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A Quarter-Kilowatt 23-cm

Amplifier

Part 2: Last month, we described the design and construction of
a 23-cm cavity amplifier. This installment describes the rest of the
components needed to put it on the air

By E. R, “Chip” Angle,* N6CA

the cavity amplifier described in

March QST, you are ready to
assemble the rest of the components needed
to put it on the air. This month, I wilt
discuss the filament, bias and high-voltage
supplies: a whisper-quiet, high-efficiency
water-cooling system; testing and hookup;
and, finally, tune-up and operation.

Q fter you complete construction of

Power Supplies

The filament and bias supplies for the
cavity amplifier are shown schematically in
Fig. 1. The manufacturer’s specification for
the 7289/2C39 filament is 6.0-Vacat 1 A,
I have found that the use of a standard

*25309 Andreo Ave., Lomita, CA 80717

6.3-V ac, 1-A transformer only slightly in-
creases the tube emission without much loss
of tube life. The filament should be allowed
to warm up before operating the amplifier,
50 the filament, bias and high-voltage sup-
plies incorporate separate primary switches.

Biasing

Many biasing schemes have been
published for grounded-grid amplifiers.
Fig. 1 shows a bias network that satisfies
all of the following operating requirernents:

1) external bias supply referenced to
ground

2} low-power components

3) variable bias to accommodate tube-
to-tube variations

4) TR switchable with relay contact or
transistor to ground

5} bias-supply protection in case of a

defective or shorted tube.

U2 provides z variable bias-voltage
source, adjustable by R1. The output of U2
drives the base of Q1, which is used to in-
crease the cwrrent-handling capability of
the bias supply. Q1 must be mounted on
a heat sink. J1 is connected to the station
TR switching system so that R1 is grounded
on transmit and disconnected on receive.
The approximate range of the bias supply
is 6to 20 V. Z1 and Z2 provide protection
for Q1 in case of a shorted tube. The
amplifier can be run without 21 and Z2 if
you keep the anode voltage below 1100 V.

High-Voltage Power Supply

A safe, reliable high-voltage power
supply is described here. Of course, you can
use any readily available HV supply; keep
in mind, however, that the 7289/2C39

Iy @
1By L =
ShA S E LED EXCEPT AS INDICATED, DECIMAL VALUES OF 10 FILAMENT
- FiL. ON CAPACITANCE ARE IN_WICROFARADS § F ) | ANG BIAS INPUT
. UTHERS AAE 6§ PICOFARADS ( pF OR jyFi;
T AC 360 RESISTANCES ARE IN OHMS; k» 1000 AN RF DEGK
» L5

RES,
14007

s
LM —— e e il
o -4

Rl 258k
BIAS ADJ.
/‘J:rj . i a4

CLOSE 10 TX

T » TANTALUM

CATHODE
GURRENT {1kl 125V

1k - + XY
A e . T.. ,nm: “———--
O-500

NS94 ¢

Fig. 1 -~ Schematic diagram of the cavity-amplifier filament and blas supplies. All resistors are ¥-W carbon types unless otharwise notad.

J1 — Female chassis-mount phono connector.

T1 — Filament transformer. Primary, 117 V,
secondary, 8.3V at 1 A,

T2 -- Pawer transformer, Primary, 117 V;

32 05T

secondary, 24 to 28 V at 50 mA or greater.
U1 — Bridge rectifier, 50 PIV, 1 A,
L2 ~ Adjustable 3-tarminal regulator (LM317T
ar equliv..

21, 22 = 20-V unlpoler metal-oxide varistor
{General Semiconductor 8A20 or equiv.)
or two 20-V, 1-W Zener diodes.
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Fig. 2 — Schematic diagram of the amplifier high-voltage supply.

