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*Phase lock-loop (PLL) I{§

oscillator circuit
minimizes unwanted
Spurious responses.

*Hybrid Digital
Frequency Presenta-
tion.

*Advanced Solid-state
design...only 3 tubes.

*Built-in AC and 12
VDC power supplies.

*CW filter standard
equipment...not an
accessory.

*Rugged 6146-B final
amplifier tubes.

*Cooling fan standard
equipment...not an
accessory.

*High performance
noise-blanker is
standard equipment
...not an accessory.

*Built-in VOX and
semi-hreak in CW
keying.

*Crystal Calibrator and
WWYV receiving
capability.

A BRILLIANT NEW SSB TRANSCEIVER
PROVIDINGANUNBEATABLECOMBINATION
OF ADVANCED ENGINEERING AND UNIQUE
OPERATING FEATURES.

YOU MAY NEVER HAVE OWNED A
TRANSCEIVER THAT OFFERS SO MUCH.

Send for descriptive information on this fine new
transceiver, or on the time proven Tempo ONE
transceiver which continues to offer reliable, low cost

Henry adly

11240 W. Olympic Blvd., Los Angeles, Calil. 90064 213/477-6701
931 N. Euclid, Anaheim, Calif. 92801 714/772-9200
Butler, Missouri 64730 B16/679-3127

*Microphone provided.

*Dual RIT control
allows both broad and
narrow tuning.

*All band 80 through
10 meter coverage.

*Multi-mode USB, LSB,
CW and AM operation.

*Extraordinary receiver
sensitivy (.3u S/N 10 db)
and oscillator stability
(100 Hz 30 min. after
warm-up)

*Fixed channel crystal
control on two
available positions.

*RF Attenuator.

*Adjustable ALC
action.

*Phone patch in and
out jacks.

*Separate PTT jack for

foot switch.

*Built-in speaker.
*The TEMPO 2020
...5759.00.
Model 8120 external
speaker...$29.95.
Model 8010 remote
VFO0...$139.00.



DenTron amateur radio products have always
been strikingly individual. This is the result,
not of compulsion to be different, but of a
dedication to excellence in American crafts-
manship. This dedication now extends to one
of the worlds finest high performance Military
amateur amplifiers.

Luxury styling, however, would not be fully
appreciated without an exceptional power
source. The heart of the MLA-2500 is a heavy
duty, self-contained power supply.

Compare the MLA-2500. It has the lowest
profile of any high performance amplifier in the
world. It's modular construction makes it
unique, and at $799.50 it is an unprecedented
value.

Very few things in life are absolutely uncom-
promising. We are proud to count the DenTron
MLA-2500 among them. And so will you.

MLA-2500 FEATURES

e 160 thru 10 meters

e 2000+ watts PEP input on SSB

e 1000 watts DC input on CW, RTTY, or SSTV

e Variable forced air cooling system

e Self contained continuous duty power supply

e Two EIMAC 8875 external-anode ceramic/metal
triodes operating in grounded grid.

e Covers MARS frequencies without modifications

e 50 ohm input and output impedance

e Built in RF watt meter

e 117 V or 234 V AC 50-60 hz

® Size: 5% H x 14" W x 14" D.

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

Introducing the new MLA-2500
The linear ampilifier beyond compromise.

LOAD

2100 Enterprise Parkway
Twinsburg, Ohio 44087
(216) 425-3173

Deniron_

Radio Co.. Inc.
- /

.
e i



Stay tuned for future programs.

2 @

NEW LOW

$1195.00

PRICE

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

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

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

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

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

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

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

january 1977
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In the evening when |I'm working down in the shop, | usually turn on the stereo and listen to some nice,
easy music, When | get tired of that, { flick on the receiver and tune around the upper end of 75 meters for
an interesting round table — | can invariably find an interesting conversation, whether it's about the sorry
state of the economy, the high cost of fuel oil, the fine golfing weather in south Florida, or a technical
discussion on the merits of quads vs Yagis. Whatever my mood, there’s always something on 75 that piques
my curiousity, and occasionally something that starts the old adrenalin flowing.

The other night, for instance, two characters with two-letter calls were holding forth on the low end of
75 phone just inside the Extra class segment. The technical topic of the evening was transmission lines, and
to hear these guys talk, they were the original experts. In reality all they had to offer was a barge full of
baloney. Now I'll readily admit that, of all the subjects in amateur radio, transmission lines are among the
mast difficult to understand, but that isn't a license to run off at the mouth, And to be perfectly blunt,
some amateur publications suffer from the same foot-in-mouth disease when it comes to transmission lines
and antennas.

I don’t know where all the feedline myths started, but | suspect it had something to do with the
do-it-yourself swr bridges which first became popular back in the early 1950s. Up until then most amateurs
didn’t even know about standing waves, and if they did, they didn’t seem to care. However, swr bridges
soon caught on, and it wasn't too long before being caught with your swr up was synonymous with getting
caught with your pants down. At one time someone even suggested that the Q-signal QSW be used with a
scale of 1 to 10 to report your latest swr reading as you moved around the band. Fortunately the idea never
caught on,

Some amateurs got interested enough in the subject of standing-wave ratios to dig into the books, but
when they discovered that swr is a result of power reflected from a mismatched antenna, it only served to
reinforce the myth. If a mismatched antenna causes power to be reflected back down the line, they
reasoned, this power obviously wasn’t radiated by the antenna. Some even suggested that the reflected
power got back into the transmitter tank circuit and was dissipated in heat; others apparently thought that
reflected power was last forever to some great swr heaven in the sky. A few well-informed amateurs tried to
nip these absurdities in the bud, but it was hopeiess — the disease spread faster than the cure,

The whole subject of transmission lines is much too complex to be covered in this short space, but it's
time to bury some of the myths. First of all, reflected power is not lost nor does it heat up the tank circuit
of your transmitter. Secondly, if your feedline has low loss as is the case on the hf bands, increased loss due
to swr is so small you can forget about it. Since a 10:1 swr on 100 feet of RG-8/U at 4.0 MHz increases loss
by less than 1 dB, don't worry about the fact that the swr rises above 2:1 at the band edges — the station at
the other end won’t be able to tell the difference. If your transmitter doesn’t like to load into a mismatch
greater than 2:1, buy or build an antenna tuner and save yourself a lot of grief by forgetting the swr on the
line to the antenna if it's within reasonable limits, say 10:1. And finally, if you don’t understand
transmission lines, don’t make wild statements before you have your facts straight.

Jim Fisk, W1DTY
editor-in-chief
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THE NEW ICOM 4 MEG, MULTI-MODE, 2 METER RADIO

ICOM introduces the first of a great new wave of amateur radios, with new styling,
new versatility, new integration of functions. You've never before laid eyes on a
radio like the IC-211, but you'll recognize what you’ve got when you first turn the
single-knob frequency control on this compact new model. The IC-211 is fully
synthesized in 100 Hz or 5 KHz steps, with dual tracking, optically coupled VFO's
displayed by seven-segment LED readouts, providing any split. The IC-211 rolls
through 4 megahertz as easily as a breaker through the surf. With its unique ICOM
developed LSI synthesizer, the IC-211 is now the best ‘‘do everything’’ radio for 2
meters, with FM, USB, LSB and CW operation.

The IC-211 is so new that your local dealer is still playing with his demo. Just
hang in there and you can grab this new leader for yourself. ICOM’s new wave is
rolling in.

