stripline kilowatt

for two meters

Complete layout

and construction details
for a compact
two-meter kilowatt
based on the

popular K2RIW design
for 432 MHz

The stripline rf power amplifier designed by
F2RIW for 432 MHz and described in O5T several
years ago has gained wide acceptance and use.l At
the present time it's estimated that 300 to 400 of
these amplifiers are in use around the world, The
techniques autlined by K2RIW — using a pair of in-
expensive ceramic tetrodes in a parallel stripline con-
figuration — were used in a two-meter power
amplifier designed by W30J1.2 A number of other
single-tube stripline power amplifiers for two meters
have also appeared in the amateur magazines. |n this
article | will try. to put all this background and
experience into construction information for a two-
meter power amplifier packaged in the same com-

pact box as K2ZRIW's original design for 432 MHz.
Such a unit could possibly become as popular on 144
MHz as the K2ZRIW amplifier has on 432,

Several stripline power amplifiers based on the
layout described in this article have already been built
and thoroughly tested on the air. When operated in
the class AB1 linear mode, the amplifier provides 600
watts output with & to 8 watts drive. The all-mode
two-meter transceivers now on the market have
more than ample output to drive this amplifier to full
autput; the sharply tuned circuits in the amplifier
help to attenuate any out-of-band products from the
driver.

Any of the tubes from the 4CXZ250 series are
suitable for the amplifier. However, the cooling prob-
lem is simplified by using 8930 tubes which are
similar to 4CX250Rs except that they have a 2-inch
I50mm) diameter anode. The dimensions for the
plate line, chimneys, and top cover will be given for
bath tube types, but 89305 are the recommended
chaice.

Referring to the schematic, fig. 1, the plate line is
a guarter wavelength long, with the plate blocking
capacitor in the form of a Teflon sandwich at the cold
end. Plate tuning is accomplished by a combination
of fixed copper plate and beryllium copper flapper
capacitor mounted below and nesar the plate end of
the line, fig. 2. The capacitive loading to the output
is adjusted by a flapper capacitor above the plate line
which is also at the plate end of the line,

By Fred Merry, W2GN, 35 Highland Drive, East
Greenbush, Mew York 12061
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fig. 1. Schamatic diagram of tha two-meter stripline kilowatt,
Circuit will accommedate any ceramic tetrodes of the 4C X250
family, but the 8380 is recommended. Typical performance

data for this amplifier is listad in tabla 1.

The grid circuit consists of a 3-turn inductor tuned
by a butterfly capacitor at the end away from the
grids. Capacitive coupling is used for the input cir-
cuit. Eimac 6204 or 6304 sockets plus the construc-
tion and bypassing technigues used provide stability,
Stahility is further assured by loading the grid circuit
down to approximately 300 ohms [derived from the
grid bias resistor and two other 1000-ohm resistors
mounted close to the grid socket connections of
each tube, fig. 1).
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Stripline kilowatt for two matars is compact, and maasuras
anly B.inches [15cm) high, 12-inches (30.5cml wide, ond
B-inchos [20cm] deop.,

Chassis construction involves the use of three
standard chassis: two 8 x 12 x 3 inches
{20.3%30.5x7.6cm) and one 5 x 7 x 3 inches
{12.7x17.8x7.6cm), plus a top plate and a bottem
cover. The chassis preparation is covered by the il-
lustrations accompanying this article which include
complete drilling, punching, and cutting details. A
good starting peint is the top cover which is a piece
of 3/32-inch {2.5mm) thick aluminum cut and drilled
as shown in fig. 3. The large holes are made with a
hole saw, 2-1/4 inches (5.7cm) for 8930 tubes, or
1.3/4 inches {4.5cm) for 4CX250s. The vent plate,
which is 3/16-inches [4.5mm) thick can also be
drilled and hole sawed at the sarme time, A piece of
aluminum screening is cut to the size of the vent
plate; the screen is fastened between the top plate
and the vent plate with 1/2-inch {12.bmm) long
screws, 5-32 {M3.5) lockwashers, and nuts,

The plate loading adjustment block is cut from a
piece of 1/2-inch (12.5mm] sguare alurninum bar
stock, drilled and tapped as shown in fig. 3. This
block is fastened to the top plate with 3/4-inch
{19mm)} long 4-40 (M3) screws. The 8-32 (M4) nylon
adjustment screw s cut to size and inserted in the
block. This completes the top cover assembly.
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tig. 2. Cross-sectional view of the twa-meter kilowatt showing the location of the plate circuit componants,

