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A room full of gear

...right here.

CrMes DRI VE PLATE 3 i Feooed m e

These days, in advertising lingo, it
seems everyone is claiming they “put
it all together” in their product.

Well, when we say put it all together
in signal/one’s CX7A, we really mean
it. And we can prove it. Because here's
a rig that combines a room full of
gear in one compact desk-top unit.

To duplicate the CX7A with
conventional equipment, you'd need an
extra receiver, an RF clipper, a built-in
power supply, a linear amplifier, an
electronic keyer and much more.

Not to mention a transmitter
and receiver.

The CX7 costs $2,195. A lot of
money. Or is it?

Just think what that room full
of disjointed, often incompatible gear
would cost you.

But in the CX7A, it's . .. all together.
Affording you your finest hour as an
amateur. And most any serious
amateur can afford that when he wants
the best . . . and wants to be the best.

The CX7A is yours to see at your
signal/one dealer’s. Or write us today
for a detailed brochure. Then get your
room full of gear. That fits on a desk.

J.: sr3// ore

a subsidiary of
Computer Measurements, Inc.

1645 West 135th Street
Gardena, California 90249
Phone: (213) 532-9754



10 years ago the
mobile antenna

concept shook the ham fraternity

with “fixed station reports
from the mobile”

—it has since been the most
imitated but never equalled!

Hustler and only Hustler gives you 10 years of proven performance, mechani-
cally and electrically superior to all others. You get exceptional reports on
every band, lowest SWR and broadest bandwidth. Matching devices are not
required. Use any convenient length of 52 OHM feed line. Choose from
either standard or super resonators and buy the mast and resonators for the
bands you operate.

Convenience of fold-over mast for rapid band change or easy garaging,
optimized performance on each band and a time proven concept in mobile
communications, a concept verified by the overwhelming majority of ama-
teurs, are yours only with Hustler!

Model MO-1—-54" Mast for Deck or fender mount — Folds at 15" above base
Model M0O-2—54" Mast for Bumper mount — Folds at 27" above base

Price: $§11.95
Price: §12.25

| STANDARD HUSTLER RESONATORS—400 Watts Power-Normal SSB Duty Cycle

Model RM-10 10 meter resonator $7.95

Model RM-15 15 meter resonator 8.95

Model RM-20 20 meter resonator 9.95

! Model RM-40 40 meter resonator 11.95
“ Model RM-75 75 meter resonator 13.95
Model RM-80 80 meter resonator 13.95

| SUPER HUSTLER RESONATORS—Legal Power Limit—Normal SSB Duty Cycle

The original
hinge and
sleeve clutch
mechanism.

I

Model RM-10S 10 meter resonator $11.50 f.‘;’,‘-,‘;}f,;;’ﬁﬂ,,',';
Model RM-158 15 meter resonator 13.50
Model RM-20S 20 meter resonator 15.50
ix Model RM-40S 40 meter resonator 19.50
w Model RM-75S 75 meter resonator 24.50
= Model RM-80S 80 meter resonator 24.50

—

R | S

Available from all distributors
R who recognize

the best!

NEW-TRONICS CORP, ™250,5ommence

Export Dept, Roburn Agencies,Inc, 349 W. 14th St, New York, N.Y. 10014, Cable Address: Roburnage-
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The most powerful signals under the sun!

MORE PERFORMANCE FOR LESS MONEY
Galaxy GT-550A $495.00

The Galaxy 550A Total System v

GT-550A Transceiver

The GT-550A is the best transceiver on the market for the money. Bar none Costs just $495.00 and
runs 550 watts. Operating either fixed station or mobile, this transceiver is guaranteed to have a top
frequency stability after warm-up. We're so proud of the stability we include a graph with each
GT-550A showing the purchaser how stable his radio was when it went through final check. 550
watts SSB; 360 watts CW; sensitivity better than .5 uv for 10 db S+N/N; stable 45 db carrier sup-
pression; 25 KHz calibrator and vox option; no frequency jump when you switch sidebands. Order
No. 855 Ham Net $495.00

RF550A contains high accuracy watt meter; calibrated in 400 and 4,000 watt scales; switch for

forward or selected power; switch to select 5 antennas or dummy load. Order No. 857 Ham
Net $75.00

RV550A is a solid state VFO. Function switch selects the remote unit to control Receive-
Transceive-Transmit frequency independently. Order No. 856 Ham Net $95.00

SC550A Speaker Console with headphone jack. AC400 power supply will mount inside. Order
No. 858 Ham Net $29.95

ACA400 Power Supply is heavy duty solid state to operate GT-550A at full power, on SSB or CW,
and with switch selection of 115/230 VAC, 50/60 Hz input voltages. Order No. B01 Ham Net
$99.95

The FM-210 2 Meter Transceiver

Capability... That's what you purchase from Hy-Gain/
Galaxy. Top performance from the first mass produced 2
meter transceiver. Fixed or mobile, the FM-210 will pro-
vide maximum pleasure with minimum investment, There's
a full 10 watts. And all American made, too! No parts prob-
lems and backed by Hy-Gain's famous Customer Service!

The PA-210 2 Meter 35 Watt Mobile Amplifier

This all new ruggedized solid state two meter mobile amp-
lifier provides 35 watts output to greatly increase your
communication range. The PA-210 is a must for areas
where no repeater is available. The PA-210 is designed as a
companion for the FM-210. (When used as a system, the
AC-210 power booster is not required.) A unique circuit
protects the output transistor from voltage spikes and
surges. All change-over relay functions are internal and
controlled by FM-210 circuitry through a connecting cable

HY-GAIN ELECTRONICS CORPORATION

P. O. Box 5407-WC Lincoln, Nebraska 68505
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During the 5th annual SAROC conven-
tion in Las Vegas in January, A. Prose
Walker, W4BW, new Chief of the FCC
Amateur Division, held forth for more
than an hour, offering many of his per-
sonal views on important aspects of am-
ateur radio.

On the current repeater proposal be-
fore the FCC, he favors minimal legisla-
tion. He feels that repeaters should only
be linked together when it is justified in
view of better emergency or public safety
performance; linking repeaters solely for
better range is absurd. Rather than tying
up a number of repeaters and frequencies,
it is much better to use a lower frequen-
cy. In his view, when repeater linking /s
allowed, it will be limited to two or three
stations, and then only for a good reason.

As far as the new expanded phone
bands are concerned, Mr. Walker said he
feels there will be a token expansion of
the 75-meter phone band. The 40-meter
phone band is likely to be expanded too,
but not enough to cover the inter-zone
DX window below 7.1 MHz. In his opin-
ion, expansion of the 20-meter phone
band “‘will cause too much international
ill-will and at this time we need all the
friends we can get.” He spoke of this in
the context of what is in the best interest
of the United States, not just amateur
radio. He was very strong on this point,
much to the chagrin of some of the big
DXers in the audience.

Walker pointed out that running more
than a kilowatt is illegal, unsportsmanlike
and totally out of keeping with amateur
tradition and the purpose of the amateur
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fisk

service. You know who is doing it, and
the FCC knows. He advised amateurs to
clean up their own house — or the FCC
will do it well and do it painfully. His
personal opinion is to prosecute to the
fullest extent of the law.