Frequency Coverage: 144 1o 148 Mhz Selectivity: SSB * 2.4 KHz or less at - 60db Power Supply: Internal, 117V AC or 13.8V DC
Synthesizer: LS| based 100 Hz or 5 KHz PLL, FM £ 16 KHz or less al -60db Power Output: 10W PEP (S5B), 10W (CW, FM)

using advanced lechniques Sensitivity: S5B 0.25 uv 10db SINAD Size: 111mm H x 241mm W x 264mm D
Modes: SSB (A3J), FM (F3), CW (A1) FM 0.4 uv for 20db Q.S Weight: 6.8 kg

VHF UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT Distributed by:

ICOM WEST, INC. ICOM EAST, INC. ICOM CANADA

Suite 3 Suite 307 7087 Victoria Drive
13256 Northrup Way 3331 Towerwood Drive Vancouver B.C. V5P 3Y9
Bellevue, Wash. 98005 Dallas, Texas 75234 Canada

(208) 747-9020 (214) 620-2780 (604) 321-1833

More Details? CHECK—OFF Page 126 january 1977
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FCC CONSIDERS BAN ON LINEAR AMPLIFIERS for all services, including Amateur. FCC
Chief Engineer Ray Spence dropped that bombshell in response to a question posed at
the Radio Club of America annual banquet's '"Round Table 1976 — Personal Communica-
tions' session. At the New York meeting, Ray said the continued circumvention of the
FCC's ban on "CB" linears by half a dozen or so manufacturers is forcing the Commission
to take a nuch stronger stance which could result in an across-the-board prohibition
on amplifiers for everyone.

Alternatives To Be Considered in the proposed rule making include, in addition to
the possible ban, putting all Amateur Radio equipment of commercial manufacture under
the equipment approval program that presently applies to gear used by other services.
Still another approach would be to forbid the sale of an amplifier to anyone not
holding a license that authorizes his use of that amplifier, and make the dealer liable
for any sales made in violation of that prohibition.

An Industry Group Dedicated to the well-being of linear amplifiers has been formed.
Goals of the new group, being spear-headed by Dentron, are to establish "industry regu-
lations"” for the proper use of amplifiers, develop marketing techniques to keep them
out of the hands of illegal users, and work closely with the FCC to assure enforce-
ment of the Rules regarding linears.

1X2 CALLSIGN APPLICANTS newly eligible January 1 can be assisted by another ARRL
prepared chart showing callsign availability. The chart will be available late in the
month — send an SASE marked "1X2 Callsign Matrix" to the League for a copy.

1190 1X2 Callsigns have now been granted since July 2, with 227 applications still
pending. No NX2s have yet been issued as the computer program is still being worked
out, though applications for the new prefix have been received.

FCC REDUCED the number of copies it requires to be filed in Commission rulemaking
procedures from 12 to 6 (an original and 5 copies) in an action announced November 9.
Anyone wishing a copy of his comments to go to each Commissioner individually may still
file an original and 11 copies as before, but the 6 copies specified in the new ruling
assures that a filing is distributed to the appropriate FCC staff members.

The Relaxation, which amended Part 1 of the Rules, became effective November 22.

PORTABLE AND MOBILE DESIGNATION use ended officially on Friday, November 26, a
Thanksgiving present from the FCC, but you'll still need to have an "active'" mailing
address so you can answer possible FCC citations or advisories within the required
10-day period. Also, portable and mobile designations will still be required of
participants in ARRL-sponsored contests. Though portable and mobile designations
are more important to some contests than others, it's likely the Rule will be across
the board for League events.

NOVICE LICENSE TURNAROUND time can be sharply reduced, say several sources, by
printing TAMATEUR RADIO NOVICE APPLICATION" in large letters on the envelope used
to apply for a Novice exam, then returning the completed exam to Box 1120 in the
envelope it came in marked ""COMPLETED AMATEUR RADIO NOVICE EXAM ENCLOSED."

NOVICE CLASS INSTRUCTORS CAN REQUEST written examinations for their students
before the students take the code test under a Rules waiver announced by the FCC.
Under the terms of the waiver, which will be in effect until June 30, an instructor
with a class of five or more students should request sufficient exams for his
students at least 30 days before the date he plans to administer the exam. Present
FCC requirements for examiners remain unchanged — 21 or more years old, a General
or higher class license — and the examiner will be held responsible for returning
unused exams unopened along with the exams that have been taken by the students.

Requests For Group Exams should include a photocopy of the examiner's license
along with his name and address, the number of exams required, and the date the
exams are to be given. To facilitate processing by the FCC, the ARRL recommends
including two mailing labels which include the above information along with each
request. Requests should go to the FCC, Box 1020, Gettysburg, Pennsylvania 17325.

15TH ANNIVERSARY OF AMATEUR RADIO IN SPACE occurred in December — OSCAR 1 was
launched December 12, 1961. OSCAR 7 has now provided more operating time for users
than all previous OSCARs combined, according to W3PK (K3JTE).

Tests Of JAMSAT's 145-435 MHz transponder have been going very well, and the
Japanese-built unit has met specs nicely.

ITOS-1 Launch, which AMSAT had expected to provide this summer's OSCAR launch,
has been scrubbed. LANDSAT C looks like the probable alternative.

6 january 1977



NOW FROM Wilson:

AMATEUR: ANTENNAS*ROTORS - TOWERS
r/

3 CRANK-UP
TOWER MODELS DB33 | y AMATEUR ANTENNAS
Av“'uBLE ! ,!IIT The Wilson 204 is the best and most economical antenna of its type on the market
e i — > /Four elements on a 26' boom plus a Gamma Match (no balun required) make for
TT-45 FREESTANDING i high performance on CW & phone across the entire 20 meter band. The 204 Mono
CRANK-UP TOWER, 45 Ft. 1 ] bander is built rugged at the high stress points. Using taper swaged slotted tubing
The TT-45 will support 9 sq. ft, at \ \ ¢ /' permits larger diameter tubing where it counts, for maximum strength with minimum
a height of 39 fr. freestanding \ y  wind loading
when properly bracketed to a WILSON 204 ;
: The DB33 is the newest addition to the Wilson line of antennas. Designed for the

- 3 amateur who wants a lightweight economical antenna package, the DB33 compli

ments the M204 for an excellent DXers combination

extension Mast is  lengthened

house or wall at the B ft. level.
The loads decrease as the tower ;
|Loads are based at 50 mph and

load permitted on the tower de- All Wilson Monaband and Duoband beams have the following comman features
creases with increases in wind / * Taper Swaged Tubing * Adjustable 52 £} Gamma Match
speed over 50 mph). The tower * Full Compression Clamps * Quality Aluiminum
can be completely fresstanding * No Holes Drilied in Elements * Handle dkw
T 2" ar 3" Aluminum Booms * Heavy Extruded Element to Boom Mount

with our new concrete or tower
rotating bases, which allow the
use of our raising fixture. Using
these accessories, the towers can
be installed by one man easily
List....$310.00

FOR THE TOWERING SIGNAL -
WILSON'S SS§T-64 GUYED
CRANK-UP TOWER, 64 Ft.
All steel tubing is galvanized pla-
ted and conforms to ASTM speci-
fications for years of mainten-
ance free service. The SST-64 is
made of 4 sections, being 4.5",
35", 25" and 2". These large
diameters give unexcelled strength
and virtually makes the thin push-
up poles a thing of the past. The
large loads of today's antennas
make the Wilson SST-64 the best
value on the market today.

List ....$375.00

THE WILSON GT-46 GUYED
CRANK-UP TOWER, 46 Ft.

The GT-46 features guality con-
struction and materials, with the
stability of the Guyed System.
FEATURES OF THE GT-46:

« Low cost = High capacity = all
steel. Conforms to ASTM (Ameri-
can Standard of Testing Materials)
« Fully galvanized « 800 Ib. winch
standard » Guy kits available for p
factory recommended installa-
tions « 2000 b, raising cable stan-
dard (Aircraft Quality) « Can be
roof mounted for extra height
+ Great looking, slim flag pole de-
sign, for the ecology minded.

WR 1000 ROTOR

The Rotor everyone has been waiting years for —
capable of the largest arrays up to 25 sq. ft.—Superior
to. prop pitches — Full 4,000 inch Ibs. of turning
torque. Braking system requires 12,000
inch Ibs. before over-riding — accepts
2" - 3" masts — Weighs 60 Ibs. — Size:
11" diameter, 19" high.

ROTOR CONTROL BOX
SST-64

CRANK-UP
TOWER

The Finest Rotor in the Market Today
MR000 ;. .5 $429.00 List

WR 500 ROTOR

The Wilson WR500 Rotor has
780 inch Ibs. of turning torque

WR 500 ROTOR before stalling.

