The 144-MHz amplifier is built in conventional
rack and panel style, with the entire top of cane
metal, to provide free air flow. Controls are
grid-circuit tuning, C2, lower left; output loading
capacitor, C5, center; and platecircuit tuning, C4,
with vernier dial, right. The slotted end of the
Teflon shaft on C1 is visible as a white spot just
below the foading control.

New Ideas for the 2-Meter Kilowatt

Easy-to-Make Tank Circuit, with Improved Tuning Device

L,
BY THOMAYF. McMULLEN, JR,* WIQVF, AND
EDWARD P, TILTON,** W HDQ

‘[N DISCUSSING a S0-MHz amplifier built just
X before this one, the authors inchided a rationale
for the grounded-grid approach to high power for
that band.! Conversion to grounded-grid was con-
sidered for 144 MHz as well, but a low-drive
grounded-cathode amplifier still looks like the best
bet fur high power on frequencies above the
50-MHz band.

While many transmitting tubes work well at 50
MHz, very few are really good much above that
frequency. Those that do go higher are not well
adapted to grounded-grid service, except for some
medium-power types such as the 2C39, External-
anode tetrodes  {4XI1S0A, 4X2508B, 4CX250B,
4CX250R and 8122 are among the more commion
types} temain the logical choice for a 2-meter
amplifier, and they are at their best in grounded-
cathode applications. Tn Class AB1 service they
require no driving power, and in Class ¢ a few
watts will drive them to better than 7(-percent
efficiency.

New tubes of this series and the air-system
sockets for them are expensive, but both tubes and
sockets can be found at times on the surplus
sarket. Early tubes of the 3X150A and 4X250R
type are as efficient as their ceramic-insulated
replacements, identified by the C in the type
number, Glass-insulated tubes will not take quite as
severe punishment, but operated within their
dlightly-lower ratings they work extremely well on
the vht bands.

Sockets found on the surplus market are
generally of good quality, tut thev probably will
not have the raised-screen-ring construction of the
latest types. Surplus sockets tnay require screen-

*RFD Collinsville, CT 06022.
**VHF Editor, QST .

1McMulien, *3-500% Grounded-Grid Amplifier
for B0 MHz,” OST, December, 1970,
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ving shielding for effective neutralization, but this
is readily installed,2

As far as aperating efficiency is concerned, our
new amplifier has nothing on its QST predecessors.
Our ubjectives were  mainly greater case of
construction, and a better method of tuning the
plate eircuit. The disk-type capacitor used in recent
2-meter amplifiers solves some earlier tuning
problems, but it tends to cause others. Its effective
tuning range is quite limited, and simple lead-screw
arrangements may be prone to arcing troubles after
appreciable use, Any simple mechanical linkage for
driving the screw from the front panel tends to
introduce electrical unbalance to ground, which
may have to be corrected with another adjustable
plate working against the other side of the plate
line,

The simple movingvane urrangement shown
here is inherently balanced, in the manner of an
ideal split-stator variable. It gets away from the
multiple-ground paths and mechanical and electri-
cal unbalance that are unavoidable in conventional
capacitors, It it has any weak points, rigorous
testing of the amplifier has not turned them up,

Other than in mechanical detail, this amplifier
is rather like earlier designs using similar tubes, Its
circuit diagram is almost identical, und it was
tested on the power supplies and control ciccuits
built for its VHF Manual and Handbook pre-
decessor.,

Construction

The awplifier is built on a 17 by 8 by 3-inch
aluminum chassis, fitted with a bottom cover
which completes the shielding and directs the flow
of vooling air. The top portion of the enclosure is
of similar size, except that it is 3 3/4 inches high,
and it has a vane-metal top, It was made by
bending up the necessary sheet alumiawm, but
angle stock and flat sheets could be used equally

2«“Kilowatt Amﬂpliﬁers for 50 and 144 Mc.”
February, 1964, OST. Also, Radio Amateur’s VIIE
Manual, all editions, Chapter 6, and Handbook
editions 1966 through 1970, Chapter 17, See
seetion on neutralizing the 144-Mc amplifier,
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Interior af the 2Z-meter amplifier, showing the brass plate-inductor and vane tuning system. Note the
position of RFC1, at the far left, out of the main rf field. The output coupling loop, L4, just below the
plate line and barely visibie here, 15 connected to the output jack, J4, on the rear wall with a short section
of coax; and to the ioading capacitor, €5, on the front panel by means of coppes strip.

well, Angle stock along the rear of the front panel
comptetes the enclosare. The yrav-wrinkle
aluminum panel is 7 inches high.