Looking to the future, Mr. Walker sug-
gests that we may not have to identify; all
licensed stations will have built-in elec-
tronic identifiers which will do it auto-
matically, at very high speed. This will
automatically, and positively, identify
jammers and bootieggers.

Far in the future he feels our whole
callsign structure may be changed with
distinctive calls for each class of license.
There are enough letter combinations for
all generals to have a one-by-three call
(such as W1AAA). Higher classes of li-
censes may use calls like W1A, WA1A,
W1AA, etc. There is also the possibility
that the 1TU-allocated block of U.S. calls
from AAA to ALZ might be used for
the amateur service, if and when Tibet,
Sikkim and Bhutan amateurs stop using
their AC1-ACOQ callsigns. This is far in
the future, though.

There’s also a long-range possibility for
more bands as more and more commercial
and military traffic switches to land lines
and vhf. Then the real frequency pres-
sure will come on vhf and uhf. And, in
light of the EIA proposal for 220 MHz,
W4BW encouraged hams to, “‘Use it, or
lose it!"”” That goes for ali of our bands.

Jim Fisk, WIDTY
editor



Plug yourself into a bargain

You don't plug the Yaesu FTdx 570
into a power supply, you plug it into
the wall. The 570 is ready-to-go, with
560 watts of PEP SSB and 500 watts
of CW power built-in.

In arig selling for $549.95.

And power isn't the only,
reason why the FTdxis
the world’s best
transceiver value.
Foranickel less
than $550 you get
a whole lot more.
Like a built-in
noise blanker.
VOX. Calibrators.
A built-in speaker
and cooling fan.
WWYV channel.
And 80 to 10 meter
coverage on transmit and
receive.

You get a rock-stable VFO, and a re-
ceiver so sensitive it hears things

SPECTRONICS WEST

Dept. Q, 1491 £. 28th, Signal Hill, Ca. 90806 / (213) 426-2593

SPECTRONICS EAST

Dept. Q, Box 1457, Stow, Ohio 44224 / (216) 923-4567

'-

More Details? CHECK—OFF Page 94

clearly other rigs don't hear at all. Plus
a lot of other features detailed in our
brochure. Features that would cost
you a fortune if you could find them all
in any other rig.

For a little more than the
$549.95 price tag, you
can order the 570
with a CW filter.

Send us the

coupon and we'll
send you a

brochure on the

FTdx 570.

Include a check

for $549.95 and

we'll send you the
real thing. Do that, and
you'll be plugged in to
amateur radio operation
at its finest.

[l Please send detailed information on all Yaesu
products.

O Enclosed find § —________ |

Name I
Address
City State Zip

|

I

|

|

' Please send model(s) |
I

|

|

| All prices F.0.B. Signal Hill, Ca
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ecology linear

This high-power

linear amplifier

eliminates air-wave pollution
of on-the-air tuneup

with broadband circuits

and nearly instantaneous

band changing
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Gene Hubbell, W7DI, 6633 East Palo Verde Lane, Scottsdale, Arizona

Waste, pollution, ecology — words much
in evidence today, and meaningful in
amateur radio, as well as in our living
environment. For years | have, occasion-
ally, blown my top over unnecessary
signals that were ““dirtying up’’ the bands.
There seemed to be a quota of fellow
hams who needed to test or tune up
regularly on “my"" frequency. Of course,
many of them felt the same way about
me.

Some time ago | adopted a tuning
procedure that cut my own on-the-air
tuning to a minimum. Even though | still
make a final check with the antenna
connected, | minimize this by setting all
dials to recorded values, using a dummy
antenna up to the last moment, and
picking a test frequency carefully to
avoid interfering with communications.

If all controls could be set for each
band, and a rapid change made between
preset circuits, | would not only avoid
putting out unnecessary signals, I'd have
an ideal transmitter for contest work. Of
course, separate finals would do this, but
that solution seemed a lazy man's way
out. Besides, the space they required
would crowd my shack. Remote control



would save space in the shack if space
were available elsewhere; it would be
worth remembering.

After reading through many magazine
articles on high-power linears, consider-
able doodling on paper and shuffiing of
parts on the workbench, | started to
build. Some 800 hours of work later |
had the linear amplifier shown in fig. 1.
Input power runs from zero to well over
2 kW, complete band changing takes
seven seconds or less. It can be switched
from band to band by a local control on
the front panel, or by a telephone dial on
the remote-control unit. The plate supply
is continuously variable from zero to
5000 volts, can be left on continuously
or automatically keyed on and off by an
auxiliary set of contacts on my antenna
relay. Or 1 can control it with a vox relay.
Time-delay circuits provide for gradual
application of primary power to avoid
surges, and also to hold the plate supply
on during pauses in talking or keying.

the circuit

When planning the plate tank circuits |
decided that only vacuum capacitors
would fit into the desired space, so four
10- to 300- or 400-pF variables were
acquired with a fixed unit of 12 pF
planned for the 28-MHz tank. The induct-
ances were wound of 3/16-inch copper
tubing, except for 28 MHz, where small
copper strap was used. The output
coupling air variables were 30- to 500-pF
units found in military surplus. The
14-MHz variable was shortened slightly to
avoid touching the big tube.

On the three lower bands fixed mica
capacitors shunt the air variables to
provide a 50-ohm output impedance. Al
plate circuits were designed for a Q
between 10 and 15, depending on the
band and the plate voltage | planned to
use.

The large ceramic band-switch decks
were assembled with mycalex and bake-
lite spacers made up on a lathe, so there
were no closed loops in switch construc-
tion. The turning mechanism for the plate
tank band-switch was originally a Collins

auto-tune, This motor-driven gear and
clutch assembly ran from 117 volts ac
and would turn a shaft to ten positions. A
small control panel attached to the auto-
tune had a 10-position switch to select
these positions, each of which was inde-
pendently adjustable over 360 degrees. A
"local-remote’”” switch made these posi-
tions available through screw terminals
which were connected to a stepping
switch.

Another set of switch contacts made it
possible to switch another circuit to 10
different connections and was used to
control another motor-driven coil switch.
This item was obtained from an old
military receiver.

The reason for the separate band-
switching motor drives lay in the fact that
the plate tank switch had 10 positions (9
active and 1 rotor) while the cathode
tank switch had 12 positions. A suitable
5-to-6 gearing ratio was not readily avail-
able.

The cathode drive circuits were de-
signed for low Q with slug-tuned coils
wound of number-18 wire on %-inch
diameter ceramic forms. Input and out-
put capacitors are small silver micas,
paralleled for needed capacity and also to
carry higher current. Series inductances
on other switch connections broadband
the coverage on 3.5 and 7 MHz.

All tank circuits were initially adjusted
by using a small 10-watt vfo-controlled
transmitter with a Micro-Match swr
bridge in the 50-ohm line to the circuit
under test (input line to the cathode and
the output line from the plate circuit).
The cathode-to-ground impedance was
simulated by a 100-ohm non-inductive
resistor; the plate impedance was simu-
lated by a group of resistors totalling
5000 ohms. L and C values were changed
to obtain as low swr as possible. Other
changes had to be made later when power
was applied, but this initial procedure was
very helpful.