The upper chassis is now prepared as shown in
figs. 4, 5, and 6. Chassis punches 2-1/4 and 1-3/4
inch (5.7 and 4.5cm) in diameter are required far the
socket holes and the air intake. Mote also that the
plate with a 1-3/4-inch (4.5cm) hole requires the use
of a hole saw to get through the 3/16 inch (4.5mm]}
thickness., This screened air intake plate must be
chosen for either a hose-connected blower, or a
blower mounted directly on the chassis. The drawing
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fig. 3. Bottom view of the top plate of the two-meter
kilowatt, Top plata is made from 3/32-inch [2.5mm}
aluminum sheet; vent plate is made from 3/16-inch {4.5mm}
thick aluminum. The dashed 1-3/4-inch 4.5cm) circle is for
ACX250R and similar tubas: the 2-1/4-inch {5.7cm) circle is
for the recommended 8380 tubes. A pioce of aluminum
scroen is cut to the samo dimeansions as the vent plate and
mounted batween the top plate and the vent plate.
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for the chassis-mounted blower shows drilling and
tapping fora Dayton 4C0O1 blower,

Although chassis-mounted blowers have been
used successfully, vibration can be a problem. The
intake plate for hose-connected blowers is drilled for
a Nutone plastic fitting type 366. This fitting will ac-
cept a hose with a 2-1/4-inch {5.7cm) inside
diameter. For hose-connected blowers, use a blower

having 100 cfm free air rating into a 2-1/4-inch
{5.7cm) aperture as a minimum. If 8330 tubes are
used, the direct-mounted blower may be rated as low
as B0 cfm into the same aperture.

Here are a couple of tricks 1o assure accurate
drilling: lay the work out on masking tape which has
been placed on the areas to be cut or drilled, and
always use a 1/16-inch {1.5mm) pilot (starter) drill to -
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center your holes. Although a drill press is conven-
ient for all drilling operations, access to one is re-
quired only for the large holes through the 3/16-inch
[4.5mm) thick material which requires the use of a
hole saw.

To minimize alignment errors, one part with the
1/16-inch {1.5mm)} pilot holes can be used as a
drilling template for the matching parts. For example,
use the top plate as a template for drilling the top of
the upper chassis; use the vent plate as a template
far the blower opening in the rear of the upper
chassis.

Accuracy in drilling is essential, especially the
socket holes, top plate vents, and plate line. These
holes must line up nearly perfectly to assure align-
ment of the tubes, chimneys, and top vents,

It is best to use blind fasteners to secure the top
plate to the upper chassis. Either 8-32 or 6-32 (M3.5
or M4) size is okay. The bottom plate may be fas-
tenad with self-tapping screws or blind fasteners
with blind fastenars being the best choice. All other
fastening is done with 6-32 or 4-40 {M3.5 or M3}
scraws, nuts, and lockwashers of suitable length.

The grid box is drilled and punched as shown in
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fig. 6. Bottom view of the uppar chassis showing the layout
of the tuba cutouts and othar mounting holes, All holes not
marked are 3/64-inch [3.5mm} diametar.
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Bottom view of the stripline two-mater kilowatt showing
the wiring of the grid compartmeant.

figs. 7 and 8. To ensure alignment of the socket
holes with those in the upper chassis, the grid box
pilot holes, including the pilot holes for the sockets,
are drilled using the upper chassis as a template.

The top of the lower chassis is cut out as shown in
fig. 9. This can be done with a nibbling tool, a small
hand saw, or if you are very careful, on a table saw.
The meter hole in fig. 11is fora Calectro 010912 — a
0-1 mA meter with 100 ohms resistance. Any 0-1 mA
meter not mare than 2-3/4-inches {7em) high can be
used: the clearance for the meter behind the front of
the chassis is 1-1/4 inch (3em),

The holes in the rear of the lower chassis may be
changed to suit your choice of power connectors.
The MHY high-voltage connector (Amphenol} is
recommended for the B + lead,

The vent holes in both the grid box and the lower
chassis can be covered with screening by using a
1-1/8 inch {2.9cm) punch to cut the center out of the
pieces punched from the 2-1/4 inch 5. 7cmb sacket
hales. This provides a ring-shaped clamp which is
drilled 1o match the holes in the chassis.

