spikes on the supply lines or tran-
sients in the driving energy can dispaich
an FET instantly! Self-oscillations, if of
high magnitude, can create excessive peak
voltages that will destray an FET quickly.
It's almost like the old **now you see it,
now you don’t” expression: The circuit
can be working perfectly, when at the
blink of an eye the FET is stone-cold
dead! It's happened to the author more
than once. Finding the cause is not always
easy, because the damage occurs almost
instantly. Reversed-parallel diodes from
gate to ground (external to the FET) can
be installed as protective clamps (Fig. 2),
but they increase the cffective input
capacitance (Cy,) of the circnit. They are
recommended mainly for experimental
circuits. Once stability is achieved, the
diodes can be removed.

Similarly, Zener diodes can be used
temporarily from drain to ground to pre-
vent dangerous voltage peaks from
causing damage in a circuit under
development. They should have a voltage
rating that is slightly greater than the an-
ticipated peak drain-voltage under full ex-
citation. Thus, for an FET rf amplifier
that uses a 12-V dc supply for operation
on c¢w or ssb, the peak swing at the drain
would be on the order of 24 V. A 36-V
Zener diode would be suitable.

The Self-Oscillation Syndrome

Taming an FET power amplifier is
routine if preventive measures are taken.
Most of the stabilization techniques used
with bipolar transistors are applicable.
The first order of business calls for careful
layout of the circuit board. Input com-
ponents should be isolated as much as
practicable from the amplifier output
components. Double-sided pc board is
recommended for providing an effective
ground plane on both sides of the board.
The copper conductors of the etched cir-
cuit should be as short and as wide as
possible to minimize unwanted inductive
reactance. It must be recognized, how-
ever, that the etched conductors and the
ground plane on the reverse side of the pc
board form parasitic bypass capacitors.
Capacitance values vary from, say, 5 pF
to as much as 50 pF. Although this may be
significant at vhf, it generally poses no
problems in hf-band amplifiers. In fact,

286 OS5k

the added capacitance can be beneficial
for discouraging vhf oscillations.

Fig. 3 illustrates stabilization methods
that can be applied when self-oscillations
occur. R1 and R2 establish the
characteristic gate impedance for Q1 while
serving as a bias-voltage divider. The
lower the value of R2, the better the
potential stability. R3, CI and C2 form an
R-C decoupling circuit {0 further aid
stability. Cl is chosen as an effective
bypass element in the mf and hf ranges,
while C2 is selected for bypassing at vhf,

Z1, asmall ferrite bead near the Q1 gate
terminal on the p¢ board, may sufficeas a
vhi parasitic suppressor without R4
added, The bead or beads (two or three
can be used) should have a high mu in
order to be effective. An initial
permeability (i) of 125-900 is suggested.
in stubborn cases of self-oscillation, a
low-value resistor (R4) can be placed in
series with Z1. Values from 10 to 27 ohuns
are effective.

C3 of Fig. 3 is suggested for stabilizing
single-band amplifiers. The X, should be
four times or greater the characteristic

drain impedance in order to prevent at-
tenuation of the desired frequency. In
other words, C3 is meant to be an effec-
tive bypass capacitor at vhf, but not at hf.
Hence, if the drain impedance of the
amplifier were determined from

. Vep?
Zp(ohms) = 3, Eq. 1)
where P, is the required power output in
watts, and Vpp is the drain supply
voltage, we might have an impedance of,
say, 15 ohms. Thus, the X, of C3 shoutd
be at least 4 X 15, or 60 ohms. For an
operating frequency of 3.8 MHz, we
would choose the nearest standard
capacitor value to 0.0006% uF (630 pF),
determined from

o 1

T MK,

where f is the operating frequency in MHz
and X, is in ohms. A rule of thumb is to
use only that value of capacitance which
stops the self-oscillation (the smallest
value practical). C3 will also help reduce
the level of vhf harmonic energy. The C3

(Eq. 2)
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Flg. 1 — 8imple mode! of a MOS power FET
showing the Intrinsic elements of resistance
and capacitance.