The linear chassis included, in addition
to the 4-1000A socket, a blower, filament
transformer, input and output tanks and
small dual-voltage dc power supply with
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nominal 15- and 30-volts output. The
15-volt supply is used for the cathode
tank switch drive maotor, the stepping
switch, control relays for the plate
supply, pilot lights on the control box,
relay power for the cathode relays K1
and K2 and bias for the 4-1000A. The
30-volt output is also available for bias,

fig. 1. Broadband linear amplifier provides rapid
bandswitching and variable output from zero to
2 kilowatts,

C39 10-400 pfF, 10 kV vacuum variable
capacitor

C40,C41 10-350 pF, 10 KV vacuum variabie
capacitor

ca2 10-300 pF, 19 kV vacuum variable
capacitor

ca3 12 pF, 20 kV fixed vacuum capacitor

L1 12Y% turns no. 18, 7/16" long, wound
on 34" slug-tuned form (National
XR72)

L2 6% turns no. 18, %’ long, wound on
3" slug-tuned form (National XR72)

L3 4Ys turns no. 18, 5/16" Inog, wound
on 33" slug-tuned form (National
XR72)

L4 3% turns no. 18, Y%'" long, wound on
Y3 slug-tuned form (Nationa! XR72)

L5 314 turns no. 18, 2" long, wound on
3 slug-tuned form (National XR72}

L6 22 turns no. 24, 3% long, wound on
Ya* slug-tuned form

L7 9 turns no. 18, 5/16" diameter, 34"
long

L8 12 turns no. 18, ¥’ diameter, 5/8°"
long

L9 544 turns no. 14, 3/8" diameter, 12"
long

.10 Rifitar filament choke, 30A (William

Deane, 8831 Sovereign Road, San
Diego, California 92123)
L11,L12 20 MH vhf choke

ti3,L14

L15 1 turn no. 12, %' diameter 3" iong

L16 90 UH, 2 amperes (William Deane)

Li7 rf choke (Ohmite Z-50)

L18 3 turns no. 18, 1’ long, wound oOn
Ohmite 2-watt resistor

19 17 turns 3/16" copper tubing, 4-3/8""
diameter, 53%' long

L20 14 turns 3/16’" copper tubing, 3¥'"
diameter, 434" long

L21 13 turns 3/16” copper tubing, 2-3/8"
diameter, 42" long

L22 9 turns 3/16’ copper tubing, 2Y"
diameter, 32’ long

L23 5 turns copper strap, 3/8" wide, 0.10"
thick, 21" diameter, 23%"long

L24 2 mH rf choke

and three values, zero, 15 or 30 volts, can
be switched in by S4.

With zero bias the 4-1000A drew
plate current whenever plate voltage was
applied. This gave rise to thermal emis-
sion noise which fed back to the receiver
through the break-in system. 8ill Orr
advised that a small amount of fixed bias
would not greatly affect the linearity, so
the bias switching was added. With added
bias drive requirements increased slightly.

Operation of the amplifier for initial
tune-up is quite simple. With plate voltage
off, the local control switch on the front
panel, or the telephone dial on the
control box, sets the auto-tune in motion
to select the proper plate-tank circuit.
This also activates the cathode-tank selec-
tion switch which locates the correct tank
circuit. While this is going on, a maximum
of seven seconds, the exciter is tuned up
on the proper band segment, and as soon
as cathode relay K2 closes, excitation is
applied.

A dummy load is switched to the
output of the amplifier and with excita-
tion removed, the plate voltage is
switched on and adjusted to a medium
value of 2000 to 2500 volts. Next, with
excitation applied, the plate tank input
and output capacitors are adjusted for
maximum output to the dummy load. If
the plate current appears to be normal
(250 to 300 mA) and the output is in the
200- to 400-watt range, the plate voltage
is raised to maximum and the capacitors
adjusted for maximum output.

With excitation and plate voltages
turned off, and the receiver in operation,
the antenna is switched in place of the
dummy load and a tune-up frequency is
chosen. Then excitation and plate power
are applied and final tune-up made to the
antenna. This usually requires about two
or three seconds.

Once these adjustments are completed
it is rarely necessary to re-tune unless
an antenna change makes a considerable
difference in loading. During the 1971
ARRL DX Contest, CW division,
changed bands at least 87 times according
to my log, and not once did | have to
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tune up ‘‘on-the-air.’” Many times |
wished that other stations could say the
same.

construction

A number of problems turned up
during construction. While some required
considerable effort to solve, others were
handled with ease. One problem that
showed up early was the ‘‘case of the
too-large blower motor.”

I had two blowers on hand; both were
large affairs with four impellers each,
made to cool a large cabinet. | cut one
down to a single impeller but it still
required 2.5 amperes at 117 volts ac. It
blew a gale but was also very noisy; a
large part of the noise was from ball
bearings.

The second blower with sleeve was
much quieter but still drew too much
power from the line. Reducing the line
voltage gave good air volume and much
less power consumption, so | made an
auto-transformer from an old filament
transformer, teasing up the end turns on
the primary until | found the right layer
to tap. At 70 volts the motor only drew
a little over 1 ampere.

The parasitic suppressor consists of a
25-ohm, 50-watt Globar resistor; copper
end caps were forced on and a 3-turn coil
of number-12 wire was wound from end
to end. This did not completely suppress
a parasitic around 130 MHz so a small
series LC trap was installed from

‘I sometimes think Henry takes his hobby too
seriously."”
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cathode to ground. This is L9C13 on the
circuit diagram. Later R5L18 was added
in the cathode drive lead. This enabled a
reduction in the size of L15 from 3 turns
to 1 turn and decreased the power dis-
sipated in R4.

The 21-MHz tank circuit resonated
fine on that band with the tube output
capacitance, but resonance increased to
28 MHz when the tube was switched to
the normal 28-MHz tank. No amount of
tinkering with LC ratios, coil sizes or
orientation seemed to keep these tanks
from coupling with one another, and
there was not enough room for shielding,
so | resorted to a brute force solution; |
added another switch deck to short out
part of the 21-MHz coil when operating
on 28 MHz; this effectively detuned it.

power supply

The power supply was designed for
continuous duty without worry. The
chassis was made from %-inch thick alu-
minum plate, 33% by 14 inches, with
vertical 2% by 1% sides of 1/8-inch
aluminum channel. Thirty-two casters of
the type used under refrigerators gave this
chassis some mobility.

The plate transformer is rated at 4400
volts at 1 ampere with 230 volts input,
and is fed from a 2.7 kVA variable
transformer with an output from zero to
260 volts. A pair of 4- to 16-henry,
500-mA swinging chokes are used ahead
of a 25-uF, 6250-volt oil-filled capacitor.
The chokes were tried in parallel, but the
series connection gave far better voltage
regulation, and total plate and bleeder
current runs only a little over the 500-mA
rating.

