..

focus

ham

radio

magazine

on
communications

technology . ..

SEPTEMBER 1974

this month

® communications
receiver 24

® ssb distortion
measurements 34

o receiver rf amplifiers 42
® antenna mast design 52

@ squelch-audio amplifier 68




5 SN

A DOLIAR

THE SWAN 600T"

There are five transmitters available to
amateur radio operators today providing 5-
band coverage in SSB, CW and AM modes.
Of these five, only SWAN's 600T supplies
600 watts P.E.P. input. Among the others,
one has 240 watts P.E.P.; two have 200 watts
P.E.P. (one of these requiring an accessory
power supply); and one is a kit capable of a
mere 180 watts P.E.P. input.

Compare the cost per watt, then judge for
yourself as to which is the best value: The
kit retails at $1.67 per watt; the 240 watt unit

is $1.41 per watt, the 200 watt rig with the
power supply built-in runs $2.30 per watt,
while the other 200 watt transmitter costs
$2.65 per watt by itself or $3.15 per watt if
you buy the power supply recommended.

Now consider the economical SWAN 600T
— it gives you a full 600 watts P.E.P. input,
about three times the gower of the others,
for JUST 98¢ PER WATT!

The brand YOU should buy is obvious.
Visit your authorized SWAN dealer and order
your 600T.

WHEREVER THERE'S VALUE IN AMATEUR RADIO, YOU'LL FIND SWAN ELECTRONICS

$589.95

$615.95
$ 2495

600T Transmitter

600R Custom Receiver with
SS-16B filter

600S Speaker

B00SP Deluxe Speaker with
FP-1 phone patch

510X Crystal Oscillator

VX-2 Automatic Voice Control

MARK Il Linear Amplifier

(2000 watts P.E.P.)

$ 69.96
$ 54.95
$ 44,95

$749.95

DEALERS THROUGHOUT THE WORLD
g or order direct from

ELECTRONICS

& nubade

Home Office: 305 Airport Road - Oceanside, CA 92054

Telephone (714) 757-7525

THE BEST PRACTICAL DEVELOPMENTS IN AMATEUR RADIO
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It had to happen! The enormous suc-
cess of Tri-Ex's original Sky Needle—by
popular demand—has brought about the
design of a miniature Sky Needle for the
Tri-Band Beam. We call it Super Mast.

It's a special tower for the low profile
HAM operator. A roof-topper stretching

For the low profile Ham operator.

after fabrication for long life. A slim,
clean-line tower. Tops in performance—
Super Mast.

Shown here in its nested position at
21-feet, this Super Mast is supporting a
three element 15 meter antenna & rotor
assembly. Rush your order now. Visit or

-call your local Tri-Ex Tower dealer

to 40-feet up. Attaches easily,
simply to the side of your garage( today. Price of this under-$300-tower,
st. Iri=E '

or house. A super-easy Super Ma
A top-quality Tri-Ex prod-

X® because of rising steel costs, is
subject to immediate change.

uct. Hot dipped galvanized TOWER CGRPORATIGN Order now and save!

7182 Rasmussen Avenue, Visalia, Calif. 93277

More Details? CHECK—OFF Page 126
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for the most advanced antennas under the sun!

HY-GAIN 20415/

...d
tiger
on
20 meters

The best antenna of its type on the market. Four wide spaced elements
(the longest 36'6") on a 26" boom along with Hy-Gain's exclusive Beta
Match produce a high performance DX beam for phone or CW across the
entire 20 meter band.

10 db forward gain Maximum power input 1 kw AM,

28 db F/B ratio 4 kw PEP

Less than 1.05:1 SWR Wind load 99.8 Ibs. at B0 MPH
at resonance Surface area 3.9 sq. ft.

Feeds with 52 ohm coax

The 204BA Monobander is ruggedly built to insure mechanical as well as
electrical reliability, yet light enough to mount on a lightweight tower
{(Recommended rotator: Hy-Gain's new Roto-Brake 400.) Construction
features include taper swaged slotted tubing with full circumference
clamps; tiltable cast aluminum boom-to-mast clamp; heavy gauge ma-
chine formed element-to-boom brackets; boom 2" OD; mast diameters
from 12" to 22" ; wind survival up to 100 MPH. Shipping weight 51 pounds.

See the best distributor under the sun...the one who handles the Hy-Gain
204BA Monobander

Model 204BA (4-element, 20 meters)
Model 203BA (3-element, 20 meters)
Model 153BA (3-element, 15 meters)
Model 103BA (3-element, 10 meters)

MODEL BN-86

Improves transfer of energy to the antenna.
eliminates stray RF. improves pattern and F/B
ratio

For prices and information, contact your local ]{ - a'"
Hy-Gain distributor or write Hy-Gain.
Hy-Gain Electronics Corporation. B601 Northeast Highway Six. Lincoln NE 68507, 402/464-9151, Telex 48-6424

Branch Office and Warehouse, 6100 Sepulveda Blvd , #322, Van Nuys, CA 91401, 213/785-4532, Telex 65-1359
Distributed in Canada by Lectron Radio Sales. Ltd.. 211 Hunter Street West, Peterborough, Ontario
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As you look through this month’s issue of
ham radio, you'll see that two new
sections have been added. The first, stop
press on page 6, is a monthly summary of
late news and happenings which affect
amateur radio. In the jargon of the
newspaper world, stop press means exact-
ly that. If a hot story breaks while your
morning paper is still coming off the
presses, or if a big story takes a dramatic
new turn, the presses grind to a halt so
the new story can be added. If the story
is big enough to justify a stop press
edition, it's usually big enough to require
a complete remake of the front page,
banner headlines and all. Nor does the
task stop there—room has to be found on
the inside pages for stories crowded off
the front page, re-edited to fit the avail-
able space, less important news items cut
to the bone, and others discarded. Such a
last-minute, crash effort is obviously ex-
pensive, so you don’t see stop press
editions every day, the editors opting
instead for their regular early and late
editions.

For a monthly magazine such as ham
radio, however, a stop press edition in
newspaper terms would be a practical
impossibility. A crash effort to get
WABUAM’s 1296-MHz article into this
issue, for example, started the middle of
May, immediately after it was first intro-
duced at the West Coast VHF Confer-
ence. Nevertheless, it is possible, with
proper planning, to insert whole pages a
few hours before the magazine goes to
press. Such is the case of stop press in this
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a second look

. m
fisk

issue. With this technique, stop press is
dated only by the slowness of second-
class mail—typically three to four weeks.
For immediate, up-to-date coverage of
amateur radio news, in much more detail
than can be presented within the limited
confines of stop press, subscribe to HR
Report (see page 98), our bi-weekly
newsletter which more and more ama-
teurs are depending upon to stay current
with fast-breaking news from the FCC,
ARRL and industry.

Some readers may be concerned that
stop press is the beginning of an editorial
swing to the non-technical aspects of
amateur radio. Such is not the case—ham
radio will continue to bring you the latest
technical and construction information
available, as we have in the past. But with
a World Administrative Radio Conference
scheduled for 1979, restructuring of the
amateur service probably only a matter of
time, and the many new proposals being
offered by the FCC, it is imperative that
the amateur community be well in-
formed. Stop press is a small step in that
direction.

The other new section in this issue is
pr bandstand on page 76, a one-shot
chance for our advertisers to blow their
own horns. If you like the idea, we’ll do
it again next vyear. Our regular new
products section, displaced temporarily
by the bandstand, will return next
month.

Jim Fisk, WIDTY
editor-in-chief



Collins Radio
has joined forces

with another
great company:

Rockwell International.

Collins is now part of Rockwell International, a multi-industry,
high-technology company.

But nothing else has changed. The quality and reliability that
you expect in our ham radio gear remain the same.

Because the same engineers will still be designing the
products. The same experienced production workers will be
manufacturing them. The same rigorous testing programs will
still be applied. And the same fine dealer organization will
serve you.

In the years ahead, we intend to maintain the kind of
leadership that has made Collins the most respected name in
amateur radio. And we will continue to look for better ways to
serve you—ways that will keep you enjoying your Collins
equipment to the fullest.

For more information, contact Amateur Radio Marketing,
Collins Radio Group, Rockwell International,
Cedar Rapids, lowa 52406. Phone 319/395-4507.

‘l Rockwell International

More Details? CHECK—OFF Page 126 september 1974 5
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FCC ORDER RELAXES LOG KEEPING, and from now on NO mobile logs and only mini-
mal fixed-station logs are required of amateur stations. Fixed (and portable)
stations must maintain log book, but must record only contacts involving third-
party traffic or during which an operator other than the station licensee was at
the controls.

ANY EXTRA-CLASS LICENSEE COULD REQUEST PREFERRED CALL, even a two-letter call
that previously required 25 years as a licensed amateur, under FCC Docket 20092.
Extra Class licensees would also be permitted to hold as many "preferred" (one-
by-three) calls as they had additional stations, although only one two-letter
call would be permitted.

ARRL NATTIONAL CONVENTION OPENED JULY 19, and for three days New York's Waldorf
Astoria resembled the DX pileup on Kingman Reef. Weather was perfect, and show
management estimates over 4000 attendees showed up.

Banquet Tickets Were Gone early Saturday afternoon, and commercial exhibitors
were almost all enthused, as the three exhibit halls were well filled almost all
the time they were open. Despite the high level of activity in the exhibit halls,
however, the many forums all attracted substantial support too.

ARRL Band Plans for 50- and 450-MHz bands were announced at Repeater Forum.

In brief, 6 meters will be low in, high out, on 20-kHz centers; 450 will be high
in, low out, on 50-kHz centers. Auxiliary links, ATV and satellite communica-
tions are all accomodated on 450.

FCC CHATRMAN RICHARD WILEY provided one of the weekend's high points with his
ringing pro-amateur radio speech. Anyone who came with reservations about the
new chairman's feelings toward the amateur service lost them quickly -- he's been
looking us over pretty closely, and is, for the most part, enthused about what
he's seen.

After Reviewing Recent Amateur-Related FCC Activities he touched on amateur
restructuring (still evolving, and amateur inputs welcome) and Class-E CB (not
yet decided one way or the other). He and the other FCC staffers then fielded
questions from the floor: License fees -- will probably be reduced, perhaps to
as low as half the present schedule. 160 meters -- should see some restrictions
lifted soon in some areas as Loran A begins to be phased out. Codeless license
-— very probable part of restructuring, but only above 144 MHz and placed so as
to offer little disturbance to existing amateur operations.

IMPORTANT NEW FCC ACTIONS highlighted the FCC Forum. FCC has just issued
Notices of Proposed Rulemaking which would: 1ift the restrictions on repeater
linking; 1ift restrictions on repeater crossbanding; and clarify commemorative
callsign procedures.

NEAR RESTRUCTURING OF CB by FCC is provided by three items released July 24.
Most far-reaching is Docket 20120, a Notice of Proposed Rule Making that greatly
expands Class D (27-MHz) CB. 27.23 to 27.54 MHz segment would be added, with
26.96-27.31 to present AM and SSB only on 5-kHz channels! Restrictions on per-
mitted communications would also be eased. This NPRM seems to neatly avoid or at
least effectively put off action on the 220-MHz Class-E band. Hmmm...

The Second Shoe Dropped on CB July 24 is Docket 20118, which would prohibit
the sale, lease, offer for sale or lease, or importation of RF power amplifiers
capable of amplifying signals in the 20-40 MHz range! The only noteworthy excep-
tion to the ban is for multiband amplifiers specifically designed for amateur use.

Low-Power CB Handie-Talkies Will Move near 50 MHz if FCC Docket 20119 goes
through. Commercial hand-held units not requiring operating licenses would be
moved from 27 MHz to 49.91-49.99 MHz, and would require type acceptance by the FCC.

W5BWQ OF AUSTIN, TEXAS, is ham radio's most happy fellow, having recently taken
delivery of a 1974 Chevy Vega, plus a car full of Swan amateur gear including an
55-200 Solid-State HF Transceiver and an FM-2XA Two-Meter FM Transceiver. All of
this was his reward for winning HR's 1974 sweepstakes. Now it's your turn --
next year.
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easy-to-build
ssb transceiver

for 1296 MHz

Complete description
of a simple
sideband system

for the amateur
23-cm band —

the same technique
can be used

for the other

uhf bands

The simple microwave ssb system pre-
sented here was used to achieve Northern
California’s first recent two-way ssb com-
munications on 1296 MHz, between
WABUAM and K6UQH, on April 14,
1974." Aside from any precedent which
may have been established, the method
used to transmit and receive microwave
ssb represents a significant breakthrough
in that it is simple, straightforward, in-

8 september 1974

H. Paul Shuch, WAGBUAM, 14908 Sandy Lane, San Jose, California 95124

expensive and readily reproducible by
any uhf enthusiast. Neither specialized
tools nor elaborate test equipment is
required to build this equipment — equip-
ment that provides the capability for
line-of-sight ssb contacts on the amateur
23-cm band.

Fig. 1 shows the scheme generally used
for the transmission and reception of uhf
ssb signals. The received signals are
down-converted in the conventional
manner into the high-frequency spectrum
where they are detected by the station
receiver. Similarly, a high-frequency
signal generated by the station exciter is
heterodyned up to uhf, then amplified
and transmitted. Note the high degree of
redundancy present in this system. Both
the transmit and receive converters use a
mixer and local-oscillator chain, the func-
tion of each being essentially identical to
its counterpart.

Assuming the availability of a bilatera

*Some years ago, KBHCP and W6GDO rar
successful 1296-MHz ssb schedules, each using &
2C39 as a simultaneous mixer and LO doubler
The resulting ssb output was easily copyable, if
not exactly spectrally pure. Bandpass filter:
were used to attenuate the undesired product:
at the antenna. The equipment currently usec
by WABUAM and K6UQH, described in thit
article, uses diode balanced mixers with injec
tion at the ultimate LO frequency. This methoc
of heterodyning produces clean 1296-MHz sst
without excessive intermodulation products

Editol



mixer {one which operates equally well in
both the forward and backward
directions), the system can be simplified
as indicated in fig. 2. Obviously, a passive
mixer must be used in this application.
Any active device designed to provide
conversion gain in, say, the up direction,

fig. 1. System normally used for the trans-
mission and reception of uhf ssb signals. Note
the high degree of redundancy.

of numerous stages of linear amplification
after the transmit conversion.

It is evident from fig. 2 that by
eliminating redundant circuitry, the TR
switching complexity has increased three-
fold. Assuming that means could be
found for eliminating the requirements

" ANTENNA

FEEDLINE

Oo— 0
INPUT
TR RELAY OUTPUT TO
FROM STATION
i;?:T*Ir%'; RECEIVER
)

RYSTAL- CONTROLLED
LOCAL- OSCILLATOR CHAIN

i
o,

cannot function as a down mixer as well.
Fortunately, singly- and doubly-balanced
diode mixers function effectively in
either direction, with only a few dB of
conversion loss.

The greatest drawback of the diode
mixer, so far as transmit conversion is
concerned, is its limited power-handling
capability: This normally requires the use

ANTENNA

FEEDLINE

i I\
LINEAR ° AF
AMP ’
TR RELAY A
K
RV
-0
oN
LO CHAIN

O
TR RELAY
K3

INPUT FROM i

STATION | %

EXCITER g
fig. 2. This uhf ssb system, which uses a
common local-oscillator chain and balanced
diode mixer, minimizes circuit redundancy but

requires three TR relays.

OUTPUT TO
STATION
RECEIVER

CRYSTAL-CONTROLLED
LOCAL- OSCILLATOR CHAIN -T_.

for separate receive and transmit amplifi-
cation, TR relays K1 and K2 could then
be eliminated, too. Of course, such dras-
tic simplification would jeopardize both
the receive sensitivity and transmit
power. However, depending upon the
application, these tradeoffs might well be
justified. Such was the case with the
1296-MHz station at WABUAM.

The details for the Simple 1296-MHz
Sideband System are shown in fig. 3.
Equal emphasis was placed on simplifying
the system to its minimum required
content, and optimizing each sub-
assembly to provide reliable communica-
tions over a reasonable range. Free-space
loss and receiver noise calculations indi-
cate that ssb communications between
two such stations would be practical to
distances of at least 100 miles (160 km).

Note the total elimination of TR
relays and feedlines (and their resultant
losses) in the microwave portion of this
system. This is accomplished by mount-
ing the mixer, filter and LO chain directly
at the antenna (readily accomplished, as
these modules are both lightweight and
relatively small), and pumping only
28-MHz energy (plus 12 Vdc for the local
oscillator) up and down the tower. The rf
modules and antenna might even be

september 1974 9



combined into a single physical unit, as
shown in fig. 4.

mixer

So far as design tradeoffs are concern-
ed, the mixer is, by far, the most critical
component of the Simple Sideband
System. To obtain a reasonable receive
noise figure, low conversion loss is of
paramount importance. At the same time
usable transmit rf levels dictate high
power-handling capabilities. As will be
shown in a minute, these two criteria
tend to be mutually exclusive. With
readily available Schottky-barrier (hot-
carrier) diodes in a balanced mixer, the
system seems to optimize at about 6-dB
conversion loss, with 3 mW of usable
output power. Don’t scoff at these seem-
ingly restrictive figures. Calculations (see
page 21) will show that this type of
performance is more than satisfactory for
communications to the edge of the visual
horizon, and perhaps beyond.

Several reproducible uhf balanced
mixers have been published recently.
1,2,3,4 The balanced mixer presented
here is based upon a design developed by
W6FZJ, and currently used by him on
2304 MHz. Versions for 1296 MHz have
been built by both WAGUAM and
WB6JNN, and provide a considerable
improvement over the single-diode
trough-line or interdigital designs fre-
quently used by amateurs in uhf trans-
mitting and receiving converters. An
improved version of the WBFZJ mixer,
which uses a commercially available balun
to match the rf port of the mixer to the
B0-ohm transmission line, will also be
described.

