A Cathode-Driven Tetrode for

6 Meters

Stability, power,

low cost: Is this
what you're looking
for in a 6-meter
do-it-yourself project?
If so, look

what's here!

By David Munyon,* W7DVB

amplifiers are numerous and have

been proven over the years. They in-
clude: simplicity of design, good third-
order IMD characteristics, inherent
stability (generally without the need for
neutralization) and noncritical tuning. The
only requirement is abundant driving
pawer. Usually, this is a small price to pay,
unless the driver you intend to use is one
of the many popular, low-power (10- to
25-W-output) VHF transceivers. Also, with
the tremendous increase in the use of
100%-duty-cycle modes such as RTTY and
SSTV, many of us would rather not operate
our exciters at half to full bore while driv-
ing an amplifier. If you’re willing to
sacrifice only one of the aforementioned
advantages — simplicity — the remaining
attributes of grounded-grid operation can
be made available at a considerable reduc-
tion in driving power.

—I— he advantages of grounded-grid

Enter the Tetrode

For many years, tetrodes (most often
connected as triodes) have been used in
grounded-grid circuits. But we have good
reasons to consider the tetrode as a
cathode-driven performer in its own right.
First, the drive requirements are reduced.
A 4-400A requires 40 W of drive power for
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full output when triode connected. Only
half that amount is needed to drive its
class-AB1 counterpart. The second reason
is cost. Tetrodes are still available as
hamfest and surplus items at a fraction of
their original cost. (Some of the newer
triodes cost more than the exciters that
drive them!)

But not all tetrodes can be triode con-
nected. All of the external anode family of
tubes, and a few others, have internal
geometry that allows the control grid
dissipation to be greatly exceeded if the
tube is operated as a triode. Therefore,
those tubes should be cathode driven only
as tetrodes. The usual way to do this is to
ground the control and screen grids to RF
with low-inductance bypass capacitors, and
then place operating voltages on them. The
cathode can be driven in a normal fashion,
and the tube operated in any class consis-
tent with linear service. Class-AB1 has the
lowest drive requirements and is the easiest
with which to work.

Tetrode Vs. Triode

I concede that the addition of a screen
element complicates the overall circuit,
especially if the screen-circuit provisions are
made properly. But, the circuit need be no
more complex than that of its grid-driven
equivalent. The cathode-driven tetrode re-
quires grid bias and a well-regulated screen
supply. Also, there is no correct way to
load a tetrode without a meter to monitor
the screen-grid current. This device is in-

valuable and should not be omitted for the
sake of economy.

No discussion of the screen-grid circuit
would be complete without some mention
of an overcurrent-protection circuit.
Several solutions have been offered in the
past (including the use of no protection cir-
cuit!), and each has its disadvantages. Sen-
sitive relays are expensive and their use can
have an adverse effect on screen-voltage
regulation. Current-limiting supplies do an
excellent job of protecting the tube, but do
not inform you when something is wrong.
Since screen current is extremely sensitive
to minor plate-voltage excursions and plate-
loading conditions, the builder has to be
absolutely certain that these are correct,
and that plate voltage is always present with
screen voltage, if the screen-protection cir-
cuit is to be eliminated. The protection cir-
cuit is well worth the small cost involved.
This amplifier incorporates an inexpensive
and simple circuit that contains none of the
disadvantages mentioned earlier.

A Cathode-Driven 4CX250B

I became aware of the cathode-driven
tetrode years ago while trying to get a
4-1000A to work on 50 MHz. The results
were so good that, when it came time to
build an amplifier for my new solid-state
transverter, I decided that building a grid-
driven amplifier would be a giant step
backward.

The 4CX250B is an excellent tube for
6-meter use. This tube has a high plate-
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Fig. 1 — Schematic diagram of the 6-meter amplifier RF section. Unless otherwise specified,

resistors are ¥2-W, 10%-tolerance types. Feedthrough capacitors have 500-V ratings; bypass

capacitors are disc-ceramic, 1-kV.

C1 — 470-pF, 2.5kV disc-ceramic (see text). end.

C2, C3 — 0.001-xF, 500-V silver mica. L2 — 6 turns no. 10 bare wire, 1-inch-dia,

C4 — Part of tube socket assembly (see text). 1V2 inches long.

C5 — 500-pF, 5-kV ceramic (Centralab
B58S-500 or equiv.).

C6 — See text (approx. 6 pF).

C7 — 140-pF air variable, receiving type.

C8 — 75-pF ceramic (Centralab 8505-75N or
equiv.).

L1 — 414 turns no. 14 bare wire, Y2-inch-dia,
114 inches long, tapped one turn from hot

wound on a Y2-inch-dia ferrite rod.
RFC2 — 1-5/8 inches no. 22 enameled wire

RFC3 — Ohmite Z50 (or equiv. 5-10 uH RF
choke).