The bleeder is made up of four
240-watt, 10,000-ohm resistors in series.
A time-delay circuit powers a relay to
short out a 12-ohm resistor in series with
the line voltage to the plate transformer.
A small fraction of a second delay al-
lows the input power to be applied
gradually, eliminating surges that might
trip the circuit breakers or blow
fuses or rectifiers. The bridge rectifier
band consists of forty 2 amp, 1000-PIV
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fig. 2. Power supply for the high-power broadband linear amplifier, Each leg of the bridge consists of
10 diodes (2 A, 1000 PIV), 10 capacitors (0.0047 [UF) and 10 resistors (470k, 2 watt). Plate and

filament lamps are 6-voit, type 47.

silicon diodes, 470k, Y--watt resistors and
0.0047-uF capacitors.

The variable transformer in the plate
supply primary is driven by a small
Bodine geared-head motor with a 30-pm
output shaft. Lamp L1 is included to
provide motor protection when stalled at
the end of rotation and also reduces the
speed somewhat. There is some advantage
in fast rotation, since it only takes a
couple of seconds to shift from maximum
to minimum plate voltage. Just a light tap
on S2 an the control panel changes the
plate voltage by 500 volts or so.

Metering of four items of current and
voltage, remotely and safely, poses some-
thing of a problem. The ac filament
measurement is simple, and luckily, the
voltmeter error just about compensates
for the voltage drop across the bifilar
cathode choke. The plate voltage, plate
current and grid current are all measured
by setting up a small voltage drop in a
part of the circuit to be checked, not
much above ground, and calibrating a
voltmeter to read in terms of the required
units.

The plate voltage is read across a
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portion of a 50-watt, 300-ohm potenti-
ometer in series with and at the ground
end of the 40,000-ohm bleeder string.
The voltmeter actually reads about
fifteen volts full scale, but the meter dial
is calibrated to read to 6000 volts. By
varying the potentiometer tap, the read-

Amplifier remote control and metering unit,

ings correspond accurately with a port-
able voltmeter temporarily connected
across the power-supply output.

The plate-current meter is calibrated
to read 1000 mA dc, but actually
measures the drop across a 1-ohm, 25-
watt resistor in series with the negative
high voltage to ground. The grid current
is measured as a voltage drop across a
0.6-ohm, 10-watt Globar resistor from
grid to ground. A 12-ohm, 20-watt re-
sistor in series with the high voltage to
ground and the 1-ohm resistor mentioned
above develop enough voltage to trip the
overload relay on the control panel if the

Lo | g ot - e

Power supply for the linear amplifier.
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current rises much over 500 mA, so an
adjustable shunt was provided for higher
current, if desired.

The apparent extra leads in the meter-
ing circuits were found to be necessary. A
common lead between two metering cir-
cuits caused a lot of trouble. High voltage

v
wLATE wptbae

PUATE A

was carried by a length of RG-11/U coax
cable with modified connectors. The
bakelite inserts on the PL-259 and SO-
239 connectors were removed and the
center conductor of the coax was allowed
to protrude about three inches through
the joined connectors, along with its
polyethylene jacket and a piece of vinyl
tubing to add stiffness. A banana plug
was soldered at the end of the coax
center conductor. A heavy bakelite tube
was added to the inner, unthreaded, side
of the S0O-239 and a banana jack was
installed at its far end. The high-voltage
connection was made here; the shielded
coax jacket served as ground and the
high-voltage negative lead.

control

The control circuitry for energizing
the high voltage supply was originally
designed to operate from the same 15-
volt supply which operated most of the
relays in the system, closing K2 in the
control box. It was desired that K2 and
K3 close very quickly and open slowly, at
different time delays, and eventually a
separate power supply was added. This
supply, from T1 in the control box,
provided a no-load voltage of around 40



volts with a 1000-uF capacitor for energy
storage.

When an external circuit was closed,
this voltage was applied to K3 with a
200-uF capacitor across its coil, and to
K2 with a 500-uF capacitor across its

discharged more siowly, thus keeping the
plate supply energized for a somewhat
longer period of time. The delays are
about 1% and 3% seconds, respectively.

construction

coil, but with a series diode preventing The linear cabinet was picked up at a
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fig. 3. Schematic diagram for the control unit.

discharge back through the coil of K3. A
small inductance cut arcing at the closing
contacts at the remote control point.
Discharge of the 200-uF capacitor was
relatively fast, allowing K3 to open soon
and in turn release the cathode grounding
relay, K2, on the main chassis. The
500-uF capacitor across K2 (control unit)

Diodes in the bridge circuit are rated at 2 amps.

surplus store and has outside dimensions
of 21% x 24 x 18% inches. The inner
cabinet and chassis were fabricated of
sheet aluminum from a local junkyard,
cut and bent on machines in a nearby tin
shop. Not counting the screws holding
internal components, there are at least
350 machine screws holding the shielding
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together. The control-unit cabinet was
built of wood, painted to match my con-
sole. The labeled front panel of the linear
was put on top of the actual support
panel, which held many support and
mounting screw heads, all recessed. The

using a dynamic brake circuit with capaci-
tor C19 in series with winding B of the
motor. Now the drive system stops — but
quick.

To obtain added frequency coverage
on 28 MHz with the fixed capacitor C43,

Rear view of the ecology linear shows separate tank circuit for each band and battleship construction

throughout.

cabinet and front panel were painted with
a two-tone metallic blue-gray at a local
auto body shop.

Other little items that come to mind,
which may be of interest, include the
over-travel on the cathode tank switching
motor. Even though the 28-volt motor
was operating on about half voltage and
the drive was through a Geneva gear, the
drive sometimes ran past proper contact
on the switch decks. This was cured by

14 march 1972

| used a tap just off the end of the coil,
hooked to another plate-tank switch tap.
This raised the resonant frequency nicely,
from about 28.1 up to 28.6 MHz.

Relay K1 on the linear chassis was
added to open the cathode circuit to
ground (except for R2) when the
cathode-switching motor started to oper-
ate and to close the circuit after the
motor stopped, with time-delay capacitor
Cs3.



All plate-tank circuit components were
mounted on an aluminum sheet bent at
right angles, parallel to the front panel
and bottom chassis. This support is en-
tirely insulated from the rest of the
assembly except for one ground connec-
tion at the tube socket and the braid on
the output coaxial cable feed line.

Connections were provided for high
voltage, rf input and output, 117 volts ac
and a 9-wire control cable socket, all ina
6 x 7 x 2-inch chassis, inside the rear sur-
face of the main chassis. A cover over this
opening was drilled for the coaxial cable
connectors, and has male plugs mounted
on it for the ac line and 9-wire cable
connections.

A small muffin fan was mounted on
the rear door and the line voltage to it
reduced with a series resistor. This fan
helped take hot air out of the top of the
cabinet, while the resistor kept fan noise
down.

Details needing attention appeared
after a period of operation. From the
start, drive power requirements were high-
er than they should have been on any
one of three tubes on hand, one supposed-
ly “brand new.” | made up a new set of
cathode tank circuits of higher Q, but
they improved matters only slightly.
Finally, | obtained a fourth tube, and
suddenly it became possible to drive to
the legal limit with about sixty watts in-
put. Moral: Make sure of your linear
tubes!