Whatever mixer design is chosen, the
diodes you select will determine its con-
version Jloss and power-handling
capability. One high-power, low-cost de-
vice is the Hewlett-Packard 5082-2817.%

These diodes have a burnout rating of
4.5-watts peak, or 1-watt CW, and are
capable of conversion efficiencies of
better than -5 dB.

practical mixer circuit

The complete 1296-MHz mixer shown
in fig. 5 uses hybrid construction (dis-
crete components on etched micro-
stripline), making duplication relatively
straightforward for anyone with access to
PC board fabrication facilities. Given
sufficient time and patience, you can
even ‘“‘etch’”” your substrate with an
Exacto knife and straightedge. At least
four such manual efforts have been com-
pleted to date, and performance is equal
in all respects to photochemically pro-
duced versions.

The equivalent circuit shown in fig. 6
will help to clarify the operation of the
mixer. Rf energy injected into the delta
(A) port is transformed by the balun so
that there is a 180° phase difference
between the signals applied to the two
diodes. The diodes are effectively in series
and of like polarity so that the applied rf
simultaneously biases both diodes on and
then off, for alternate half-cycles.

1296 MHz
IN AND OUT

MIGH-0
BANDPASS
FILTER

1268- MMz
CRYSTAL: CONTROLLED
LO CHAIN

< —

28 - MHIL
FEEDLINE

HIGH- LEVEL
DIODE BALANCED
MIXER

OUTPUT TO
STATION
RECEIVER

o— L O
INPUT %

FROM
STATION
EXCITER

*Hewlett-Packard 5082-2817 hot-carrier diodes
are available in small quantities for $1.50 each

from any Hewlett-Packard sales office. Matched
pairs (56082-2818, $3.25), and matched quads
(5082-2819, $7.00) are also available. If you
can’t find a Hewlett-Packard sales office in the
Yellow Pages, write to Hewlett-Packard, 1101
Embarcadero Road, Palo Alto, California 94303,
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fig. 3. The Simple Sideband System, shown
here, has been reduced to its ultimate simplicity
but can still provide beyond-the-horizon com-
munications when wused with a high-gain
antenna.



Rf energy applied to the sigma (Z)
input is transmitted down a quarter-
wavelength, two-way power divider
(which looks like a tuning fork) so that
the signals it applies' to the two diodes
appear in phase. Since the diodes are in
reverse polarity with respect to their bias
return {common junction), this rf is
applied to the two diodes out of phase.
The simultaneous application of in- and
out-of-phase rf signals to the diode pair
results in a signal at their junction com-
posed of the rf applied to the sigma (Z)
port, chopped at the rate of the rf applied
to the delta (A) port. This complex
repeating waveform can be shown by
Fourier analysis to contain components
of the sigma frequency, the delta fre-
quency, their sum and their difference.
Mixing, by the traditional definition, has
occurred. The circuitry shown to the right
of the diodes in fig. 6 serves the purposes
of signal conditioning (filtering out all
but the difference-frequency com-
ponent), dc bias return and a means of
measuring diode bias current.

The most significant advantage of the
balanced mixer over a single-ended design
is that rf injected into the delta port is
isolated from the sigma port, and vice-
versa. To see how this is accomplished,
consider a balanced signal applied to the
two diodes through the delta port. In
addition to feeding the diodes, this signal
is shunted by the sigma port’s power
divider. Note that the power divider
appears to this signal as a balanced
transmission line shorted at the load end.
Since this transmission line is a quarter-
wavelength long at the delta frequency
(assuming the delta and sigma signals are
close in frequency), it transforms the
short to an open, and the sigma port is
effectively nonexistent so far as the delta
signal is concerned.

Conversely, rf injected into the sigma
port divides down the power divider, and
appears to the diodes as two signals, equat
in amplitude and phase. Looking toward
delta, these two signals are cancelled in
the balun and, thus, never reach the delta
port.

1t should be noted that single-balanced
mixers provide no isolation whatever
between the i-f port and either the delta
or sigma port. Hence, filtering is required
to remove the higher-frequency com-
ponents from the i-f. Such filtering is
accomplished in the hybrid balanced
mixer by virtue of stubs at the i-f side of
each diode, a quarter-wavelength long at
1296 MHz and open at the far end. These

TRANSCEIVER MODULES
MOUNTED ON BACK OF

REFLECTOR 7

<— 2 sTanoorrs

‘—% ELEMENTS

[————— PHASING LINES

@— ALUMINUM PLATE

TO BALUN ON BACK

W mast

fig. 4. Antenna-mounted transceive converter.
With this arrangement, using the system of fig.
3, only 28-MHz energy must be run down the
tower to the operating room.

quarter-wavelength sections ground out
the i-f port to energy near 1296 MHz.
Derivation of the baflun used in the

- hybrid balanced mixer is shown in fig. 7.

Fig. 7A is a coaxial balun frequently used
in antenna work. In fig. 7B, the same
balun is straightened out to improve
symmetry. Note that a common ground is
still required between the far end of the
stub and a point one quarter-wavelength
back on the feedline. This ground is
frequently accomplished by connecting
to the walls of the half-wave-long box in
which the balun is built. In the case of
the hybrid balanced mixer, the return is
to a ground plane, on the oppaosite side of
a substrate to which the balun is
attached.

Both bandwidth and balance may be
improved by modifying the in-line balun

september 1974 1
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L6 GROUNDED
“*"THRU BOARD
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I

SHIELD,
‘ F oiELECTRIC
|
|

iy

(43 mm) L8

|
J— L OPEN CIRCUIT
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cl,c2 0.01 UF disc ceramic

Cc3,Cca 1000-pF feedthrough

CR1,CR2 hot-carrier diodes (H-P 5082-2818)

L1 §50-ohm micro-stripiine, 0.168"
(4.5 mm) wide, any length

L2 75-ohm micro-stripline, 0.080"
(2.0 mm) wide, 1-7/16" (36.5
mm) long, (along center)

L3,L4 38-ohm micro-stripline, 0.25"

(6.5 mm) wide, 1-7/16" (36.5
mm) long

LS5,L6 50-ohm micro-striptine, 0.168"
(4.5 mm) wide, 1-19/32" (40.5
mm) long

L7,L8 50-ohm UT-141 coaxitube,
0.141'" (3.5 mm) diameter,
1-11/16" (43 mm) long

R1,R2 10-ohm, la-watt carbon composi-

tion resistors

RFC1,RFC2 2" (51 mm) no. 32 wire, close
wound on 0,050"” (1.5 mm) diam-
eter form or ferrite beads on leads
of C1l and C2

RFC3,RFC4 22UH

fig. 5. This high-performance 1296-MHz balanced mixer uses etched 1/16" (1.5 mm)} thick
Teflon-fiberglass printed-circuit board and a coaxial balun. Full-size printed-circuit layout is shown
in fig. 8. An equivalent circuit of this mixer, illustrating circuit operation, is given in fig. 6.

of fig. 7B as shown in fig. 7C. In this
version the stub is a piece of coax
identical to the original feedline. The
center connector of the feeder is now
connected to the center conductor, rather
than to the shield of the stub. At the far
end of the stub the center conductor is
open. A quarter-wavelength toward the
source (at the junction of the feeder and
the stub) this open is transformed to a
short, and rf sees the center conductor of
the stub as being continuous with the
shield. Therefore, the circuit at fig. 7C is
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electrically identical to that of fig. 7B,
but with improved physical symmetry.
Balanced output is taken from the same
paint as before.

Note that at the far end of the stub
the center conductor must be open, and
the shield grounded. Again the balun may
be constructed upon a substrate, with
return through it to a groundplane.

The balun used in the 1296-MHz
mixer is made from a single piece of
UT-141 type semirigid coax (50-ohms,
Teflon dielectric, 0.141-inch [3.5-mm)]

REMOVE 7 (1.5 mm)
I NOT
DISTURB INNER



DC BLOCK AND
BIAS RETURN

LOW-PASS FILTER

BALUN

!

TEST
POINT

z

fig. 6. Equivalent circuit of
the balanced mixer shown in fig. 5.

OD). Correcting for velocity factor, the
quarter-wavelength sections are each
1-11/16-inches (43-mm) long. Judicious
use of an Exacto knife and small tubing
cutter will aid in the removal of 1/16-inch
(1.5-mm) of the outer conductor at the
junction of the feeder and the stub. Since
no physical connection must be made to
the center conductor at this junction, the
Teflon dielectric should not be disturbed.
Allow a short length of center conductor
to extend beyond the quarter-wavelength
section comprising the feeder coax. This
will be attached to the center pin of the
delta port’s coax connector.

The mixer’s substrate is etched on one
side of a 1/16-inch (1.5-mm) thick,
double-sided, 1 ounce, copper-clad,
Teflon-fiberglass PC board. Do not use
fiberglass-epoxy board, as its dielectric
constant is not correct for the dimensions
provided in fig. 5. The use of Teflon PC
board is necessary in this design so that
the velocity of propagation (and hence
the electrical wavelength) of the striplines
will approximate that of the coax balun.
The full-sized PC layout is shown in fig.
8. All micro-striplines must be opposite a
groundplane (the other unetched side of
the double-sided board).

Although Teflon PC board makes an
excellent substrate for micro-striplines at
1.3 GHz, it is quite expensive (and in

*Anzac model TP-101, 500 kHz to 1.5 GHz,
50-ohms balanced to 50-ohms unbalanced
transformer with midband insertion loss of 0.4
dB maximum and vswr 1.6:1 maximum, $15.50
in single quantities from Anzac Electronics, 39
Green Street, Waltham, Massachusetts 02154.

some areas, totally unobtainable). The
use of fiberglass-epoxy board, though it
would increase losses slightly, would
bring this type of equipment within reach
of many experimenters who might other-
wise be deterred. Of course, a glass-epoxy
substrate is incompatible with the
UT-141 coax balun because of the widely
different velocities of propagation of the
two mediums. In order to develop a
1296-MHz balanced mixer on glass-epoxy
board, a different method of unbalanced-
to balanced transformation is required.
Anzac Electronics manufactures an
appropriate balun of moderate cost,
excellent electrical performance and small
physical size which frees the mixer design
from restrictions as to substrate
material.” Mixers built on 1/16-inch
{1.5-mm) G-10 double-clad PC board
using the Anzac balun exhibited
improved matching at the rf port, an
effect which more than offsets any addi-
tional losses in the glass-epoxy dielectric.
A schematic of the improved 1.3-GHz
balanced mixer using the commercial
balun is shown in fig. 9. Note that pins 1,
3 and 5 of the balun must be grounded
through the substrate to the groundplane.
When mounting the balun, do not allow
its case to short out the striplines of L2.

Construction of the doubly-balanced mixer of
fig. 5, showing installation of the coaxial balun.
Capacitors C1 and C2 can be seen between the
two feedthrough capacitors.
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tinues to increase. Indeed, within the
power restriction of the HP 5082-2817
diodes, it is possible to obtain about 16
mW of clean output power. However,
recall that the Simple Sideband System
uses the same mixer and local-oscillator
chain for both transmit and receive. Any

Full-size artwork for a mixer board on
1/16-inch {1.5-mm) G-10 PC board (€ =
4.8) is provided in fig. 10. Either of these
two balanced-mixer designs (fig. 5 or fig.
9) will provide satisfactory performance in
the Simple Sideband System for 1296
MHz.

output power - noise figure tradeoff

To avoid excessive intermodulation
distortion in the transmit mode, it is
desirable to inject into the i-f port a signal

CENTER CONDUCTOR
OPEN

BALANCED
ouTAUT

level at or below the mixer's 1-dB com-
pression point. This is the level beyond
which incremental increases in input
power result in an ever-diminishing
increase in output power. Such a situa-
tion typically occurs with i-f injection
5-dB below the local-oscillator signal
level.

Due to the ready availability of any
desired signal level at 28 MHz, the i-f
injection level is not considered a limiting
factor in system design. The following
discussion assumes the use of the opti-
mum i-f injection level in the transmit
mode; that is, 5-dB below whatever LO
insertion is applied.

In the transmit mode the usable out-
put power is equal to the i-f injection
level minus the mixer’s conversion loss,
L.. For operation at the 1-dB compres-
sion point, this relationship can be ex-
pressed as

Pout =PLo(aBm) ~5dB - Lc
This formula implies that the system
power output continues to improve for
increases in LO injection. This would be
true were it not for the fact that conver-
sion loss does not remain constant for all
levels of LO injection. Fig. 11 demon-
strates the variation in conversion loss, as
well as optimum power output, as a
function of LO injection level for a
typical microwave diode balanced mixer.
Note that optimum conversion loss
occurs at an LO injection level of around
+8 dBm.

Beyond this point, though conversion
efficiency degrades, output power con-

14 september 1974

Py
3

BALANCED BALANCED

ogTPUT QUTPUT

J T X
a

¢ UNBALANCED (O UNBALANCED UNBALANCED

INPUT INPUT N ST

fig. 7. Derivation of the coaxial balun used in
the balanced mixer of fig. 5. Conventional
balun in (A) has been straightened out in (B) to
improve symmetry. Balun in (C) is identical,
electrically, to the circuit in (B) but symmetry
has been further improved.

decrease in mixer conversion efficiency
will degrade receive noise figure accord-
ingly. Beyond +10 dBm of LO injection,
transmitter power is gained only at the
expense of receiver noise figure.

The break-even point occurs at an LO
power of +16 dBm. Beyond this level,
each dB of increase in transmitter output
results in one dB of receiver degradation.
Thus, the Simple Sideband System
optimizes at 6-dB conversion loss, 40-mW
of LO injection, 12.6-mW of i-f drive and
3-mW of output power. The tradeoff
involved in determining this optimum
performance point is illustrated by the
Pout + L. curve of fig. 11. The sum of
conversion loss and output power is used
as a figure of merit for communications
between two identical systems. This sum



represents the output power available at
the i-f port of a receive mixer which is
driven by an identical transmit mixer
operating at the 1-dB compression point.
Note that as local-oscillator power is
increased, a knee is reached beyond
which additional power will serve no

passband. The actual transmitter output
power, after the filter, will thus be

+78dBm-3.0dB-05dB=4.3dBm=2.7mW

Note that the filter will also eliminate
receiver image noise, as well as blocking
those out-of-band signals which might

1296-MHz MIXER

WAGUAM

fig. 8. Full-size printed-circuit layout for the balanced mixer of fig. 5. Material is 1/16” (1.5 mm)

thick, double-sided Teflon-fiberglass circuit board.

useful purpose. Thus it is desirable to
operate the system at the knee of this
curve, which | call the transceive figure of
merit curve.

bandpass filter

With 40 mW of LO injection in the
transmit mode, and using the balanced
mixer described above, a mixer output
power of 6 mW is indicated on a power
meter. It must be remembered that this
signal represents both the desired output
signal (LO + i-f) and the image (LO - i-f).
A bandpass filter with sufficient skirt
selectivity to reject the image will also
have about 0.5-dB insertion loss in the

otherwise enter the mixer and cause
cross-modulation distortion and interfer-
ence. Of course, filter insertion loss must
be added to mixer conversion loss and i-f
noise figure when determining receive
converter performance.

Physically, the bandpass filter can be a
half- or quarter-wavelength coaxial
resonator, or a trough-line cavity such as
has been used in previous 1296-MHz
receiving converters. Coupling in and out
can be accomplished by means of links,
loops, taps, capacitors or even the coaxial
matching scheme used by K6UQH in his
latest converters.5 In the interest of
avoiding multiple responses, a similar
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filter at the output of the LO chain may
prove desirable.

local-oscillator chain

The key criteria here are stability and
spectral purity. For maximum stability it
is advisable to invest in the best possible
low-temperature coefficient crystal you
can afford.” An additional ten dollars
invested in a quality crystal can do much

provide minimum crystal feedback
consistent with ready starting, and should
of course be buffered.

Spectral considerations dictate very
careful selection of the multiplication
scheme used to reach the desired injec-
tion frequency. High-order multiplication
in a single stage is out, as the resultant
harmonic comb requires extensive filter-
ing. W6FZJ, whose success on both

Lo

L2 ANZAC

RFC1

R
10 1&% RFC3

&

—
o

A

>z~

RFC2

Rz
RFCs S0 B

c1,c2 0.01 UF disc ceramic

c3,Cc4 1000-pF feedthrough

CR1, hot-carrier diodes (H-P 5082-2818)
CR2

L1,L.3 50-ohm micro-stripline, 0.10" (2.5

mm) wide, any length

L2 75-ohm micro-stripline, 0.045' (1.0
mm) wide, 1.24" (31.5 mm) long
{along center)

L4,LS 25-ohm micro-stripline, 0.30'" (7.5
mm) wide, 1,14 (29 mm) long

R1,R2 10-ohm, Ysa-watt carbon composition
resistor

RFC1, 2" (51 mm) no. 32 wire, close wound

RFC2 on 0.050" (1.5 mm) form or ferrite
beads on leads of C1 and C2

RFC3, 22 UH

RFC4

fig. 9. Improved 1296-MHz balanced mixer uses commercial balun and double-clad epoxy circuit
board. Full-size printed-circuit layout is provided in fig. 10.

to alleviate slight frequency drift which
(when multiplied into the microwave
region) can make ssb transmission and
reception a running battle between your
right hand and the tuning dial. The
oscillator circuit should be designed to

*The Croven C180DBX-00 5th-overtone crystal
is highly recommended. This series-resonant,
HC-18/U crystal has a calibration tolerance of
+10 ppm and temperature tolerance of +5 ppm
from 15° to 35° C. $12.00 in single quantities,
or $8.00 each for two or more crystals of the
same frequency. Write to Croven Ltd., 500
Beech Street, Whitby, Ontario, Canada.
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432-MHz EME and 2304-MHz tropo-
scatter speaks well for his expertise in
such matters, recommends doubling in
every stage of any LO multiplier. If the
starting frequency (the crystal-oscillator
stage) is in the 70- to 125-MHz region,
any spurious responses present after
repeated doubling will be sufficiently
separated in frequency to be easily
filtered.

The balanced mixer used at WAGUAM
receives 40-mW of LO injection. Obtain-
ing this power level at 1200 MHz is
relatively simple with today’s low-cost



uhf transistors. Stability will be enhanced
by designing the second stage of the LO
chain (buffer) for 100-mW output, and
running succeeding doublers at or close to
unity gain. Resistive 3-dB pads between
stages will alleviate excessive drive and
provide impedance matching.