The bottarn plate shown in fig. 8 does double duty
as it is fastened to both the lower chassis and the grid
box, First drill the pilot hales in the bottorn plate and
then, using it as a template, drill the pilot holes in the
bottam of the lower chassis and the grid box. This
completes the chassis work operations,

plate line

Before starting assembly and wiring, do the cut-
ting and drilling for the plate ling, the grid line, and
the cutput flapper. The plate line consists of twa
pieces of copper clamped together in a Teflon sand-
wich by clamping bars [fig. 12}. The cutting and
drilling dimensions are shown in fig. 13. Note that
only two of the clamping bars are drilled and tapped.



The third bar is drilled only /64 inch (3.5mm].

The finger stock is soldered on the under side of
the plate line; this requires a soldering tool in the 200-
watt range. The finger stock is held in place, flush
with the upper side of the line, with a Pyrex beaker or
some other cylinder of heat-resistant material about 2
inches (Scrm) in diameter (1-5/8 inch or 4cm for
4CX2505) which is wrapped with Teflon tape to pro-
vide a squeeze fit which will hold the finger stock in
place while soldering. Note that the smaller piece of
the copper plate line is equipped with self clinching
nuts; as an alternative, brass nuts may be scldered to
the copper plate. The Teflon support for the plate
line at the tube end is made from 1/2-inch {(13mm)
diameter Teflon rod, drilled and tapped 1/2-inch
i13mm) deep on each end.

Fig. 14 shows the various components of the plate
tuning and output flapper capacitors. The plate
capacitor consists of two sections: the flapper and a
piece of copper on the same maunting block which
provides the additional capacitance needed to
resonate the ling. Semi-hard beryllium copper seems
to make the best flapper material; it also has the ad-
vantage of taking silver plating which, while not

Top view of the two-matar kilowatt showing the plata
stripling, the output coupling flapper [upper canter], and
Teflon sandwich at the cold end of the line [rightl.

essential, is desirable for all of the f parts in both the
plate and grid compartments of this amplifier.
MNate the details for the aluminum support block in
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4 slot is sawed in the inner conductor of a type-N
coaxial chassis connector to accept the output flap-
per {see fig. 2) which is soldered into the position
shown. The two holes in the output flapper serve to
mount a piece. of Teflon underneath the flapper
which prevents contact with the high voltage on the
plate line. The dimensions of these items are shown
in fig. 14.

Also prepare the short piece of 1/4-inch {6.5mm)
diameter copper tbing for the rf sampling assembly
and the piece of 1/4-inch (8 5mm) diameter Teflon

*Many parts and assemblies for this two-meter amplifier are
available from ARCDS, Post Office Box 546, East Greenbush,
Mew York 12061 telephone (5181 477-4330, A price list will be
furnished upon receipt of a sell-addressed, stamped envelope.

18 [l october 1977

rod for the rf chake form fig. 14]. A copper strap for
connecting the grid terminals together, and mount-
ing details for the grid butterfly capacitors and their
respective shafts are shown in fig. 15.*

assembly

Begin by mounting the parts and wiring the lower
chassis. Connect all leads except the five leads from
the arid box and the cable to the f sampling
assembly. Keep the wires formed into a bundle in the
corner of the bottom of the chassis, Run in this man-
ner, the wires will show only at the points of termina-
tion and can be laced into a cable with wire ties after
they are all in place. Use a color scheme such as
black for ground, green for filament, yellow for grid,
and blue for screen. i



Turning now to the upper chassis, install the rf
sampling assembly as shown in fig, 17. Also install
the high-voltage feedthrough capacitor at this time.
Fasten the upper and lower chassis together with

6-32 (M3,

Install the bulkhead BNC input connector and the
five fesdthrough capacitors on the grid box. Install
the grid box and the sockets, making certain that

B} 1/4-inch (6.5mm) long screws.
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socket terminals 1 and 3 are opposite their respective
feadthrough capacitars. Run the five wires from the
grid box to the resistor assembly board and the RG-
174/ coaxial cable to the rf sampling assembly. This

completes the wiring of the lower chassis.

that there are two holes
tuning capacitor mounts,

Mount the butterfly capacitors (see fig. 15). Note

in the area where the grid
The capacitor assembly is

|
L 1" (28 A mie)