V1 socket — Eimac SK-800 or SK-620.

V1 chimney — Eimac SK-606.

RFC1 — 15 turns no. 16 enameled wire close-

close-wound on a 3/B-inch-dia. Teflon® rod.
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Fig. 2 — Tube socket detail. See text.
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Fig. 3 — Screen overcurrent-protection circuit. Resistors are 14-W, 10%-tolerance types.
D11, D12 — 1-kV, 2.5-A silicon diodes. K2 — DPDT 12-V dc relay, 1-A contacts
D14 — 4-A, 200-V SCR (Jameco C106B1, (see text).

ECG 5455 or equiv.).
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dissipation rating for its small physical size,
has reasonable power-supply requirements,
and requires approximately 10 W of drive
in a cathode-driven, class-AB1 configura-
tion. (If much more drive is available, an
appropriate attenuator must precede the in-
put circuit.) The only differences between
this design and its grid-driven equivalent
are the filament/cathode and control-grid
circuits.

Filament/Cathode Circuit

In Fig. 1, notice that the cathode and one
of the filament connections are tied
together. Normally, the isolation created by
the physical separation of the two elements
is sufficient to ensure stability, and a fila-
ment choke would not be required. I felt
that this would not be the case on 50 MHz,
and a call to Eimac confirmed it. At Bill
Orr’s recommendation, I tied the cathode
and filament together, and fed the filament
through a choke. The cathode impedance
is approximately 120 ohms. In the interest
of best linearity and minimum drive re-
guirements, a tuned input circuit is used.
The tank coil is tapped to present an input
impedance of 50 ohms.

There are many sockets designed for use
with this family of tubes. I recommend that
you use one that incorporates a built-in
screen bypass capacitor (1100 or 2700 pF);
either one will do. A few of these types of
sockets are so constructed- that the four
cathode pins are grounded internally; do
not use one of these. An Eimac SK-600 or
SK-620 socket is recommended. The four
cathode pins (2, 4, 6, 8) and one of the fila-
ment pins (7) of the socket must be wired
together to form one low-inductance con-
nection. The easiest way to do this is to
carefully bend pins 1 and 3 parallel to the
chassis, and then strap together pins 2, 4,
6, 7 and 8. Make certain that this strap
forms a complete circle around the socket.
For strap material, I use some stretched and
flattened shield braid removed from RG-58
coaxial cable. All connections made to the
cathode, or the filament (pin 7), can be
made anywhere along this ring. See Fig. 2
for details.

Grid Circuit

The tube grid is accessed through the
socket center connector and is bypassed to
ground by C1. The capacitance of C1 is not
as important as its physical size. C1 should
be a high-voltage, disc-ceramic type (2 kV
or more), whose body nearly spans the
distance between the connection points.
This provides for an absolute minimum
lead length. Use a solder lug on the grid
pin, and solder the other capacitor lead
directly to the inside of the air duct on the
tube-socket bottom.

When my ‘amplifier was first tested,
I found that the plate current idled at
about 40 mA, and was completely indepen-
dent of grid voltage. This self-biasing
was traced to a parasitic in the grid circuit,
and was eliminated by the addition of a
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Fig. 4 — Power-supply section of the 6-meter amplifier. Unless otherwise specified, resistors are
1/2-W, 10%-tolerance types; feedthrough and bypass capacitors have 500-V ratings.

B1 — Squirrel-cage blower, 56 CFM
(minimum), 117-V ac motor.

D1-D10, incl. — 1-kV, 2.5-A silicon diodes.

D13 — 87-V, 5-W Zener diode.

K1 — 3PDT 12-V dc relay, 5-A contacts.

K3 — SPST 234-V ac relay, 3-A contacts
(see text).

series-connected resistor, R1. If you wish
to experiment, R1 should be a %-W,
carbon-composition resistor with a
resistance value that is the minimum re-
quired for complete stability. R1 should be
placed as shown in Fig. 2; I found that a
3.9-ohm resistor kept my amplifier uncon-
ditionally stable.

In the interest of stability, don’t use
chokes in place of R2 and R3 in the grid

T1 — 117-V primary; 6-V, 2.6-A secondary
(see text).

T2 — 117-V primary; 580-V c.t., 75-mA
secondary with 6.3- and 5-V filament
windings (see text).

T3 — 117-V primary; 12-V, 1-A secondary.

and screen circuits. M1, the grid-current
meter, can have a range of from 0-1 mA
to 0-20 mA or so, and is included only to
ensure that grid current is never drawn, and
the operation remains class-AB1.

Screen Circuit

Relay contacts K2B are part of the screen
overcurrent-protection circuit, the opera-
tion of which will be discussed later.