When designing active frequency
doublers, recall that second-harmonic
generation is enhanced by a collector

the Simple Sideband System could be
duplicated without the use of specialized
test equipment. In the case of the LO
chain, alignment can be accomplished and
injection measured by merely monitoring
the diode current of the balanced mixer.

local-oscillator circuits

The primary advantage of the modular
system which | use is the ease with which

Construction of the doubly-balanced mixer using the Anzac TP-101 balun,

conduction angle of 180°. This condition
is easily met by grounded-base, zero-bias
operation. Fortunately, this is also prob-
ably the simplest frequency-multiplier cir-
cuit to drive and adjust. Incidentally, it
was stated earlier that the components of

substitutions can be made, and perform-
ance of various circuits compared. The
Simple Sideband System has already
worn three different LO chains; no doubt
others will be attempted in the future.
The block diagram of fig. 12 shows what

waGsLAM

1296-MHz MIXER

fig. 10, Full-size printed-circuit layout for the improved 1296-MHz mixer. Board is 1/16" (1.5 mm)
thick, double-clad 1-ounce copper G-10 fiberglass-epoxy circuit board.
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has thus far proved the most workable
compromise between stability and
spectral purity on the one hand, and low
cost, simplicity and ease of alignment on
the other.

However, this LO chain violates a
number of the Jideal/ design principles
outlined above. For example, the purist
will want the last multiplier to double
rather than triple, and would probably
use an active device rather than a diode.
The decision to go with a diode multiplier
was based primarily on the cost of 1.3
GHz transistors at the required power
fevel. Tripling was used here because of
the greater ease of generating a high level
of power at 422 MHz, as compared to
630 MHz. The common-base configura-
tion, although simple, was abandoned in
the lower-level stages in deference to the
greater gains available from common-
emitter circuits.

The active multipliers are all operated
at a low power level as a concession to
stability, with the two 422-MHz power
amplifiers providing plenty of drive to the
tripler. Considering the low conversion
efficiency of the diode tripler circuit, a
high drive level is a must.

The low-level stages shown in fig. 13
were designed by W6FZJ for use in a
432-MHz receiving converter, and
published in his 432 Newsletter. Except
for the crystal frequency and the number
of turns on two inductors, his original
circuit is unchanged when used in the
1296-MHz LO chain. Copies of the
original circuit have been successfully
built by a number of San Francisco area
432-MHz enthusiasts, and spectrum
analyzer tests prove the W6F ZJ design to
be superior to any of my own attempts to
date.

Since the tripler which raises the injec-
tion frequency to 1267 MHz exhibits
about 10-dB conversion loss,” a half-watt
of drive is necessary at 422 MHz to
achieve the desired 40-mW of LO injec-

*Greater tripler efficiency is possible through
the use of an idler circuit, a technique avoided
by the author in the interest of simplicity.

18 september 1974

AMPLITUDE (dB OR dBm)

tion. This is accomplished by applying
the 10-mW output of the low-level LO
module to two stages of power amplifica-
tion, operating at 10- and 7-dB of gain,
respectively. The 2N3866s were selected
because of their low cost and ready
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fig. 11. Balanced mixer canversion loss, output
power at the 1-dB compression point and their
sum (transceive figure of merit) for a typical
microwave balanced mixer, all as a function of
local-oscillator injection level. The transceive
figure of merit represents the i-f output power
available from a receive mixer driven directly
by the output of an identical transmit mixer.

availability from a number of mail-order
surplus component dealers.

The power amplifier circuits are shown
in fig. 14. Care should be taken to closely
duplicate the input and output tank
circuits unless a spectrum analyzer is
available, as adequate spectral purity
occurs when these particular circuits are
tuned for maximum indicated output.

The slab inductors in the collector



circuits provide high output Q, and the
pi-network filter {C8, L3, C9) feeding the
second stage tends to suppress any har-
monics generated by the first. The first
2N3866 in biased to class AB for increas-
ed gain; the second stage is run in class C

105 6 MHz

10mw
422.4MHz

fig. 12. Block diagram of the
local-oscillator chain used with
the Simple Sideband System

DRIVER
(FIG 14}

tributed constants. Design of the poles
was accomplished as follows: It was
desired that the filter resonate with the
tuning capacitors (C2, C3) at midrange,
or 1.6 pF. Assuming an additional 0.5 pF
of stray and coupling capacitance, the

OmW
TO DRIVER

for 1296 MH2z2. Each of the preyem
individual sections is built into 500mw 1267.2 MHz
a small module; these are con- 4224 MHz | DIODE TRIFLER ™ MIXER
nected together with mini- %; (:;'7;} FILTER —‘_f
ature 50-ohm coaxial cable.

for improved collector efficiency. If the
stages are built separately, each can be
tuned for maximum power into a 50-ohm
load.

The diode tripler and filter assembly
was first built in the popular trough-line
configuration. Later, an interdigital filter
was attempted. In both cases perform-
ance was satisfactory. However, the con-
struction process required extensive
metalworking. As many amateurs avoid
projects which involve bending sheet
metal or cutting brass tubing, | decided to
reduce the tripler/filter to a PC board.
The result is shown schematically in
fig. 15.

Rf energy from the 422-MHz power
amplifier, fig. 15, is applied to CR1, a GE
1N4154 high-speed switching diode
through an L-network (L1, C1) similar to
that used by K6UQH in his trough-line
multiplier/mixers. The harmonic comb
developed at the output of the diode is
applied to a two-pole resonator (L2, C2,
L3, C3) which blocks all but the
1267-MHz component.

The filter combines lumped and dis-

capacitive reactance of 2 pF at 1267 MHz
is 62.8 ohms. To resonate this circuit the
inductors (L2, L3) must exhibit the same
reactance at the frequency of interest. A
shorted micro-stripline can be used as an
inductor, its reactance determined both
by characteristic impedance (width) and
phase angle (length) as given by the
relationship

_ X
0 = arctan 2.

where 8 represents wavelength of the
stripline in degrees. To convert to frac-
tions of a wavelength, divide § by 360°.
Thus, for 62.8-ohm inductive reactance

with an arbitrarily selected stripline
characteristic impedance of 25 ohms,
62.8

0 arctan 25 - 68.3° = 0.19 wavelength

A 25-ohm micro-stripline on 1/16-inch
(1.56-mm) G10 PC board is 0.3-inch
(7.5-mm) wide. The 0.19 wavelength at
1267 MHz (correcting both for velocity
factor and width-to-height ratio)} is 0.865
inch {22 mm).
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C6,C15 20-pF trimmer (JFD DJV 300)
c8 50-pF trimmer (JFD DVJ 305)

c9,c22 10-pF trimmer (JFD DVJ 302)

cl4,C19, 6-pF trimmer (JFD DVJ 301)

c21

c20 0.5-pF ceramic (two 1-pF capaci-
tors in series)

L1 10 turns no. 28 on Micrometals
T-25-13 toroid core

L2 4 turns no. 28 on cold end of L1

@
AE 38
777
L3 12 turns no. 28 on Micrometals
T-25-13 toroid core
L4 6 turns no. 24, close wound on

0.1" (2.5 mm) diameter form

Ls,L6 12 turn no. 22, 1/8” (3 mm)
diameter, 1/4" {6 mm) long

RFC1 0.39 MH miniature inductor
(Nytronics Deci-Ductor)

Y1 Sth overtone crystal, series reso-

nant, HC-18/U holder, 105.600
MHz for 28.8-MHz i-f

fig. 13. Crystal-controllied local oscillator circuit, based on a design by Joe Reisert, W6FZJ.

Matching the resonators to the rela-
tively low impedances of the diode and
the output transmission line can be
accomplished by tapping up on the
micro-striplines the required distance
above ground. Although formulas exist
for approximating the required tap posi-
tion, matching in the circuit shown was
determined empirically.

An important (and often neglected)
consideration in diode multipliers is bias
current. Resistor R1 in fig. 15 enables the
diode current to be varied over a wide
range. Remember that diode current will
affect conduction angle, which should
be 120° to maximize third-harmonic
generation.

transmit i-f attenuator

Proper operation of balanced mixers
requires that each port be terminated in
its characteristic impedance (usually 50
ohms). Most methods used to sample a
low-level ssb signal from a high-frequency
transmitter would result in a horrendous
impedance mismatch at the mixer’s i-f
port. As 12.6-mW of sideband injection is
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desired, one recommended method of
assuring i-f impedance matching is to run
about one watt of ssb into a 20-dB
resistive pi- or T-pad at the mixer’si-f port.
Since the attenuation pad will provide the
proper termination to the mixer, the
method of coupling out of the station
transmitter has no effect on the mixer’s
operation.

i-f amplifier

The noise figure of a receiving con-
verter without pre-conversion gain is the

48 -30

-60 422 844 1267 1689 212

FREQUENCY (MHz)
Spectrum output of the 1267.2-MHz local-
oscillator chain when tuned for maximum
mixer diode current. The 422- and 2112-MHz
spurs are down 32 dB, the 1689-MHz spur is
down 38 dB and the 844-MHz spur is down 50
dB.
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+12VDC
C1 3-35 pF trimmer
c2 8-60 pF trimmer
C6-Cl1 10-pF concentric piston trimmers
L1 2 turns no. 18, wound on 1/4* (6

mm) mandrel, 1/8" (3 mm) long
brass strip, 0.5” (12.5 mm]} wide,
1.5 (38 mm) long, mounted
1/8’ (3 mm) above ground plane
L3 2 turns 1/8" (3 mm) wide brass
strip, 0.1 (2.5 mm) diameter,
0.5" (12.5 mm) long
fig. 14. The two 422-MHz power amplifiers
provide one-half watt output. The first stage,
Q1, provides 10-d8 gain, while the second
stage, @2, provides 7-dB gain.

L2,.4

sum of the feedline and TR relay losses
(if any), input filter insertion loss, mixer
conversion loss and i-f amplifier noise
figure. For the system presented here the
noise contribution of these stages prior to
the i-f amplifier is less than 6.5 dB.
Feeding the output of the mixer into a
high-frequency ssb receiver would, how-
ever, result in a system noise figure
approaching 20 dB. Many amateurs are
surprised to learn that the noise figure of
even a high quality commercial communi-
cations receiver is seldom below 10 or 15
dB. In the high-frequency spectrum the

100mw
OUTPUT

level of man-made and atmospheric noise
exceeds that of receiver noise by several
orders of magnitude, so noise figure, per
se, is not usually a significant considera-
tion in high-frequency receiver design. Of
course, such is not the case in the
microwave region. To achieve a reason-
able noise figure in any uhf converter, a
low-noise i-f amplifier must be used to
mask the following receiver noise.

Numerous circuits have been described
in the past which will yield reasonable
gain at 28 MHz with a noise figure under
1 dB. WBBNMT, known for his pioneer-
ing efforts in 220-MHz EME, uses neutral-
ized fets, while W6F2ZJ favors a dual-gate
mosfet following the mixer. An appealing
circuit by WOPRZ uses a dual jfet in a
cascode configuration and is described in
a Siliconix applications note.®

system performance calculations

It remains to be shown that the simple
microwave ssb system described here
lends itself to satisfactory communica-
tions over reasonable distances (my ex-
perience shows the following calcula-
tions to be somewhat an the canservative
side). The overall noise figure of the
receive system is the sum of fiiter loss
(0.5 dB), mixer conversion loss (6 dB)
and i-f noise figure (1 dB). Thus, a receive
noise figure of 7.5 dB is assumed. With
the 2.1-kHz i-f bandpass of a good side-
band receiver, the graph of fig. 16 indi-
cates the receive sensitivity to be about
-133dBm.

Good intelligibility on single sideband
requires a 6-dB signal-to-noise ratio.
Allowing a 10-dB signal-to-noise ratio for
good measure, the receiver requires a
-123 dB signal. At +4.3 dBm of trans-
mitter power, given 10-dB of antenna
gain at each end, and allowing 5-dB of
additional loss for antenna aiming errors,
the permissible path attenuation between
transmit and receive stations is 142.3 dB.
The free-space loss formula is?

LFS =36.6 +20 '0910 fMHz
+ 20 logy 0 dmites
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500 mW CR
422 4 MH2 IN41

1
54

12672 MHz
ouTPUT

Cl 1-10 pF concentric piston trimmer

c2,C3 0.3-3 pF concentric piston trimmer

Cc4

CR1 1N4154 high-speed switching diode

L1 2 turns no. 20, 0.1” (2.5 mm) diam-
eter, 0.25" (6 mm) long

L2 micro-stripline, 0.3" (7.5 mm) wide,
0.865" (22 mm) long, grounded at
bottom, tapped 0.20" (5 mm) from
ground end

L3 Same as L2 but tapped 0.25" (6 mm)
from ground end

L4 50-ohm micro-stripline,0.1” {2.5 mm)
wide, any length

R1 20k, 10-turn trimpot

fig. 15. The 422- to 1267-MHz diode tripler is
built on 1/16” (1.5 mm) double-clad, glass
epoxy circuit board.

which can be rewritten to solve for
distance at 1296 MHz

10910 Amites = (Lrg - 98.85)/20

Given 142.3 dB of permissible free-space
loss, an HP-35 calculator yields

d{maximum) = 161 miles {259 km)

Amateurs who have operated simple
equipment in the 23-cm band find it
difficult to believe that a 161-mile path is
possible with only 3-mW of output
power. After all, they reason, that's
greater than the APX-6's range, and
those have 3-watts output. It should be
remembered, however, that directly-
modulated oscillators tend to be
extremely unstable, and that reception of
their emissions requires a wideband
receiver. The APX-6 i-f strip is about
85-MHz wide and bandwidth has a serious
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jmpact on receiver sensitivity. Fig. 16
indicates a deterioration in receiver sensi-
tivity of 10 dBm for each tenfold increase
in i-f bandwidth. This more than offsets
any path increase afforded by the greater
power of the APX-6 or similar equip-
ment.

direct conversion

If simplicity is the goal, there is
practically no limit to the evolutionary
process. This last step occurred almost by
accident, while developing test equipment
for 1296 MHz. A weak-signal source was
built for 1296.00 MHz to permit calibra-
tion and receiver testing. Since a few
milliwatts of stable power was desired, |
used the same technigues as | used for
building the converter local oscillator.
Later a key was added, and the signal
source used for on-the-air CW contacts
over a limited range.

Eventually, a means for monitoring
transmit quality from the ssb converter
was desired. An antenna and tuned cavity
feeding a diode detector and audio am-
plifier produced the characteristic ssb
“Donald Duck” squawk in a speaker.
However, for high-quality signal monitor-
ing a ssb converter was required. By using
the 1296.0-MHz signal source developed
earlier, driving a balanced mixer with its
i-f port feeding an audio amplifier, a
direct-conversion receiver was built. If the
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fig. 16. Receiver noise figure vs sensitivity for
various receiver bandwidths.



transmitter (suppressed) carrier frequency
and the receiver LO frequency are the
same, the difference frequency at the i-f
port of the mixer will be audio sidebands.
No input filter is required because the
image is merely the other sideband — and
at 1296 MHz QRM is hardly a problem
yet.

If a direct-conversion double-sideband
receiver will work, there's no reason to
expect otherwise for direct double-
sideband generation. indeed, when audio
was applied at the i-f of the balanced
mixer, sidebands around 1296.0 MHz
appeared at the rf port. Though extreme-
ly low power, the signals could be copied
in a sensitive receiver at a range of about
a mile.

The resulting direct-conversion
double-sideband transceiver is shown in
fig. 17. Though primarily a lab accessory
and demonstration rig, it provides reliable
communications over moderate distances.
It is simple in the extreme, and suggests
the possibility of microwave double-
sideband walkie-talkies. The concept may
even work at greater power levels than
the few microwatts attempted to date.
Certainly there’s no more basic a way to
produce a microwave sideband station.

conclusion

The primary advantage of ssb in the
microwave spectrum, as anywhere else, is
in the significant increase in receiver
sensitivity resulting from the narrow
bandwidth which is required. The only
limiting factor is stability, a criterion
which can be readily achieved by judi-
cious application of good engineering
practice to the design and construction of
local-oscillator chains. The design trade-
offs presented here make microwave ssb
feasible over considerable distances, while
requiring a minimum of specialized skills,
equipment or technique.
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miniaturized

»

communications receiver

Full construction details
for the Minicom —

a complete
communications receiver
that can be used

on the 40- and

80-meter bands

This article has to do with the art of
homebrewing your own communications
gear — the specific application is a minia-
ture communications receiver. It was in-
spired by the huge packet of mail |
received following publication of my ar-
ticle extolling the virtues of the LM373
IC manufactured by National Semicon-
ductor.! Most of the letters contained
requests for additional construction de-
tails, parts information and printed-
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circuit artwork. Unfortunately, the origi-
nal receiver contained some odd-ball com-
ponents, and the board layout went the
way of all trash during the year that
passed between submission and publica-
tion, so | had to play the heavy and turn
down most requests. As time went on and
similar letters arrived, even a year later, |
decided to do it all over again as a real
construction article.

the homebrew art

If you are planning to skip this part,
do so at your own risk because | may
throw in a few clinkers during the con-
struction phase that will cause untold
agony for those who skip ahead.

Obtaining needed parts is probably the
most annoying problem plaguing the do-
it-yourself fan. Having an up-to-date li-
brary of standard and surplus catalogs
does not even guarantee success. Even a
calm, logical, well-ordered person can be
reduced to a shattered, babbling hulk as a
result of unsuccessful forays into the
electronics marketplace. That's probably
why kits have become so popular. For the
intrepid craftsman, however, this may not
be a practical answer since the manufac-
turers don’t always kit what you want to
build. To overcome these roadblocks,
ingenuity and improvisation become the
key factors in maintaining mental health



and ensuring completion of a cherished
project.

Aside from improvising in the parts
department, miniaturization is generally
best implemented by using printed-circuit
construction. It is in this area that
thoughtful layout is all important. With-
out carrying the shrinking process too far,
a nicely balanced design has been achiev-
ed in this receiver without overcrowding
or requiring fussy assembly techniques.
The principal factor that limits size in this
project is panel space. There is no sense in
shrinking the receiver to postage stamp
size if you need ten times that much
space for the essential front-panel con-
trols.

Integrated circuits are now a way of
life and often provide the only means by
which ten pounds of circuitry can be
squeezed into a five-pound bag. This
advantage can be lost, however, if an IC
chosen for a particular function requires
more external components than the same
circuit would use in discreet form.