C1-C4 — Electrolytic capacitor, 360 xF, 450 V.
D1-D4 — Silicon rectitier, 1000 PIV, 3 A.
F1 — Highwvoltage fuse, 2 kV, 1 A.

anode potential should never exceed 1400-V
dc at full load and that the amplifier wifl
withstand 1900-V dc at low cathode cur-
rent and cut-off-blas conditions. For
maximum power output, assuming ade-
quate drive power is available, anode
voltage under full load should be about
1200- to 1400-V dc.

Fig. 2 is a schematic diagram of the high-
voltage supply. A power transformer (12)
that delivers 900- to 1050~V ac is ideal. The
type of rectifier circuit used will depend on
the type of transformer chosen. Each leg
ol the rectifier is made from two 1000-PIV,
3-A silicon diodes connected in series. Each
diode is shunted with a 0.01-xF capacitor
to suppress {ransient voltage spikes, and a
470-k§} equalizing resistor.

Filtering is accomplished with a string of
four 360-uF, 450-V electrolytic capacitors
connected in series. R3-Ré equalize the
voltage across each capacitor in the string
and serve as bleeder resistors. Of course,
a single oil-filled capacitor may be used
here if available. Whatever type of filter
you use, the total capacitance should be
about 80 yF at a voltage rating of at feast
1500-V de. This value allows adequate
“droop’’ of the anode voltage under high-
current loads to protect the amplifier in
case of RF overdrive or a defective tube.

Profective Circuitry

Some type of start-up protection should
be incorporated in the primary. Fully
discharged filter capacitors look like a dead
short at supply turn-on. Initial surge
current (until the capacitors charge) may
be high enough to destroy the rectifiers.
R1 and R2 provide some surge-current
Himiting, but either of the two primary con-
figurations shown in Fig. 2 should be used.
T1, a variable autotransformer (Variac and

J1 — Chassis-nount female BNC or MHY
connector,
B3-R6 — Wirewound resistor, 40 ki, 11 W.

Powerstat are two common trade names),
is ideal. In addition to allowing vou to
bring the primary up slowly (and charging
the capacitors gradually), it also allows full
control of amplifier output power by vary-
ing anode voltage.

The second method, a “‘step-start’’
system, uses a resistor in the T2 primary
to limit the turn-on surge current. When
the capacitors have charged, K! is
energized, shorting out R11 and applying
full voltage to the T2 primary.

F1 and R7 protect against high-voltage
arc-overs or short circuits. If sustained
overcurrent is drawn, F1 will open and
remove B+ from the RF deck. Use a high-
voltage fuse here; standard fuses may arc
when blown and not interrupt the B+ . R7
provides current limiting to protect the
amplifier and power supply in case of a
high-voltage arc.

Safety

An HV meter should always be vsed to
monitor the status of the power supply. The
values for R8-R10 shown in Fig. 2 will give
a 1500-V dc full-scale reading on a 0-1 mA
meter. RG-38 or -59 coaxial cable should
be used for the high-voltage interconnec-
tion between the power supply and the RF
deck. Ground the shield at both ends for
safety and a good dc return.

Safety must be observed when working
with all power supplies. These voltages are
lethal! Always disconnect ac power and
then discharge the filter capacitors before
working on the power supply. Never guess
or make assumptions about the status of
a power supply. Assume it is hot.

Metering

Cathode-current mouitoring' is all that’s
really necessary for observing amplifier de

T1 — Variable autotransformer, 500 VA.
T2 — High-voltage transformer. Primary,
117 V; sacondary, 800 to 1050 V at 500 mA.

performance. Cathode current (Iy) is the
sum of the plate (Ip) and grid (Ig) cu-
rents. Normally, when this amplifier is
driven to 300- or 400-m4A Iy, the grid cur-
rent will be around 40 to 50 mA, The in-
clusion of a grid-current meter is not really
necessary and only makes biasing and TR
switching complicated.

