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COMMON ANODE

Thomas W.
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Tests/Results
The goal of this development effort is to demon-
strate that a common anode configured amplifier can
produce accelerating voltages approaching 10 kv peak
with output impedances in the tens of ohms range with-
out stability problems. It is also intended tc delin-
ecate the difficulties implicit in these amplifiers and
protection circuitry requirements. We initially in-
tended to construct and operate a demonstration ampli-
fier capable of 10 k¥ peak RF voltages over a 0.7 MHz
to 1.5 MHz range, but have actually been operating
around 1.9 to 2.5 MHz, a more difficult endeavor. The
fellowing tests were performed with a ferrite loaded
accelerating cavity resonant in this rang
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One proposed test was to bring the amplifier out-
put up near 10 kV peak with the cavity resonant at
2 MHz and measure output impedance by resistively

swamping the accelerating gap (cathode follower output).

The available driver amplifier allowed us to reach only
about 3 kV peak, so resistive swamping tests were con-
ducted at this level.

With a 1 kf swamping resistor, loading was insig-
nificant. A 300 Q resistor produced 200 V change and
a 150 @ resistor produced 500 V change. Taking output
impedance as AE/AI, we obtained values of 20 § and 25 Q
respectively. Similar values were obtained for fre-
quencies up to 7 MHz with our driving source being the
limiting factor.

Another output impedance measurement was obtained
by installing a wire through the cavity beam pipe and
pulsing this wire to simulate beam loading. A pair of
4-1000 A tetrodes connected in parallel were operated
as constant current sources to pulse the wire. Output
impedance data was taken from 1.5 MHz to 10 MHz with
approximately sinusoidal wire currents. A Pearson
Model 1010 current measuring toroid was installed
around the output tube and actual tube current was
observed. This toroid agreed well with a Model 150
current transformer utilized for measuring wire cur-
rent. Peak to peak current levels of 100 mA and 5 A
were utilized for the bulk of the measurements but sev-
eral readings were taken at 7 A and one reading at
10 A. Tor the Intense Pulsed Neutron Source Acceler-
ator,“ a 5 A sinusoidal current would correspond to
approximately 3 x 1012 protons in a nonaccelerating
bucket at 500 MeV.

As a further test, the final amplifier bias was
increased so that wire current drove the stage into
cutoff. The amplifier remained stable but an antici-
pated increase in output impedance was observed.

Cathode Follower Problems

The main difficulty we have encountered with cath-
ode follower connected amplifiers is their large drive
power requirements. A look at the equivalent circuit
Fig. 3 will reveal that one must develop large voltages
across the grid to plate capacity of the final stage.
The plate capacity of the driver stage itself must also
be included further increasing required drive power.

As the operating frequency is increased, one finds that
as much power is required to drive a cathode follower
as is desired out of it. This difficulty makes cathode
follower use impractical except for the lower frequency
applications. It is possible to compensate the input
capacitance with an inductance, but some form of neu-
tralization would then be required adding complexity to
the circuitry. Even at rather low operating frequen-
cies (2 to 5 MHz) one must be willing to sacrifice
efficiency for low output impedance, a trade-off not
uncommon in broad banded accelerator RF systems.
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Amplifier stability is another topic for concern.
The tube distributed capacities can combine with stray
inductances to form a Colpitts oscillator configura-
tion. The grid-to-plate capacity also allows large
amounts of feedback energy setting the stage for a
tuned-grid-tuned-plate configured oscillator. If pre-
cautions are taken, however, these difficulties seenm
controllable. In particular, the addition of series
grid resistance and the careful elimination of resonant
circuitry at the follower input seem adequate to pro-
vide completely stable operation. No sign of insta-
bility has been encountered in the demonstration
amplifier which employs both of these precautions.

Future Efforts

The testing program is really just getting under-
way. There are several tests which we plan to conduct
in the near future. While we are presently limited to
about 30% of the demonstration amplifier's intended
output level, we expect to improve the driver and re-
peat the loading tests. We plan to replace the wire
driving amplifier with a considerably larger model and
repeat those tests for currents of 20 to 30 A. We
also plan to pulse the wire while simultaneously driv-
ing the cavity with the demonstration amplifier.

While a large amount of work remains, the prospect of
utilizing cathode follower connected amplifiers to
solve accelerator problems looks favorable and the
anticipated difficulties seem controllable.
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