The tube sockets are mounted 2 inches in from
the right side, 4s seen in the photographs, and 2
5/8 inches apart, center to center. The Kimac
SK620A sackets, with their intepral screen-ring
shielding, are recommended. Other sockets inay
require slightly greater spacing, and some modifi-
cation of the plate-vircuit dimensions, The raised
sereen-ring shield is also a great ajd in neutralizing
the amplifier. The need for isolating the tubes’
screen structure was pointed out in earlier articles,
and some form of shield should be added if early
flat sockets are used. This need is particularly acute
if the amplifier is to be operated in the Class ABI
mode, characterized by very-high power sensitivity.

The half-wave-line grid circnit, L2, is tuned at
the end away from the tubes by the split-stator
variable, C2, and balanced to ground by means of
C3, a differential capacitor, This is supported on its
stator tabs, which are soldered directly to L2,
immediately adjacent to C2. A strap of 1/4-inch
copper connects the rotor of C3 to the chassis, in
the shortest practical manner. The slotted shaft of
C3 is reached through a hole in the bottom cover
of the chassis, This hole is sealed with black plastic
tape after the adjustment is completed, in order to
avoid air leakage.

The input coupling loop, L1, is mounted
between and just below the grid lines, with its
closed end near the midpoint of the lines. The end
toward the panel is soldered directly to its tuning
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capacitor, C1, and the other to an insulating
tiepoint, which also has the center conductor of
the RG-88/U coax ta J1 connected to if, The
position of’ L1 with respect to L2 can be adjusted
by means of an insulating rod, through a hotle in
the bottom plaie near the closed end of the loop.
This hole is also taped aver to prevent ak leakage,

Leads to the nentralizing tabs, 9 and C10, are
tapped on the wrid lines at a point I 3/4 inches
from the grid end. Feedthrough bushings (not
visible in the photographs) are under the lings, ‘('he
crossover 18 made by copper strips trom the lines to
the bushings. Variable capucitance to the plate Jine
is provided by copper tabs 1/4 by 5/8 inch in size,
soldered fo the top ends of the bushings, just
below the plate line, L.3. Adjusting their position
with respect to 1.3 provides the required neutraliz-
ing capacitance.

Connections fo the grid ends of L2 are made
with wrap-around copper clips slipped over the
tubing ends and fastened {o the grid posts of the
tube sockets with screws, They are soldered to the
line ends, for permanence. The connections to (2
are made in somewhat the sune way, except that
the tabs are soldered to the stator lugs. Note that
the rotor of C2 is not grounded. It is supported on
cetamic standofts 5/8 inch high.

The grid-circuit isolating resistors, R] and R?2,
are connected to L2 by means of spring clips which
are slid over the line before assembly. These can be
tube grid clips, if available. They are moved along
the line to the point of minimum rf voltage, using
the familiar lead-pencil test.

QST for



The principal feature of the bottom view is the half-wave grid circuit. its splitstator capacitor, C2, is at
the feft end of the line, L2, The ditterential balancing capacitor, C3, is also across the line, just to the
right of C2. Isolating resistors in the grid circuit, BT and H2, are near the middle of the picture. The
screen isolating resistors, 83 and R4, run to tiepoints on the right wall of the chassis.

The shaft of C2 is rotated through an insulating
shaft, fitted with an insulating flexible coupling, to
minimize any tendency to unbalance the grid
cireuit. The shatt from 1 is also insuluting
material, and it has a tlexible coupling. The
capacitor is not adjusted often, so the shaft end is
slotted, and is allowed to protrude ithrough the
frant puvel. ft is just visible in the front view,
below the output-loading cornttrol.