Cooling

Desired output power and the level of
drive power available will dictate what type
of cooling to use. For intermittent duty
{55B, CW) at output levels less than 50 W,
air cooling is satisfactory. Any small blower
may be easily mounted to the aluminum
box surrounding the tube anode. For high-
duty-cycle modes and/or output levels
greater than 50 W, water cooling is highly
recommended. Greater than twice the
normal air-cooled output power can be
obtained from a water-cooled tube, and
water cooling is quiet.

Tube Modification and Water Jacker

The first step is to remove the air radiator
from the tube, The air radiator screws on,
%0 it may simply be unscrewed without
damage to the tube.

First, place a hose clamp around the tube
anode. Secure the radiator fins in a vise and
grip the hose clamp with a pair of large
pliers. Gently unscrew the tube from
the radiator. If the hose clamp slips
slightly, tighten it.

Some 7289/2C39 tubes use an air
radiator that is attached with setscrews. To
remove the radiator, simply remove the
setscrews and pull the radiator off.

‘The air radiator will be replaced with a
water jacket that allows water to be cir-
culated past the tube anode and through
a radiator, where it is cooled and circulated

April 1985 33
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Fig. 3 — Details of the solder-on water jacket.
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Fig. 4 — Details of the screw-on water jackst.

past the tube anode again. I have suc-
cessfully used two different types of water
jackets; both are described here.

The water jacket shown in Fig. 3 will
work with any type of 7289/2C39. li is
fabricated from a 1-inch-OD copper tubing
cap and two short pieces of 9/32-inch-OD
brass tubing. The copper tubing cap should
be available from a local hardware store or
plumbing supply house. Brass tubing is
available from many hobby stores and
metal supply houses.

Mark and drilf the copper cap so that the
brass tubing is a snug fit. Thoroughly clean
the parts until they shine. Push the tubing
into the holes in the end cap and degrease
the assembly with alcohol. Using plenty of
flux, solder the seam around each section
of tubing. Allow the jacket assembly to
cool.

Meanwhile, thoroughly clean the
7289/2C39 anode to & bright finish. Check
the water jacket for fit. In some cases,

34 nar=

vou’ll have to use a (.005- to 0.010-inch-
thick copper shim to fill the gap between
the copper cap and the tube anode. This
shim helps eliminate pin holes in the solder.

Using plenty of flux, sokder the water
jacket to the tube anode. Solder it quickly
with a hot, high-wattage iron. Allow the
tube to cool in the air after soldering to
avoid thermal shock and possible breakage.
After the tube has cooled, use plenty of
alcohol to remove all traces of flux from
the tube and water jacket.

The second type of water jacket is shown
in Fig. 4. This jacket will work only with
7289/2C39 tubes that have a screw-on air
radiator. it is designed to thread onto the
tube anode just like the air radiator did.
This jacket is machined from a piece of
1V-inch aluminum rod. Fhe water inlet
and outlet tubes are made from 9/32-inch-
0D, Yi-inch-ID aluminum tubing that is
epoxied in place. A rubber gasket seals the
jacket against leaks.

If you have access to a lathe, you shouid
have no trouble duplicating the jacket. You
could have one made up at a local machine
shop. Compiete screw-on water jackets are
also available from the author.’

After you unscrew the air radiator from

*The price is $17 plus $2 shipping. The ARRL and
QST do not warrant this otfer.

the 7289/2C39, check for and remove any
burrs from the tube anode. The anode sur-
face must be flat if the rubber gasket is to
be effective. Screw the water jacket onto
the tube. Tighten by hand only. Do not use
any tools, or vou could damage the tube
or jacket! Do not use the water inlet and
outlet tubes for leverage—they have thin
walls and break easily.

Water System

Fig. 5 depicts the complete water-cooling
system. Recommended pumps and ac-
cessories that have proven reliable and ef-
fective are listed in the caption.