On top of this, you become a prime
candidate for the funny farm by virtue of
spending three days trying to lay out the
artwork for this nightmare. By using a
little discretion, ICs can be selected which
will provide all the performance you
expect while requiring a minimum
amount of valuable printed-circuit real
estate.

printed circuits

The above comments are of little use if
your etchings are a lost cause. Of course,
not all do-it-yourselfers use PC assem-
blies, but these techniques do make a
project more professional in appearance
and simplify duplication. Though most of
the methods suitable for home fabrica-
tion of PC boards have been thoroughly
covered in previous articles, I'd like to
throw in a few comments on my method
since | find it simpler, faster and superior
to any of the others.

First, the circuit is laid out in pencil to
exact scale on one-tenth (25 mm) grid
paper. You'll have to develop your own
skill in this phase of the operation but be
prepared for a few frustrations until you

get the hang of it. | try to avoid the need
for jumpers but this is not always pos-
sible.

The next step is to lay out the positive
of the printed circuit with sticky-back
circuit trace tape and pads commonly
used for this purpose. If there are no
copper areas other than the lines and
circles, a piece of clear film may be
placed over the drawing and the tape and
donut-shaped pads applied to the trans-
parent film. |f copper areas, such as
ground planes, are present in the design,
as they are in this receiver, a piece of
Rubylith? is more appropriate. This ma-
terial consists of a clear polyester base on
one surface of which is a thin red film.
Sections of this film may be stripped
away after first scoring the perimeter
with a sharp knife. The remaining cir-
cuitry is applied with tape and pads as
before.

When the positive artwork has been
completed, a negative is prepared by
contact-printing the artwork on a piece of
3M reversing film. A 30-second exposure
in bright sunlight followed by a few
seconds for developing result in a negative
replica of the original artwork. This nega-
tive is then used to contact-print the
circuit on a piece of sensitized copper-
clad board. Here again a 30-second shot
of sunlight will do it. The circuit board is
then developed and etched in the normal
manner.

The 3M reversing film is a member of
the Scotchcal* family which also includes
sensitized aluminum sheet stock suitable
for making panels, name plates, dials, etc.

The time required for preparing the
original artwork may vary from a matter
of minutes to several days, but once
complete, this method will produce a
finished circuit board in a matter of
minutes, even if you include the time
spent in coating the board with photo-
resist. No camera work or darkroom is
required and the results are as good as the
original layout.

Incidentally, a simple method for

tRubylith is a registered trademark of Ulano.

*Registered trademark of the 3M Company.
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fig. 1. Schematic for the complete minicom receiver, Circled numbers correspond to the numbers on
the printed-circuit layout (fig. 3).
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achieving a rapid etch in ferric chloride is
to brush the copper surface constantly
with a soft paint brush while the board is
immersed in the solution. One-ounce cop-
per in fresh solution will etch in four or
five minutes using this method while
simple agitation may take four or five
times as long.

druggist. For those of you who want to
buy everything in small quantities from
one place, Kepro packages the above
materials and sells through several of the
large mail-order houses.

minicom receiver
The miniature communications re-

Inside the cabinet of an earlier version of the receiver which used an IC mixer. This copy also sports
the more selective ladder filter seen along the left rear edge of the board.

Another point worth mentioning is
that when coating your copper stock with
photoresist, a thin layer is always good
insurance against problems during the
developing process. This is especially true
if trichloroethylene is used as the de-
veloper. | paint the resist on with a
cotton swab and avoid spray cans like the
plague.

| buy my Rubylith, reversing film and
photoresist from a photo supply house.
Trichloroethylene can sometimes be
found in drug or hardware stores but |
find it less expensive to buy a gallon (3.8
liters) from a local chemical supply agen-
cy. Developer for the reversing film is
that ever-popular number, isopropyl al-
chohol, which is available from your local

ceiver described here is similar to the one
| mentioned earlier. The only significant
change is that an IC is used in place of an
fet in the rf amplifier (see fig. 1). The
original rf stage had a tendency to oscil-
late and the MC1550G IC completely
eliminates this problem. An rf gain con-
trol was also added since this is easily
accomplished with the IC.

In some versions of the receiver |
experimented with, | used an IC balanced
mixer. The MC1496 was considered but
was abandoned because of the relatively
large number of external components it
required. Instead, an SG3402T by Silicon
General was used since it only requires a
couple of bypass capacitors as external
components. This design worked fine and
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one of the receivers pictured here has the
IC mixer.

The other receiver has a dual-gate
mosfet mixer — this is the version which
is described in detail. The decision to go
with the mosfet mixer was purely philan-
thropic. Searching for an SG3402T IC
might result in considerable mental an-

8rFo %{ T

fig. 2. Construction of transformers and induc-
tors used in the minicom receiver (see text).

guish which can be easily avoided by
using the mosfet.

The mixer output feeds the LM373H
IC which performs the functions of i-f
amplifier, agc system and product de-
tector. The main selectivity-determining
device is part of the LM373H circuitry
and consists of a 455-kHz ceramic filter.
Actually, you have a choice between a
simple 2-section filter {Murata SFD455D)
which results in a 3-dB bandwidth of
around 4.5 kHz or a more costly ladder
filter (Murata CFS4b5J) with a 3-kHz
bandwidth at 6 dB. The circuit board is
designed to accommodate either filter
and the choice depends primarily on the
size of your wallet. Since a receiver of
this type would normally not be used in
contest work or for any serious fixed-
station operation, | feel the simple 2-sec-
tion filter is quite adequate. Also, it costs
about one tenth the price of the ladder
filter.

| decided from the beginning to forget
about a-m reception and to make this
receiver a strictly ssb/CW affair. The
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receiver described in the previous article
used a multigang switch to select either
a-m or ssb/CW; it may be referred to if
you are interested in making the required
modifications. You may also wish to read
that article for more details regarding the
LM373H IC.

The final stage in the minicom receiver
uses the MC1454G audio power amplifier
IC. Here again | prefer this particular I1C
since it does a good job with very few
external components and comes in 2
metal package. It will adequately drive a
small speaker such as the built-in unit
shown in the photograph. A larger speak-
er can be plugged into the phone jack.

inductors and transformers

All the coils and transformers used in
the construction of the receiver are fab-
ricated from miniature 3/8-inch (95 mm)
square by 1/2-inch (127 mm) high tran-
sistor i-f transformers. With a little pa-
tience and a small soldering iron, they can
be stripped and rewound for so many
applications that it pays to keep a drawer-
full around the shack. If you've reached
the bifocal stage like me, a magnifying
glass is helpful,

Both 455-kHz and 10.7-MHz trans-
formers are used for this improvisation, so
stock up on both kinds. The 455-kHz
transformers have a winding of about 150
turns which is resonated with a 180-pF
capacitor. The 10.7-MHz fm units contain
a 47-pF capacitor across about a dozen
turns. The entire assembly consists of a
molded plastic base, an iron core, a
threaded cup core, a plastic retainer for
the cup core and the metal shield can.

Most types have two small dimples
alongside either solder tab on the shield
can which lock everything together.
Forcing a thin knife blade down the
inside of the shield can and prying the
dimples slightly outward will improve
your chances of separating everything
without damage. Gently pull on the base
pins until the base assembly pulls out of
the shield can. Normally the cup core and
its retainer will remain inside the can and
may be left there. Occasionally I've run
into transformers in which the cup-core



retainer is part of the base assembly and
remains attached when the base is re-
moved. In this case, just remove the cup
core and set it aside until you are ready
to reassembly everything.

First unsolder all the leads running to
the five pins. Also unsolder the leads
from the tuning capacitor. The only

Shield Can

Cup Core

Core Retainer

‘ Base

Tuning Capacitor

' Iron Bobbin
|
H

Exploded view of a typical i-f transformer of
the type used in the minicom receiver.

transformers not having tuning capacitors
are the oscillator transformers with red
cores. Save these capacitors for possible
use in special transformers since they are
the only ones that will fit into the space
provided.

When the wires have been unsoldered
the iron coil bobbin may be pulled out of
its socket. This piece is generally held in
place by contact cement that is easily
removed. The wire used in these coils has
solderable insulation and is very easy to
use, so salvage as much as you can. Clamp

a miniature alligator clip onto one end of
the iron coil bobbin so you can hold it
while the new winding is applied. If the
winding has a tap, just bring out a loop at
the proper turn.

If you require some center-tapped
transformers, bifilar wind these using two
separate wires. Put the large winding on
first and squeeze some coil wax on the
winding to hold it in place. Remount the
bobbin and solder the leads to their
proper pins. | generally don’t use any
cement on the bobbin, but you can if you
want. The small secondary winding can
now be added by soldering one end of the
lead to its proper pin and feeding the wire
around the bobbin for the required
number of turns before soldering the
remaining end.

A few well-placed chunks of coil wax
are melted with a soldering iron until the
wax flows in and around the coil to hold
everything firmly in place when it har-
dens. Make sure all leads are dressed
down the side of the coil and against the
plastic base so there will be no inter-
ference with vertical travel of the cup
core. Push the base assembly back inside
the shield can and the transformer is
ready to install.

Both 80- and 40-meter versions of this
receiver were built around the same cir-
cuit board. The coil table in fig. 2 gives
winding data and pin connections (bot-
tom view) for all the coils. The 80-meter
receiver uses 455-kHz stock while the
40-meter coils were wound on 10.7-MHz
forms. A 47-pF capacitor from one of the
latter is used to tune the bfo transformer.
Don’t forget to install this item when
fabricating the bfo coil. Salvaged wire
may be used for all coils except the bfo.
Since you won’t have a single piece of
salvaged wire long enough for a 155-turn
winding, use some fresh number-40 mag-
net wire.

construction

The PC board is 3.7-inches (9.4 cm)
square and mounts all parts except the
front panel controls (fig. 3). To prevent
interference with panel-mounted con-
trols, enough blank space has been left on
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the leading edge of the board to allow a
section 2.2- by 0.4-inches (5.6x1.0 cm) to
be removed. By doing this, the board may
be mounted close enough for the tuning
capacitor shaft to protrude through the
panel and still allow miniature pots to be
mounted at board level.

for the mounting screws to allow align-
ment of the capacitor if necessary.

The only way you'll be able to mount
the coils and transformers is to cut slits in
the board for each of the mounting tabs
on the shield cans. This is best done with
a small pointed knife blade forced into

fig. 3. Full-size component layout for the minicom receiver,

When all the coils and transformers
have been completed, the circuit board
may be prepared and the holes drilled for
components. | used a number-65 drill for
the 1/4-watt resistors, chokes and all
capacitors except the larger electrolytics.
A number-70 drill was used for the
transistors, ICs and diodes. All remaining
holes were drilled with a number-60 drill.
The four mounting holes may later be
opened up to pass a number-2 or -4
screw. A number-30 drill was used to
open up the two holes for the tuning
capacitor. This provided enough clearance
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the drilled hole at the proper angle from
both sides. Don’t be concerned if the
copper pad is cut because solder will be
flowed all around the tab to hide your
mechanical ineptitude. If you plan to
notch the front edge of the board, do it
now.

When you are ready to start mounting
components, it is suggested that you use
the following order which should make the
process a little easier and faster. All the
1/4-watt resistors are mounted first, fol-
lowed by the diodes, rf chokes and the
1/2-watt resistor. The transistors, ICs and



the filter are next, then the ceramic, mica
and small electrolytic capacitors. The
coils, transformers and large electrolytics
are next while the tuning capacitor is
saved for last.

Before mounting this last item, cut the
three solder lugs down to a length of

amount of coupling should be adequate
but may be adjusted later if required.

Leads of regular insulated hook-up
wire may be installed next for the points
going to front-panel controls, antenna,
the speaker or closed-circuit jack and the
power supply.

The printed-circuit assembly of the minicom receiver. The mosfet mixer is almost in the center of
the board. The small ceramic filter may be seen at the right rear edge of the board.

1/8-inch (32-mm). Use a flat washer
between the board and capacitor frame at
each mounting screw to avoid inter-
ference with the trimmer assemblies on
the two forward gangs. Toothed washers
under each screw head should be used to
ensure good contact with the copper and
prevent loosening. Connect each gang of
the tuning capacitor to its appropriate
point on the board with solid bus wire.
Coupling between the hfo tank and
the source-follower is accomplished with
a gimmick capacitor. Solder a 1/2-inch
(127-mm) length of bus wire and a
3/4-inch (190-mm) long piece of insu-
lated hook-up wire in the holes provided
for the gimmick. Wrap the insulated lead
loosely once around the bus wire. This

If you wish to test the receiver before
installing it in a cabinet, go ahead and
wire up the controls. There are two holes
along the front and one along the rear
edge for grounds. These are for con-
venience and may be used as you see fit.
The use of metal spacers for mounting
the board will ground the common on the
board to the metal cabinet.

test and alignment

There are five test points provided on
the circuit board. Each is noted in fig. 1.
The padding capacitor values called out
are those used in the prototype receivers,
but some alteration may be necessary if
tracking is poor or the frequency range is
greater or less than nominal. The 80-

september 1974 31



meter version should tune from 3.5 to 4.0
MHz and the 40-meter receiver from 7.0
to 7.3 MHz.

Power up the receiver with a 12-volt
supply (fig. 4) and observe that the
current with no signal is around 35 mA,
indicating that you managed to avoid any
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fig. 4. A 12-volt power supply suitable for use
with the receiver. A printed-circuit layout for
this ac power supply is shown in fig. 5.

short circuits. If smoke is absent, warm
up vyour signal generator and start
aligning. The following procedure is ab-
breviated, but should start you off in the
right direction.

The two trimmers should be run up
snug but not tight, the two gain controls
turned up full and the bfo set to mid-
range. Adjust the core in the bfo trans-
former until you hear some noise, indica-
ting the frequency is close to 455 kHz.
Connect the generator to the antenna
terminal and run the output up and down
until you pick up a
signal and know the re-
ceiver is working. Set
the tuning capacitor to
full mesh and the gen- "
erator to the low end

FC am
30

fig. 5. Full-size component

layout for the ac power

supply. COMMON
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of the band. Adjust the core in the hfo
coil until the signal is picked up.

Run the tuning capacitor all the way
open and check for a signal at the high
end of the band. If all is well, center up
the tuning range by means of the core in
the oscillator coil. Adjust the cores in
transformers T1 and T2 for maximum
gain at the low end of the band and the
capacitive trimmers for maximum gain at
the high end. Peak the i-f transformer for
greatest noise. The bfo can then be
adjusted so zero beat occurs about mid-
position of the tuning control.

closing comments

If you don't have any capacitor diodes
suitable for use in the bfo tuning circuit,
glass silicon diode rectifiers generally
work. That is what | used in the final
version. The dipped silver-mica capacitors
used in the tuned circuits should be the
smallest sizes available or you may run
into mounting problems. The lead spacing
and outside diameter of the electrolytics
should be taken into account when buy-
ing these items. Most of the ones | used
were obtained from Radio Shack. Even
then, it was found that capacitors marked
with the same values and voltages often
varied in case size. These conspiracies are
all around, so be wary.

The cabinet shown in the photograph
is a Radio Shack 270-252 and costs
$2.59. Dimensions are 4 x 2-3/8 x 6
inches (4.8 x 6.0 x 15.2 cm) which makes
a fairly compact package. Since panel
space is at a premium, the speaker and its
perforated metal grill were epoxied to the
top of the cabinet. There is plenty of

Ak

VE-18 [ T g
ik < O
PC 39-30 vy E
S;Oyl' E E

35V °
JHOMN o é‘?
&

17 vAC IN (=]



room left inside for a 12-voit pack of
penlight cells or for a small power supply.
The circuit for a power supply | built is
shown in fig. 4. It will deliver about 11
volts of requlated power. The receiver will
work on any voltage from about 9 to 12
volts with very little difference in per-
formance.
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fig. 6. Printed-circuit layout for the minicom
receiver and power supply (not futl size).

Naturally, other variations of this re-
ceiver are possible. A two-band version
which covered both 80 and 40 meters
without bandswitching was bread-
boarded. The oscillator covered the range
from 5.25 to 5.75 MHz, resulting in an i-f
of 1750 kHz for both bands. The output
from a crystal oscillator operating at
2.205 MHz was then mixed with the
1750 kHz signal to produce a second i-f
at 455 kHz. A separate, high-capacitance
two-gang tuning capacitor was used to
tune the rf stage. This arrangement hit 80

meters at one end and 40 meters at the
other end of the tuning range, eliminating
any need for bandswitching.

Experiments with these techniques at
20 meters left a lot to be desired,
however, and | found that a converter
worked best for multiband operation on
the higher frequencies. Odd-ball i-f trans-
formers are a cinch, though, and many
specials have been fabricated for success-
ful use in all kinds of circuitry. The
1750-kHz i-f transformer consisted of 36
turns tuned with the original 180-pF
tuning capacitor. A tap at 2 turns for the
MC1550G and a secondary of 10 turns to
feed the mosfet mixer compieted the
unit.

The stock 4b5-kHz oscillator trans-
formers (red core) have no built-in tuning
capacitor. With a 180-pF capacitor, these
transformers will tune to around 1.0
MHz. The 10.7-MHz transformers with a
180-pF capacitor will resonate at around
5.8 MHz. The regular 455-kHz i-f trans-
formers with a 47-pF capacitor tune to
about 700 kHz. Double-tuned transform-
ers were made from 10.7-MHz discrimina-
tor assemblies, and center-tapped trans-
formers to couple from the output of an
MC1496 mixer to the LM373H were also
made.

At the time this receiver was being
developed, | was corresponding with Al
Bernard, WA2JTN, who happened to
have some very small knobs which he
provided for this project. They are only
B/16-inch {79 mm) in diameter. They are
ideal for this application but, unfortu-
nately, they are in woefully short supply,
so you'll have to settle for the smallest
you can find.