It would have been nice if the second
band-switch position for increased fre-
quency coverage in the cathode circuit
could have been used to shift the plate
tank to a new frequency range. Thus,
instead of requiring retuning for a shift
from cw to phone on 3.5 and 7 MHz, the
move could be accomplished as it is on 28
MHz.

I will be happy to correspond with
anyone wanting to discuss any of the
ideas incorporated in this linear amplifier.
The courtesy of an sase would be appre-
ciated. Let's keep the on-the-air testing to
a minimum; no use dumping our garbage
on somebody else’s lawn!

ham radio

TRI-EX’S

MW

RIES

Pound for pound the
strongest self-supporting
steel towers available.

The new economy MW
Series towers are designed
to support up to 9%z sq. ft.
of antenna area. Featuring
Tri-Ex's extra strong tor-
sional twist resistant “W"
bracing, the all steel MW
crank-up towers come in
three sizes, each fully gal-
vanized for carefree main-
tenance. Models available,
by height, are: MW-35', MW-
50/, and MW-65’. Nested
height is between 21’ and
22'. Hinged base and wall
bracket included with MW
tower order! See your local
dealer or write for free cata-
log today. Prices start as
low as:

$157.35

-

MUSSEN AVE., VISALIA, CALIF, 93277
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solid-state

2304-MHz converter

This high performance
converter for

the amateur 2300-MHz band
boasts a noise figure
of 8.5 dB when used
with a low-noise
144-MHz i-f strip

There have been several articles covering
converters and preamplifiers for the
1296-MHz amateur band, so amateurs
have had several designs from which to
select equipment for this band. Construc-
tion articles for 2300 MHz have been very
scarce in the American literature, and
most have involved designs which are
often beyond the ability of the amateur
to reproduce. With this in mind, K2JNG
set out to design a converter for this
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Walter Stanton, K2JNG, Douglas Moser, WA2LTM, Dolph Vilardi, WA2VTR

increasingly popular band. His design had
to be simple to construct and at the same
time give adequate performance. Modifi-
cation of the classic 1296-MHz design of
WB6GGV was the answer.’

The converter is presented as a practi-
cal unit to enable the amateur to operate
on this band with reasonable success. This
unit outperforms any of the wide-band
surplus equipment usually available.
Measurements of the converter's noise
figure wusing professional laboratory
equipment showed a noise figure of 12.5
dB with a 6-dB two-meter i-f, and 9.5 dB
with a 3-dB two-meter i-f. Since noise
figures of 2 dB are easily achieved in
modern two-meter converters, an im-
provement of another | dB over these
figures is readily possible.

Problems in building converters for
these frequencies in the past have cen-
tered around the difficulty in obtaining
local oscillator injection at the high fre-
quencies involved without massive and
elaborate local oscillators. With the
advent of new inexpensive transistors and
efficient low-power varacters, it is possi-
ble to obtain the necessary injection with
a minimum of equipment, overall size
reduction and simple construction. This
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fig. 1. Local-oscillator chain for the 2300-MH2 converter. 540-MHz output is quadrupled to 2160
MHz with MV1622 varactor mounted in a trough line (see fig. 4),

converter is a collaboration of the three
authors; WA2LTM was principally
responsible for the oscillator chain,
K2JNG and WA2VTR designed and opti-
mized the multiplier and mixer trough-
line components.

It should be pointed out that one of
the major improvements was the HP2835
hot-carrier diode supplied by Hewlett
Packard. This serves as a mixer and
proved to be considerably superior to any
other mixer diode tried at 2300 MHz.
This diode is available for 90c from any
Hewlett Packard sales office.

local oscillator

The local oscillator chain is transistor-
ized for compactness. Although a variable
regulated power supply is included in the
description, it is not absolutely necessary.
Any well-regulated supply capable of

supplying 9 to 11 volts and 18 to 24 volts
will adequately power the chain. This will
provide approximately 250 milliwatts
put at 540 MHz.

This 540-MHz signal is multiplied to
2160 MHz by the MV 1622 epicap diode
to provide sufficient injection at 2160
MH2z to drive the hot-carrier diode mixer
to 1 milliampere. Try any small varactor
diode. Several versions of this converter
have been built, and one of them uses a
local oscillator injection frequency of 180
MHz which is multiplied in one step to
2160 MH2z using a special abrupt-junction
diode which is quite expensive and not
easily available.

*Nearly any of the 1600 series diodes should
work. The MV1622 is recommended. Some
transistor junctions {(base-emitter) will work as
will any small abrupt-junction varactor rated at
least to 8 GHz,
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Since the power required at 180 MHz
is about 1 watt, many spurious signals are
generated and this is not a recommended
method of obtaining the required injec-
tion.

The photos and the schematic diagram
of the oscillator chain should enable any
experienced amateur to construct this
portion without difficulty. It is recom-
mended that the parts layout be followed
closely, since it is important that parasitic
and spurious signals be eliminated.

The trough line follows standard pro-
cedures and presents no major difficul-
ties. For optimum rigidity use the heavi-
est brass sheet you can still bend.
Flashing copper is not recommended, but
good copper-clad material will work.
Dimensions must be followed closely.
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Construction of the
540-MHz local-oscil-
lator chain.

The local-oscillator chain as shown in
fig. 1 uses six inexpensive transistors. The
circuit is a conventional common-emitter
configuration. Oscillator Q1 uses a 67.5
MHz overtone crystal and Q2, Q3 and Q4

Top view of the com-
plete converter shows
layout of local oscil-
lator components.

are frequency doublers, ending up with
an output frequency of 540 MHz.

The supply voltage to Q1 and Q2 is
regulated, while Q3 and Q4 have an
adjustable supply voltage. The adjustable
voltage allowed us to vary the output
power of the local oscillator since it was
not known how much mixer current
would be obtained with the particular
mixer diode used.

The circuit, as shown, can produce an
approximate output power of 350 mW. If
the variable coupling capacitors C1 and
C2 are replaced by fixed values the



The complete 2304-MHz converter. Trough line is on top of chassis containing local-oscillator chain
and meter for mixer current,

output may drop as much as 20% to 25%, construction

but this should still be sufficient to drive Standard uhf building practices should

the mixer diode to 800 uA. be followed. Keep all leads as short as
It will be noted that coupling capaci- possible, especially the bypass capacitors.

fig. 2. Internal dimensions of the 2304-MHz trough line. Material is sheet brass.

tor C3 has a low value for the frequency The local oscillator chain is built on
at which it is being used, but it was found double copper-clad board. Teflon sockets
that larger values made tuning more are used for all transistors to facilitate
critical. substitution and replacement. Shielding
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was necessary only at Q4.

Stability was improved by mounting
the crystal inside the chassis so air cur-
rents would not effect the temperature of
the crystal. It was found that grounding
the crystal case was important for good
oscillator stability. Johanson ceramic
capacitors are used in the parallel-
resonant circuits of Q2, Q3 and Q4.
However, any good glass or quartz piston
capacitors should work as well.