In addition, a Special Braking
System requires 1300 inch Ibs.
of torque before windmilling-
This is more than twice the
braking ability of the other

comparable rotor being mar-
WR 1000 ROTOR Sy

Full 98 Steel Ball Bearing race-

r
List....$219.00 ;50N AMATEUR ANTENNA SPECIFICATIONS way sssures elimination of side
i e torque jamming when Rotor is

Modal Fu-an Jz“.%.'.". s:-w:::o Length Number Elements Radius  Ares o B0 MPH Weight W'tl - mounted in line with the mast.
No. Frequency (dB) 11 L1] fr.} Elements  (f) ) g ) libe.) (] (itsa.) Price
M340 40 85 20 30 40 3 700" 390" 15 300 180 220 nu:: Recommended for antennas of
mMs20 20 13.0 28 35 58 s 380° 320° 108 210 98 123 420 ;
M520 20 120 26 30 40 s 384" 270" 898 175 74 9 299.00 7.5 sq. ft. or less . . . weighs
M204 20 10.0 25 30 26 4 w4 228¢ 6.8 138 42 a8 189.00 20 Ibs.
M203 20 8s 20 30 19 3 535 108 s 40  129.00
M156 15 120 26 30 26 5 5.0 100 4 “ |=:,z The
M1564 18 10,0 28 3o "9 L] 4.0 80 o 2 108, o
Mi53 15 85 20 0 17 3 3.0 &0 2 24 29.00 WRS500 Rotor . . $119.95 List
Mmi08 10 135 28 3o 40 [ ] 55 10 a9 e n8.00
M08 10 13.0 28 a0 n [ ] 4.0 L 1] 34 3 118.00
M106 10 12.0 26 30 28 5 3.0 60 29 32 109.00
M103 10 as 20 30 1% 3 2.0 40 10 Lk 39.00
DBS4 20 12.0 28 30 40 5 12.78 2588 { L] 118 349.00

16 10.0 25 3o 4
DB4l 18 8.5 20 a0 % a 8.0 120 s 41 148.00

10 10.0 28 3o 3
De3l 16 8.5 20 a0 7 3 45 80 0 1 109.00

10 85 20 30 3

AVAILABLE THRU YOUR LOCAL DEALER

FOR THE NAME OF YOUR OR FOR A FREE CATALOG OF
NEAREST AMATEUR DEALER THE ABOVE PRODUCTS, CONTACT:

Wilson Electronics Corp.

4288 SO. POLARIS AVENUE . LAS VEGAS, NEVADA 89103 . (702) 739-1931 . TELEX 684-522

More Details? CHECK—OFF Page 126 january 1977 7
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The ultimate transceiver . . . Kenwood's TS-820. No
matter what you own now, a move to the TS-820 is
your best move. It offers a degree of quality and
dependability second to none, and as the owner of
this superb unit, you will have at your fingertips the
combination of controls and features that, even under
the toughest operating conditions, make the TS-820
the Pacesetter that it is.

Unprecedented demand plus the painstaking care Ken-
wood lavishes on each TS-820 has created a back-log
of orders, but rest assured, it's well worth waiting for.
Once you have operated the TS-820 you will not be
satisfied with anything else.

Ty

/ adjustable to the desired level by a

o"‘_ern-ures convenient front panel control

S ’ IF SHIFT = The IF SHIFT control
rr.-__.“.ll,\,\-;l q are a few of the TS varies the IF passband without
820 s many exciing features changing the receive frequency
SPEECH PROCESSER * An HF Enables the operator to elminate
circut 5 quick time constant unwanted signals by moving them
compr ing a true RF out of the rand of the recewver
compres posed to an IF Thus teature alone makes the TS
clipper t of compression 18 820 the pacesetter that it s

PLL » The TS-820 employs the
latest phase lock loop circuitry The
single conversion recewer section
performance olfers superb protection
agamnst unwanted cross-modulation
And now. PLL allows the frequency
to remain the same when switching
sidebands (USB. LSB. CW) and
eliminates having to recalibrate
each time

RECEIVER SELECTIVITY
SSB 2.4 kHz (-6 dB)
4.4 kHz (-0 dB)
CW" 0.5 kHz (-6 dB)
1.8 kHz {-60 dB)
“iwith opticnal CW tilter installed)
IMAGE RATIO 160-15 meters
10 meters: Better than 50 dB
IF REJECTION: Better than 80 dB
POWER REQUIREMENTS: 120/220 VAC,
50/60 Hz, 13.8 VDC (with optional
DS-1A DC-DC converter)
POWER CONSUMPTION  Transmil: 280 Watts
Receive: 26 Watts (heaters off)
DIMENSIONS: 13-1/8" W x 6" H
x 13-316" D
WEIGHT  35.2 Ibs (16 kg)

Betler than 60 dB

/) TS=-820
UJJpecifications
FREQUENCY RANGE: 1.8-20.7 MHz
(160 - 10 meters)
MODES. USB, LSB, CW, FSK
INPUT POWER: 200W PEP on SS5B
160 W DC on CW
100 W DC on FSK
ANTENNA IMPEDANCE - 50-75 ohms, unbalanced
CARRIER SUPPRESSION. Better than 40 dB
SIDEBAND SUPPRESSION  Better than 50 uB
SPURIOUS RADIATION Grealer than -60 dB
(Harmonics more than -40 dB)
RECEIVER SENSITIVITY . Better than 0 25uV

Solid state remote VFO designed exclusively for use with the
TS-820 "'Pacesetter’’. Contains its own RIT circuit and control
switch .. . is fully compatible with the optional digital display in
the TS-820.

As a TS-520 owner, you go on the air with a sense of
pride and confidence. Thousands of these precision-
built beauties are in operation all over the world . . .
in ham shacks, field day sites, in DX and contest
stations and in countless mobile installations. No other
rig has ever offered the performance, dependability,
versatility and value that is built into every KENWOOD
TS-520.

You have certainly heard the TS-520’s clean signal on
the air and have probably heard a lot of glowing praise
by other hams. So if you don’t already own a 520,
maybe it's time you did.

MODES. USB. LSB. CW
POWER: 200 watts PEP mput on SSB. 160 watts

SELECTIVITY SSB 2.4 kHz (-6 dB). 4 4 kHz
(-60 dB). CW 0.5 kHz (-6 dB). 1.5 kHz

DC input on CW (-60 dB) (with accessory filter)
ANTENNA IMPEDANCE: 5075 Ohms, FREQUENCY STABILITY: 100 Hz per 30
unbalanced minutes after warmup

& s | « 0

& & & o|leoo ® »
1« # eorlle s & 0

R-599D T-599D

The R-599D is the most complete receiver ever offered. It is
entirely solid state and covers the full amateur band, 10 thru 160
meters, CW, LSB, USB, AM and FM. The T-599D transmits CW,
LSB, USB and AM, has only 3 vacuum tubes, built-in power
supply and full metering.

Because of the larger number of controls and dual VFOs, the
combination offers flexibility impossible to dupli with most
transceivers . . . for example, transmitting and receiving on dif-
ferent frequencies, no matter how far apart.

CARRIER SUPPRESSION: Belter than -45 dB

UNWANTED SIDEBAND SUPPRESSION: Better
than -40 dB

HARMONIC RADIATION: Better than -40 dB

AF RESPONSE: 400 to 2600 Hz (-6 dB)

AUDIO INPUT SENSITIVITY. 0.25xV for 10 dB
{S+NVN

TRIO-KENWOOD COMMUNICATIONS INC. 116§

IMAGE RATIO: Better than 50 dB

IF REJECTION: Better than 50 dB

TUBE & SEMICONDUCTOR COMPLEMENT:
3 tubes (2 » 5-2001, 12BY7A). 1 IC. 18
FET. 44 transistors. 84 diodes

DIMENSIONS: 13.1"Wx 59" Hx 13.2"°D

WEIGHT: 35.2 Ibs

AST ALONDRA/GARDENA. CA 90248

P KENWOOD
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an introduction to

Single-sideband fm,
though still in its

early stages

of development,

may prove useful for
radio communications —
here are the basics

of the ssb fm system

During the past decade a new communications system
was mathematically shown to be possible, was analyzed
in depth, and finally several working systems were built
in the laboratory. This system, which will be described
in some detail in this article, has come to be known as
single-sideband fm or (or ssb fm), a term which is also
used to describe single-sideband phase modulation.