As for the rest of the parts, | know
you can’t buy the Murata ceramic filters
any place so I'li keep some on hand. For
a complete list of parts | can supply,
please send along a self-addressed,
stamped envelope with your inquiry.

reference
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intermodulation-distortion

measurements on
ssb transmitters

A comparison of
IMD measurements
of amateur

ssb equipment
shows that
industry standards
should be set

by the EIA

Specifications for the suppression of
odd-order distortion products in amateur
ssb transmitting equipment generally
appear to be vague, inadequately defined
and relegated to the sole domain of the
equipment manufacturers. One observa-
tion might be that some amateur ssb
specifications seem to be generated in
sales departments rather than in engineer-
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ing departments. Rarely, if ever, are the
manufacturers’ transmitter intermodula-
tion distortion products clearly stated in
easily understood terms or on any uni-
form basis. For example, the third-order
IMD specifications | have reviewed are
stated merely as -30 dB, an apparently
good number, if valid, by the present
state-of-the-amateur art. However, an IMD
specification stated in this way is am-
biguous because it does not give the
basis, the power level at which the
measurement was made, nor other perti-
nent data such as frequency, worst or
best case measurement, etc.

It is significant to note that all inter-
modulation distortion power is valueless
and only causes interference to adjacent
channels of operation. The purpose of
this article is to explore some of the
foregoing with respect to the Collins
S-Line and some other contemporary
equipment using measurement data taken
by relatively sophisticated laboratory test
equipment which, operating under a
quality system, has certified calibration
accuracy traceable to the National Bureau
of Standards.

| used the Hewlett-Packard Model
1418 Spectrum Analyzer Display Section
with the 8553L rf and 8552A i-f heads
for making the measurements. This
instrument is a recognized standard in the
electronics industry with a specified cali-
bration accuracy of a 0.5 dB. It covers



the range of 1 kHz to 110 MHz, with
interchangeable i-f and rf heads and has
variable selectivity. My tests were con-
ducted at 100-Hz bandwidth which is
necessary for accuracy and ease of
measurement. The instrument’s spurious
responses, with a -40 dBm signal to the
input mixer, are better than 70 dB down.
All analyzers have spurious responses
since they are all sensitive to overload, so
it is especially important to observe this
critical parameter—otherwise it will be
evidenced by false, spurious presenta-
tions.

IMD measurements

The methods of making IMD measure-
ments, together with considerable discus-
sion have been covered in several
excellent, pertinent publications.1.2,3,4
These references reveal that IMD
measurements may be taken on one of
two bases. In the conservative method
which | used, the spurious level is refer-
enced to either tone of a two-tone test.
The other method is also acceptable, but
is a less conservative method; it compares
one distortion product to the sum of two
tones, or the PEP. This yields a more
impressive number, resulting in a -6 dB
apparent improvement. This is because of

fig. 1.

Spectrum analyzer display of inter-
modulation distortion test on a Signal One
CX7A. Two-tone test, 800- and 1800-Hz tones.
Horizontal scale is 500 Hz per division. Third-
order products are 25-dB down (see text).

the fact that the PEP value, or the sum of
the two tones, is twice the voltage,
providing a 6-dB greater reference level.
Therefore, with that power level as the
reference, the distortion products would
appear to be 6-dB further down. A third
method that is widely used in military
work is the Intercept Point method®
which resolves most of the ambiguities.
However, | will not go into that here.

Most vacuum-tube manufacturers, and
military and commercial suppliers tend to
specify the distortion products of their
equipment wusing the conservative
method. Quite naturally, equipment
manufacturers may indulge in some
“'specsmanship’’ by publishing perform-
ance specifications which tend to favor
themselves. During the preparation of this
article | contacted the National Bureau of
Standards, the IEEE and the EIA to
ascertain whether any standards had been
published on the subject of ssb trans-
mitter IMD measurement. They indicated
that none were published. A proposed
EIA specification was prepared but, un-
fortunately, it has never been published;
it was to be based on the liberal basis; i.e.,
the PEP reference. | have therefore con-
cluded that the amateur equipment
manufacturers in the United States, with
the one notable exception of Collins,
have chosen to use the liberal interpreta-
tion while the rest of the industry and the
military appear to adhere to the conserva-
tive method. The point is that amateurs
should be aware of the differences and
the implications of both.

For purposes of clarity in this arti-
cle, | will refer to the two bases as the
conservative and liberal methods and,
unless stated, all references of mine will
be on the conservative basis. In other
words, you should add -6 dB to all my
data to make it consistant with most of
the published specifications and test data
on amateur ssb equipment. For exam-
ple, take the RCA tube specification
sheets for the very popular 6146B type
tubes. The manufacturer states that these
tubes exhibit -24 dB CCS and -26 dB
ICAS for their third-order products at
PEP power output levels of 49 and 61
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watts, respectively, “referenced to either
of the two tones and without the use of
feedback to enhance linearity,” i.e., the
conservative method.

Eimac makes the more explicit state-
ment: “The intermodulation distortion
products will be as specified or better for
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fig. 2. How IMD leveis of the driver and output
stage combine to determine overall IMD per-
formance {courtesy Collins Radio Company).

all levels from zero-signal to maximum
output power and are referenced against
one tone of a two-equal-tone signal.”
That statement is extremely significant,
as we shall see. Allowing for tube varia-
tions in performance, matching, aging and
power supply regulation, combined with
other miscellaneous factors such as neu-
tralization, drive regulation, bias, etc., it
is impossible to achieve a conservative
-30 dB third-order IMD at the 100-watt
level from the 6146 family of tubes
without the use of negative rf feedback.
Bill Orr showed that sweep tubes gener-
ally exhibit less than this performance
when operated near or at full power, e.g.,
in the -18 to -22 dB region for the

third-order products.1
Looking at the data sheets for the

8072, the output tube used in the Signal/
One CX7A, RCA specifies, on the con-
servative basis, -30 dB on the third-
order products at 80 watts PEP power
output. Signal/One specified their equip-
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ment as a ‘‘nominal 300-watt PEP input
and 160-watt PEP output.” They further
specified that their third-order IMD was
“greater than 30 dB below each of two
equal tones at full rated output.” This
specification is on the conservative basis
and, extrapolating from the tube data
sheets, it is an obvious impossibility
because of the tube manufacturer’s
80-watt PEP output specification versus
the equipment manufacturer’s 160-watt
PEP output specification, but it surely
makes the meters dance. For my IM test
results of ~25 dB at full power out on a
CX7A which had just been overhauled by
the factory, see fig. 1. The exciter did,
however, meet its -30 dB IMD
specification at 100 watts PEP output.

tube operating conditions

During the course of my measure-
ments, a friend brought in his Yaesu
FTDX560 for a quick check. The third-
order products, at full power out, predict-
ably were -22 dB. At 40 mA of quiescent
plate current, 10 mA less than that
specified, the third-order products mea-
sured -20 dB. It was interesting to
observe that the fifth-order products were
measured at -50 dB at 60 mA of quies-
cent plate current and were only -35 dB
at 40 mA. Throughout my measurements,
this type of result was common. Since the
third-order products are generally the
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worst offenders, | have not commented
on the fifths. However, in a local or short
skip situation, a// products play an impor-
tant role.

One significant fact | found was that
the third-order products could be
improved 6 dB by merely resetting the
quiescent plate current up to 60 mA from

amplifier is significantly higher for less
linear operation. This means that the
lower power stages may be operated
inefficiently at class-A bias to provide
very low IMD levels while the output
stage is usually biased for higher efficien-
cy and increased IMD levels. If output
stage efficiency is a driving factor, the

800/1800 Hz PRECISION PRECIAION 20 dB PAD
ToNE GEN ATTENUATOR EXCITER POWER TEXTRONIX
200¢D H-P 3508 s‘};;&"‘éémgu 011-0059-01
0SCILLOSCOPE
TEKTRONIX
77204
6 d8 POWER SPECTRUM
SPLITTER ANALYZER
H-P
11652-60009) H-P (415
fig. 4. Test setup used by
author for making IMD tests.
Calibration accuracy of all test
equipment used is traceable to POWER
. METER
the National Bureau of Stan- H-P 4314

dards.

the specified 50-mA level. A note of
caution is in order here, since this proba-
bly would affect tube life under full-bore
operation because of the additional heat,
and TV sweep tubes are very dissipation
limited. It is important to note that most
amateur equipment is operated at or near
the full capability of the output tubes.
Looking at the practical situation,
with some signal degradation from linear
amplifiers, most amateur stations are
probably transmitting signals with third-
order IMD products in the -20 to -24 dB
region. By way of contrast, commer-
cial and military equipment is generally
specified in the -30 to -35 dB range.
State-of-the-art military equipment s
specified in the -40 dB range with -560
dB attainable. It is clear that IMD is less
in linear stages than in non-linear stages
and becomes progressively worse as the
linearity of a stage is compromised from
class A to B1 and B2 operation. On the
other hand, the efficiency of a power

output stage IMD performance will fimit
the overall performance of the equip-
ment. The way in which the IMD levels of
the driver and the output stage combine
to determine the overall performance is
illustrated in fig. 2.”

In a period of time when we are
concerned with already crowded amateur
bands, IMD specifications are worthy of
consideration. | do not presume to
recommend military specs for amateur
equipment, but | do urge amateurs to
strongly consider the credibility of the
published specs, look at the tube data
sheets, and operate their equipment in a
reasonable manner. By this | mean some-
thing less than maximum power, using an

"Distortion measured in dB below one tone of a
two-tone signal. Products are assumed to add in
phase. Fig. 2 is derived from a plot of the relution

x = 20log 10¥/2° 1

where x is driver distortion minus amplitier distortion,
and vy is driver distortion minus output distortion.
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adequate monitoring and control system
combined with all the other facets of the
overall problem. Now you may under-
stand why some rigs sound and look
better than others.®

| wrote letters to each of the five
major U.S. amateur ssb equipment manu-
facturers requesting data on their IMD
specifications and measurements. Three
of the four who replied stated that they
use the PEP reference as | indicated
earlier. The two largest Japanese manu-
facturers were not quiried, as they do not
specify IMD. Since they use sweep tubes
or 6146s at full power without rf feed-
back, their third-order IMD products can
readily be predicted to be between -18
and - 26 dB; with sweep tubes, the - 18 to
-22 dB region.

Collins S-line

Let's take a look at the IMD perform-
ance of Collins’ equipment which was
designed over fifteen years ago, but which
probably exceeds the IMD suppression
performance of all current production
amateur communications equipment.
Two features make this possible. One is
an excellent two-stage alc system com-
bined with the use of rf negative feedback.
The advantage of this is simply that a rig
with 10-dB of rf negative feedback will be
essentially 10-dB cleaner than a rig with-
out it. To this date, no other production
amateur equipment in the world is known
to use rf negative feedback. As | pre-
viously pointed out, RCA specifies the
6146As and 6146Bs at - 26 dB, to which
-10 dB of feedback at 14 MHz is added,
so Collins’ -30 dB spec can be easily met
or exceeded, allowing for all variations.

It is significant to note that every
piece of amateur ssb equipment, both
linears and exciters, manufactured by
Collins employs rf negative feedback!
Collins advises that every S-Line, KWM-2,
and linear amplifier goes through an IMD
measurement test in their production
acceptance test procedure. That unique
type of quality control for amateur
equipment is to be commended. Collins
also states that tubes are the major reason
for rejection for IMD products so this
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would indicate that the tubes should be
given much more consideration than is
normally the case.

For example, in my Collins 32S-1
exciter | always match the 6146s for
equal quiescent plate current. It is quite
revealing to note the wide variation of
this single parameter from the same

fig. 5. IMD distortion of Collins 325-1 exciter
at the 100-watt PEP level. Third-order products
are about 35-dB down; fifth order products are
more than 40-dB down.

manufacturer. In the course of making
my measurements, it was noted that the
very smallest amounts of indicated grid
current on the 6146s resulted in a sub-
stantial increase in the distortion levels.
This indicates that any departure from
class AB1 is totally unwarranted and
should serve as a warning to those who
would defeat an alc system in any
fashion. Pappenfus discusses the resulting
flattopping in two chapters of his book
(see fig. 3).

Now let's look at some measurements
taken on my 32S-1 exciter, which is more
than thirteen years old. Third-order pro-
duct measurements were made in an
engineering calibration laboratory using
the block diagram shown in fig. 4. The
result at the 100-watt PEP power output
level is shown in fig. 5. Sutherland and
Orr have shown that the third-order
products are generated on a kinked curve



due to distortion cancellation,2 so my
power level tests were considered appro-
priate to preclude errors. Also, it was
desirable to see if tube balance by plate
idling current is significant and if there
was any real difference between 6146As
versus 6146Bs. RCA states there is none.
My test data tends to confirm this, but
my sample size was very small. Further,
the effects of varying the various opera-
ting parameters of the 6146s are shown in
fig. 6.

During the course of taking this data,
despite using two husky fans, it was
noted that heat dissipation is a major
constraint. Repeatability of the test data
was heavily dependent upon proper cool-
ing and reasonable operating periods to
minimize the thermal impact. Therefore,
serious consideration shouid be given to
this parameter during normal operating,
and especially under contest conditions.
One first thought is to open the cabinet
cover. Next, of course, would be a small,
quiet fan mounted off the chassis to
preclude microphonics. [t must be recog-
nized that the two-tone test is a very
strenuous exercise of the equipment since
the average power is substantially higher
than with speech.

I thought it would be valuable to
ascertain the IMD level of the 6CL6
driver stage in the 32S-1 to determine if it
could be improved, thereby improving
the 61468B output stage IMD. It measured
a startling -22 to -29 dB on the third-
order products, depending on the power
level, a figure that at first was of very
serious concern. Later it was determined
that, with the feedback loop closed, what
| was reading was the net IMD after
subtracting the counter distortion being
used to linearize the output tubes. With-
out any doubt, the driver, which is
essentially operating class A, is producing
IMD in the -~40 dB region. No measurable
improvement in the driver IMD was
attained, as read directly or indirectly in
the power-amplifier linearity, with any
change in its operating biases.

I would like to describe some of the
modifications which were installed in my
325-1 exciter to increase its linearity.

Capacitor C61, a 10-pF ceramic which
forms the basic feedback network in the
S-Line, has been placed in parallel with a
Corning glass 5.6-pF capacitor. This pro-
vides a measured third-order improve-
ment of 3 dB at 14 MHz at full power
output. Another simple mod, although
not affecting the IMD, provided a de-
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fig. 6. Effect of varying Collins 32S-1 quiescent
(idling) plate current on third-order distortion
products. The 40-mA level is normally used but
60 mA quiescent plate current improves iMD.
During these tests plate voltage was 820 volits
and screen voltage was 275 volts.

crease in the audio harmonic distortion—
this is the addition of a 250k resistor
between the plates of V1A and V1B, the
audio ampilifiers.? This results in an
audible improvement in the speech qual-
ity. | note that the same principle is
applied in the Yaesu FTDX560.

To make up for the loss of gain due to
the inverse feedback, the vox amplifier,
V15A, will require a 10-uF bypass from the
cathode (pin 3) to ground. Otherwise the
vox will probably cease to operate as there
is about 15-dB loss of audio signal, the
amount of the feedback, through the
system. Further, | set the 6146B quies-
cent plate current at 60 versus the 40 mA
which is specified by Collins. This yields
an additional 4-dB improvement in the
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third-order distortion products. Of
course, this might cause a heating prob-
lem and therefore affect tube life in
some equipment, but this is not so in my
case as | require only 40 watts of PEP
drive for my class AB1 linear amplifier.

y

8

TWO-TONE PLATE CURRENT (mA)

- 30 -35 -40 - 45 -50
THIRD - ORDER PRODUCTS (-a8)
fig. 7. Third-order IMD performance of Collins
325-1 exciter modified by the author (see text).
Test conducted at 14.25 MHz; plate voltage,
780 WVdc; screen voltage, 240 WVdc; quiescent
(idling) plate current, 60 mA.

Also, | run the 6146B screens from the
basic low-voltage supply rather than the
bleeder arrangement in the original
design.®8 This improved screen voltage
regulation will increase the power output
and also should slightly improve the IMD,
although no comparative measurement
was made.

Tests were also made to determine the
effects on IMD which would result from
rf clipping. Only 1-dB of degradation was
measured, at about 15-dB of clipping.
Some of this is probably due to the fact
that the alc system is being partially
deceived through the loss of the high
peaks by the clipping, as well as the
natural result of the higher average power
level. The combination of these modifica-
tions allowed a reduction of IMD at the
100-watt output level from -32 to -39
dB, as shown earlier. Fig. 7 shows the
results produced by reducing the plate
and screen voltages in an effort to find an
optimum operating condition. The power
output was down to 60 watts PEP but the
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desired IMD reduction was attained.

On the subject of tubes, there are
stories circulating that 6146As are cleaner
than 6146Bs, etc. | wanted to determine
just what advantages, if any, there might
be between the two types. A series of
tests was conducted using matched pairs
for quiescent plate current, unmatched
tubes, and mixed 6146As and 61468Bs.
The results were relatively inconclusive
with up to 3-dB variations measured. My
sample size was too small to develop any
significant trends, so | would stick to the
published literature, i.e., use well-
matched tubes that are in good condition
and run them cool at less than maximum
power, neutralize carefully, load
properly, etc.

While the test setup was available, |
decided to measure the harmonic suppres-
sion of my S-Line. It measured -47 dB on
the second harmonic and greater than
-60 dB on the fourth while operating at
14.25 MHz into a matched 50-ohm load.

other equipment

My basic data are concerned with the
Collins S-Line, but other measurements
on a limited basis are also presented to

fig. 8. Spectrum analyzer display of two-tone
test on Kenwood T599 ssb transmitter, refer-
enced to one of two equal tones. Maximum
two-tone PEP output without limiting was 72
watts as observed on Tektronix 5S85A oscillo-
scope in conjunction with a Hewlett-Packard
431B power meter. This display shows third-

order products down -19 dB, fifth-order pro-

ducts down -34 dB.



support some of my earlier statements.
From these it may be seen that, with the
exception of Collins, the conservative,
-30 dB IMD specifications are not attain-
able at full power levels, regardless of the
specifications published by the manufac-

fig. 9. Spectrum analyzer display of two-tone
test on Collins KWM-2A ssb transmitter, refer-
enced to one of two equal tones. Maximum
two-tone PEP output without limiting was 100
watts., This display shows third-order IMD
products down -30 dB, fifth-order products
down —-37 dB.

turer. In one case, the Kenwood T599,
the IMD specs are not published by the
manufacturer. My measurements at 72
watts PEP output of -19 dB on the
third-order products differ with those
published? by 8 dB as shown in fig. 8.
Two other amateurs, using the same
measurement equipment, confirm my data.