Because the 4CX250B draws negative
screen current on occasion, the screen-
current meter should ideally be of the zero-
center type. As these meters are expensive
and not readily found, a standard meter
can be pressed into service by using bleeder
string, R4, Notice that 15 mA of bleeder
current is drawn through the meter
whenever K2 is open (normal). This offsets
the actual zero reading of the meter to the
15-mA position and allows a negative cur-
rent of 15 mA to be metered. This is more
than adequate for the 4CX250B. If a zero-
center meter is used, R4 may be eliminated
unless the screen supply shunt regulator is
replaced by a series regulator. In that case,
the bleeder would be necessary to offset the
effects of secondary emission.

For the overcurrent-protection circuit
(Fig. 3), an SCR (DI14) seems to be a
natural. A very small gate voltage,
developed across R7 by the screen current,
turns on the SCR and causes K2 to close.
This removes screen voltage from the tube
and grounds the screen, preventing further
abuse. A second set of relay contacts (K2C)
is used to light a front-panel-mounted
LED. D14 continues to lock out the screen
voltage until the SCR is reset by removing
its anode voltage. This is done by momen-
tarily pushing the RESET switch, S3.

D11, C15 and the filament windings of
T2 provide dc power for a 12-V relay at K2.
A relay with a different voltage rating can
be used if this supply is modified
accordingly. The value for R7 was found
experimentally by substituting a variable,
low-voltage supply for the screen supply.
A 0-100 mA meter and load resistor were
placed in series with R7, and the voltage
slowly increased until the gate threshold
was reached and the SCR fired. The
threshold current was noted, and R7 varied
until the desired current would trigger the
SCR. With R7 equal to 9.1 ohms, the SCR
fired consistently at 45 mA.

Since 15 mA of the current drawn
through R7 will be bleeder current, this
allows a maximum of 30 mA for screen
current, which is well below the 12-W
screen dissipation rating for the tube. Note
that the entire overcurrent-protection cir-
cuit is hot with screen voltage, so proper
precautions must be taken during construc-
tion. I built the protection circuit on a PC
board, but it could have just as easily been
chassis-mounted using terminal strips.

Construction

The amplifier is built on 2 3 X 8 X
17-inch chassis; a 3 X 5 X 7-inch chassis
houses the output network components.'
A 10%- X 19-inch rack panel is used for
the amplifier front panel. The general
physical layout should be followed, as it is

'mm = in x 25.4; m® = ft? x 0.0283.
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Fig. 5 — The final-amplifier-compartment cover has been removed for this photo.

well dictated by the flow of the circuit. All
RF leads should be kept as short as possi-
ble, especially the bypass capacitor leads.
Keep the dc leads cabled and as far away
as possible from the RF leads. Most power-
supply components are mounied on a
fiberglass terminal board that is secured
against the side of the chassis.

K3, D9, C11 and RS (Fig. 4) constitute
a time-delay circuit for filament inrush-
current protection, and can be included if
you feel that this is important. As it stands,
the delay is approximately 1 second, which
is more than ample. The 234-V ac relay is
used on dc, and closes at about 70 V. The
charging rate of Cl1 is controlled by its
capacitance and the ohmic value of RS, and
can be varied by changing their values.

Ideally, the input and output relays
should be coaxial types; however, I used
a single open-frame, 3PDT type and en-
countered no problems. The center pole is
used for control (K1C), as that increases
the isolation between the input and output
circuits. In grid-driven amplifiers, I have
never been able to use an open-frame relay
for input and output switching. Because of
the lower gain of this cathode-driven

14 osT=

amplifier, I find no evidence of feedback
or instability. Don’t use plug-in type relays
in their original form for K1. Remove the
case, plug and connecting wires, and bolt
the relay directly to the chassis. Use coaxial-
cable braid to make the RF connections.

The power supplies (Fig. 4) are of stan-
dard design. They may be replaced by any
supplies yielding similar voltages, and need
not reside on the same chassis as the
amplifier. The high-voltage supply should
produce 2-kV dc under load. S1 turns on
all supplies, including the external high-
voltage supply. S2, the STANDBY/OPERATE
switch, supplies power to K1, which allows
the amplifier to be placed in operation;
otherwise, the amplifier is simply bypassed.

If a 6.3-V ac filament transformer is used
for T1, R6 will have to be included to drop
the filament voltage to 6 V. The ohmic
value of R6 will have to be determined ex-
perimentally. Use a resistor with the highest
wattage rating practical for good voltage
stability. With an accurate voltmeter,
measure the filament voltage af the tube
socket with the filament choke in place, as
there will be a slight voltage drop across the
choke. Nothing will cause a 4CX250B to

‘‘go south” quicker than high filament
voltage, and that means anything in excess
of 6 V.