It is interesting to note that, even though laboratory
ssb fm generators exhibit unwanted sideband suppres-
sion of 35 dB or more and are relatively straightforward
to build, no one ever actually set out to use ssb fm in
on-the-air trials. In fact, most professional interest in ssb
fm seemed to disappear by 1971 or 1972, perhaps
because it was being viewed primarily as a means of
saving spectrum space in the commercial fm broadcast
band.

Before discussing such details any further, it is neces-
sary to describe the basic system, and to give some
historical background as well. Considering the current

interest in amateur vhi, fm, the subject of ssb fm should
be of general interest, and it is hoped that the following
discussion will lead to some amateur experimentation
with this mode of communications.
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single-sideband fm

It is not really clear who invented ssb fm, although
many people credit it to K.H. Powers, whose work at
RCA led to a patent application which was filed in
March, 1958.1 The patent was not granted until Septem-
ber, 1962 — a happenstance which muddied the waters a
bit, because E. Bedrosian of the RAND Corporation
almost simultaneously published similar results in the
Proceedings of the IRE.2 Since Powers’ results were
never published, Bedrosian was generally credited with
the invention. Certainly, Bedrosian’s impressive contri-
butions to the theory of signal processing were ex-
tremely important {ssb fm was a ‘‘spin-off” of his
theory, as was an analysis of clipped waveforms in ssb
a-m) and it is probably safe to say that it was his work
which most directly influenced the subsequent develop-
ment of the system.

In 1964 Dubois and Aagaard published an article
which further analyzed ssb fm and which also contained
block and schematic diagrams of a working system,
along with appropriate oscilloscope patterns.? Although
they were only operating at 500 kHz, a practical ssb fm
generator had clearly been developed! Less than a year
later, Glorioso and Brazeal of the University of Con-
necticut published further details and discussed the per-
formance of an ssb fm generator they had built.* They
were among the first to point out the need for a
properly designed ssb fm receiver.

The question of how best to receive ssb fm was also
getting attention at Princeton University, and during
1966 Kahn and Thomas published an article in which
the theoretically optimum ssb fm receiver was
discussed.> Although the theoretical receiver was
impossible to build (as was pointed out in the article), it
served as a guide and showed that a modified PLL
detection system was the correct route to take.

Hence, by the end of 1966 most of the ground-
breaking had been completed, and it seemed inevitable
that ssb fm would become a topic of keen interest to
professional and hobbyist alike. Paradoxically, by the
end of 1971 the system had virtually faded from further
discussion in the technical journals, and a search of the

By Richard R. Slater, W3EJD, RD 3, Cherry Lane,
Export, Pennsylvania 16632



standard library reference indices shows that no general-
interest electronics or amateur magazine ever published
any material on ssb fm.

technical discussion

Throughout the remainder of this article, | am going
to assume that you are at least partially familiar with the
sideband representation of ordinary fm. {If you wish to
brush-up on the properties of fm sidebands, see any
recent Radio Amateur’s Handbook). Also, | intend to
avoid the use of any mathematics, even though that
means some loss of accuracy in the discussion, and will
use as examples only sinusoidally modulated signals with
full carrier. The full mathematical details can be
obtained by consulting the list of references.

the ssb fm signal

Although most people may be able to guess what the
spectrum of an ssb fm signal ought to look like, a true
starting point lies in defining the way in which it must
behave. From the journal articles already mentioned, it
turns out that a true ssb fm signal has two important
properties:

1. 1t must be possible to detect the signal with a device
which is sensitive only to frequency deviations (for
example, an ideal ratio detector)}.

2. The transmitted signal must contain only upper or
lower sidebands, but not both.

These requirements are not particularly surprising until
some thought is given to the second one. If we can really
find a way to eliminate one group of sidebands, then it

UPPER LOWER UPPER UPPER
SIDEBAND  SIDEBAND SIDEBAND SIDEBAND
‘/'
N\
\
W LOWER
SIDEBAND
CARRIER ~ CARRIER ~ CARRIER
1
NBFM A-M =
O s 0 @ sumigscaLe)

fig. 1. Rotating vector for narrow-band fm (nbfm) and amplitude
modulated (a-m) wave at a2 modulation index of 0.4 and at 40%
modutation, respectively. The same oscillator is assumed to
produce both carriers, so that the carrier vectors remain in phase.

will no ionger be true that, at each instant of time (as in
conventional fm), all sidebands add together to give a
constant-amplitude signal. Stated another way, a ssb fm
signal must have both its amplitude and its frequency
change with time. To most people this is the first sur-
prise. The second surprise comes when the first require-
ment is then re-examined: It implies that, if we run the
ssb fm signal through a limiter (and thereby remove the
amplitude changes), the signal is converted to ordinary

fm. If this were not so, then the detector demanded by
the first requirement wouldn’t be capable of recovering
the modulation.

The amplitude variations in ssb fm can perhaps be
made a little more palatable by recalling that a ssb a-m
signal also changes in frequency and amplitude. In other
words, sideband signals of any type are pretty uncooper-
ative waveforms: They simply refuse to retain the
familiar characteristics of their parent signals, especially
when viewed on an oscilioscope.

AUDIO

INTEGRATOR AUDIO

AMPLITUDE $S8 FM
MODULATOR QuUTPUT

NBFM

AUDIO
INPUT

“a50 VOLTAGE
PHASE CONTROLLED
SHIFT OSCILLATOR

fig. 2. Block diagram of a suggested ssb fm generator (see text).

The ability of a limiter to convert ssb fm to ordinary
fm will hopefully seem perfectly reasonable after the
actual method of signal generation has been discussed.

generation of ssb fm

Most of us have, at one time or another, seen the
rotating vector model for an a-m waveform. This was
widely used in the past to explain the operation of the
phasing method of ssb a-m generation; it also is a useful
way of introducing ssb fm as well because the methods
for generating ssb fm introduced to date are all based on
phasing systems.” Since fm signals can contain several
hundred sidebands when modulated with a single tone, it
is necessary that we not consider the general case right
away. Instead, to simplify the concept of rotating vec-
tors, consider the problem of "'sidebanding” a true nbfm
signal. This, by mathematicai definition, is an fm signal
which has only one significant pair of sidebands present;
the corresponding rotating vectors are shown in fig. 1A.
These vectors are identical to those often used in
descriptions of narrow-band phase modulation because
they can represent either case.

Fig. 1B shows a diagram for an ordinary a-m wave
simultaneously modulated by the same audio tone. The
implication is obvious: If all of these vectors are added
together, the lower sideband will cancel, leaving an ssb
signal with carrier. The next problem is to decide which
kind of ssb it is, since it is the result of both an nbfm
and an a-m wave.

The guestion can be answered by asking ourselves
what would happen if it were run through an imaginary
limiter/fm detector. Clearly, the amplitude variations
would be removed and only the frequency excursions
would remain. The frequency excursions which are still

*For reasons too involved to be explained in this introductory
article, filtering methods are not satisfactory.
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present occur at the same rate as the original audio so we
conclude it is ssb fm.

But what if the same signal is run through an a-m
detector? The signal will have only its amplitude varia-
tions recovered, but these too, are present and occur at
the audio rate. Thus, we must also have ssb a-m!

The point is not made to confuse (though that may
be its present effect), but rather to show that, when only
one sideband remains, the presence of a properly phased
carrier can enable either an fm or an a-m detector to
recover the audio.™ We are therefore at a departure point
and must introduce multiple sidebands if we are to
obtain a sideband signal which is distinctively different
from ssb a-m. However, the method is basically correct
and, for the moment, we can use the vector diagram to
investigate some of the problems of actually using
simultaneous a-m and fm to produce a single-sideband
signal.