Any small pump, such as a fountain
pump, that can deliver 160 to 200 gallons
per hour can be used here. Most inexpen-
sive pumps are not self-priming, which
means that they won’t pump water if they
have air in the rotor. Although water can
be forced through the pump for the initial
prime, my system uses gravity priming. The
water reservoir is a 2-foot length of 3-inch-
OD plastic pipe that is available from hard-
ware or plumbing stores. The outlet is at
the bottom, and the inlet about halfway up
the column. The inlet is located here to
eliminate aeration that ionizes the water
and reduces its effectiveness. The outlet
directly feeds the pump. The pump and the
reservoir outlet port should be mounted in
the same plane. The pump should be
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Fig. 5 - Details of the water-cooling system. Recommended pumps are: (1) Little Giant Pump
Co. Model 1-42A or larger, available from most hardware stores; or (2) Calvert Engineering, Cal
Pump Model 8753 (160 galfh), available from Calvert, 7051 Hayvenhurst Ave., Yan Nuys, GA
91406, tel. 213-781-6029. The flow indicator (Model 15C; requiras two %-inch NPT adapters) is
available from Proteus Industries, 240 Polaris Ave., Mountain View, CA 84043 tel. 415-964-4163.



Apr 1985 QST - Copyright © 2013 American Radio Relay League, Inc. - All Rights Reserved

= Mlcrowave Radiatlon Safety

= intensa BF radiation cancentrated on body hssues can produce heat damage, the extent and
[';:penetration will depend an the radio frequency in use and on éxposure duratlon. You should
“'be aware of the approximate intensz!y of RF radtation. of the 1ransm|ttlng equlpment ancf

- antennaa you come In contact with,

=--AF intensity is commonly exprassed in m:ﬂlwaﬂs per square cantimeter (mchmﬂ which

B is the power flowing away from a source through a unit sampling or interception area at

--gome specitied distance. Although thé United Slates as yet has no federal RF profection
“standard, a useful interim guide is the 1982 standard of the American Natiorial Standards

» “institute (ANS! '82), The mast gtringent level in this standard Is 1 mWicm? for frequencies
‘between 30 and 300 MHz. Above 300 Mz, the protection level rises until it reaches

5 mWiem? at 1500 MHz. Bayond 1500 MHz the resommaended level remalns at § mW/emé,

ellevels represent the average ﬁower denisity a!!owed over any gix- miau!e period and are

“ “for the sum of all polarizations from a given sotrcs.

or gll frequenclas above 80 MMz,

sractice for RF protection are recommendsd

~At 1208 MHz, where onie wavalangth (\ equals 23 em, a thick resnreant dlpota feeding a -
calibratad power meter with matched coaxial cable (itself free of pickup) may be used to
.-obtain an Indicatioh of power density. & reasonably lossless resonant dipole hag an effective
: mrture of A\¥8; at 23 o this is 66 cm? The power meter reading in milliwatts, divides by
- is the indlcated power density. For this to be a reliable indication, the dipale must be
ohed far enough frony the RF source 16 be n its faf field. For a small seufce, the
fistance should be at least M2, and herd that would be about 12 om (4.5 Inchas). The dipole
hould be oriented for alfgnment with the daminant polarizaﬂon Note tbat the puwar meter
g capable of readings well below 1 mW. © -
This arrangement would be udetyl for chacking leaks a!ong the coaxfa! route that the high
ower (hete 250 W) takes to a load, be it dummy lodd or antenna. Cable connectors may hot
e tightly secured, o they may be faulty. For equipment o;)eratinn in’ the SHF regscn, .
eguide ﬂanges may not be clamped froperly..
irart measurement of atectrin field atrangth near an amenna {wiih a oalibrate:i mstru—
fit, prefarably one with the indleating meter shislded and possibly positionied at ihe center
@ sampling dipole) is another way to chack fat aﬁequata protection, A fleld strength of
éi mieter {¥m) corresponds 1o 1 mWicm? 134 Wim corfesponds to § mWiom?, At a ’
rice 60 o (2 fast) from an isolated dipole fed with 28 watts, the field strength would be
bout 80 Vim. This s a tarfisld fiefd stiength for alf freaquencles where the haif wavelength is
ass than 60 cm, or fof frequenclas above 250 MHz. For full 250 watts applled 1o the dipole,
80 Vim level stturs at adistance of 1. B meeers [ feat), and a1 this distance this hotds