The filament choke (RFC1) consists of
15 bifilar turns of no. 16 enameled wire
wound on half of an Amidon Y:-inch-
diameter ferrite rod. The rod can be cut to
a proper length by filing a small groove
around its circumference, and then break-
ing it clean. Cover the rod with heat-shrink
tubing or electrical tape before and after
winding the choke. This will keep the rod
and winding together, and make it self-
supporting by its four leads.

The meters 1 used all have 0-1 mA
movements and homemade shunts. The
original meter-face calibration marks were
carefully erased, and new ones applied
using dry-transfer labels. Most such labels
are ideal for panel marking, but are a bit
too large for meter-face use. Your local sta-
tionery store should have transfers with
smaller-sized numbers. During amplifier
operation, care should be taken to avoid
accidental contact with the plate-voltage
meter, as it has high voltage on it.

Most VHF amplifiers have a higher-
than-necessary Q in the output circuit
because of the use of high minimum-
capacitance air-variable capacitors. This is
acceptable providing the rest of the output
components are heavy-duty types and can
handle the higher circulating currents. (The
small vacuum variable I used is admittedly
first class, and it may not be used by many
other builders.) Rather than using an air-
variable capacitor, a homemade two-disc
system is a preferred choice. If you can find
a neutralizing capacitor with plates of
2-inch diameter or so, that would be ideal.
If you must use an air-variable capacitor,
use one with the least minimum
capacitance; remove all unnecessary plates
leaving just enough to do the job.

Tune-Up

Before the tube is placed in the socket,
close S1 and check that all of the operating
voltages are correct. Ground the bottom
end of the bias string at K1C, and check
that the BIAS potentiometer range will
supply —50to —60 V; then setitat —55 V.
J1 should be connected to the external-
circuit control jack of your exciter so that
it is grounded when your exciter is keyed.
Open S1 and make certain all voltages have
bled down, then install the tube. Close S1
and S2. After the tube warms up, with no
drive applied, key the exciter and adjust the
BIAS potentiometer so that the plate idling
current is exactly 100 mA.

While the tube is idling, rotate all the
tuning controls throughout their respective
ranges. If there are no sudden plate-current
increases, the amplifier is stable. With a
small amount of drive applied, tune the
GRID and PLATE controls for maximum
output. Once you are satisfied that both of
these controls will provide resonance, apply
full drive and retune the plate to resonance.




Fig. 6 — A bottom view of the 6-meter amplifier. The screen-protection circuit is mounted on the

PC board to the right of the tube socket.

Increase loading slowly, retuning the PLATE
control each time, until a screen current of
5 mA (the meter actually reads 20 mA) is
indicated. Observe how sensitive the screen
current is to the operation of the LOAD con-
trol, and that it is by far the best indicator
of plate resonance. If grid current is in-
dicated, you're overdriving the amplifier.

Adjust the drive level and the plate
TUNE and LOAD controls so that the plate-
current meter indicates 250 mA and the
screen-current meter indicates 5 mA at
resonance. Under these conditions, this
amplifier develops a power output of about
310 W. With modulation, voice peaks
should not exceed 150 mA on the plate-

current meter, and a small amount of
negative screen current is normal.

Summary

This amplifier has been in operation now
for over a year, and all reports of its opera-
tion have been complimentary. I hope that
this amplifier will be duplicated by many
who had previously resigned themselves to
grid-driven designs. Much of the material
presented here is general enough to en-
courage interest in the cathode-driven
tetrode as a viable alternative to the
grounded-grid triode. T will be glad to
answer all letters of inquiry regarding this
amplifier; please include an s.a.s.e.

Fig. 7 — Spectral photo of the 6-meter
amplifier without external filtering. Vertical
divisions are each 10 dB; horizontal divisions
are each 50 MHz. The fundamental (second
pip from the left) has been notched approxi-
mately 40 dB by means of notch cavities to
prevent analyzer overload. The seventh har-
monic is approximately 48 dB below peak
fundamental output.

Fig. 8 — The addition of a simple filter (see
Fig. 9) at the amplifier output provides for ex-
cellent harmonic attenuation, and its use is
recommended. All conditions are otherwise
the same as those of Fig. 7.
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Fig. 9 — This simple harmonic-suppression

filter, or one of similar characteristics, should

be used at the output of the amplifier. The

filter may be contained in a 2% x 2% x 5-in

(HWD) aluminum box.

C16-C19, incl. — 110 pF, 1-kV silver-mica
capacitors.

L3, L5 — 4 turns no. 14, 516-in-ID, ¥ in long.

L4 — 5 turns no. 14, 7/16-in-ID, 5/8 in long.

David Munyon, W7DVB, was first licensed in 1955,
He presently holds an Advanced ticket. Dave has a BS
in Mathematics and Physics from Arizona State
College, from which he graduated in 1963. He is a
Boeing 727 copilot for United Air Lines, and has been
a 6-meter enthusiast and VHF-equipment builder since
the late '50s.
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