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Abstract

At the University of Maryland we have ex-
amined an X-Band TEg; mode three-cavity
gyroklystron circuit that includes a tunable
buncher cavity. The system parameters are: 425
kV, 100-200 A, pulse length ~ 1 us, operating
frequency 9.85 GHz, and a beam alpha, v, /v,,
in the range 0.7 - 1.0. This circuit produced a
maximum power of 27 MW at 32% efficiency and
a gain of 36 dB. We will summarize the major
results of the three-cavity systems, including re-
cent output cavity configurations that were to
affect the post-cavity interaction.

Introduction

We are developing a three-cavity gyroklystron
to show the feasibility of this device as an RF
driver for future advanced linear accelerators.!
For these accelerators to achieve energies in the
TeV range, over a thousand phase locked drivers
will be required. For this reason, achieving
high gain will be important and may require
gyroklystrons with three or more cavities. Qur
early work focused on two-cavity gyroklystrons
which gave promising results.2~® In this paper
we will present the results of our three-cavity
studies.”®

A schematic diagram showing the major com-
ponents of the system appears in Fig. 1 and the
microwave circuit appears in Fig. 2. The mag-
netron injection gun (MIG) is designed to give
optimum beam quality at 500 kV for 160 A and
a velocity ratio a = v, /v = 1.5. Our modulator
produces pulses with 1 us flat-top and we typi-
cally operate at 1 Hz rep-rate. Eight d.c. water-
cooled pancake coils produces the axial magnetic
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guide-field. These coils are powered by four sep-
arate power supplies so that we can adjust the
magnetic compression of the beam and vary the
magnetic field taper across the circuit. This sys-
tem can operate up to 6.5 kG at the circuit.

The important features of the circuit, Fig. 2,
are the remotely tunable buncher cavity and the
lossy dielectrics. To tune the cavity we insert two
metal rods (OD = 5.1 mm) from opposite sides
of the cavity. The tip of the rods travels from the
outer wall of the cavity to within 5 mm of the
drift tube radius. Most of the 120 MHz of tun-
ability occurs when the probes are extended well
into the cavity. The lossy dielectrics are placed
on the outer wall of the cavities to suppress un-
wanted modes and in the drift regions to damp
unwanted oscillations and to provide isolation for
the cavities.

Input power for the gyroklystron is supplied
by a 100 kW pulsed magnetron capable of pro-
ducing 2 ps pulses. Forward and reverse power
are monitored. Coupling varied from 20% to 50%
depending on beam parameters.

Experimental Results

The three-cavity tubes had three distinct de-
partures from the two-cavity designs.>~® The
first departure, of course, was the introduction
of the tunable buncher cavity whose Q (~270)
was defined solely by an alumino-silicate ring on
the outer wall. The second change was to use ex-
clusively alumino-silicate in the drift tubes and
downtaper. The TE;; attenuation was always
superior to their non-porous counterparts, the
TEg; attenuation was adequate for cavity isola-
tion at 9.85 GHz, and no outgassing problems
were observed. The third difference was to use a
lossy dielectric on the radial wall of the input
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cavity to achieve a Q of 250 and to modify the
coupling slit.

All of the three cavity tubes had at least two
distinct operating regimes controlled by the mag-
netic field taper. Figure 3 shows the axial vari-
ation of the magnetic guide field for these two
regimes. The tapers which optimize each of
the operating regimes vary slightly from tube to
tube, so we give the range of tapers used. The
steep taper has a 30-32% decrease and a field of
0.458 T in the output cavity, and the weak taper
has a decrease of 17-22% and a field of 0.453-
0.490 T in the output cavity. The two regimes
were also affected differently by increased load
reflections.

The primary difference in the four tubes ex-
amined is the geometry of the output cavities.
Figure 4 shows the output cavity cross-section of
each of the tubes. Tube 1, with a diffractive out-
put cavity Q of 200, operated well at high input
power, producing 23 MW at 27% efficiency and
31 dB gain. At low input power, instabilities lim-
ited operation to lower a or lower beam power.
This prevented operation at high gain and high
power. We also observed that the tube produced
higher power when operated with the calorime-
ter (2% reflection) as opposed to the anechoic
chamber (< 0.1% reflection).