The very first problem which arises lies in the non-
linear nature of fm: If everything else is held constant,
and only the frequency. of the modulating tone is
changed, the amplitude of the fm sidebands will still
change (recall that, in nbfm, the sideband amplitude is
inversely proportional to the modulating frequency).
Thus, if the lower-sideband of fig. 1 has been carefully
nulled out at a particular modulating frequency, it will
reappear whenever that frequency is changed.

It is obvious that some means is needed to make the
system frequency-independent. One method which can
be used is to modify the a-m section so that the a-m

+45° AUDIO EXPONENTIAL
PHASE INTEGRATOR AMPLIFIER
SHIFT

PROCESSED
AUDIO

AUDIO
INPUT

-48° VOLTAGE
AMPLITUDE SSB FM
PHASE CONTROLLED 10 1y oour aToR ouTPUT

SHIFT OSCILLATOR
c (WITH CARRIER)

fig. 3. System block diagram of a working ssb fm generator (after
Dubois and Aagaard, reference 3).

sidebands will also change in amplitude as the modu-
lating frequency is changed. If this can be done in just
the right way, the a-m lower-sideband will exactly cancel
the fm lower-sideband at any audio frequency.

In the case of frequency modulation, it is known that
the modulation index decreases by one-half each time
the modulating frequency is doubled. In the narrow-
band case, the sideband amplitudes are proportional to
the modulation index if a constant deviation is main-
tained. Hence, the nbfm sidebands decrease in amplitude

*Lest an innocent reader attempt to detect suppressed-carrier ssb
a-m on his fm receiver, let me hasten to add that an injected
carrier is unable to maintain the proper absolute phase for fm
detection and further, it must be injected before limiting takes
place.
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at 6 dB per octave as the modulating frequency is
increased. If the a-m sidebands can be made to behave in
the same way, then the desired result will be obtained.
In principle, this is easily accomplished by inserting a
simple R-C lowpass filter into the a-m audio section.
However, there is a very real problem which arises when-
ever an R-C lowpass filter is used in this way — it will be
a source of audio phase shift. This phase shift will rotate
the a-m vectors of fig. 1 so that they no longer cancel
the unwanted sideband. Furthermore, the audio phase
shift may depend upon the modulating frequency.

In order to control phase shift, a particular kind of
lowpass filter — known as an /ntegrator — may be used.,
This introduces a constant phase shift of about 90
degrees at all audio frequencies of interest. The problem
of phase matching can then be solved by the intro-
duction of another 90-degree, all-pass network some-
where else in the system. An ordinary R-C filter can be
used as an integrator provided that its time constant is at
least 15 times the period of the lowest frequency
component in the audio. However, the very high attenu-
ation which results can be a disadvantage.

Unfortunately, the 90-degree all-pass network cannot
be realized in practice, so commercially available audio
phase-shift networks are used which produce two out-
puts of plus and minus 45 degrees with respect to the
input audio. Fig. 2 is a block diagram of a suggested
system.

a working system

Throughout the discussion to this point, it has been
incorrectly assumed that only two sidebands have to be
considered in the case of nbfm. While it is true that only
two sidebands are present as long as the modulation
index is smaller than about 0.4, it is not true that what
an amateur calls nbfm always has such a small modula-
tion index.

Recall again that, every time the modulating
frequency is halved, the modulation index doubles. This
means that speech — which contains many audio
frequencies — will probably contain a few frequencies
which are low enough that the modulation index will
considerably exceed 0.4 and which will, in turn, produce
multiple sideband pairs. In such a situation, the a-m
section won't have a ‘'matching”’ sideband pair available,
and cancellation of all unwanted sidebands will be
impossible. In fact, with the fm systems used by most
amateurs, nearly every audio frequency produces more
than one pair of sidebands. Clearly, the hypothetical
system of fig. 2 will not do the job, and something
additional is needed.

the exponential amplifier

It was at this point that Bedrosian's theory made one of
its important contributions; If the audio applied to the
a-m section is intentionally distorted, you can generate
multiple a-m sidebands with frequencies which match
those of their fm counterparts (the distortion generates
audio harmonics, which in turn generate the required
additional a-m sidebands}. The distorting of the audio



signal has to be done very precisely, and the correct way
of doing it is not very obvious. It is a direct result of
Bedrosian's theory that the proper method of daing this
is to use a so-called exponential amplifier in the audio
chain of the a-m section. The exponential amplifier is
not difficult to build, and it turns out to be a kind of
inverse compression amplifier. It operates by increasing
its gain as the audio input voltage increases. In fact, the
gain should change as the mathematical exponent of its
input (hence its name). Luckily, this rather exotic-
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question which was never answered to everyone's satis-
faction; namely, what is the bandwidth of a typical ssb
fm signal?

The answer is not necessarily ‘‘one-half the band-
width of an ordinary fm signal,” and in fact depends
upon the modulating waveform.” This is because fm
produces multiple sidebands for each modulating
frequency, so the bandwidth can’t be as easily defined as
it is for a-m. Usually the bandwidth of an fm signal is
considered to equal the spectrum space which contains
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fig. 4. Snider and Schilling's experimental ‘‘exponentiator’” and amplitude modulator. A dual 15 volt supply is used. Resistor Rx
was not specified by reference 6. Note that this is an example only and is not intended for home construction.

sounding behavior is obtainable simply by inserting a
properly-biased diode in a feedback loop.

Fig. 3 shows the corrected system, and this arrange-
ment does produce ssb fm. It is basically the same
arrangement used by Dubois and Aagaard in their
pioneering experiments in the middie 1960s.3

Snider and Schilling® have published an IC version of
the exponential amplifier (which they called an
exponentiator); a schematic diagram of their circuit is
shown in fig. 4 to illustrate the ease of construction (the
three transistors are an amplitude modulator}. Note that
the TN205 diode must have a 150 millivolt drop across it
to provide correct operation, and that the last IC must
be dc-coupled to the amplitude modulator.

For those who are experimentally inclined, Snider
and Schilling’s article is recommended since it also
contains schematic diagrams of a useful ssb fm ampiifier,
designed to produce 455-kHz ssb fm. Glorioso and
Brazeal* give schematics for a discrete exponentiator
using four transistors and also for a frequency multiplier.
In fact, these two articles contain 90 percent of the
constructional material which has been published in the
open fiterature.

bandwidth of ssb fm

Now that | have touched very lightly on the elec-
tronic details of ssb fm generation, | will turn to a

some fixed percentage (often 90) of the radiated power.
When sideband enhancement takes place in an ssb fm
generator, sidebands which didn’t contain enough power
to contribute to the bandwidth of the parent signal may
become important. If they do, the resulting ssb fm signal
will be wider than one-half of the original signal. Just
how much wider, or if the signal is always wider, has
never been settled because as shown in fig. 5, the
redistribution of relative sideband power is quite uneven.

A practical rule-of-thumb would seem to be that,
first, single-sideband signals derived from wideband fm
(modulation index greater than 0.4) are about two-thirds
as wide as ordinary fm and, secondly, single-sideband
signals derived from narrow-band fm are one-half as wide
as nbfm. However, as the later discussion will show,
there are many who disagree with this evaluation,

effect of limiting

Recall that the act of amplitude-modulating the
parent signal cancelled an unwanted group of sidebands;
hence, the amplitude variations present in the ssb fm
signal can be thought of as information about how the
generator accomplished its goal. if that information is
removed, it is equivalent to negating the influence of the
amplitude-modulator at the generator so the original
sidebands are all restored, and ordinary fm results. It
follows that the act of subjecting ssb fm to hard limiting
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restores it to ordinary fm, and it was this potential
compatibility with standard fm broadcast receivers that
first attracted the attention of the developers of the ssb
fm technique.