Several types of transistors were tried
in the circuit. A HEP709 (equivalent for
the RCA SK-3018) was tried at Q1, Q2
and Q3 with poor results. However a
HEP-75 was tried at Q4 and found to be

2304 Mhz
ANTENNA

10-32 8RASS
SCREW

NYLON
JAM NUT

BRASS NUT

TUNING
SCREW DETAIL

FEEDTHRU(TO
1 mA METER)

to the dimensions shown. Hints on actual
construction are presented in W6GGV's
article or in the 1971 edition of the
“ARRL Handbook’” or “VHF Hand-
book” which describe the original
1296-MHz version. Technigues of solder-
ing and construction are identical.

Since the HP2835 mixer diode is a
pigtail version, the bypass capacitor for it
differs from the original design (fig. 5).
One lead of the mixer diode is bent to
provide greater coupling into the signal
trough. This is done experimentally after
the converter is completed and aids in
obtaining the best signal-to-noise ratio.
Because the oscillator injection frequency

TUMING
SCREWS

74 x 172" BAR STOCK

fig. 3. External construction details of the 2304-MHz trough-line converter. The ' x 2'* bar stock is
drilled and tapped for the 10-32 tuning screws used for C2, C3 and C4 (see fig. 4). Brass nut is
soldered flush with the bottom of the tuning screw as shown in the detail. Nylon jam nuts hold the
tuning screws in place after the converter is tuned up.

about equal in performance to the
2N3866. At Q5 and Q6, almost any
inexpensive pnp transistors, with TO-3
and TO-6 cases respectively, may be
substituted. This circuit has been dupli-
cated three times by the authors and in
each case it worked fine the first time it
was tried.

the trough line
Brass should be cut and bent according
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is 540 MHz, the multiplier and filter
troughs will not tune to a lower or a
higher harmonic than the design fre-
quency. Therefore, it is not possible to
tune to any harmonic frequency other
than the one desired (2160 MHz).

This simplifies tuneup, but in any case,
it is best to start tuning with the capaci-
tors screwed all the way in without
touching the half-wave lines. It may be
desirable to experiment with the antenna



J

Lo, INPUT o4 I

input coupling, but the tap shown ap-
peared to be as good as any other
coupling which was tried.

Lap or otherwise carefully machine
the bottom of the trough flat. It is
important that the trough be mounted
solidly on top of the chassis, making good
contact at all points between the trough
and the chassis. Failure to do this will
result in difficult and erratic tuning; also,
the trough line will pick up stray rf which
causes variations in crystal mixer current.

tuneup

Tuneup should proceed as follows.
With approximately 200 to 250 mitli-
watts of 540-MHz signal injected into the
trough line and a microammeter con-
nected to the meter connection, tune the
multiplier trough line for some meter
indication. When this occurs, carefully

G

Ly
fig, 5. Construction of feedthrough capacitor
C6 (see fig. 4). Brass plate is mounted on
converter body with 4-40 nylon screws; use
0.005” to 0.01"” Tefion between the capacitor
plate and the converter chassis. The small brass
top hat is drilled with a no. 60 driit and tapped

on side for 8-80 set screw (for holding CR2).
Alternately, CR2 may be soldered in place.

MHz signal into the signal trough. Con-
nect the output of the two-meter i-f to a
good two-meter converter which is in
turn connected to the antenna input of a
good communications receiver. Tune the
signal trough for maximum signal. Tune
the i-f tuning capacitor E for maximum
S-meter reading. The input tap on the
C1,C2,C3 10-32 brass tuning screws, see detail

in fig., 3

C4 1-10 pF piston capacitor, miniature

[64:) 3-30 pF piston or air-variable capa-
citor

C6 bypass, see fig. 5

CR1 MC1622 multiplier diode

CR2 HP2835 mixer diode

L1 3 turns no. 30, 1/8" ID

L2,L3,L45/16" OD brass tubing

LS 10 turns no. 20, 3/8" ID, tapped for
best noise figure

L6 2-turn tink, position for best output

fig. 4. Construction of the 2304-MHz converter. tnput signal from J2 is tapped 1/8 up from end of
line L4. Feedthrough is 0.001 MF. Link coupling, L6, must be carefully adjusted for best noise
figure; for more simple output arrangement, attach the cathode end of CR2 to the feedthrough end of
L5, and use 0.001-UF capacitor from LS to J3—tap capacitor down about t turn on L5. To tune
2287-MHz Appollo communications frequency, lengthen all trough lines by 1/16” and change
{ocal-oscillator frequency to 535.75 MHz (66.97-MHz crystal).

tune the center trough (filter) for maxi-
mum indication. At this point, substitute
a less sensitive meter, and tune both the
multiplier and filter troughs for maxi-
mum indication; this should be some-
where in the vicinity of 1 milliampere.
Peak up the L-network input to the
varacter.

At this point, introduce a weak 2304

signal trough and the tap on the two-
meter coil from the mixer may now be
adjusted for best noise figure.

reference
1. H. M. Meyer, Jr., W5GGV, “A Crystal-Con-
trolled 1296-Mc Converter,” QST, September,
1962, page 11.
ham radio
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455-kHz filter

for
amateur fm

Ferrite
pot cores
in a
tailored

filter design

22 march 1972

G. K. Shubert, WAQJYK, 1308 Leeview Drive, Olathe, Kansas 66061

Fm receiving techniques have been the
subject of much attention in the amateur
literature.! S While some of these circuits
use high-frequency crystal filters, many

are dual-conversion circuits in which
selectivity is developed at lower fre-
quencies.®

Crystal filters are commercially avail-
able, but LC filters are not. This article
provides information for constructing a
455-kHz LC i-f filter with selectivity and
impedance to meet fm receiver require-
ments.

Ferrite pot cores, although available
for at least a decade, have not found
widespread use in amateur radio circuits.
An article by Hank Olson, WEGXN,
describes pot cores and other ferrite anc
powdered-iron elements and how to use
them.” The compactness and adjust-
ability of ferrite pot cores, as well as their
Q, put them ahead of the competition for
fm receiver i-f strip application.

filter circuit

The basic filter is shown in fig. 1. Note
that it has two LC end sections and up to
four LC center sections. Less filtering is
required by some detectors; others may
require more, so the selectivity may be
chosen by adding or deleting center
sections.

The graph of fig. 2, which was plotted
from a computer printout, allows you to
select the number of LC sections, or
poles, required for the desired selectivity.



z
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I
300 : 60 | 300
!
RENTH (PN N
—0
Ll.LN 60 turns 9/41 or 18/44 Litz wire on
ferrite pot core
L2 40 turns 15/41 or 30/44 Litz wire on

ferrite pot core

See text pot cores suitable for this filter.

fig. 1. Filter circuit for fm receiver i-f strips
using LC elements. Coils are wound on gapped
ferrite (pot) cores. Theoretically, any number
of center sections may be added to increase
selectivity at the expense of increased insertion
loss.