Wilh $5B or GW keying, the fialds during Amaieur Badio operatlon are hlthy intermlttent
usually inclute considerable pausas or Intervals for listening. These factors reduce the
#he power dansity over the, glx-minute averaging period.

urther information ¢n RF safety and profection estimates can be iound in Chapter 7 m’

The Satellite Experimenter’s Handhionk, published by the ARRBL. The fcllow;nq tules of good )

# Never operaté an AF amplifier with equipment shleictlng removed
i Nevar handle antennas with BF power applied. . . L
e Mevar guess that RF levels are safe. Take the t:me to masult a reliab!e rafereace !o; an’

ver denstty) if possjble, horraw an AF radiation monitor {atter I&amfng how o use :t}, or

h & ham who Is well iInfortmed on RF protection. L
k tnlo an open end of a power waveguide; never nolnt a powered directlve n
gntenna (a beam or & paraboloid, for example) toward people. Keep all VHF and UNF

mitting antennag & high as possible, distant from humans. - -

¥ {Jse gond- quaﬁty, well-constructed comdal cable and conneczors f.c avold RF leaks

Think RF and electrical safety first; tesf later!

 Watch QST for news on RF. measurement techniques and pmgresslon. protection stan-

ds and proposed federal and state AF ragulations. — David Davidson, WIGKM

oriented so that air bubbles will rise into
the impeller output port and can be blown
out once the pump starts running.

Flow Indicator and Heat Exchanger

‘Water cooling is best described as “‘super
guiet.”” There is no noisy fan to reassure
you that the tube is receiving adequate
cooling. If water flow is reduced or cut off
during amplifier operation, tube damage is
virtually assured,

Flow interlocks and switches to shut
down the amplifier if water flow is reduced
are hard to find and expensive. Flow in-
dicators, however, are inexpensive and
reliable. A flow indicator has a spoked
rotor that turns as water passes through the
unit. If the wheel is turning, there is water

flow; if not, you have a problem. Changes
in flow rate can be observed by watching

for speed changes in the rotor. A small
lamp illuminates the flow indicator,
making it easy to see rotation. The flow in-
dicator should be mounted where it can be
seen from the operating position and
monitored during operation.

Heat exchangers, or radiators, remove
the heat from water as it passes through.
For this application, a small automobile
transmission-oil cooler works great. Most
auto- paris stores and speed shops have a
good selection. Pick one that is similar in
size and aspect ratio to a whisper fan (ap-
proximately 4 » 4 x 1inches). Some come
with mounting brackets. Look for a cooler
with the input and output ports on the top
50 air bubbles will rise to the top and move
on without becoming trapped. Trapped air

degrades cooler performance.
If you use the amplifier for high-duty-

cycle modes such as ATV or FM, or for
long, slow-speed CW transmissions (EME,
for example), you should use a small axial
whisper fan to increase the effectiveness of
the heat exchanger. A fan isn’t necessary
during normal operation, or even for sus-
tained operation at moderate power levels,
but | highly recommend one if you plan
prolonged operation at maximum power.
Locate the fan so the warm exhaust air
won’t heat up other equipment.

Hoses and Fittings

Most hardware stores carry a complete
tine of brass fittings and adapters that can
be used for this project. Brass, however,
will eventually corrode and pollute the
water supply. Plastic fittings are cheaper
and don’t corrode, but they are harder to
find. Recreational vehicle suppliers are my
main source for these parts. They are used
extensively in drinking water systems for
mobile homes and travel trailers. Procure
the fittings when you have the rest of the
parts in hand, as there are many variables
to consider.