As was mentioned earlier, if ssb fm were viewed as an
end in itself, you would not use an ordinary fm receiver
to detect it, but would go in the direction indicated by
Kahn and Thomas® — detecting both amplitude and
frequency changes for later processing. Nevertheless,
virtually everyone who worked with ssb fm considered
only ordinary (consumer) fm receivers because they saw
ssb fm as a possible way to squeeze more stations onto
the commercial fm broadcast frequencies. This is an
important point to keep in mind, because when you take

(A l

s

o I 2 3 4 5 6 7 s 9
SSB FM
.0 ) . | .
4 z 3 4 56 7 8 ;]
ORDINARY FM

fig. 5. Relative upper sideband ampliitudes for ssb fm (top) and
ordinary fm (bottom) versus sideband number, where zero indi-
cates the carrier component. Both pilots are for a modulation
index of 5, but are drawn to different vertical scales. Top:
Carrier component equal to unmodulated signal amplitude. Bot-
tom: Carrier component 18% of unmodulated signal amplitude.

only that viewpoint, you can easily “prove’ that ssb fm
is inferior to ordinary fm. The next section summarizes
those arguments.

the case against ssb fm

The bandwidth (however you choose to define it) of
an ssb fm signal can depend so strongly upon the
modulating waveform that very great differences in its
bandwidth were obtained by several workers. Mazo and
Saltz,” who assumed so-called Gaussian modulation,
concluded that ssb fm was often wider than fm when-
ever the modulation index exceeded three. Hence, they
declared that it was of little interest for such purposes as
standard broadcasting. Kahn and Thomas® reached the
opposite conclusion for the case of sinusiodal modula-
tion, declaring that wideband ssb fm is half as wide as
ordinary fm but that narrow-band ssb fm is 1.4 times as
wide! Both of these papers were entirely theoretical, and
.neither of them contained supporting laboratory
experiments.

On the other hand, Glorioso and Brazeal built a
working system and agreed with Bedrosian’s earlier
conclusion that a narrower bandwidth is to be expected
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for ssb fm. In fact, the bandwidth rules given earlier in
this article are based upon these author’s findings, as
well as those of Dubois and Aagaard; it is believed that
they represent the current best choice among decidedly
divided opinions., Nevertheless, it could still turn out
that ssb fm is unattractive due to bandwidth limitations.

A more certain criticism of ssb fm arises when you
consider the signal-to-noise ratio at a conventional
discriminator: The amplitude variations inherent in the
ssb fm signal make it more difficult to obtain full
fimiting, so that the threshold characteristics are poorer
and the threshold signal-to-noise ratio is degraded. These
problems become particularly troublesome at large mod-
ulation indexes, as does an accompanying probiem of
maintaining phase linearity in the receiver i-f strip.® For
all of these reasons, Snider and Schilling expressed the
opinion that . . . ssb fm will not find broad practical
application, since it is both difficult to generate and does
not perform as well as fm does.’’®

the case in favor of ssb fm

It must be repeated that the usefulness of any
communications method depends upon the way in
which it is configured. Certainly, if you want to broad-
cast compatible, high-fidelity ssb fm into the home of an
audiophile, you have chosen an impractical goal. On the
other hand, if you are interested only in communicating
information to a matched receiver, ssb fm may indeed be
attractive. For example, Glorioso and Brazeal held that,
even in the wideband case, “Envelope detection,
additional nonlinear processing, and filtering . . . offers
threshold characteristics similar to conventional fm. . .4
Furthermore, they maintained that there is an
accompanying saving in spectrum space.

In the narrowband case, ssb fm is readily detected
with a conventional receiver and offers an improved
signal-to-noise ratio over conventional fm once the
detection threshold is exceeded.* Even though the
threshold signal-to-noise ratio is still slightly poarer than
that of conventional nbfm, it is believed that the loss is a
very slight one or two dB.?

The accusation that ssb fm is “‘difficult to generate’”
depends, of course, upon your own viewpoint. Since
Glorioso and Brazeal have shown that ssb fm can be
generated at low frequencies and then multiplied to a
higher. frequency (and a higher modulation index), it is
slightly simpler than ssb a-m, which must always be
moved by heterodyning (mixing) techniques. Ssb fm is
very much like ssb a-m in its requirements for generation
and linear amplification, but these are routine require-
ments and constitute no serious difficulty. In short, the
arguments in favor of ssb fm roughly counterbalance the
negative opinions, and there does not seem to be
sufficient information as of yet to make a go/no-go
decision.

Particularly intriguing is the question of suppressed-
carrier operation — a possibility which has not been
discussed in the literature. Unlike conventional fm, it
turns out that ssb fm contains a constant-amplitude
component at the carrier frequency, so that carrier re-



insertion at the receiver appears to be feasible. This is
not immediately obvious from the information given in
the references, because each author chose to normalize
his calculated sideband amplitudes in such a way that
the carrier amplitude appears to decrease as the modula-
tion index is increased. Furthermore, Glorioso and
Brazeal show a plot of “carrier level” versus modulation
index which, at first inspection, seems to imply that the
carrier amplitude does change. In reality, the plot is for
the signal level, which is something quite different. Any-
one who decides to consult the references should keep
these facts in mind.

The main point to be made here is that carrier
suppression, though apparently feasible, has not been
attempted. When you consider where ssb a-m might be if
no one ever thought to suppress the carrier, it is natural
to wonder if this is not the next logical step to take in
testing the usefulness of ssb fm.

it should be mentioned that ssb phase modulation
(ssb pm) may be more attractive to amateurs than ssb
fm. The reasons for this are twofold:

1. In the case of ssb fm, the peak envelope power (PEP)
increases with decreasing modulating frequency, whereas
with ssb pm the PEP is independent of modulating
frequency (see expression four in the appendix). Hence,
ssb pm is not as likely to overdrive any following linear
amplifiers at low audio frequencies.

2. An ssb pm generator can be built from fig. 3 by
eliminating the audio integrator and replacing the vco
with a true phase modulator. Therefore the circuitry is
simpler.

Unfortunately, an ssb pm generator has never been
explicitly discussed in the open literature so a potential
designer is entirely on his own. However, this is not a
very serious drawback because any existing ssb fm cir-
cuitry can be easily modified as indicated above,

closing comments

During the preparation of this article, several
amateurs were asked to review it and comment. It was
an almost unanimous opinion that a complete schematic
diagram of a working ssb fm transmitter, along with
alignment instructions, ought to be included, and |
assume that a number of readers will agree. However, it
is my feeling that, in addition to being beyond the scope
of a preliminary article on the subject, the actual hard-
ware is probably illegal to use in the United States due
to its use of simultaneous fm and a-m. If the FCC makes
its proposed rule changes, then ssb fm may turn out to
be legal without special permission. In that case, it
would be useful to explore specific equipment after it
has been given on-the-air tests, but so far, no one in the
amateur community can do this and be sure that it is a
lawful activity. Clearly, simultaneous fm and a-m has
heretofore been thought of as a sign of sloppy hardware
design, rather than a valid means of signal generation,
and clarification is needed. By default, ssb fm is emission
type F9 (there is no F3a or F3j classification for fm),

and F9 emissions are not allowed on any amateur
frequency.

It is hoped that readers of this article who have access
to a good technical library will be sufficiently attracted
to ssb fm to pursue it to the point of designing appro-
priate equipment. Certainly there is more to be done in
the area, and amateurs can make some genuine contribu-
tions to the art.
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appendix
For those readers who wish more precise details, here are some
mathematical relationships:
1. Single-tone ssb fm signal voltage v(t): v(t) = V, exp (B cos w,,t) cos
(Wt sin w, t)

where:

) = modulation index

w,, =modulating angular frequency

w, = carrier angular frequency, and

V, =unmodulated carrier amplitude
2. Single-tone ssb fm sideband amplitude A,

A, = VM Im! m=0,1,2,...
where:

m = o yields the carrier amplitudé 4,
3. Peak-to-valley ssb fm envelope voltage, Vp
Vpy =2V, sinh §
4. Peak-to-peak ssb fm envelope voitage, Vpp
Vpp =2V, exp
In all of the above relationships, the ssb pm case may be obtained by

replacing 8 with ¢, the maximum phase excursion in radians.
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for 40 meters

Complete construction
and alignment details
for a mini receiver

that can be built

by beginner or old timer

Here's a tiny solid-state receiver with some great charac-
teristics for headphone reception on 40 meters. The
receiver has low-noise properties and anti-overload
characteristics as good as those found in some of the
better vacuum-tube receivers. ldling-current drain is less
than 15 mA using a 9-volt transistor battery. For identi-
fication, | call it the DCM-1. It uses an rf jfet, a vfo jfet,
an audio jfet, and an op amp final audio stage. Recep-
tion is best on CW, but single sideband can be received
satisfactorily when the band isn’t too crowded. A mini-
ature resonant whip antenna can be used for satisfactory
reception from all over the United States.