Eight LC pairs seem to be the maximum
for amateur use.

The filter is designed for the popular
amateur “’bellyband,” i. e., i-f circuits for

to narrow the passband slightly. This may
be compensated by increasing the value
of the coupling capacitors. ™

Input and output impedances also may
be tailored by choosing taps from table 1.
These impedances need not be the same.
The filter is an ideal circuit with which to
transform impedances.

construction

The filter elements should be laid out
linearly to avoid stray coupling. Pot cores
in clamps are inherently well-shielded.
Coupling between cores is not a serious
problem, even when closely spaced. The
pot-core clamps should be connected to
the common side of the circuit.

tuning

Tuning the filter is simple if this
procedure is followed. Note that tuning
for maximum output does not yield the
optimum filter shape factor. The method
outlined was developed by M. Dischal, a
pioneer in electric wave filter theory.
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fig. 2. Selectivity curve for choosing number of filter poles for desired selectivity. Data were plotted

from computer printout.

+7.5 kHz deviation. However, the circuit
selectivity may be increased or decreased
by increasing or decreasing the value of
the 15-pF coupling capacitors in fig. 1.
Adding several center sections will tend

*Filter insertion loss may be of concern to
some readers. Author’'s computer printout
shows filter insertion losses as follows: 2 coils,
0.77 dB; 3 coils, 1.5 dB; 4 coils, 2.27 dB; 5
coils, 3 dB; and 6 coils, 3.77 dB. editor.
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The equipment required need not be
expensive nor exotic. A 455-kHz signal is
required. Since the signal need not be
tuned or swept, a crystal oscillator is ideal
(perhaps a Motorola test set}. The signal-
source impedance should be similar to the
filter input impedance, but it is not
critical. If the signal generator is a low-
impedance device a series resistor may be
added. f the signal generator is a high
impedance unit, then a shunt resistor will
be needed. The meter must be capable of
reading the output of the signal source
with about 30 dB additional loss. It's
possible to use an existing i-f strip with an
S-meter. A sensitive dc meter may be
used with a crystal diode as a detector.
The meter is used only as a peak and null
detector.

455aHz R
SIGNAL v
SOURCE

table 1. Impedance vs tap turns.

impedance no. turns
(ohms)
25k no tap
10k 38
5k 27
2k 17
1k 12
500 8
50 2

Ferroxcube, part no. 1408 CA 100 3B7.
Magnetics Inc., part no. 1408 AL100 ‘D’
material.

Indiana General, part no. TC7-01.

Be sure to specify an adjustable pot-
core assembly with the least expensive
clamp and a single-section bobbin.

This filter may also be constructed
more economically, but with slightly

fig. 3. Instrumentation for tuning
filter. Resistor R may be required
to match signal generator impe-

SHORT

" RESISTOR IF NEEDED TOMAKE THE GENERATOR IMPEDANCE
CE.

SIMILAR TO THE FILTER MPEDAN

Connect the signal source, filter, and
meter as shown in fig. 3. Adjust the
frequency to 455 kHz and forget it. Short
across the second coil and tune the first
coil for a peak. Short across the third coil
and tune the second coil for a null.
Continue to move the shorting clip down
the line, and tune the immediately pre-
ceding coil to peaks and nulls aiternately.
The last coil is tuned with no shorting
clip.

Should there be difficulty in tuning a
coil, remember that the above equipment
setup may be used to tune a single coil by
peaking the coil. If a variable oscillator is
used, it may be tuned to find the circuit
resonant frequency. A grid-dip meter is
useless with pot cores.

The ferrite pot cores are available from
several sources. Each of the following
cores was tried with similar results:
Ferroxcube, part no. 1408 CA 100 389.
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dance to that of filter, as ex-
plained in text.

reduced performance and much more
difficulty in tuning, by using powdered-
iron toroids. The T80-3 core would be a
reasonable choice. Variable trimming
capacitors may be used for tuning.

references
1. Blakeslee, *‘Receiving FM (Part 1),” QST,
January, 1971.
2. Blakeslee, "Receiving FM (Part 11}, QST,
February, 1971.

3. Blakeslee, **Receiving FM (Part It1),”” QST,
March, 1971.
4, Blakeslee, ""Receiving FM (Part 1V),” QST7,
April, 1971.

5. Brown, ““An introduction to VHF FM,” CQ,
February, 1971.

6. Vaceluke and Price, “An FM Receiver for
Two Meters,”” ham radio, September, 1970.

7. Olson, “How to use Ferrite and Powdered
Iron for Inductors,”” ham radio, April, 1971.

8. Mole, Filter Design Data for Communica-
tions Engineers, E. and F. N. Spon, Ltd.
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improved
two-meter

preamplifier

An easy-to-build
non-neutralized

two-meter preamp

Jerry Vogt, WA2GCF, 182 Belmont Road, Rochester, New York 14612

As any writer knows (and | am a tech-
nical writer by trade), the hardest part of
writing anything is just getting started.
I've been meaning to write an article on
the subject of two-meter preamps for
quite some time, and |'ve never been able
to think of a good gimmick to start it off
with. | like to think that communica-
tions, to be effective, has to be somewhat
like one person talking to another, with
nothing holding you back. The con-
straints of writing military technical
manuals prevents much of that type of
thing, but | think that a ham journal can
be an exception. So here is a little bit of
my thoughts on the subject of preamps.
Of course, everything you ever read has
to be taken with more or less of a certain
seasoning ingredient, so here is some
background.

Not being a design engineer, | make no
great claims as to scientific discoveries on
preamps. Personally, | don’t believe in a
lot of the magic | read about; however,
there are good and bad points which can
be weeded out from various circuits
which come along. Having been involved
in a club project to build preamps, | have
experimented with several circuits over
the last few vyears; and | came to a
surprising conclusion, which will be the
subject of this article.
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brief history

To review some recent innovations,
and some of the circuits of the past as
well, | should start with the frame-grid
tube. That was the first new thing to
come along in guite a while, for receiver
front ends, when it was introduced
several years ago. It boasted high Gm and
low noise figure. Of course, there was the
old 417A which did a pretty good job at
that time, but you had to scrounge them
from your friendly telephone company
because you couldn’t afford the price of a
new one. | guess that | still didn't know
for sure what Gm and low noise figure
meant, but everyone said they were good
to have; and we still hear it today.
Except, now we take those features for
granted.

Then, along came the nuvistor. |t
supposedly had the same features, only
more so. But then, it had the drawback
that all tubes have, namely that it takes
extra wiring and power, that it has to
warm up, and that it will wear out. It did
make a pretty good front end, however.
Then came bipolar transistors.

The appeal of getting away from tubes
was very strong, and everyone wanted to
make a completely solid-state receiver.
Like a lot of new innovations, it was a
long time growing up. Unfortunately,
quite a few terrible front ends were built
just for the sake of using transistors. The
biggest problems were intolerable over-
load characteristics and poor noise figure.
Several years passed and we finally got
the field-effect transistor. This solved the
overload bug, and before long, the
2N4416 was introduced, which gave us
good noise figures.