All power leads ate made with shielded wire,
bonded together hy frequent spotsoldering, and to
the chassis by means of grounding lugs. Exposed
tersninals are bypassed wherever necessary, to
prevent tf pickup,

Fach cathode pin on the socket i3 grounded
directly through a separate lug, and nothing else
uses these lugs for a ground path, Minimum
cathode~lead inductance is important, and even the
shortest lead shared with another circuit can cause
unwanted coupling in a vhi amplifier,

The plate inductor, L3, is made of shect brass,
in the form of a U, Principal dimensions are given
in Fig. 2. The stator plates of the tuning capacitor,
C4, part A in Fig, 2, are soldered to the plate line
with their right edges 5/8 inch from the tube
anodes, Connection to the latter is made with two
brass tabs, part B in Fig. 2, at the tube ends of the
line. These were omitted from the drawing of the
assembly in Fig. 2, in the interest ot clarity, but
their position is clearly visible in the phatographs.
These tabs are curved slightly after bending, to
provide more contact surface to the anode ring,
Clamping rings made of flashing copper wrap
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around the unode structure and hold the tabs
tightly to it. This is a point of low rf current, so a
large contact area is not vital,

The piate line was made flat originally, but
when the amplifier was tested it was found that
this did not allow sufficient room fo adjust the
ouiput coupling loop, 14, to the optimum
position. The half-inch offset shown in Fig. 2 {but
not in the photographs, as the change was made
after the pictures were taken) netted about i
H-percent impravement in efficieney. 1t may be of
interest here, that the eutire plate circuit was
silver-plated after the photography. Cateful checks
on performance indicated not the slightest differ-
ence, betfore and after plating, This ix not to
discourage the builder from doing a plating job, as
it may be desirable on a long-term basis. Silver
oxide is a good conductor; other oxides are not.
Any of the simple rub-on plating methods will do.3

The “stators”™ amd the tabs for the ancde
connection were silver-soldered to L3, 1f vou can’t
do this. ordinary soldering will he adequate, but it
might be well to use screws to hold the tabs onto
1.3, as a precautionary measure, The stator plates
have flat-head screws running through them and
.3, into the insulating supports for the latter.
These are l-inch ceramic pillars, The closed end of
the loop is supported an 2 | 1/2-inch pillar,

The holes for mounting these supports can be
made slightly oval. to position the assembly so fhat

3Methods of silver plating at_home are given in
Chapter 13, Radio Amatewr’s VHF Manual. Im-

mersion electroplating does the best job, but
rub-on methods are usable heve,
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Fig. 2 -~ Principal dimensions ot the brass parts of the amplifier piate circuit. The U-shaped inductor is
shown in both top and side views, with the stator plates of C4 in place. These plates {A) are shown
before bending, at the upper left. The smail brackets {B} make contact with the tube anades, Slight
curvature, to fit tube anode, can be imparted by tapping with a small hammer, against a 1 1/2-inch

pipe or rod, used as an anvil.

no strain on tubes or sockets is caused when the
anode rings are tightened. Note that the mounting
hole in the closed end of L3 is also ¢longated, The
screw that holds the line on its support has Teflon
washers above and below L3, to permit the line to
fove on its support, if expansion and contraction
with heating and cooling of the line should be
appreciable,

The rotor of C4 is in the form of a shallow box
tade of flashing copper. It is shown in flat form in
Fig. 3, along with other copper parts of the plate
circuit. ¥ts ends, 1 inch high, provide the variable
capacitance to the stator plates on L.3. After the
box is bent to the desired form, its adjoining
surfaces are soldered for additional strength and
rigidity. The edge away {rom the tube anodes is
supported on a fiberglass rod, with 4-44} screws, the
rod surface having been filed flat in this area
previously, Reducing couplers at each end of the
rod permit use of a 1/4-inch shaft bearing at the
rear, and a National Velvet Vernier dial mechanism
at the front. Do not use heat-sensitive rod such as
Lucite or Plexiglas. Nylon and some types of
Bakelite ate unstable in strong if fields, and are
also unsatisfactory, Teflon is probably good, but
the fiberglass rod is stronger and easy to work. It is
& 3/8 inches long, and may be {/2- or 3/8-inch
diameter.

Mechanical stops for the rotor are provided at
both ends of its normal travel. A 3/8-inch Teflon
rod 1 3/8 inches high, fastened to the chassis
between the neutralizing feed-through bushipgs,
stops the rotor in the horizontal position. The
rotor is prevented from “going through the roof”
by using a i-inch sefscrew in the vernier-drive hub,
and a longer-than-normal screw for the lower left
mounting screw for the drive assembly. These
tricks are visible in the close-up photograph.