You can use any relatively soft, thin-wall
vinyt tubing for all water lines. The main
runs are made from 3/8-inch-ID hose,
while /4-inch-ID stock is used to connect
to the 7289/2C39 water jacket. The
1/4-inch-ID tubing fits snugly over the
9/32-inch-OD inlet and outlet tubes on the
water jacket, 50 no clamps are required. All
other hose connections should be secured
with stainless-steel clamps to prevent leaks.
Any leaks mean air in the system and
deterioration of cooling performance.

Safety

The tube anode, and hence the water
jacket and water, are in direct contact with
the high-voltage supply, so some safety
precautions must be observed, Approxi-
mately 12 to 18 inches of tubing should run
hetween the 7289/2C39 jacket and any
other component in the cooling system.
This will allow enough resistance in the
water to provide adequate current limiting,
should the water contact any components
that are grounded.

¥ is best to ground the water supply at
the pump. Do this by replacing a short
section of the tubing that runs to the flow
indicator with a piece of brass or copper
tubing. Solder a wire to this metal tubing
and connect the other end of the wire to
your station ground. Use at least 24 inches
of vinyl tubing between the anode cooling
jacket and the ground point.

On the warm-water side of the
7289/2C39, run 12 inches of vinyl tubing
to a small metal fitting or short section of
metal tubing, and then another 12 inches
of vinyl tubing to a grounded point (this
can be at the heat exchanger). You can
measure the water leakage current to
ground by placing a microammeter be-

tween the metal fitting that connects the
two vinyl hoses and ground. Leakage cur-
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rent should be less than 10 gA with clean
water and an anode potential of 1 kV. As
the water ages, the leakage current will rise;
when this happens, replace the water.

Grocery stores carry distilled water for
use in steam irons. It may be deionized and
not truly distilled, but it works fine for
about four to six months in this applica-
tion. Filters can be purchased from scien-
tific supply houses, but they’re not really
worth buying because deionized water is so
cheap.

Do not use tap water under any cir-
cumstances! When you turn on the water
system for the first time, run a gallon of
water through it for half an hour to wash
out fabrication impurities. Replace with
clean water before using the system to cool
the amplifier.

Water was chosen because it’s inexpen~-
sive, nontoxic, nonflammable and easy to
clean up if you have a leak. Betier liquid
caolants are available, but they are toxic.
Don't use them!

Cooling Performance

I have used water-cooling svsiems for
several years with no problems whatsoever.
Fig. 6 is a graph of several transmit/receive
¢ycles on a water-cooled, 500-W output,
23-cm power amplifier. For this test, 1 used
two of the amplifiers described in this ar-
ticle coupled with a pair of hybrid
combiners. This particular cooling svstem
used 1 gallon of water. Experiments in-
dicate that, during extended operation, the
water temperature rises only 30° to 35°F
above ambient room temperature. Typical-
ly, the tube anode and water average 10°
to 15°F above ambient during casual
operating.

Flow rates in this system are typically 1/3
gallon per minute per tube, which is more
than adequate. At this rate, more than
300 W of dissipation from a single ineffi-
cient 7289/2C39 were required to boil the
water in the water jacket. The water should
not be allowed to boil because this will heat
the rubber gasket,

Tubes

it is not really necessary to buy a new
7289/2C39. Used tubes can be found
surplus for around %1 to $5 and, in many
cases, will perform as well as 2 new tube.
Most used tubes have heen sitting #round
for several years, so it’s a good idea to run
them through the dishwasher to ciean them
up and then run the filaments for about 24
hours. This will restore operation in many
cases.

if you buy a new tube, you should be
aware that the 7289/2C39 is being run far
in excess of its ratings in this amplifier. The
manufacturer’s warranty will not cover
tubes run in this application.