This project was tailored with the beginner in mind.
The receiver is ideal for monitoring 40-meter novice
stations without requiring an outdoor antenna. The parts
list is quite complete and includes many substitutions
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direct-conversion receiver

that will perform equally as well as those given as a first
choice. |'ve included technical expanations for com-
pleteness, but don’t be alarmed if at first you don't
understand this material when you attempt to build this
receiver. After all, we all have to start somewhere, and
most of us aren’t going to make the big league anyway. |
was once a beginner and still don’t have all the answers,

If you follow the construction directions you'll have
a piece of equipment any amateur would be proud to
own. A block diagram of the receiver is shown in fig. 1.

product detector and rf circuit

Many references have been made to direct-conversion
receivers in the amateur literature, The heart of this
receiver is a combination of three jfets in a Y connection
such as used in a differential amplifier. This combination
is almost the fet equivalent of the well-known RCA
bipolar IC, type CA3028A, which has been used in
product-detector circuits! among its many other applica-
tions. One advantage of the fets is that a much lighter
load is presented to the vfo than when using bipolar
transistors, so no buffer-amplifier is needed. Another
advantage is that a better noise figure seems to prevail.
Still a third advantage is low current drain. In fig. 2 it's
obvious that the total current drain is only that drawn
by the third transistor in the Y-connection, Q3. In the
case of the prototype receiver, this current was only 8
mA.

In fig. 2, Q1 and Q2 are the matched jfets and Q3 is
the series-connected rf amplifier. The variable frequency
oscillator (vfo), which functions as the local oscillator
(lo), is fed to gates G1 and G2 of Q1, Q2 in push-pull

By Richard Silberstein, WOYBF, 3915 Pleasant Ridge
Road, Boulder, Colorado 80301



through conventional trifilar-wound broadband ferrite
transformer, T1, with a 4:1 impedance ratio.2 Q1 and
Q2 switch the rf drain current of @3, producing a mixer
output at a frequency difference between that of the vfo
and the received signal, which is in the audio range. The
audio output is obtained through push-pull transformer
T2, whose secondary is resonated to approximately 750
Hz by capacitor C2. | found it essential to use zener
diodes CR1 and CR2 across the Q1, Q2 output, other-
wise high-voltage switching transients generated in T2
can burn out the twin fets.

The rf signal is fed from the antenna jack to Q3
through a double-tuned resonant circuit consisting of
L1, L2. Each inductor of L1, L2 has an unloaded Q of
about 220. The two resonant circuits are coupled
through C7, a very small capacitor, whose value was
found by experiment. Capacitor C7 is merely a twisted
pair of plastic-covered solid no. 22 AWG (0.6mm) wires.
Resistor R2 was set at 3300 ohms in the prototype, but
should be adjusted as described below.

The original circuit was designed for use with the
Siliconix E421 dual fet in the Q1, Q2 position and the
E304 in the Q3 position. Both are marketed under a
different number by Calectro (at least as of this writing).
Using the dual fet, the circuit should be sufficiently well
balanced in some applications not to require equaliza-
tion of Q1, Q2 gains. For cases where equalization is
desired, or where individual fets are used, the alternative
connection at points X, Y, and Z in fig. 2 should be
followed, requiring a slightly different circuit-board lay-
out, which is discussed later.

vfo (local-oscillator) circuit

The circuit of fig. 3 is a straight-forward series-tuned
Colpitts circuit,® also known as the Clapp circuit.
Biasing diode CR1 was chosen as a germanium diode,
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fig. 2. Product-detector schematic. Q1, cl2 ci3
Q2 are matched jfets; Q3 is the rf ampli- z

fier. Alternative connection is used when
Q1, Q2 gain equalization is desired.

ALTERNATIVE CONNECTION AT X-Y-Z
0 1, Q2 SIMILAR BUT NO'
IDENTICAL IN CHARACTERISTICS
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fig. 1. Block diagram of the direct-conversion
40-meter mini receiver.

because in past experiments | found that the oscillator
had lower current drain than when using a silicon diode,
but the choice is probably not critical. In the Clapp
circuit, the impedance is low across feedback capacitors
C5 and C6. Therefore it was possible to mount the
tuning elements on a separate board from the transistor
circuitry, locating the former conveniently close to the
variable capacitor and connecting them to the latter
through a 50-ohm miniature cable.

Rf chokes L3 and L4 are not critical. In my case they
were wound on small ferrite cores as described in table
1. Small chokes, such as Millen subminiatures of 10-15
uH would be satisfactory. L2 is a Radio Shack 2.5 mH
choke, but a small choke of the order of 50 uH would be
satisfactory. Resistor R6 was 3900 ohms in the proto-
type, but might best be adjusted for the lo output that
affords the highest detector audio output, as described
later.

The vfo tuning inductor, L1, is a high-Q toroid. The
tuning capacitor, C3, is a miniature 365 pF air-dielectric
broadcast unit. Since this capacitor tunes through a large
range, it was necessary to swamp its effect with fixed
capacitor C4, which was 470 pf in the prototype. The
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table 1. Parts list for the DCM-1 40-meter receiver. All resistors are V2 W, 10% tolerance. Alternative parts choices are also given.

product detector:

C1, Ca; 0.02 uF, 25 V disc ceramic

C10 through C13

c2 0.05 uF, 100 V mylar

C3 100 pF, 15 V miniature electrolytic, radial
leads

C5,C9 5-30 pF ceramic trimmer

C6,C8 100 pF polystyrene or silvered mica

c7 coupling gimmick, twisted pair of solid no.
22 AWG (0.6mm) plastic-coated wire, 3Yz
in. (89mm) long

L1 30Yz turns no. 24 AWG (0.5mm) on TS0-6
toroid core

L1A 2Y2 turns no. 24 AWG (0.5mm) wound over
ground end of L1

L2 31%z turns no. 24 AWG (0.5mm) on TS0-6
toroid core

L3 rf choke, 2.5 mH (Radio Shack 270-1713)
smaller unit OK

Ql, Q2 twin rf fet in one package (Siticonix E421
or Calectro Equivalent). Alternatively, any
two hf-vhf n.channel jfets reaonably similar
and used with alternate source-current
balancing circuit.

Q3 Siticonix E304 or Calectro equivalent. Alter-
natively, a third jfet similar to Q1, Q2 may
be substituted.