EXTERNAL GATE PROTECTION

Fig. 2 — Arrangement for external gate protec-
tlon of a power FET. Two 14V Zener diodes are
connected in series with two small-slgnal
switching diodes to form a reverse-parailel net-
work that will clamp the gate voltage at ap-
proximately 28 V pk-pk. This prevents damage
from the application of excess gate voltage.
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Fig. 3 — Techniques for preventing self-cscillations when using power FETs. C1, C2 and R3 com-
prise a decoupling filter in the bias line, while C4-CT and RFC1 sarve the same purpose in the
drain supply. Capacitor values are chosen 1o provide effective bypassing trom low frequency
through vhf, C3 can be added to reduce vhf harmonic currents and aid stability. The X, value
should be four times or greater than the tuil-power drain impedance to prevent unwanted bypass-
ing of the fundamental frequency. A high-mu ferrlte bead in serles with a low reslstance (Z1 and

R4) form an effective parasitic supprassor at vhf.



technique is not always practical in band-
switched amplifiers, since the value of C3
might have to be changed along with the
operating band.

C4, C7 and RFC1 form a decoupling
network in the drain supply line. A ferrite
choke of low dc resistance is suggested for
RFCL. A few turns of no. 20 enameled
wire on a 900-mu ferrite toroid core
should suffice. Again, the capacitor
values are selected to ensure good by-
passing from vhf down to vIf,

The addition of negative feedback
{drain to gate) will also aid stabilization.
Linear power-FET amplifiers require
feedback networks as. part of the design
procedure, but Class C amplifiers need
not have feedback if stability can other-
wise be achieved,

Power FETs at YHF

Impedance differences versus operating
frequency are found primarily at the
device input. Whereas an FET may
present an almost infinite gate impedance
at dc, the gate Z can approach or equal
that of a BPT at vhf.* For operation at
150 MHz, the 45-W MRF17! FET has a
large-signal input impedance of 1,94 —
j4.59 ohms, as compared to the 45-W

MRF315 BPT, which exhibits a
characteristic of 1.2 4 j1.0 ochms.

Noise figures under 3 dB are attainable
with power FETs as vhf small-signal
amplifiers in receiver front ends. The
MRF134 5-W vhf FET exhibits a typical
NF of 2 dB at 150 MHz {note 3} with a
Vpp of 28 V and an Ip of 100 mA, Values
as low as 1.5 dB have been measured. The
vhf power FET is, therefore, excellent in
receiver circuits that are designed for high
dynamic range.

Agc for Power FETs

Another feature that sets the FET apart
from BPTs is the age capability, The out-
put power of an FET is variable from fuli
amplitude over a range of approximately
21 dB (note 3). This is possible without
changing the amplifier excitation level,
Manual or automatic gain control is ef-
fected by changing the value of gate bias.
For example, an amplifier that can deliver
125 W of rf output can be adjusted to give
only 1 W of output by shifting the for-
ward gaie voltage (dc) from + 3 to =10.
This makes the FET ideal for use in
amplifiers that employ an output-leve]
control. This feature is fine for ew and fm
operailon, but the gate bias must not be

dropped below that value which ensures
proper linearity for ssb service, lest the
IMD quality be degraded.

Narrow-Band versus Broadband
Operation

It is practical to operate a power FET in
a narrow-band tf amplifier, just as we
might utilize a triode vacuum tube in that
type of circuit. The procedure is demon-
strated in the transmitting chapter of the
ARRL Handbook and in an (EEE Preprint
paper.4s The advantage in using narrow-
band techniques is high efficiency, A
single-ended 28-MHz Class C power FET
amplifier buiit by the author yielded an ef-
fictency of 85% (no gate bias applied). A
Siliconix VN67AJ transistor was used.

The broadband push-pull FET
amplifier of Fig. 4 exhibits an efficiency
of 72.6% in Class B service (gate bias of 1
V). The efficiency of power FETs in
broadband Class A linear service is
typically 40-50%,

Practical 60-W Amplifier

A push-pull Class B amplifier for
operation at + 28 V is shown in Fig. 4.
With an excitation power of only 228
mW, it is possible to obtain 60 W of out-
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Flg. 4 — Schematic diagram of a practical power-FET am
greater. The polarized capacitor is electrolytic (tantalum

J1, J2 -~ BNC connector (builder's cholce).