3@;{_
l CRILL & TAR &-32

TEFLOW SUPPDRT
FOR PLATE LINE

fig. 13, Plate line parts for the twao-metoer stripline kilowatt.
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installed in the hole nearest the front of the chassis, the coupling shaft and tighten the nut on the spade
Before mounting the tuning capacitor, put a spade balt holding the capacitor, Make sure the capacitor
balt {with top cut off) in the rear hole. Tin the spade turns smoothly, :

halt. Now mount the capacitor assembly, adjusting Using a 200-watt iron, carefully solder the upper
the upper lug of the capacitor so it has some tension lug of tpe butterfly capacit_u.— to the spade Iug_. This is
against the concave top of the spade bolt. Line up a very important connection and becomes inacces-
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sible later, so make sure it's a good solder joint. The
other butterfly capacitor (loading) is not grounded so
it is just a matter of making sure it operates freely.
The balance of the grid circuit may now be installed,

Mow mount the shaft bearing bracket and the
bearing for the plate flapper tuning control. Install
the plate tuning dial and the shaft. Make sure the
shaft turns freely in the dial hub; this will facilitate
placing the flapper tuning in the proper range. Install
the Teflon support at the plate end of the plate line.

Assemble the two parts of the plate tuning
capacitor to the aluminum support block and bolt the
support block to the chassis. (The fishline control
should be made fast to the plate tuning flapper
befare mounting the flapper assembly to the chassis,
and the plate flapper positioned ta about 1-3/4 inch
{4.5cm) abowve the chassis.) Assemble the plate line
{see fig. 12} and mount it to the chassis. Before
tightening up the Teflon sandwich make sure that
the large piece of Teflon between the plates is
centered in the mounting holes.

Install the rf choke and the output flapper twhich
should be bent up to within 1/4 inch or §.5mm of the
top of the chassis), Position the rf sampling capacitor
about 1/8 inch (3mm) away from the output flapper

— — [A37 SOPREe Tal
PR FRCW N
CONMNER TN

NESE LLGS HTEA CHRb
T AT o S
TUEE & S0LDER
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[
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X FLMOVED
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L Tt
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APRER  CHASSIE
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77 !

HOT  CRREIEN GECE
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fig. 17. Side viaw of the rf sampling assembly, Adjust the
position of the copper tab for approximately 0.6 mA on the
meatar at B0 watts output.

and type-0 coanacior. Now agsemiiie the top plate
vent and the loading adjustment block. Fasten the
tap plate and bottom cover to complete the assembly
of the amplifier,

power supply

A power supply suitable for this amplifier is shown
in fig. 21. The veltage-doubling circuit offers a 1000
volt source for the screen dropping resistor. Since no
grid current will flowe with linear operation, the bias
supply can be the simple zener regulated type
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The antire amplifiar iz assemblad in two mated chassis.

shown. The protective features of this supply include
a high voltage fuse and a dicde protective resistor in
the transformer secondary lead. A delay tube main-
tains cutoff bias until the tubes warm up. The fila-
ment voltage is 8 volts at the transformer winding
and offers ample contral of the voltage at the sockets
with the adjustable 1/2-ohm series resistor,

This poweer supply will deliver 2000 volts at 500 mA,
with a no-load voltage of 2200 volts. At 1 ampere the
output wvoltage drops to 1850 wvolts. With a
transformer weight of 30 pounds {13kg) the total
weight of the unit is only 45 pounds (20kg). This is
quite a relief from the B0 o 100 pound (35-4bkg)
power supplies of the past.

test and check out

An inexpensive dummy load for a high power vhi
amplifier can be set up with 100 feet ar 30 meters (ar
mare) of RG-8/1 with a Heath Cantenna at the end.
This will stand up on 144 MHz for about ten minutes
or so at 600 watts output before the cooling ail in the
dummy load starts to boil. The driver for this
amplifier must have a adjustable output control
unless it is capable of less than 5 watts maximum
output because the amplifier is very power sensitive;
it is not possible to adjust it properly if it is over-
driven,

After connecting the amplifier to the power supply

table 1, Typical aperotion of the two-meter atriplino -
kilowatt using 8930 coramic powar tetrodes (grid bias = —¥7
volts, seroon supply =409 volts, idling currant = 100 mA).

drive grid  screen1 screen? power power

powar current current current input  output
2% 0 — & — B mA annw 200w
LR o — 8 mu, =10 ma 1000 W A00 W
aw — 1t +1 2 1360 W 230w

Plate voltagn during these tests ranged from 2100 walts at 200 mA iding
current, fo V00 voli at 830 werts output,
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and making the usual checks of filament voltage,
bias, screen voltage, and blower operation, establish
an idling current of about 150 mA for initial tests. Ap-
plying a watt or so of excitation, adjust the grid cir-
cuit controls for a rise in plate current. Then resonate
the plate circuit by observing power output. If the
plate circuit will not resonate, change the range of
the plate tuning flapper contrels until the dial is mid-
range for your chosen operating frequency.