In the final assembly, the rotor in its horizontal
position is approximately 1/4 inch above L3, and
the spacing at the ends of the totor is also 1/4 inch,
The tubes are fitted with Eimac §K626 chimneys.
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The under surface of L3 shouid just clear these. If
it does not, it should be raised by putting washers
on the screws that run into the l-inch pillars.

The cutput loop, L4, is supported under L3 by
two 1/2-inch ceramic insulators, Soine small pillars
have threaded holes that go the whole length. Be
sure fhat the mounting screws do not ground the
loop, or come close enough to allow arcing to
ground. Connection to the coaxial output jack, J 2,
is made with 4 short piece of RG-8/U coax, using a
shielding cone at the 12 end, The coax shield is
grounded to chassis with a copper strap at the 1.4
end also, to make the sf path to ground in-
dependent of the chassis bonding. The rotor of C5
is also grounded independently. A copper strap
connects the stator of 5 to the ¢nd of 1.4, After
the final form and size of L4 have been deter-
mined, the connection to the strap should be
soidered, so 4 not to leave rf bonding to the
mounting screw, These circuits carry high «f
currents, and permanent low-resistance con-
nections are important, The performance of many
anaplifiers falls off with aging, because factors like
this were overlooked.

The tube manufacturer states that there should
be an air flow of 4,6 cubic feet per minute,
minimum, through each tube anode. Much higher
blower capacity than this should be provided. The
blower used here has a wheel three inches in
diameter, turning at 3300 rpm. it is connected to
the rear of the chassis by way of a flexible hose 2
1/8 inch in diameter. Automotive defroster hose is
fine where one blower may be used for several
different amplifiers.

Adjustment

Heater voltage (at the sucket) should be 6.0
volts. This is adjusted by means of the stider on
RS. Set the sliding clips on L2 at the approximate
midpoint, Now apply 1 to 2 watts drive to the grid
circuit, adjusting the position of L1 and the tuning
of C1 and €2 for minimum reflected power,

QST for



Close-up view of the interior, show-
ing details of the tuning device, C4,
and connections to the tube anodes.
The clamping ring was removed from
the upper tube t0 show the ring and
the anode-contact tabs in clearer
detail, Note that the output leading
capacitor, €5, has its own grounding
bracket, so that it does not rely an
the panel for ground return,

indicated on an SWR bridge connected between
the exciter and J 1,

With enough drive so that grid current will be
measurable, meter each grid separately, and adjust
the balancing capacitor, C3, for as near to the same
value for each grid as possible. Readjust C2 for
each change. When the currents are approximately
equal, the neutralization should be adjusted. With a
S0-ohm load connected to J2, and with the screen
and plate circuits having some dc path fo ground,
such ay through power supply bleeders, couple a
sensitive #f indicator to L3. Still with no plate or
screen voltage applied, tune C2 and C4 for
maximum indication, then adjust the positions of
the .neutralizing tabs, C9 and C10, carefully for
minimum if feedthrough, Recheck the grid circuit
balance and tuning each time a tab setting is
changed.

The points of connection of the 150-ohm
resistors, R1 and R2, on the lines comprising L2
are not particularly critical, unless the exciter is
low on output, but they shouid be at the points of
lowest 1f voltage along the line, This is checked
readily by running a pencil lead along the line and
watching the grid current. The point at which there
is no change in the meter indication is where the
clip should be, Recheck all adjustments after
appreciable change in the connection points.

For initial testing with plate power applied, the
plate voltage should be on the order of 800 to
1080, and the screen supply should be no more
than 250 voits, preferably regulated, There will be
almost no difference in tuning or output, with the
cover on or off, so, with due regard to safety, leave
it off at first. Never, under any circumstances,
reach inside the plate compartment when the
power is on, Be sure that it is off, Using an
insulated screwdriver or other safe shorting device,
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short L3 to the chassis every time before making
anyv adjustment inside the compartment. Quite a
bit of reaching in will be necessary, but don’t let
temptation get the better of you. Play it safe,
Better a big bang with the screwdriver than a dead
or injured operator!