L1, L4 — 0.79uH inductor. 13 turns no. 22
enam. wire on Amidon or Palomar Té8-8
toroid core.

L2, L3 — 1.74uH inductor, 19 turns no. 22
enam. wirg on T88-8 toroid core.

Q1, Q2 — Motorola MAF138 MOS power FET.

T1 — 4:1 impedance ratlo balun transformer
% = 200 ohms or graater). 10 trifilar turns
of no. 28 enam. wire through Fair-Rite balun
cofe no. 2843000302, type 1, 43 mix (950 )
{available irom Amidon Assoc.); or 12 trifitar

tums of no. 26 enam. wirs on an Amidon
FT-50-43 toroid cora.

T2 — Phase-eversal drain choke; 12 turns no.
22 enam. wire on two Amidon FT-50-43
torold cores (stacked). The i = 950.

T3 — Broadband conventional transformer.
Primary has two turns of no. 18 plastic-in-
sulated hookup wire. Secondary has three
turns of the same type of wire. Both wind-
ings wound through the holes of two Amidon
543-621-1 ferrite slaeves. The sloeves are

plifier that Is biased for Glass B service. Capagitors are disc or chip ceramic, 50 V or
also sultable). Resistors are 1/2 W unless atherwlise noted.

opoxy-cementad together, side by side
{u; = 800). Two rows of six each T50-43
Amidon ferrite toroids can be substituted for
the sleeves. Enameled wira can be used
in ptace of the hookup wire, but will be
more difficuit to thread through the core
material. Also suitable is the new Amidan
jumbo balun core, part no. BN-43-7051.

Z1 and Z4-Z7, Incl, — Jumbo 900-mu ferrite
bead. Amidon FB-43-801. (Sea text.)

22, Z3 — Minlature 900-mu ferrite bead.
Amidon FB-43-101. (See text.)
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put after filtering. Peak drain current is
2,95 A, for an efficiency of 72.6% at 7
MHz. A gatc bias of +1 Vis used. Under
these conditions, the amplifier gain is 23
dB. (peration on the bands from 160
through 10 meters is possible by selecting
an output filter for the desired frequency.©

T1, T2 and T3 are ferrite-core, broad-
band transformers. The gate resistors con-
sist of four 220-ohm, 1/2-W units, ar-
ranged to present a gate-to-gate im-
pedance of 210 ohms. This permits the use
of 4:1 transformer (T1) to match the
amplifier input to 50-chm driving source.
The gate resistors form part of a bias
divider with the parallel pair of I-W
resistors (3.3-k@ and 2.7-kQ).

Parasitic suppressors are located at the
gates of Q1 and Q2. They stop a strong
self-oscillation that was observed at
roughly 60 MHz, Stability is aided further
by the decoupling networks in the bias
and drain-supply lines.

T2 is a phase-reversal drain choke. The
windings are returned separately to the
Vpp supply line in order to enhance the
decoupling of the transistor drains from
other parts of the circuit, This procedure
is recommended by ARRL TA Helge
Granberg (K7ES), of Motorola.

T3 is a conventional broadband
transformer tihat closely matches the
26-ohm drain-to-drain impedance to the
50-ohm harmonic filter, FL1. For prac-
tical reasons, it is not possible to obtain a
precise match, owing to the lack of a com-
mon integer ratio. However, the 2.25:1
transformation ratio is close enough to
the caleulated 1.9:1 ratio. This results in a
1.5:1 turns ratio for T3 (two-turn primary
and three-turn secondary).