So that was it for awhile; but
alas — what had we learned from all the
work that our predecessors had done to
make an easy-to-duplicate circuit with
good operating characteristics? Not a
darned thing! Article after article came
out with single, neutralized field-effect
transistor amplifiers in converters and
preamps. Baloney! | think back on the
many occasions during which { had built
converters and preamps and practically
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tore my hair out trying to neutralize the
darned things. | don’t have a single good
thing to say for them. They were in-
expensive and they were simple to build
if you could figure out what value of
inductance should cancel the output-to-
input capacitance, but they certainly
didn’t tune up well. And afterward, if
you changed the line voltage the feedback
capacitance would change also. Change
devices after a failure. AN your values
must be changed to make it play again. |
built 25 preamps for our club with such a
circuit. | think | aged ten years. Never
again.

Then, along came the dual-gate
mosfet. That is another subject. | like to
call them moose-fets. 1 guess 1 kind of
feel sort of cold about a transistor that
blows before | even get it in the circuit. |
heard so many tales about mosfets blow-
ing that I’'ve never tried them. So | won’t
criticize their performance. They proba-
bly work very well once you solder their
delicate littie legs to your board, but you
couldn’t prove it by me.

There are probably many readers who
agree that one branch of Murphy’s law
says that even on a day with 101%
relative humidity, you will have sufficient
static electricity to blow every mosfet
you even think about touching. Of
course, there are proper methods to
prevent said disaster from ever occurring;
but that’s kind of like picking up broken
glass. There is no excuse for being cut,
but you still get nervous. So much for
slandering ‘‘the best thing yet in semi-
conductors.” What can we learn from all
of these things?

design criteria

| set out to design a good compromise
preamp. One that | could mass-produce
without getting ulcers, and one that |
could recommend for others to build. So
| sat down to find out what | wanted. |
didn‘t want tubes, for obvious reasons,
but they had worked well by past stand-
ards. | didn’t want neutralized junction
fets — at least, not any more! | didn’t
want ticklish little fellows which blew
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fig. 1. Classic vacuum-tube cascode amplifier for vhf receivers.

before | got them in the circuit; and | was
too proud to think that | was going to get
sucked into playing little games to keep
the little devils from blowing up to defy
me. So | referred to my library, which has
many old books with not-too-well hidden
secrets. Of course! Why didn’t | think of
it before?

the jfet

I set out to design a cascode préamp
with jfets. A natural! Jfets are fine devices,
readily available, and come in many
flavors, Use a cascode circuit like in the
days of tubes (you remember what those
were) and you don’t have to neutralize.
Jfets have all of the required character-
istics: good gain and low noise figure to
hear with, and good square-law character-
istics so you don’t hear the taxi service or
fm broadcast station two blocks away.
Some educated types even admit now
that it’s possible that mosfets are only
better for preamps because they are
inherently cascode. s that all? We can do
that ourselves. Of course, if you want agc,
then dual-gate mosfets are the thing. But,
whe needs agc? Ever looked through
designs for the new ham transceivers and
the commercial transceivers for business
band? They don’t use agc; not as a rule.

design hints

| am a great circuit snatcher. | never
build anything exactly the way it was
done in an article or in a piece of
commercial gear. But | snatch a lot of
ideas. { combine a stage from some past
article with a few circuits from commer-
cial radios. And i do a lot of homebrew
work. At least, that's what my wife said

the last time | saw her. Now, | want to let
you in on something ironic. One day at
the plant | was belly-aching to one of our
better design engineers about all the grief
in duplicating the ham-type circuits. The
commercial ones are usually easier to
copy. | told him exactly what | thought
about neutralizing and combining func-
tions in one stage (like oscillators and
multipliers). He made me stop and think.
He matter-of-factly designs things like a
solid-state am-fm kilowatt 150-MHz
power amplifier for a living. He told me
that the biggest mistake that hams make
in selecting circuits is that they count
parts. They don't count labor or repeat-
ability, just parts. This is probably due to
the traditional pocket-book problem. But
be practical! | have been using some of
his ideas awhile, and | want to tell you
that the pleasure is back in homebrewing
for me now.

The philosophy is based on two prem-
ises. First, when designing a circuit, use
more parts if that’s what it takes to make
it easier to build. Consider that your time
is valuable. Don’'t waste it trying to figure
out how to save five cents on a resistor.
Even if it costs you an extra buck for the
second transistor, it sure outweighs wast-
ing a whole afternoon trying to make a
silk purse out of a sow’s ear. Secondly,
transistors don’t have all that much gain
that neutralizing should be necessary.
Mismatch a little. Throw away that last
ounce of gain. Use more stages or devices
instead. You’ll be a better designer for it.

In industry, it is mandatory that you
don’t depend on every bit of gain. You
have to consider other characteristics and
repeatability. My friend’s basic philo-
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sophy is, “If it oscillates, swamp it.”" In
other words, if you have so much gain
that it takes off, load it down with
resistors until it stops. Then, if you need
more gain, add another stage. |f you need
more selectivity, use a multi-pole filter or
a different type of filter.

cascoded jfets

Having proven to myself that these
premises do hold true, | took exactly that

RF INPUT

Trying to visualize what the equivalent
circuit in field-effect technology would
be brings up an interesting point. Tubes
of the type used in such circuits were
usually of the close-spaced element
design, apparently to obtain the high Gm
desired. Therefore, it was necessary to use
about half the normal B+ voltage of
conventional tubes. That was great,
though, because two tubes should be
connected in series anyway to make a

fig. 2. Schematic of the improved jfet preamp. Inductance values are discussed in the text.

approach in designing the cascode jfet
preamp. | didn’t worry too much about
noise figure and overload resistance.
These are difficult to measure quantita-
tively. They pretty much take care of
themselves if you use the traditional rules
and use good devices. The biggest
problem was how to make a cascode
circuit.

For those who have forgetten what the
old tube-type cascode circuit looked like,
refer to fig. 1. | won’t bother to explain
all the details of circuit design; you can
get that out of any old handbook.
Basically, one stage acts as a voltage
amplifier, and one acts as a current
amplifier. The first tube’s plate circuit is
loaded down heavily by the cathode of
the second. Therefore, the unneutralized
common-cathode first stage doesn’t oscil-
late. The grounded-grid second stage, of
course, doesn’t oscillate either. The two
act together to give you about the same
overall gain that a neutralized single-stage
amplifier would yield.
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cascode circuit; so they were also con-
nected in series for dc operation.

Not so with fets. They work just fine
on 10 to 15 volts, so why use a dc-series
configuration? Indeed, the problems of
determining the correct biasing method
are also complex. The solution was to use
an ac-cascode circuit. Further simplifica-
tion was discovered that made biasing
even easier. Selection of the 2N5485
resulted in obtaining optimum operation
with no bias at all. No series source
resistor is required, and therefore, no
bypass is required in the source circuit.

actual circuit details

So much for my editorializing! The
finished design is shown in fig. 2. The
preamp is an ac-coupled cascode jfet
amplifier. 1t provides 16- to 25-dB of
actual gain between terminals. Empirical
results (meaning that abo