Contrary to popular opinion, glass tubes
will work. Physically, they are not as
rugged as the ceramic version, but the glass-
to-metal seal seems to provide better shelf
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Fig. 6 — Pertormance graph of the watercooling system.

life than the ceramic seal. The glass tubes
make great driver tubes and will work fine
for power levels up to 100-W output. Pulse
tubes (7815, 7211) ate not recommended
because of their poor thermal stability at
high power lavels, Also, they generally are
30 to 40 MHz lower in resonant frequency
in this amplifier compared to the
7289/2C39, Some 7289 tubes can be as
much as 30 MHz lower in frequency. Minor
length adjustment of the anode-tuning post
may be required o accommodate amplifier
and tube differences.

Tube Insertion

Extreme care tnust be exercised when in-
serting the 7289/2C39 tube. Never force the
tube in place, as damage (bending) of the
cathode finger stock may result. Observe
the layout of the finger stock to get an idea
of how the tube inserts. Carefully position
the tube so it is straight as you gently push.
it should slide in snugly without any solid
resistance.

Testing

After you have completed all of the parts
for the amplifier, it’s time to test evervthing
before hooking it all together. Test the
water-cooling system by turning it on and
watching for steady water flow as indicated
on the flow meter. The tube and water
jacket can be removed from the cavity
amplifier for this test.

Check all of the power-supply voltages
first without connecting them to the RF
deck, Then, without the tube in piace, hook
the bias and filament supplies to the cavity
and check the voltages again at the tube
finger-stock connections. Connect the high-
voltage supply to the RF deck and bring the
voltage up slowly with a variable
autotransformer. Monitor the high voltage
on the anode-bypass-capacitor plate, and
look and listen for any possible arcing be-
tween the anode-bypass-capacitor plate and
ground. Use extreme care when measuring

and testing the high-voltage supply. If
everything looks okay with the power sup-
plies, shut them off and disconnect them.

You can make a safe, low-power test of
the cavity resonance without applying any
voltage. With the tube in piace, insert a
2-inch-long coupling loop on the end of a
piece of coaxial cable between the spring
fingers of the anode down into the cavity.
Connect the amplifier output probe/con-
nector to a device capable of detecting low-
level RF at 23 cm (for example, a spectrum
analyzer or microwattmeter}. Feed a signal
from an L-band signal generator into cable
attached to the wire coupling loop that you
inserted into the cavity. Set the signal
generator for various frequencies in the
23-cm band and tune the amplifier anode
tuner. There will be sharp peak in output
at cavity resonance.

This testing method can be used to deter-
mine cavity tuning range, anode-bypass-
capacitor effectiveness and resonance of
various tube types for use in this amplifier.
Any cavity amplifier can be tested com-
pletely without ever applying high voltage.
The better your test equipment, the easier
the amplifier is to test. If all dimensions
were followed strictly, the amplifier will
tune as designed.

Amplifier Hookup

Installation and operation of this
amplifier is relatively straightforward, but
as with any amplifier, several precautions
must be followed. If these are adhered to,
the amplifier will provide vears of reliable
service.

The amplifier is designed to be operated
in a 50-ohm system and should never be
turned on without a good 50-ohm load con-
nected to the output connector. Never
operate it into an antenna that has not been
tuned to 50 ohms!

Drive power to the amplifier should
never exceed 15 W. Never apply drive
power in excess of 1 W unless all operating
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voltages are present and the tube is biased
on. Otherwise, the tube grid-dissipation
rating will be exceeded and wvou will
probably ruin it.

*As in all TR-switched systems, some type
of interlock or sequencing of transmit and
receive functions should be incorporated.
In most systems, the sequence for going
into transmit is something like this: First,
switch the antenna changeover relay from
the receiver to the power amplifier. Next,
bias the power amplifier on. Last, key the
exciter and apply drive to the amplifier. To
£0 to receive, unkey the exciter, remove
operating bias from the amplifier and
switch the antenna relay back to the
receiver,

If the antenna relays are switched while
the power amplifier is operating and put-
ting out power, damage to the relay con-
tacts and/or the amplifier is likely. If there
is a momentary removal of the antenna
while the power amplifier is biased on,
oscillation may occur. This can damage the
TR relay, the tube or even the receive
preamplifier.