The approximate tuning range of the plate
circuit can be checked readily with a grid-dip
meter, with no powetr on the amplifier. It should
bhe considerably wider than the 2-meter band. Now,
with an output indicator and a good 50-ohm load
connected to J2, the amplifier is ready for power.
Apply plate and screen voltage, in that order.
Adjust the bias so that the plate current, with no
driving power applied, is around 150 mA, Apply
drive, and tune 4 and C5 for maximum power
output, With enough drive to show about 5 mA
grid curtent per tube, the plate eificiency should
approach 700 percent. The position of L4 with
respect to L3 has to be adjusted with some care o
do this well. The optimum position of the loop and
both tuning adjustments, will change with plate
voltage and drive level, so adjustment should be
made with the operating ¢conditions for which you
will want the highest efficiency and best amplifier
linearity.

Adjustment of the shape and position of L4 is
likely to be the most critical operation. For
high-efficiency Class-<C operaiion, we got best
results with the loop roughly elliptical in shape,
anid about 3/8 inch below L3, Efficiency seems to
he highest at plate voltages between 1200 and
1801, & condition we've found with other
amplifiers using these tubes, The manufacturer’s
typical operating conditions are your best guide in
setting up the amplifier for vour circumstances.
Bear in mind that these ate only fypical: so long as
you do not exceed the various maxima for grid,
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Fig. 3 - Flashing-copper parts uised in the 2-meter

amplifier, Broken lines indicate 30-degree bending

required. The surfaces of the C4 rotor are soldered together atter bending, for rigidity. The anode
clamps, upper right, wrap around the tube ¢aoling ring, and hold the brass tabs {Fig. 21 firmly in place.
L1 and L4 are shown in the approximate shape, after bending, at the right.

sereen and  plate dissipation, you can have an
interesting and profitable time ot it experimenting
with an amplifier of this kind,

Pepending on your interests, many variations
are possible, The writers, for example, iike at
aroplifier to work best en high-power cw, with ssb
supning a close <econd, and a-in linear 2 con-
servative third, With the amplifier set up for the
first two conditions, only a slight change in grid
drive is necded to go from one ta the uther, Fox
fop performarice it is desirable to switch screen
voltage, too, and this is done readily encugh if
sofnething like the previous method of providing
regulated 2350 and 250 for the screens is used,+
With Class ABL linear nperation (a-m or ssb) the
screen voftage should be 336), if the drive ix kept
low in going fo ew, the sreens cun be left at 380

48ee sectiom on controls and metering, He-
ference 2. A recommended addition is o hleeder
from screen to ground, If this is connected to
the positive side ©f the sereen meter to ground in
the circuit shown in this reference, the curreni it
draws will not he added {0 the wereen rurrent

indicated on the meter, Ahout 25,000 ohms, 16
watts, wrll do,

volts, but for increased drive and higher efficiency
the voltage should be dropped to 150, to avoid
excessive screen current,

in vhf work it is often desirable (o operate at
maderate power levels, und this amplitier will drop
down nicely. By varying the plate voltage between
300 and 2000, and the grid drive up or down as
yvou wish, a choice of output levels fram less than
50 watts to more than 700 is readily avatlable.
Linear operation is the critical mode, wf course.
For more on the fine points of linear adjustment,
see any edition of the Handbook or the Kadio
Amateur’s VHF Manual,

Our amplifier combines a few new ideas with
many old and well-proven ones. In addition to the
references footnoted in the text, the following
QST articles are worth reviewing, if vou are
embarking on a vhf amplifier project:

Macr, “Perseids Powehouse,” Qctober, 1459,
(Twao-band amplifier, 50 and 144 MHz.) “High-
Lificiency 2-Meter Kilowatt,” February, 1960,
illises 4CX 300As.) Breyfngle, *Top Efficiency at
144 Mc. with 4X2508s,” December, [961, [HEE

- Strays s

Dave Porter, K2BPP, 1s shown receiving from Lt.
Douglas Zaugot a plaque commemorating the
50,000th phone patch handled by Dave for men in
the Antarctic during the past 1% vears, From jeft
are Rich Hill, Dave, K2BPP, Lt. Zangot, and Rick
Hagen. As an additional expression of appreciation,
the men at “Qperation Deep Freeze™ will play host
to Dave for a one-wesk visit during December
{that’s summertime on the icel).