Fig. 9 shows the measured -30 dB
results taken on an old Collins KWM-2
at the 100-watt PEP output level. It was
sorely in need of total refurbishment, but
it still meets the published specifications.

conclusion

If you are a concerned amateur, and
we all should be, let me say, caveat
emptor! The IMD performance may be
more or less readily determined to within
a couple of dB by examining the output
tubes, considering their specified input
power, and reading the literature. What |

have found has been clearly supported in
all the text books. If we want to radiate
cleaner signals, there are not any magic
formulas to accomplish that. | would,
however, lobby for one published stan-
dard method of IMD measurement so
that everyone understands the related
specification and measurements. Only
one manufacturer of amateur equipment,
Collins, specifies their IMD suppression
on the conservative basis, although even
they do not make it clear in their
literature. All other amateur manu-
facturers adhere to the liberal basis which
provides them with a relative 6-dB advan-
tage. It is a valid measurement, though
somewhat misleading, and is often mis-
understood and certainly misquoted. It
now becomes obvious that in order to
compare the proverbial oranges, all manu-
facturers should use one specification
standard.

| would like to express my sincere
appreciation to Bob Bruemmer,
WB6BCGG, who spent many hours setting
up the measurement equipment used for
taking the data presented and verifying its
calibration.
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modern

rf amplifiers

for
communications
receivers

A discussion of
the performance
characteristics of

modern rf
amplifier stages,
and how to choose
the circuit

best suited

for your own

application

Since James Lamb first described the
modern communications receiver in 1932
amateurs have expected a good receiver
to have one or two rf amplifiers. There
was good reason for this in the 1930s as
mixers were noisy and even the relatively
noisy rf amplifiers which were available
were an improvement. The rf amplifiers
were also necessary to compensate for the
losses in the tuned circuits required to
attain a decent image ratio with single
conversion to an i-f around 455 kHz.
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The pentode tube was used almost
exclusively in rf amplifiers for thirty
years. Many amateurs will remember the
succession of tube types—58, 6D6, 6K7,
6SK7, 6AKb, 6BA6, 6DC6, 6BZ6 and
6EH7. Bipolar transistors were used brief-
ly during the 1960s, not because they
made better rf amplifiers, but to satisfy
the demand for all solid-state receivers.
The junction fet (jfet) and dual-gate
mosfet soon appeared and replaced the
bipolar devices in new designs.

An rf amplifier does several things for
a receiver. First of all, it provides gain to
make up for any losses in the rf tuned
circuits. Secondly, it provides low- noise
gain to override mixer noise. It can also
provide an extra gain-controlled stage and
can be used to perform impedance-
matching functions.

However, the rf amplifier also has
disadvantages which must be weighed
against the advantages in any particular
application. Most important, since it
places an additional unprotected stage
ahead of the selective filters, it can
aggravate mixer nonlinearity by amplify-
ing close-by, unwanted signals.

antenna noise figure

The receiving system is a chain consist-
ing of the antenna noise figure, the input
stage, the second stage and so on. If the
chain is properly designed the overall
system noise figure is determined by the
first link in the chain, the antenna noise
figure.

The ultimate factor in deciding what
weak signals you can hear is the signal-to-
noise ratio between the signal and the
atmospheric, galactic and manmade noise
impinging on your antenna. If the signal
is equal to the noise level you can at least
detect it and possibly carry on marginal
communications. Therefore, the receiver



should be quiet enough for you to hear
the ambient noise level. Anything much
quieter than that is superfluous.

The atmospheric noise level has been
measured and is available in terms of
antenna noise figure.l Fig. 1 shows the
antenna noise figure for the northeastern
United States between 0800-1200 local
time in the winter. The noise falls within
the shaded area 80% of the time, above it
10% of the time, and below it 10%. In
addition, there is galactic noise striking
the earth’s atmosphere at all times. The
galactic noise level is shown by the
dashed curve for all frequencies but it can
only penetrate to your antenna at fre-
quencies above the critical frequency.

A third curve extending up to 10 MHz
gives the average level of manmade noise
at a quiet receiving location. It is often
the limiting factor at frequencies below
10 MHz.

What is the lowest antenna noise figure
you can expect in the high-frequency
range? The figure of 18 dB is often
quoted as the limit and fig. 1 shows that
this is the galactic noise level at 30 MHz.
The critical frequency seldom reaches 21
MHz so galactic noise is still the deter-
mining factor on that band.

On 20 meters the critical frequency
may sometimes be high enough to shut
out galactic noise but the atmospheric
noise is above 28 dB 90% of the time. On
40 and 80 meters manmade noise puts a
floor under the minimum antenna noise
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fig. 1. Atmospheric noise levels expressed as

antenna noise figure for 0800 to 1200 local
time on a typical winter day in the north-
eastern United States.

figure. Therefore, the assumption that the
lowest antenna noise figure encountered
on hf is 18 dB is theoretically valid.
There is reason to believe, however,
that on some few occasions the noise
level on 10, 15 and even 20 meters drops
below the predicted values, perhaps down
to 10 dB or fless.2.3 Little information is

NF = i4 dB NF = 21 a8
G =10 G =I5

NF = 20 dB

BALANCE
OF
RECEIVER

CRYSTAL
FILTER

fig. 2. Noise characteristics of a typical com-
munications receiver of the 1930s.

available to explain these occasional quiet
periods. Perhaps they are due partly to
unusual absorption of galactic noise as it
passes through the atmosphere. As you go
higher in frequency, of course, the gal-
actic noise decreases so that the antenna
noise figure is 13 dB at 50 MHz and 6 dB
at 100 MHz.

The overall noise factor of a system
composed of a receiver and an antenna is

Foys=Fa-1+F, {1
where
Fsys = overall system noise factor
(ratio)

F, = antenna noise factor (ratio)
F, = receiver noise factor (ratio)

Assume you are operating a receiver
with a 10-dB noise figure {noise factor =
10) on 10 meters where the antenna noise
figure is 18 dB (naise factor = 63). How
much does the receiver degrade the over-
all noise figure?

Feys =63- 1+ 10=720r 18.6 dB

For a perfect receiver (zero-dB noise
figure) the calculation is

Feys=63- 1+1=630r 18dB

Thus, the receiver degrades the noise
figure of the system by only 0.6 dB.
The story is different at vhf. Suppose
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you are operating at 100 MHz with the
same receiver. Here the antenna noise
figure is only 6 dB {noise factor = 4).

Fsys=4-1+10=130r 11.1 dB

In this case the NF is degraded by 5.1 dB
over that of a perfect receiver.

NE « 7 a8
6« 10X NF « 13 a8

BALANCE

[BAL ANCED] FILTER
MIXER L—j

fig. 3. Noise characteristics of a modern fet
balanced mixer feeding an i-f strip.

OF
RECEIVER

receiver noise figure

One rule-of-thumb says that the first
stage of a well designed receiver should
contribute all except one dB of the over-
all receiver noise factor. The overall noise
factor of a receiver can be found from

F2-1,F3-1
Fr=F1+7G1 + G162 2
where F, = overall receiver noise
factor (ratio)
F1,F2,F3 = noise factors (ratio)

of first, second and
third stages

G1,G2 = power gain {ratio) of
first  and second
stages

Apply this formula to the receiver
shown in fig. 2 which is typical of
receivers used in the late 1930s.

o 126-1.126- 1
Fr=25+—=5—*10x15
-25+125+ 83

=38.30r 15.8dB

Notice how little the second and succeed-
ing stages contribute to the overall noise
factor.

Let’s look at another example. Fig. 3
shows a modern fet balanced mixer work-
ing from the antenna into an i-f strip with
a NF of 13 dB (noise factor = 20). The
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mixer, including its input circuits, has a
NF of 7 dB (noise factor = 5) and a gain
of 10 dB.

Fo-56+2-1-600r840B

Substitute a modern diode balanced
mixer with a 6-dB NF (noise factor = 4)
and 0.4 gain for the fet mixer in fig. 3 and
you obtain

2%_:11 =510r17.1 dB

This receiver obviously needs an rf
amplifier to reach an acceptable operating
noise factor.

Fo=4+

rf amplifier noise figure

A simplified schematic and equivalent
circuit of an rf amplifier is shown in fig.
4. The noise factor of such a stage below
20 MHz is approximated by

, C\2
Ra +Req<1+R—A > (3)

PPl R "Ra'\ "R

where F = amplifier noise factor (ratio)

Ra’ = transformed antenna resis-
tance = n2RA

Rp = dynamic resistance of tuned
circuit = QX

Req = equivalent noise resistance of

amplifying device (fet or tube)

The first two terms, 1 + R4 '/Rp, give
the noise contribution of the input tuned
circuit. When the antenna is exactly
matched to the receiver Ry’ = Rp and
the noise factor of the input tuned circuit
is2,or 3dB.

The third term, (Req/Ra’) (1 +
Ra’/Rp )2, is the noise contribution of
the fet or tube and reduces t0 4Rqq/Rn’
when the antenna is matched to the
receiver. Above about 20 MHz the input
impedance of both tubes and fets falls
off, shunting the dynamic resistance, R,
adding additional factors to the calcula-
tions.

When the antenna is matched to the
receiver the NF of the input circuit is 3
dB. This NF can be made to approach
zero dB by reducing the transformed



antenna resistance, R ’. Overcoupling by
increasing the primary turns, which
reduces the ratio n2, will decrease R’

This technique is sometimes useful at vhf
when the noise factor of the matched
amplifier is less than 6 or 8 dB. However,
this is done at the sacrifice of rf selec-
tivity since Rp’ effectively shunts Rp,
lowering the Q of the tuned circuit. The
optimum value of Ry’ which gives the
lowest possible NF is

Ra’ loptimum) = Ry v/ _Rea (4)

RD + Req

input tuned circuits

The input tuned circuit{s) of an rf
amplifier has two functions. It matches
the antenna to the active device and it
provides rf selectivity. Fig. 5 shows various
ways the single tuned circuit may be used
as an input circuit.

The most common input circuit is the
untuned primary to resonant tank circuit
shown in fig. BA. The size and coupling
of the primary is determined by the
characteristics of the antenna. Most
modern receivers are designed for 50- or
75-ohm transmission lines and the
primary is adjusted so that the reflected
impedance, combined with the impe-
dance of the primary itself, is the proper
value. The match is rarely exact and will
vary from one end of a band to the other.

Receivers with low-impedance inputs
are sensitive to the characteristics of the
antenna and line to which they are
connected because there is a large step-up
ratio from primary to secondary. Older
receivers used 200- to 400-ohm primaries
to match the open transmission lines of
the day and were more tolerant of the
type of antenna used.

The tapped coil method of coupling
the antenna is often used at vhf (fig. 5B)
because it allows convenient adjustment
of the coupling to produce optimum rg’
for minimum NF. Using a noise generator
to determine NF, a fine wire is successive-
ly soldered up from the bottom of the
coil until the best NF is found. The

output impedance of the coil can also be
varied by tapping down, as shown.

The classic R390 military receiver has a
versative input circuit that will handle
random-length wires, balanced or un-
balanced lines (fig. 5C). A random-length
wire or whip is connected to the top of

Req FET

TUBE

fig. 4. Noise sources in the antenna input stage
of a communications receiver. Simplified circuit
is shown in (A). Equivalent circuit is shown in
(B).

the tuned circuit through C1 {input 1).
The value of C1 varies from 5pF on the
16- to 32-MHz range to 120 pF on the
0.5- to 1-MHz band. Balanced lines are
connected to the outside terminals of
input 2 and are electrostatically balanced
to ground by the capacitive divider. Un-
balanced transmission lines are connected
to one side of input 2.

One method of obtaining a precise
impedance match at a particular fre-
quency is shown in fig. 5D. This circuit
became prominent when it was used in
the famous R9%er impedance-matching
preamplifier in the late 1940s.4,5 The
coil and variable capacitor are adjusted
successively for maximum output until
no further improvement is obtained. The
circuit was said to match resistance from
58 to 3120 ohms when the coils were
loaded with a 7k swamping resistor and
the variable capacitors had a range of 5 to
100 pF.

The pi network allows precise adjust-
ment of both the input and output
impedances {fig. 5E). It is sometimes used
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at vhf to adjust the coupling for mini-
mum noise factor.

filters

The trend today is toward more com-
plex circuitry between the antenna and
the rf amplifying device. The ultimate rf
selectivity is provided by crystal lattice
filters. Conklin has described practical
filters for 20 meters with stop bands
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fig. 5. Antenna input circuits used in communi-
cations receivers.

100-dB down and 6/60 dB shape factors
better than 1.8:1.6 He used a switch
selected set of eleven filters, each 33-kHz
wide, to cover the entire 20 meter band
(fig. 6A).

Helical resonators are capable of Qs of
700 at the high freguencies and more
than 1000 at vhf and several of them can
be cascaded. A recent article? described
practical helical resonators for 15, 20 and
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40 meters (fig. 6B). Their disadvantages
include size and their requirement for
fixed tuning. A three-section, 15-meter
filter measured 10%-inches (26.7-cm)
long, 5%-inches (13.3-cm) high and 3%
inches {8.9-cm) deep.

Multiple conventional tuned circuits
can be mutual-inductance coupled, com-
mon- inductance or -capacitance coupled
or top-capacitance coupled. The
common-inductance coupled circuit in
fig. 6C was used in a recent home-built
75-meter DX receiver.8 The value of the
coupling coil for that band was given as
0.3 uH.

A similar circuit using top-capacitance
coupling is shown in fig. 6D. In one
recent high-frequency receiver design C.
was a 0.2- to 3-pF ceramic capacitor.?
The coupling was optimized by succes-
sively reducing C. from maximum
capacity in small steps and then returning
the main tuning capacitors until there was
a slight loss in gain as indicated by the
S-meter.

Old TRF receivers sometimes lumped
their tuned circuits at the front of the
receiver. One such preselector circuit used
four tuned circuits with both mutual-
inductance coupling and common-
inductance coupling (fig. 6E).

Cohn has shown how to maximize
stop-band attenuation while minimizing
insertion loss for multicircuit rf filters.10
One filter designed from his work is
shown in fig. 6F.

selection of device and operating
conditions

The rf amplifier designer has three de-
vices from which to choose: vacuum tubes,
bipolar transistors and fets. The vacuum
tube can be eliminated because it is not
compatible with the modern solid-state
receiver in terms of heat generation, size,
reliability and power supply require-
ments. The bipolar transistor is deficient
in signal-handling ability. This leaves the
fet as the almost universal choice for
high-frequency rf amplifier applications.

When selecting an rf amplifier device
the designer must consider such char-
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acteristics as gain, noise figure, linearity,

feedback capacitance (stability) and
adaptability to manual and automatic
gain control. The relative importance of
each of these characteristics varies from
one application to another. Table 1 lists
the characteristics of some of the more
popular rf fets.

Noise and gain are important design
considerations in the upper vhf region but

T oUTPUT
O

ouTPUT

fig. 6. Multi-element rf input filters used in
communications receivers. Use of each is des-
cribed in the text.

are secondary to linearity at the high
frequencies. An idea of the noise
performance of fets is given by the
equivalent noise resistance formulas.

, 1
Req (ifet) = G (5)
Req(mosfet) = QG*@ (6)
m
Req(triode) = Gz_.s (7)
m

Req (pentode)

_ I 25 20 1¢»
- 'b+|c2 Gm * Gm2 (8)

The operating transconductance, G,

should be used in the formulas. In the
case of jfets the G, is specified at zero
bias although the device is actually

operated at a negative bias where the G,
is considerably less.

The gain of the rf amplifier should be
just enough to overcome the losses of the
tuned circuits and to override mixer
noise. The rf passband may be anywhere
from 60 to 150 kHz wide at 14 MHz,
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even with multiple tuned circuits, and all
signals within the passband will be fully
amplified. An rf amplifier with a gain of
10 dB will reduce the effective dynamic
range of the mixer by 10 dB for signals
within the rf passband.

Select devices with high pinch-off

handle less signal than the mixer, thereby
degrading the performance of the
receiver. Gain is preferably controlled by
a manual or automatic attenuator be-
tween the antenna and the amplifying
device.

Stability of the rf amplifier is a func-

table 1. Characteristics of selected rf amplifier fets. A 6BA6 vacuum tube is included for comparison

purposes.
min max mA max max e ref max
type G device Req Ipss Cys Ciss gy VP freq NF
CP650 100,000 jfet 10 0.3—1.2A 25 25 25 2—10 50 2.5
40673 12,000 mosfet 55 5—35 6 .03 20* —4 200 6
3N140 6,000 mosfet 94 5— 30 7 .03 20* —4 200 45
2N5397 6,000 jfet 167 10—30 5 1.2 25 1—6 450 3.5
2N4416A 4,500 jfet 222 5—15 4 0.8 35 2.5—6 100 2
E300 4,500 jfet 222 6—30 5.5 1.7 25 1—6 100 2
HEP802 2,000 ifet 500 2—20 - - 25 - -
6BA6 4,400 pentode 3550 - 5.5 .0035 - - -

* = BVpgo, others BVgss

voltage, V,, for best linearity. Even within
a given type it pays to select. The
pinch-off voltage of the standard
2N4416A, for example, is specified at 2.5
to 6 volts. For best linearity jfets should
be biased at approximately V,/2. Dual-
gate mosfets are run closer to zero bias,
occasionally with slight positive bias.

Maximum linearity also demands that
the operating point of the device be fixed
and not varied for gain control purposes.
The cross-modulation versus gain reduc-
tion characteristics of the 3N140 mosfet
are shown in fig. 7.11 In this case gain is
reduced by varying the bias on gate 2.
When operated at its normal conditions
the device will handle a 130-mV signal
before cross-modulation occurs. Changing
gate-2 bias to reduce the gain by 5 dB
results in dropping the signal-handling
ability to 75 mV. Reducing the gain still
further, to -15 dB, increases the signal-
handling ability to 300 mV.