The next step is to increase drive until the amplifier
is at about 400 watts or so output with the loading
screw about 178 inch {(3mm) above the top plate,
Mow the grid circuit controls should be set for
minimum swr toward the driving source, The reverse
power will drop to an unreadable value. Once grid
tuning is established, adjust the load control on the
top of the amplifier for a compromise between max-
imum output and minimum plate current at an output
level of 600 watts. Keep the loading on the heavy
side.

IFE TAPE =

A0 a

WIRAPS
fig. 20. Tube chimneys for the two-matar kilowatt are medo
fram 0.010-inch (0.25mm) Teflon, 1-3/8-inches (35mm) wido,
foll the Teflon for o tight fit in the top vent plate; secure
with 1/4-inch (6.5mm} Teflon tape wrapped vartically
around the roll, 12 inches [30cm) of Teflon is reguired for

CACHIEOs: 24 Inches [B0cm) is roquired for B390s,

Once the proper setting for the load control s
found, there should be no reason te change it unless

vou wish to operate the amplifier at a lower-power

level or with different voltatges. Having set up the
initial operating conditions, further tests and ad-
justments can be made for best linearity.

Check for blower operation each time the amplifier
is turned on. If the air supply should fail, the solder
an the plate line will melt and the finger stock usually
springs out, grounding the plate supply and oper-
ating the breaker within about 30 seconds. The tubes
survive but it is a messy job to repair the plate line,

safety

Like any other piece of radio equipment operating
at high valtages, this innocent looking aluminum box
can be a killer — it is absolutely unforgiving of
careless mowves. Just to repeat the safety rules,
disconnect the B+ line before taking covers off.
Don’t operate the amplifier with the covers off. If you
must take a reading inside with the cover off, discon-
nect the power, connect the meter with well-insu-
lated leads, stand back and take the reading after you
have put the power plug back in. One hand in the
pocket while you are testing is the time-tested rule

fig. 19. Knot for fastening nylon fishline to the collar on the
plate tuning flapper, and to the tuning shaft. Pull the knot
tight to prevont unraveling.

for staying alive. Another precaution in dealing with
this level of rf power is to stay out of the path of the
rf radiated from the antenna.

operation

To adjust the amplifier for lingar operation,
perhaps the simplest setup is to use a directional
wattmeter at both the input and the output. Set the
idling current at 200 mA. Using the test values of 2,
4, and 8 watts drive, (see table 1)adjust the loading
control and the plate tuning control for best linearity
at the lowest value of peak plate current, When the
proper adjustment is reached the power output will
be approxirmately 200, 400, and 800 watts, respec-
tively. These tests can be made at the bench and the
adjustments will be valid for a 50-ohm antenna
system with low swr,

For CW operation the bias can be set higher for an
idling current of 100 mA or less, and the loading con-
trol and plate tuning optimized for best output at the
least plate current, At 1 kilowatt input, 600 watts out-
put is the ohjective. About Bwatts drive is required.
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fig. 21. Recommended power supply for the two-meter stripline kilowatt is rated at 1 kilowatt continuaus duty, 2 kW PEP. Ad-
just K130k, 100W) for 500 volts at the sereen tarminal with the zener diodes (or VA tubes) disconnected. Readings in boxes ware

token at 1 kilowatt output,

The temperature of the exhaust ports can be
checked by selting a candy thermomaeter on top of
the armplifier in a nearly vertical position (put a pair of
stiff wire legs on it), This does not give a reading of
the temperatures at Lthe tube seals, butis a relative in-
dicator. Based on many hours of testing these
amplifiers, a suggested limit for the exhaust air
termperature read in this manner is 200°F (95°C). The
tubes will not fail under continuous operation at this
temperature limit, The 8930s will stay well within this
level but the 4ACX250s will tend to exceed it

The filament vollage for the two-meter amplifier
has heen set at § volts on the assumption that the ef-
fects requiring 5.5 volts an the filaments at 432 MH:z
are not as significant at 144 MHz.

The grid current should be at zero or barely
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negative for AB1 operation, Screen current will go
negative (read with the meter reverse switch) to 10
m& more or less. [t may become barely positive on
madulation peaks. The screen voltage is regulated at
350 to 400 volts, :

Once yvou have this amplifier on the air, properly
adjusted, you will find that no further attention is re-
quired except perhaps an occasional tweaking of the
plate tuning to match the antenna,
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