We suspected that the downtaper instabilities
observed in Tube 1 were suppressed with higher
input power and thus we significantly increased
the attenuation in the downtaper in Tube 2. We
also suspected that the enhanced operation with
a more reflective load indicated that a higher Q
in the output cavity was necessary. At our op-
timum beam power (425 kV and 205 A) Tube 1
was operating at 5% of start oscillation current
in the output cavity so we also increased the out-
put cavity Q from 200 to 350 in Tube 2. With
these changes Tube 2 achieved 50 dB saturated
gain at 20 MW, and 36 dB at the high power
point of 27 MW where the efficiency was 32%.
The tube was able to operate stably with input
power as low as 200 watts.

Ongoing numerical modeling of this device
which considers only cavity modes has shown ef-
ficiencies from 21% to 38% depending on how
the beam loading affects the cavity Qs and the
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value of the pitch angle. The theoretical results®
are not consistent with the beam « predicted
by the gun code.’® Concerned that some of the
interaction was occurring after the output cav-
ity we decided to increase the length of the out-
put cavity. The cavity could be lengthened while
keeping the same operating frequency, either by
reducing the radius, Tube 3, or by going to the
second axial harmonic, TEg12, Tube 4. We also
included a probe in the radial wall of the output
cavity in Tubes 3 and 4 to directly monitor the
cavity interaction.

For Tube 3, with an output cavity Q of 465,
the best power and gain occurred at the same
operating point and were 22 MW and 44 dB, re-
spectively. In the weak taper regime the uncali-
brated probe signal was directly proportional to
the measurement made in the anechoic chamber.
This suggests that the weak taper corresponds to
an interaction in the output cavity. The probe
indicated that for a strong taper the interaction
occurs outside the output cavity.

The output cavity in Tube 4, Q ~ 700, had the
same radius as both Tubes 1 and 2 and an output
cavity lip thickness the same as Tube 2. The cav-
ity length, which was almost twice that of Tubes
1 and 2, was intended for operation in the TEg;
mode. The long length of the cavity caused the
TEg1; and similar lower order modes with one
axial variation to have high Q, and hence low
start oscillation currents (< 10 A). To suppress
these modes, a thin ring of lossy dielectric was
placed on the axial mid-plane of the cavity. Cold
tests showed that this ring did not affect the Q
of the TEg12 mode while substantially reducing
the Q of all single axial variation modes. As in
Tube 3, Tube 4 also displayed two regimes of op-
eration as regards magnetic field taper. Tube 4
has a maximum output power of 22 MW.

In summary, at 425 kV, as expected from their
similar designs, Tubes 1 and 2 have similar oper-
ation characteristics. The increased Q in Tube 2
allows it to operate slightly better in the current
regime of 100-200 A. Tube 3 has similar perfor-
mance properties at high currents, ~ 200 A, but
has substantially reduced performance for cur-
rents 100-180 A. Below 100 A, where large al-
phas could be achieved, the tube free-oscillated
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at the operating frequency. Tube 4, which had
the longest output cavity, had significantly lower
efficiency than Tubes 1 and 2 throughout the en-
tire current regime of 100-200 A. This tube op-
erated better at lower voltages. The three cav-
ity circuit has achieved similar results in power
and efficiency as the two cavity circuit and has
produced substantially higher gain. Questions
still remain as to the lack of agreement between
our theoretical modeling and the experimental
results.
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Figure 1. Schematic diagram of gyroklystron.
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Figure 2. Diagram of microwave circuit.
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Figure 3. Axial variation of the guide field for
the steep and weak tapers used in Tubes 2 and
3. Solid line ——— steep taper (30%), broken
line — — — weak taper (17%) Tube 2, dotted line
weak taper (22%) Tube 3.
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Figure 4. Cross-sectional diagrams of the out-
put cavities of Tubes 1-4.
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