All devices, tubes, bipolars and fets,
have linearity-vs-gain reduction curves
similar to the 3N140. The exact location
of the peaks and valleys varies from type
to type and even within the same type. If
you apply manual or automatic gain
control to an rf amplifier it is possible to
bias the device to a point where it will
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tion of the feedback or reverse transfer
characteristics of the device. This is com-
posed almost entirely of capacitance, C,¢
or Cgq in an fet. In the triode jfet G,
runs from 1 to 3 pF, too high to use the
device in an unneutralized common-
source circuit. The dual-gate mosfet may
be used in common-source circuits
because its C,¢s is only 0.03 pF. This is
comparable to that of many pentodes
although it is still considerably greater
than the 0.0035 pF of the old reliable
6BAG.

80
REVERSE AGC ON GATE NO. 2
OESIRED FREQUENCY « 200 MHz
INTERFERING FREQUENCY = 130 MHz
UNTUNED INPUT
60
@
3
z /
3 e
G 90
g e
Q
'Y
[ 3 \§~\
z —
o
© 20
I
ot
o
a0 60 80 00 200 400

INTERFERING SIGNAL {mV)

fig. 7. Level of interfering signal required to
produce cross-modulation in a 3N140 dual-gate
mosfet as gain is varied by changing the bias on
gate 2.



circuits

Pentodes were long the workhorse of
rf amplifier circuits so it is fitting to look
at the pentode circuit before going on to
newer devices. The 6AK5 came out of
World War |l research into better tubes
for vhf. In 1946 it was used in the
famous R9’er, a broadband, impedance-
matching rf preamplifier (fig. 8).

The biasing and supply circuitry of the
R9’er, a broadband, impedance-matching
rf preamplifier (fig. 8).
rather than by a cathode potentiometer.
The input and output tuned circuits are
broad-banded by loading them down to a
Q of 50 with resistors. Capacitive dividers
permit adjustment of input and output
impedance matches. The R9’er provided a
dramatic improvement in noise factor

100

ANTENNA

L

fig. 8. A pentode is used in the famous R9'er

impedance-matching preamplifier
the late 1940s.

popular in

when connected ahead of some of the
prewar receivers which typically had a NF
of 14 dB or warse. The NF of the RQ'er
was 6 dB.

The modern day rf amplifier work-
horses are the dual-gate mosfets such as
the 3N140 and the 40673. The NF of the
mosfet in the circuit of fig. 9 with input
matching optimized for noise, is 2 dB at
28 MH2z and the gain is 26 dB.12 Since
both of these figures are better than
required for high-frequency work, the
excess gain and NF could well be traded
for better signal-handling characteristics.

In this circuit resistors R3 and R4
form a voltage divider to provide 4 volts
bias to gate 2 of the mosfet. Unlike tubes

ANTENNA

4 SRS
EI giex i: 270 A0
Rt 4

| +18v

fig. 9. A modern rf amplifier stage using a
dual-gate mosfet. Gain of this stage is 26 dB at
28 MH2z; NF is 2 dB.

and jfets, the mosfet can be run at zero or
positive bias and the transconductance is
maximum near zero bias. Resistors R1
and R2 form another voltage divider to
develop sufficient positive bias to over-
come the negative bias of R5 and bias
gate 1 near the zero bias point.

The jfet has such large feedback
capacitance that, without neutralization,
it is unstable in the common-source cir-
cuit. One remedy is to run the device in
grounded gate. Fig. 10 shows the circuit
of a broadband preamplifier covering 0.5
to 50 MHz using a grounded-gate
jfet.13.14 The amplifier has a NF of less
than 2.5 dB and a dynamic range — the
range between the weakest usable signal
and the signal which causes a 1-dB com-
pression of the output—of 140 dB! The
pression of the output — of 140 dB! The
performance of this preamplifier is due

+i8v

fig. 10. Wideband (500 kHz to 40 MM2)
preamplifier using a power fet provides wide
dynamic range.
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fig. 11. The rf amplifier stage in 10k

the Allied/Radio Shack AX-190
communications receiver uses fets
in a cascode circuit.

power fet of the Crystalonics CP650
family. It consists of 15 fets in parallel on
a single chip and provides a minimum G,
of 100,000 umhos.

In fig. 10 resistor R1 is selected to set
the drain current of Q1 at 30 to 40 mA at
which point the G, will be about 55,000
umhos. The input impedance of a
grounded-gate device is equal to approxi-
mately 1/G,,, (18 ohms for this circuit).
The input circuit results in a mismatch to
a b0-ohm line but results in only about
1-dB loss in gain and improves the NF
over the matched condition by approxi-
mately 0.5 dB.

The output circuitry is a lowpass filter,
L1/C1, which provides a constant
200-ohm load to the fet over the entire

ANTENNA
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i J
g L4 L

uTPUT

Q3
25C373

o0F 33k
) 270

+9.5v

frequency range. L2 is a 200- to 50-ohm
matching transformer.

Jfets can also be used in the cascode
circuit without neutralization. This cir-
cuit was chosen by the designers of the
Allied/Radio Shack AX-190 receiver (fig.
11). The cascode circuit is stable because
the input cannot ‘’see’” the output
through the very small drain-to-source
capacitance of the second device which
uses the grounded-gate configuration.

Two tuned circuits are used in front of
the amplifier, coupled through an atten-
uator pot. The drain of Q2 is tapped
down on the output tank to preserve its
Q. The 100-ohm resistors are parasitic
suppressors. Transistor Q3 acts as a vari-
able source resistor which is actuated by

T2 m

f ,7 !
: J“zoo é
l M
.
1\,

E300

l L2
T I

g;\ .00t (g

Voo

fig. 12. A selective rf amplifier using two grounded-gate fet stages. Selectivity is provided by the
helical resonators Tt and T2. For high-frequency operation it would be better to tap the fets down

on L1 and L2 to obtain more selectivity.
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the avc system. This is one method of
overcoming the incompatible avc require-
ments of fets and bipolar transistors.

Another interesting rf amplifier circuit
which uses grounded-gate fets as buffer
and impedance-matching devices for a
pair of helical resonators is shown in fig.
12.15 Designed for color tv reception on
channel 10 while rejecting channels 9 and
11, it is claimed to provide 15-dB gain
and a 4-dB NF at 193 MHz. The input
and output circuits provide little selec-
tivity because of the heavy loading of the
fets. At high frequencies it would be
better to tap the fets down on the tuned
circuits so they could contribute to the
overall selectivity of the receiver.
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design data for

pipe

One of the best
materials for
antenna masts
is steel pipe —
here is how

to design

your own

One of the best materials available for
building self-supporting antenna masts is
steel pipe. It is widely available, uniform
in quality and reasonable in price. A well
designed mast is adequately strong, neat
and attractive, and relatively light weight.
And, using steel pipe, it is not too
difficult to design a fold-over mast which
allows all antenna work to be done at
ground level. Even maintenance on the
mast itself does not require work at any
great height.

However, attaining all of these advan-
tages does require some design work. This
is particularly important for safety. The
purpose of this article is to present a set
of design curves which will give a safe and
satisfactory design while using the mini-
mum of material.
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masts

R.P. Haviland, W3MR, 2100 South Nova Road, Box 45, Daytona Beach, Florida 32019

construction

The general construction of a typical
fold-over pipe mast is shown in fig. 1. At
the top is the antenna and rotator, carried
by the smallest size pipe. This is inserted
into the upper end of the next size pipe
for a short distance, and fastened by
through-bolts or welding. The second
section is inserted into the next larger,
and so on. The bottom section is hinged
to a fixed upright pipe, which gives the
fold-over feature. It, in turn, nests into a
larger section of pipe set into the ground.
A yoke is provided to fasten the mast to
the upright after erection. Fig. 1 shows a
block and tackle for pulling the mast to
the vertical position but a winch, fastened
to the upright, may be used instead.

Most mast designs use the widely
available standard-weight pipe, each size
of which nests neatly into the next larger
size, over the range from 1% to 4 inches
(38 to 100 mm). Larger sizes still nest,

Standard and Extra Strong (ASTM nomencla-
ture) are the two pipe weights commonly
encountered. The American Petroleum Institute
has a separate designation for well casing, but
this is called tubing rather than pipe, although
some sizes are identical to pipe sizes. The
critical dimension for Standard weight pipe are:

size oD wall thickness
4-inch (102-mm) 4.5" (114 mm) 0.237'" (6.0 mm)
3Y2-inch (89-mm) 4.0 (102 mm) 0.226" (5.5 mm)
3-inch (76-mm) 3.5" (89 mm) 0.216" (5.5 mm)
2i2-inch (64-mm) 2.875" (73 mm) 0.203" (5.0 mm)
2-inch (51-mm) 2.375" (60 mm) 0.154' (4.0 mm)

The ASTM recommended fiber stress values for
Standard weight pipe is 20,000 psi {bending).
The design procedure presented here uses a 10%
reduction from this stress figure, based on good
used pipe. Editor



but there is a gap between the walls. Very
high masts, or those with unusually heavy
top loads, can be built with extra-strong
or double-extra-strong pipe, but such
designs are not considered here as the
data are calculated for standard-weight

pipe.
design criteria

The critical or design load on a section
may be caused by wind load when the
mast is vertical, or by erection load as the
mast is being raised. Both loads shouid be
calculated and the design chosen for the
worst of the two.

For wind load, two design winds are
commonly used. For most of the coun-
try, it is assumed that the worst wind to
be encountered is 86 mph (137 Kph), a
value to be expected once in 50 years or
so. For Florida, the Guif Coast and
locations such as Cape Hatteras, a maxi-
mum wind of 1256 mph (201 Kph) is also
used. Your county engineer can provide
the recommended value for your location
(see reference 1).

During erection there is some deflec-
tion, or bending, of the mast. The great-
est load occurs as each section is horizon-

ROTATOR, ANTENNA

WELD OR BOLT

STRAP HINGE-WELD

FILLED WITH SAND

SURFACE

fig. 1. General layout of the fold-over pipe mast
{not to scale).
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fig. 2. Allowable section length at erection for
standard weight pipe, fiber stress = 18 kips.*

tal and this is the loading which must be
designed for.

The wind and erection impose two
different types of load on the section.
One is the concentrated load at the
topmoast end of a section due to the
forces on the section above. The second is
the distributed load acting along the
length of the section. As the concentrated
load becomes larger there is less strength
left for the distributed load, so the
section length must become smaller.
Accordingly, the problem of design is to
determine the allowable section length.

The concentrated load during erection
is the weight of the antenna, rotator and
sections above the one being considered.
The concentrated wind load includes the
sum of all wind loads above the section
being considered. The usual load is calcu-
lated on the basis of projected area. This
is the area covered by the shadow of the

*The units of force are pounds, tons, kilograms,
etc. In engineering practice the ward kip is
frequently used; it merely means a thousand
pounds. Thus 18 kips can also be written
18,000 pounds. Editor
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object. If the object is not symmetrical,
as a Yagi beam, the largest projected area
is used. The loading depends on whether
the object is flat or round, as follows:

kg per square meter). Reading upward
from this load on fig. 4, it is seen that the
maximum allowable length for 1%-inch
(38-mm) pipe is 8 feet (2.4 meters). Since

wind loading

pounds per square foot (kg per square meter)
85 mph (173 kph)} wind 125 mph {201 kph) wind

Flat objects
Round objects

The projected area is often given in the
instructions for commercially made an-
tennas and rotators. It is easily calculated
from the dimensions of the element.!
Given this concentrated load on the
topmost section, design of the mast
proper involves solving section load equa-
tions for allowable section length. To
simplify this process the equations have
been reduced to a series of graphs, fig. 2
and 3 for load during erection, and figs. 4
and 5 for wind loads. Use of these curves
will be explained through an example.

example

Assume that the design is for an all
tubing six-meter antenna, having two
square feet (0.186 square meter) project-
ed area and weighing 15 pounds (6.8 kg).
A small TV rotator is available, having
one-half square foot (0.046 square meter)
of mostly flat plate area, and weighing 8
pounds (3.6 kg). This area is not subject-
ed to unusual winds. Mast height is forty
feet (12.2 meters).

The concentrated load on the top
section is 15 plus 8 or 23 pounds (10.4
kg). Entering fig. 2 at the bottom with
this weight and moving upwards, it is seen
that the top section could consist of
12-feet (3.7-meters) of 1%-inch (38-mm)
pipe, or 16-feet (4.9-meters) of 2-inch
(51-mm) pipe or 20-feet (6.1-meters) of
2%-inch {64-mm) pipe. In keeping with
the scale of the antenna, suppose the
1%-inch diameter (38-mm) pipe is used.

The concentrated wind loading is due
to 2 square feet (0.186 square meter) of
antenna and one-half square foot (0.046
square meter) of rotator. From the table
above, the loading is 2 x 18.1 plus 0.5 x
30.3, or 51 pounds per square foot {249
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30.3 (147.9)
18.1 (88.4)

65.9 (321.8)
39.0 (190.4)

this is the critical value, it becomes the
length of the topmost section.

Assume that the sections are to be
fastened by welding, with 6-inch
(15.2-cm) insertion into the next section.
From fig. 3, the weight of the 8%-foot
(2.6-meter) total of the top section is 23
pounds (10.4 kg). The wind loading on
the exposed 8 feet (2.4 meters), from fig.
5, is 25 pounds per square foot {122.1 kg
per square meter). Thus, the weight load
at the top of the second section is 23 +
23 or 46 pounds (20.9 kg) and the wind
loading is 51 + 25 or 76 pounds per
square foot (371.1 kg per square meter).

Using fig. 2 again, the maximum allow-
able length of the next section using the
nesting 2-inch (51-mm) pipe is 11% feet
(3.5 meters) for erection loads. From fig.
4, the allowable iength for wind loads is 9
feet, which becomes the section length.
Proceeding as before, the loads on the
next section are 46 plus 35 or 81 pounds
(36.7 kg) during erection, and 76 plus 35
or 111 pounds per square foot (541.9 kg
per square meter) for wind.

Again, using fig. 2 and 4, the allowable
length of 2%-inch (64-mm) pipe is 13 feet
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fig. 3. Weight of standard pipe.



(4 meters) for erection load, and 12% feet
(3.8 meters) for wind load. The 12% feet
(3.8 meters) is the length £, in fig. 1. The
load on the section £, in fig. 1 is the same
in magnitude, so this part could also be
12%-feet (3.8-meters) long. However, a
stock length for pipe is 21 feet (6.4
meters). Assume that this is all that is
available. Then the third section will need
to end one-foot {30-cm)} above ground to
reach the desired 40-feet (12.2-meters)
total height. This is not unreasonable.
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10% feet (3.2 meters) of the lower
section plus some amount on the upright.
Assume that the upright is fully exposed,
a safe assumption. The wind foad to the
top of the upright is 111 plus 55 or 166
pounds per square foot (810.5 kg per
square meter) maximum, the exact value
depending on the final choice of upright
length. From fig. 4, the upright can be
only 6-feet (1.8-meter) long if it is 2%-
inch (64-mm) diameter, or 13-feet
(4-meters) long if it is 3-inch (76-mm)
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fig. 4. Maximum allowable section length for standard weight pipe with winds of 85 and 125 mph

(fiber stress = 18 kips).

If a counterweight is added to the
lower part of the third section to just
balance the top weight, the erection loads
on the fixed upright pipe are essentially
zero. Even if no counterweight is used,
the balancing effect of the part &, of fig.
1 reduces the load on the upright to less
than the load on section £, of fig. 1.
Thus, if the upright is no smaller than the
lowest mast section, it will have adequate
strength for erection.

The wind load on the upright is that of
the upper sections plus that on the top

diameter. Since 12% feet (3.8 meters) is
needed as a minimum, this is just about
right (half of the 21-foot [6.4-meter]
length of the 2%-inch [64 mm] section,
plus one-foot [30-cm] ground clearance).

Factors affecting the length of pipe
buried in the ground are discussed below.
For this example, assume that this is ten
percent of mast height, or 4 feet (1.2
meter). Total upright length is thus 13%
plus 4 or 17% feet (5.3 meters). The
jacket section buried in the ground needs
to have one-inch {(25-mm) clearance, so
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it needs to be a four-foot (1.2-meter)
length of 5-inch {127-mm) diameter pipe.
The results of this design example are:

Top section: 1%-inch (38-mm) diameter
top section, total length 8% feet (2.6
meters), exposed 8 feet (2.4 meters).

Second section: 2-inch (51-mm} diameter
second section, total length 9% feet (2.9
meters), exposed 9 feet (2.7 meters).

Lower section: 2%-inch (64-mm) diam-
eter lower section, total length 21 feet
(6.4 meters), hinge at 12% feet (3.8
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all-purpose design curves for these. The
best way of proceeding is to work with
your county engineer, and use the prac-
tices developed for your particular area.
The local power or telephone company
should also be able to supply the neces-
sary data.

For reasonably good soils, such as firm
loams or clays, a good starting point is to
assume that the foundation depth is equal
to ten percent of the height, with the
jacket set in concrete of sufficient size to
keep the soil load to a safe value. A
maximum load of 4000 pounds per
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fig. 5. Wind loading for standard weight pipe, 85- and 125-mph winds.

meters), 1-foot (30-cm) ground clearance
at bottom.

Upright: 3-inch (76-mm) diameter up-
right, total length 17% feet (5.3 meters),
exposed 13% feet (4.1 meters), buried 4
feet (1.2 meters).

Jacket: 5-inch {127-mm) diameter jacket,
total length 4 feet (1.2 meters), all
buried.

If necessary, this design could be carried
higher, using larger pipe sizes.

It is often necessary to try several
initial assumptions as to length and diam-
eter of the top section. With a little
practice, this can be done in a few
minutes.

foundations

Because of the great variability of
soils, it is not possible to provide a set of
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square foot (19530 kg per square meter)
is often used, with the design being
adjusted to give 100% safety factor above
the design load. If you haven’t done this
work before, the county engineer can
show you the steps.

safety

Any antenna mast can become a
hazard if good safety practices are not
followed. Remember that a quarter- or
half-ton of steel thirty- to seventy-feet (9-
to 21- meters) in the air is no toy. If you
lack experience or don‘t have the proper
facilities, get qualified help. Always
remember, safety is no accident.

reference
1. John J. Nagle, K4KJ, “"How to Calculate
Wind Loading on Towers and Antenna Struc-
tures,’’ ham radio, August, 1974, page 16.
ham radio
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Out-hustles them all!