Tune-up and Operation

This is it ~ the big moment when vou
will see vour project come to life! Connect
an accurate UHF power meter and a
50-ohm antenna or load to the amplifier
output connector. A Bird Model 43 watt-
meter with a 100- or 250-W, 400-1000 MHz
slug will give reasonable accuracy,
depending on the purity of the drive signal.
Apply filament power and tube cooling,
and allow 3 to 5 minutes for the filaments
to warm up, Turn on bias supply (the
amplifier will draw maximum current if the
anode voltage is applied without bias).
Apply 300 to 400 V to the anode. There
should be no current flowing in the tube
as indicated on the cathode-current meter.
Ground J1 on the bias supply to apply
transmit bias and observe cathode current.
As R1, the bias control, is turned
clockwise, quiescent idling current should
increase. Set for about 25 mA.

Apply 1 W of RF drive power. Turn the
anode tuner while observing the RF out-
put power meter and tune for maximum
output. The output should go through a
pronounced peak at cavity resonance. Ad-
just C2 and C3 on the input tuning network
for maximum amplifier output. If possible,
use a directional wattmeter between the
driver and the amplifier input to check that
best input SWR and maximum amplifier
output occur at roughly the same setting.

Depending on the amount of drive power
available, you may want to itune the
amplifier for maximum power output or
maximum gain. Fig. 7 shows what you can
expect from different drive levels.

Once the amplifier is tuned for best input
SWR and maximum output with 1 W of
drive, anode voltage and drive power can
be increased. Increase both in steps; be sure
to keep the anode tuner peaked for
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Fig. 7 — Performance of the cavity amplifier
under different drive and plate-current
conditions.

maximum output power. When you get to
the 100-W output level, very carefully re-
adjust the input circuit for maximum
output. The input capacitor closest to the
cathode is critical and should need to be
rotated less than 90 degrees maximum.
Maximum output power will be roughly
coincident with best input SWR.

Increase the drive power and keep the
anode tuner peaked for maximum output.
Increase the drive until vou reach the
desired output level, but do not exceed
400-mA Ix! At 1400-V dc and 350-mA Ig,
output power with a good tube should be
about 230 to 250 W. At lower anode
voltages, Iy will be higher for the same
output power. Higher anode voltages result
in higher gain, lower drive levels, lower grid
current and lower plate current for a given
output power.

The anode tuner’s tuning rate is approxi-
mately S MHz per turn. Clockwise rotation
of the tuner lowers the resonant frequency
of the cavity. This control will require re-
adjustment as vou make large frequency
excursions within the 23-cm band (for
example, if you go from 1296 weak-signal
work to the 1269-MHz satellite segment).
You should also check the input SWR if
you move more than 15 MHz. Generally,
amplifier tuning does not change much
after initial setup. You should be able to
turn it on and use it without retuning as it
heats up. Slight adjustments may be
necessary, however, depending on cooling,
inherent thermal differences from tube to
tube and duty cycle of the operating mode.
Always keep the anode tuner peaked for
maximurn output, and check it from time
to time, especially while you are first
learning how the amplifier operates.

The output loading control is the output
connector and probe assembly, Loading is

changed by minor rotational adjustment of
the N connector. First [oosen the jam-nut
(or setscrew) slightly, While observing
output power and keeping the anode
tuner peaked, rotate the loading control
+ 30 degrees maximuim for greatest output
power. This should be done only once and
should not need repeating unless another
tube is installed, Even then it may not be.
required.

Conclusion

This cavity amplifier for the 23-cm band
is capable of safe, reliable operation at
output powers in excess of 200 W. More
than 50 of these amplifiers are in operation,
and vou can build one, too. I would like
to thank Mike Stahl, K6MYC, Bill
Troetschel, K6UQH, William Jungwirth,
AA6S, Lem Moeschler, W6KGS and
Joseph Cadwallader, K6ZMW, for their
help and encouragement during the
development of this project.
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