R1 47k

R2 Set for dc voltage source-to-drain across Q3.
Use high-impedance voltmeter., Prototype
recejver value was 33k

R3, R4 10-22 ohms; not critical

RS 47 ohms

R6 source-current balance pot, 100 ohms (mini-
ature Bourns type}

T1 13 turns no. 30 AWG (0.25mm) trifilar
wound on Indiana General ferrite core
CF102-Ql or Amidon T25-6 core. Impe-
dance ratio, 4:1

T2 Push-pull audio transformer, Calectro
D1-722 or equivalent

CR1, CR2 18V, Y2 W zener diodes

vfo (local oscillator):

Cl small 180 pF polystyrene or silver mica (see
text)

c2 5-30 pF ceramic trimmer

C3 365 pF broadcast-band capacitor

[of/3 470 pF polystyrene or silver mica (see text)

CSs, C6 560 pF polystyrene or silver mica

C7 through C11 0.02 uF, 25 V ceramic

CR1 any germanium receiving diode

L1 49 turns no. 28 AWG (0.5mm) on Amidon
T50-6 toroid core

L2 through L4 choke, 1812 turns no. 26 AWG (0.3mm) on

CF102-Q1 ferrite core. Not critical. Alter-
native: fill T25-6 toroid with no. 32 AWG
(0.2mm) wire

Q1 any good hf-vhf n-channel jfet (Siticonix
E304 or equvalent)

R1 47k

R2 330 ohms

R3 4.7k

R4 10 ohms

R5 3900 ohms in prototype; see text
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audio amplifier:

Cc1,C2 0.01 uF,50 Vv

C3,C5 25 or 30 uF, 15 V minlature electrolytic,
radial leads

Ccq4,C8 same as above, but 50 uF

Cc7 same as above, but 10 uF

Cce 0.1 uF mylar

C9 0.005 uF mylar

Q1 n-channel jfet (2N3819, HEP801 or similar)

R1 100k miniature volume control with on-off
switch

R2 43 ohms

R3 27k

R4 22ks,

RS 2.7k

R6 2.7 megohm

R7, R8 5.6k

R9 220 ohms

Ul type 741 op amp

miscellaneous:

aluminum box, 5% x 3 x 2-1/8 (13x8x5.4cm). Bud CU3006A or
Radio Shack 270-238

phone jack (size depends on plug size)

phono jack for antenna connection

dial drive, Calectro E2-744, diameter 1!z in. (38mm)

battery and battery terminal. Use heavy-duty 9-volt unit

4 spacers, 3/4 in. (19mm) tapped for 6-32 (M3/5) to support
product detector panei

2 spacers, %2 in, (12.5mm) tapped for 6-32 (M3/5) to support vfo
tuner panel

4 spacers, 12 in. (12.5mm) to accomodate 6-32 (M3/5) screws to
support rear panels

2 or 4 4-40 (M3) binder-head screws, Y% in, (6.5mm) long to
mount variable capacitor

8 6-32 (M3/5) binder-head screws, Ya or 3/8 in. (6.5mm or
9.5mm) tong

4 6-32 round-head screws to mount rear paneis

2 no. 4 sheet-metal screws 3/8 in. (9.5mm) long to secure diat
drive to front panel

lockwashers: 12 6-32 (M3/5) and 4 4-40 (M3)

1 circuit board, fibergiass-epoxy, 2Yz x 2%z in. (64 X 64mm),
copper foil one side

3 circuit boards as above but 2¥2 x 1-1/8 in. (64 x 29mm)

3 ft (Im) RF-174/U coax cable

10 ft (3m) hookup wire no. 22 AWG (0.6mm) solid

2 transistor sockets

1 14-pin dip IC socket

overall capacitance of the combination was too high, so
C1 was inserted in series (180 pF in the prototype).
Capacitor C2, a 5-30 pF ceramic trimmer, sets the tuning
at a reference frequency and dial position using a wand
applied through a hole in the front panel, The prototype
oscillator current drain was about 3 mA,

audio circuit

This circuit, fig. 4, is simple yet is the fourth one
tried. The small broadcast transistor radios of the pre-IC
days employed transformer-couple push-pull Class B out-
put stages to obtain reasonably undistorted speaker out-



put at only 200 mW. However, | noted that the overall
drain of such a receiver was 7-8 mA, increasing to 16-17
mA on audio-modulation peaks. | found that even at
comfortable headphone volume, a single output transis-
tor produced intolerable distortion. An audio fet, Q1, is
biased to draw only a few tenths of a milliampere. Its
output feeds a type 741 operational amplifier, U1,

product detector where a balance control is desired,
whether a twin fet or individual fets are used, Mounting
holes for adjustable ceramic trimmers C5 and C9 may
have to be changed, depending upon the style available.

Fig. 7 shows etching templates for the small panels:
fig. 7A the vfo oscillator; fig. 7B the vfo tuner; and fig.
7C, the audio amplifier. Fig. 8 shows component and
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fig. 3. Vfo (local oscillator) schematic. A simple series-tuned Colpitts circuit is used for low current drain.

which works satisfactorily even on a 9-volt battery,
drawing about 2.5 mA. The overall receiver current
increases at most about 2 mA on loud signals with the
volume turned up. The circuit is the same as that of
reference 4, except that resistor R6 was increased to 2.7
megohms from 0.82 megohms, affording about 10 dB
more signal gain.

construction

Circuit boards. Fig. 5 is a layout of the product-detector
board for the twin-fet circuit without balancing adjust-
ment. It shows component location and drilling points.
Fig. 5 is an etching template. Figs. 6A and 6B are for the
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drilling locations for these panels. Note that the audio-
amplifier layout is for the 14-pin DIP package socket.
For the TO-99 package, stretch the leads to the proper
hole numbers, as indicated in fig. 7, and solder. A
separate layout is needed for the mini-DIP package. Use
care to identify leads from the top of the IC, if this is
what the manufacturer’s diagram specifies. All boards
should be of fiberglass-epoxy resin, such as G-10, with
fiberglass paper as a possible substitute, and should have
copper foil on one side.

In the type of construction | favor, the conductors
are placed like islands surrounded by insulating material,
all in a grounded matrix of copper. If this language

FROM
PRODUCT
DETECTOR ol

fig. 4. Audio-amplifier schematic. Circuit is similar to that in reference 4. R1 is mounted on frant panel.
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fig. 5. Product-detector layout using twin fets, above, and its
etching template, below.

seems complicated, you'll understand by looking at the
etching figures. The method takes a little more artwork
but actually consumes much less etching fluid than if
conductors were laid down individually. Moreover, a
surrounding ground plane affords optimum shielding.

Drilling and soldering. Drills should be of the hardest
possible steel, since fiberglass is an abrasive material. At
least one source of such drills in guantity at reasonable
prices has been advertised.” All small holes not specified
in the diagrams are to be drilled with a no. 65 (0.9mm).
A stable floor- or table-mounted drill press will work
satisfactorily, Some of the holes marked for no. 60
(1mm) are obviously (from inspection of the board
diagrams) to be used for grounding the braid on cables

*Trumbull, 833 Balra Drive, El Cerrito, California 94530.
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terminating adjacently, so that they may need to be still
larger, perhaps no. 54 (1.4mm). Before mounting
components, check all islands for shorts to ground and
remove any with a knife or scratch awl.

Use care not to apply too much heat in soldering;
conductors etched on the best boards can strip off!
Boards made of fiberglass and paper, and others with
more of a paper composition, tend to smoulder with
excess heat, A pencil-type iron for circuit-board work is
desirable. Use a quick, firm push with a clean iron tip
into the joint, bringing the solder up simultaneously and
withdrawing quickly. For best results, the copper should
be cleaned immediately before soldering to inhibit
corrosion. Plating the finished board with tin or silver
will improve soldering effectivity. (A chemical tin-
plating kit is sold by Burstein Applebee). The small
battery-operated soldering irons are great for getting into
small places, and there is an advantage in not dragging a
cord around.

After a board has been completed care must be taken
to clean off any rosin that bridges the insulating space
between conductors and ground. This is important on
high-impedance circuits and if the equipment is to be
used in a humid climate.

A question arises as to whether to solder transistors
and ICs in place or to use sockets. Space and cost are
saved by not using sockets, but plugging semiconductors
in and out makes it a lot easier to use cut-and-try
procedures. In the product-detector board, | soldered
the units in place, mainly because the E421 fet would
have required an awkward socket wiring arrangement;
the other boards are laid out so that sockets may be used
if desired. Protect semiconductor leads from heat when
soldering and desoldering.

Circuit changes and repairs are not too difficult if you
remember not to apply too much heat and to heatsink
semiconductors whenever necessary. If a removed
component leaves a hole plugged with solder, the solder
blob may be removed easily with rosin-coated copper
braid sold under the name of So/der Wick.

testing and adjustment

Product detector and rf amplifier. The first test and
adjustment procedure applied to the product detector is
to determine the equality of dc voltages across the uppe