FL1 is a 7-element Chebyshev design. It
provides exceilent harmonic attenuation.
Harmonic energy is 70 JdB or greater
below peak cw output power (Fig. 5). The
two-tone IMD was not measured, owing
to the design being aimed purely at cw

Flg. 5 — Spectral output of the 60-W FET
amplifier showing the spurious snergy at 70 dB
balow peak power cutput. The current FCC re-
quirement for commercial amateur transmitters
is — 40 dB for all out-of-band spurious
responses. This amplifier exceeds that level by
some 30 dB. Vertical divisions are 10 dB; the
horizontal scale is 10 MHzidiv. The tall
response at the far lett is the spectrum
analyzer refarence. The full-scale response to
the right of It is the 7-MHz desired signai.

28 0st=

operation. However, the MRF family of
MOSFETs is rated for an IMD of 35 dB
or greater below peak power in Class A
service (note 1).

Zere-bias operation with this amplifier
was checked to determine the Class C per-
formance. Without changing the drive
level, the output power declined to 52 W
and the Ip dropped to 2.75 A. A slight in-
crease in drive level restored the output
power to 60 W. The Class C ¢fficiency was
67.5%. This indicates that the amplifier
gain and efficiency are somewhat better
when the FETs are biased into conduc-
tion. This is reasonable, since power FETs
are enhancement-mode devices.

The question may arise, “*What kind of
performance can be expected when the
Vpp is lowered to, say, 12 V?” This pro-
cedure is not recommended because the
transistors will saturate rather guickly.
The result is poor efficiency and greatly
reduced power output. The devices should
always be chosen for the operating
voltage, or vice versa.

Construction

The amplifier of Fig. 4 is laid out for
single-band operation. The filter is
located on the circuit board, which makes
band switching impractical. There is no
reason why the pc board could not be

+amy RF INPUT

ANT,

Fig. 8 — Parts-placement guide for the power-FET amplifier, shown in X-ray format {rom the com-
panent side of the pe board. The gray areas indicate unetchad copper. Double-sided pc board

material is used.




shortened to contain only the circuit up to
the filter. Separate boards could then be
employed to contain a bank of switchable
filters.’

The pc board measures 6 x 4-1/4
inches.® It is mounted approximately 1/8
inch above the heat sink on metal standoff
posts. This permits mounting the FETs
with their strip-line tabs at right angles to
the bodies of the transistors. This
minimizes onwanted stress on the seals.
Always avoid soldering a transistor to a
circuit board when the leads need to be
bent up or down to mate with the pe-
board pads.

An extruded aluminum heat sink with
cooling fins is suggested. It should be of
the same length and width as the circuit
board, or larger. If such a heat sink can't
be located, one may be fashioned from
heavy-gauge sheet aluminum, as il

fustrated in the construction-practices
chapter of recent editions of the ARRL
Handbook. The transistors and the heat
sink should be no more than warm to the
touch after a 3-minute key-down period at
full output power. Under no conditions
should the FET case temperature exceed
the manufacturer’s safe specifications. Be
sure to use a thin layer of heat-conducting
grease between the mating surfaces of the
transistors and the heat sink, Tighten the
transistors in place until the nuts are snug,
but not super tight. Input and output
coaxial connectors can be installed on
aluminurm L brackets at the ends of the
amplifier module.

FL1 is designed for a cutoff of approxi-
mately 1.15 the highest desired operating
frequency. In this example (Fig. 3}, the f,
is 8 MHz, The center capacitance of the
filter is a nonstandard value, Hence, there

CLASS C
POWER
AMPLIFIER

Ko

GIRGUIT BOARD SPECIALISTS O

P.D. BOX 363 / PUEBLO, COLORADG B1002
(303} 542-5083

Etched-foil side of power-FET amplifier circuit board to scale, Black areas are solid copper.

are  two  standard-value  silver-mica
capacitors in parallel to obtain the re-
quired value, Polystyrene capacitors may
be substituted for the silver-mica units for
frequencies through 14 MHz. Silver-mica
capacitors should be used above 14 MHz.
The leads of the capacitors need 1o be kept
as shert as practicable to minimize un-
wanted series inductance.

Z1 through 27, inclusive, are formed by
passing short lengths of bare bus wire
through the holes of the ferrite beads.
Miniature and jumbo beads are used in
the amplifier,

12-V Pewer FETs

W