The famous HAMCAT ...now redesigned for greater per-
formance...equals or exceeds the performance of any other
Amateur Mobile antenna. We guarantee it! And you need buy
only one mast...whether you mount it on fender, deck or
bumper. There's just one set of coils and tip rods...and they
all stand up to maximum legal power. That's performance,
that's value...THAT'S HY-GAIN!

Original Hy-Q “quick changer’ coils wound on tough fiber-
glass coil forms for greater heat resistance, less RF absorption
/ Fiberglass shielded coils can’t burn up, impervious to
weather / Shake-proof, rattle-proof, positive lock hinge now
even stronger...eliminates radio noise / All stainless steel tip
rods won't bend or break / Full 5 mast gives you 10% more
radiating area than the competition / Rugged swivel-lock stain-
less steel base for quick band changes, easy garaging.

Get the Hamcat...from Hy-Gain
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reciprocating detector

converter

By popular demand —
a refinement

of previous
reciprocating-detector
circuits appearing

in ham radio
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Stirling Olberg, W1SNN, 19 Loretta Road, Waltham, Massachusetts 02154

In my last article on the reciprocating
detector! the final paragraph contained
the statement, ... It is hoped that
other amateurs will try it and perhaps
find some of the features we missed; or
perhaps shoot down those reported.” In
the months following publication of the
article, | have received considerable mail
explaining what | missed, or telling me |
was copying some one else’s idea, which
had been invented using tube circuits in
1907. For the most part, the questions or
descriptions were useful in answering all
who posed other questions. But most of
all, demonstration of several short-
comings were made obvious. Acknow!-
edgements usually follow the last para-
graph in an article; but mine must come
first, and 1| thank all who wrote. This
article is presented to answer most of the
queries received and to set the record
straight on what the reciprocating
detector (RD) is, and what it is not.

typical queries

Many requests were for circuitry that
could be used to incorporate the RD in
receivers with i-f amplifiers at frequencies
well above the limits of the practical
reciprocating detector. The method of
obtaining the RD reference is through
feedback, which is partly carrier-level
controlled and which would require



shielding of the adjacent circuits and the
use of semiconductors well out of the
price range of the average amateur. Other
requests desiring to use the RD with
transceivers required extensive investiga-
tion into the operation of these sets. In
most cases | recommended that the
amount of work wouid not justify the
results.

older sets

Many amateurs installed the RD in
older sets that had single filters, or none
at all, with the hope that ssb, as well as
the other features described would result
in a receiver that could compete in the
melee on bandedge pileups, or that could
put these receivers in the same class with
a modern receiver. This is not possible,
and it was not my intention to mislead
anyone into thinking it was.

The problem here is perhaps best
resolved by careful consideration of the
facts on how the receiver operates; for
some because of the avc characteristics or
the lack of them.

The set could never be used success-
fully on ssb. Why? Let’s take the case of a
receiver with single-filter selectivity. Sup-
pose the receiver has one filter 3.1-kHz
wide with a 455-kHz i-f. A reciprocating
detector with a 455-kHz reference fre-
quency will require the user to offset-
tune the front end. He will receive some
of the sideband he is looking for and will
have all the pertinent features of noise
impulse suppression of the RD, but part
of the sideband will be clipped and will
sound hard.

If there is no filter at all, and the
bandwidth is very wide (which is usually
the case), then either sideband will get
through easily, along with the adjacent
channel. Obviously filters are a must and
dual filters are the best in my opinion.

The attack characteristics of the avc in
older sets are such that these systems
cannot be used with the reciprocating
detector. The RD can’t stand overloads,

and in many cases the rf signal presented
by the i-f amplifier of older sets to the
RD is in excess of 3 volts, which will
certainty saturate it. | don’t have a cure
for this problem in the design presented
here. Unless you can redesign your old
receiver to accommodate today’s signal
amplitudes, | can’t recommend an RD to
replace your existing detector unless you
wish to use it for some of the other
modes of operation.

Before describing the RD converter,
I'll describe the operation of the RD and
define some terms.

circuit description

Let’s start by looking at the circuits of
fig. 1. The description deals first with the
circuit of fig. 1A, a bit different from
most detector circuits. A dsb signal will
be used to actuate the RD switch. The rf
input is fed into a battery and resistor
combination, which provides bias to keep
transistor Q3 just below, but not quite at,
cutoff. Transistor Q3 therefore serves as a
half-wave rectifier for the incoming signal
and as a current source for the emitters of
Q1, Q2. This current source is the refer-
ence for the base of Q2, enabling it to
conduct on the positive reference peaks.
Therefore, since Q1 and Q2 emitters are
driven from a common-current source,
Q1 is enabled and conducts when Q2 is
off, but only on negative reference peaks.
Neither Q1 nor Q2 can conduct unless Q3
is also enabled, which occurs only on
positive rf signal peaks. Therefore Q2
conducts when the rf signal is in phase
with the reference signal, and Q1 con-
ducts only on the 180-degree difference
with respect to the reference.

Now, since the audio and rf outputs
are obtained differentially from those
two switching transistors, a transfer of
the conduction of Q1 to Q2, or vice
versa, causes a polarity flip. 1t is this
flipping action that is required to convert
the waveform to a sine wave.

In the paragraphs above | have
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continually used the word “reference,”
and in doing so may have confused the
issue. By reference, | mean the beat signal
that is synthesized from the rf input
signal. Through feedback, routing the
signal through the filter, FL, we have

FL

REFERENCE

RF SIGNAL
INPUT o w

automatically provided a beat frequency
oscillator, which is dependent upon the
signal. More about this later.

synchronous mode

So far I've talked about a system that
is self-controlled through the use of the
carrier-synthesized reference. Now comes
another term we must use: the synchron-
ous mode. The reference signal is
synchronous with the carrier because it is
generated by the carrier. The feedback
through the filter, FL, establishes this
action. The signal is recovered from the
switch through an audio transformer (act-
ing as a low-pass filter in the demonstra-
tion circuit).

nonsynchronous mode

Since it has been demonstrated how
the reference signal is derived from the
received (carrier) signal, and you now
know what is meant by the synchronous
mode, Il'll try to answer the question
most amateurs get around to asking:
“How do you get a reference when you
have a single sideband signal with no

AAA

AUDIO
ouTPUT

]
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8FO RFC

fig. 1. Reciprocating detector basic circuits.
A demonstrates derivation of the reference
signat (synchronous mode). Circuit B shows
how a local carrier is generated for ssb
reception (nonsynchronous mode).



carrier?”’ A third definition now rears its
head: nonsynchronous mode—because
there is no carrier-generated bfo signal if
the carrier is properly suppressed.

It will be easier to understand what's
going on with the aid of fig. 1B. It's the
same circuit as in fig. 1A but without the
feedback loop. It uses a separate oscilla-
tor in the same fashion as a product
detector. It is, in fact, exactly like a
product detector.

Let's rearrange some of the circuits
and voltages and see what happens. First
we replace the input signal to transistor
Q3 with a small dc voltage. This voltage is
converted to a fixed current in the
collector of Q3. Now we replace the bfo
with the filter circuit. Transistors Q1 and

and filter bandwidth, which many readers
want to decrease because of the noise-
elimination effects. Let’'s go back to dsb.
The synchronous bandwidth of the signal
is about one-third of the filter passband,
or about 150 Hz. This is the case where
phase correlation, previously discussed, is
used. With an ssb input signal, the refer-
ence point follows the signal. Now, if the
sides of the filter are too steep, phase
synchronism will not be consistent and
the reference signal will hop around
trying to follow the input signal.

The peak deviation of a virtually un-
filtered RD reference signal can’t swing
more than 30 degrees. This is not too
obvious. Remember that the 180-degree
phase change in the incoming signal is
completely wiped out by the flipping

Q2 are now part of a differential ampli-
85 kHz
VARI~Q

}_. FILTER

455 kHz
MIXER

RF
INPUT

85 kHr

Lt 1

[—ﬁRECIPROCATWG 8/16-0HM
DETECTOR OUTPUT

]

CRYSTAL
OSCILLATOR
540 kHz

ouAaL
POWER
SUPPLY

fig. 2. System block diagram.

fier. Through regenerative feedback Q1
and Q2 form a simple oscillator operating
at the filter center frequency.

The d¢ voltage impressed on the base
of Q3 is the average value of the half-
wave rectified signal. The flipping action
previously described for the synchronous
mode still occurs. However, it's difficult
to follow. This is because of the inter-
mediate phase changes, which result from
the frequency difference between the
input signal and the self-generated refer-
ence signal. In this mode, the reference
level is no longer completely amplitude
controlfed by the input signal, but it does
have signal-induced phase fluctuations.
This signal is now pure rf since it is the
filtered version of the signal envelope. So
now the question shouid reaily have been,
““How do you detect a reference for ssb
signals?”’

bandwidth and noise reduction

We will now discuss the lock-in range

action of the reciprocating switch. So a
filter with a bandwidth of 500 Hz or so
will yield little or no jitter, even if the
input is random noise. As for amplitude
variations, this same filtering reduces
these changes in the reference signal to a
degree that most amplitude variations
that approach zero are not evident. The
fluctuation rate of these variations could
be in the vicinity of 250 Hz. It should
now be obvious why the circuit can and
does reject impulse naise of short dura-
tion and reduces the intensity of long
static crashes. It should also be obvious
why a filter with sides too steep or too
narrow will not help, except, perhaps, on
noise. If, however, the filter is too narrow
and only improves noise rejection, the
phase jitter will ruin the effectiveness of
the reciprocating detector for its other
puUrposes.

455-kHz i-f receivers

It took a lot of looking to find a way
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fig. 3. Reciprocating detector
converter schematic.

Ferroxcube 1811CA4003B7 pot core
with 1811 bobbin, L1 is 5 turns no. 30
enamelled; .2 is 36 turns no. 30 enam-
elled; L3 is 30 turns no. 36 enamelled
Vari-Q filter wound on Ferroxcube 1811-
CA250CB7 pot core with 1811 bobbin.
L4 is 15 turns no. 30 enamelled; L5 is 130
turns no. 36 enamelled; L6 is 26 turns
no. 30 enamelled

Mixer coil, 455 kHz. L7 is 130 turns no.
36 on Amidon Associates T44-15 toroid
core, L.8 is 8 turns no. 36 wound on
same toroid
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7

that would allow the RD to be used with
almost any receiver (see fig. 2). A mixer is
modulated by a crystal-controlled oscilla-
tor. The mixer input has a tuned circuit
adjusted to match a 455-kHz i-f output.
It can easily be coupled to the last i-f
stage through a coaxial cable and a small
capacitor. The input circuit can be adjust-
ed to accept a wide range of frequencies
simply by changing the input transformer
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to one for the desired frequency. The
crystal must also be changed.

The vari-Q filter is excellent for reduc-
ing interference. Its passband may be set
by a variable capacitor and adjusted by a
potentiometer (C15 and R25, respective-
ly, fig. 3). Adjustment is variable over a
15-kHz range.

construction

The circuit (fig. 3) is conventional.
The reference filter includes a variable
capacitor operated from the front panel.
This control allows the reference signal to
be offset for receiving ssb signals. The
control can be marked to indicate upper
or lower sideband.

*PC board available from the author. Write for
details. Please include a self-addressed stamped
envelope.

S R28
oS24 /J7
l J L_ LOCAL OSCILLATOR __J
~év
The circuit is constructed on a PC

board® except for the af amplifier and
power supply. My unit is contained in a
4x4x8-inch (10x10x20-cm) cabinet
finished to match other equipment on the
operating desk.

Point-to-point wiring is used. Compo-
nents in the parts list and schematic are
not sacred except for the pot cores.
Semiconductors should be silicon. Almost
any general-purpose npn transistors may
be used. The mixer transistor is an RCA
40673, although substitutes are available
that will work just as well.

references
1. Stirling Olberg, WISNN, ‘Reciprocating
Detector,”’ ham radio, March, 1972, page 32.
2. Stirling Olberg, W1SNN, "Vari-Q Filter,”
ham radio, September, 1973, page 62.
ham radio
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Explore

the world of RTTY...

with sophisticated equipment from HAL.

veeet. ..
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The RVD-1002. The silent, reliable

RTTY video display unit from HAL.

The revolutionary HAL RVD-1002 RTTY video display
unit “prints’™ an RTTY signal from any TU at the four

standard data rates (60, 66, 75 and 100 WPM), using
a TV receiver with slight modification, Or it will directly
feed a TV monitor. Power consumption is low, thanks
to the RVD-1002’s solid-slate construction. So turn on
to silent, trouble-free RTTY — with the RvD-1002

Price: $575 ppd, USA. Air shipment $10

The silent RTTY keyboard —
that's the HAL RKB-1.

The RKB-1 TTY keyboard is loaded with features to
make sending RTTY easy and fun, You get automatic
letter/number shift at all four speeds, typewriter
keyboard layout, and no clatter! The loop keying
transistor is isolated from other keyboard circuits —
wire it into any convenient point in your loop. Plus
TTL logic, glass epoxy PC board, commercial grade
keyswitches and more

Price: $250 Assembled, ppd USA. Air shipment $5

RTTY — and CW on one keyboard!
The HAL DKB-2010.
All solid-state. Transmit at data rates of 60, 66, 75 or
100 WPM at the flick of a switch Complete alpha
numernc keys, 15 punctuation marks, 3 carriage control
keys, 2 shift keys, break key, 2 character function
keys, a "DE-call sign” key, even a "Quick brown
fox ..." test key

The DKB-2010 is equally versalile in the CW mode
with complete alphanumeric and punctuation key
speeds from B-60 WPM, and a "DE-call sign" key
The DKB-2010 includes a three-ct ter bufler oper
ational in either the RTTY or CW mo ptiona
64 or 128 key buffer also ¢

Price: $425 Assembled,
64 key butfer $100, 128 key bu
Air shipment $10

Commercial quality on an amateur’s
budget — the HAL ST-6 TU

Every amateur who knows hus RTTY respects the 5T-6
terminal as being the best. Autostart operation, an
antispace feature and swilch selection of 850 and
170 Hz shifts are standard. Circuitry is stale-of-the-art,
including DIP IC's on plug-in PC cards. Filters and
discriminators are designed for standard RTTY tones
A 425 Hz shift discriminator is an option which allows
superior receplion when copying commercial press
transmissions. Another option is the AK-1 audio fre-
quency shift keyer for input to an SSB transmitter

The ST-6 and ils options are available in assembled
or kit form. Cabinet not included i1n kit

Price: ST-6 $310 Assembled, $147 .50 Kit, ppd USA
425 Hz Discriminatc 0 Assembled, $29 Kit, ppd
USA. AK-1 AFSK $40 Assembled, $29 Kit, ppd USA
Air shipment: Assembled ST-6 with any or all options
$10, ST-6 Kit $4, 425 Hz Kit $1, AK-1 Kit $1
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How to win the fist fight...
with CW equipment from HAL.

The economical HAL 1550 keyer.

The easy-to-use 1550 keyer is your answer if
you're looking for an electronic keyer that lets
you send accurate CW effortlessly. Send

from 8 to 60 WPM with conventional, iambic,
and dot memory operation. Operates with dual
or single lever keys. The optional 1550/1D
automatically sends ""DE" followed by your
station call. For fast, accurate CW, order the
HAL 1550/1D or 1550 today

Price: 1550/1D, $95; 1550, $75; ppd USA
Air shipment, add $3.

ID-1A repeater identifier.
Commercial quality, low price.

The HAL ID-1A brings the radio amateur a
commercial-quality repeater identifier that
complies with FCC ID requirements. It has a
unique read-only-memory that you can easily
reprogram yourself. Capacity of the ROM is
39 dots, dashes and spaces. TTL IC's assure
immunity from noise and temperature. ID inter-
vals available: 3, 6, 12 or 24 min. Specify call

Price: $115, ppd USA. Air shipment, $3

Send perfect CW every time
with the MKB-1.

A complete Morse keyboard. Code speed
variable from 10-60 WPM with variable dot-to
space ratio (weight). All solid-state, featuring
computer-grade components. Complete alpha
numeric and puncluation keys, plus an optional
"DE-call sign" key factory programmed for you
Includes built-in speaker/oscillator monitor
Price: $290 Assembled, $199 Kit, ppd USA
Without ID, $250 Assembled, $170 Kit

Air shipment, $5.

CW—and RTTY on one keyboard!
The HAL DKB-2010.

All solid-state. Type out CW at 8-60 WPM. Ad-
justable dot-to-space ratio (weight). Complete
alphanumeric keys, plus 11 punctuation marks
Five standard two-character keys, 2 shift keys,
break-for-tuning key, 2 three-character function
keys, and a "'DE-call sign’ key. We'll program
your call right into the DKB-2010. Plus com-
plete RTTY capabilities. Built-in three-character
buffer. Optional 64 or 128 key buffer also
available

Price: $425 Assembled, $325 Kit, ppd USA

64 key buffer $100, 128 key buffer $150
Air shipment, $10

More Details? CHECK—-OFF Page 126
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miniature

When miniature
filament transformers
are used in
low-voltage

power supplies

the output voltage
may be higher

than expected

In the old days when you bought a
filament transformer you hardly ever
bothered to measure the secondary volt-
age. You knew that, at no load, it would
be roughly 10% or so higher than at full
load. This allowed for a reduction when
loaded and also allowed for some voltage
drop in the connecting wires to the tube
sockets. Also, fitament transformers were
used primarily in those days to heat
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filament transformers

filaments or heaters and these voltage
requirements weren’t very critical.

Now things have changed. With mini-
aturization and the lower power-supply
voltages required for semiconductor cir-
cuits using transistors, ICs and LEDs in
analog and digital equipment, filament
transformers are often selected by the
experimenter as convenient power-supply
transformers. Sometimes this is disastrous
because, unless the transformer is fully
loaded to its rated current capacity, the
secondary voltage may be much higher
than expected.

power supply

Consider an experience | had. | needed
a 15-voit dc power supply to furnish 20
mA to a transistor circuit. Good regula-
tion was not a requirement but this
transistor circuit absolutely could not
tolerate a supply voltage greater than 20
volts. Anything over 20 volts could zap
the works.

For the power supply | decided to use
a 12-volt filament transformer and a
full-wave bridge rectifier feeding a capa-
citive filter. My initial rough calc