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An Overmoded Coaxial Buncher Cavity
for a 100-MW Gyroklystron

M. Castle, J. Anderson, W. Lawso8enior Member, IEEEand G. P. Saraphviember, IEEE

Abstract—An overmoded abrupt transition coaxial buncher DL LN, 352 om IR
cavity has been designed and experimentally cold tested for BRI | ‘ % S
use in a second-harmonic 17.136-GHz three-cavity 100-MW gy- s—- |-

roklystron. Circuit efficiencies of 41% can be achieved with a ‘
buncher cavity that has a quality factor of 389 in the TE.; Ceralioy
mode. Scattering matrix and finite-element codes were used to
design and model the cavity theoretically and to determine that
the cavity would be stable to oscillation. The experimental cold Redi
. . . . . . egions

testing confirmed these results and refined the final dimensions ; "~ ceape.
from the theoretical models. ‘
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crowave amplifier. Fig. 1. Schematic of the buncher cavity.

| INTRODUCTION from the two-cavity system [7]. Th@ required for this circuit

IGH-POWER vacuum microwave amplifiers, which mayerformance is given from this code to be 389 for the)LE
drive future linear colliders, are currently being builinode. Stability analysis shows only one potential unstable
and tested [1]-[4]. The gyroklystron is a leading candidataode for the operational beam power, the,JiEmode. The
for frequencies abovéd-band [5]. At the University of Mary- amplifier will be stable to oscillation in this mode if the
land, the feasibility of gyroklystrons for collider applicationsTEy;; @ is less than 55.
has been under study for more than ten years [6]. We are
now involved with the experimental testing of a 100-MW
8.568-GHz fundamental interaction overmoded gyroklystron.
The next experiment will feature a coaxial gyroklystron with A schematic of the buncher cavity is shown in Fig. 1.
second-harmonic interaction at a frequency of 17.136 GHgtraight metallic regions are found on either side of the
That experiment is designed to provide at least 100 MW étincher’'s main cavity section on both conductors. These
power for 1us in the Tk, mode. straight section radii are the same as the drift tube radii of the

To achieve the requisite power, gain, and efficiency levetgramic pieces they border. The giEand Tk cavity modes
at the second harmonic, the proposed system will featuee cut off at the first and second harmonics, respectively, in
a three-cavity circuit, consisting of an input cavity, whicfihese straight sections. Without ceramics in the drift tube, the
impresses the input signal on the beam, a buncher cavijdality factor is extremely high, loss coming only from ohmic
which is the subject of this letter, and an output cavity, whefe€ating in the metal. The presence of these drift tube dielectrics
power is transferred to microwaves. All of the cavities in thenarkedly reduces thig figure by providing diffractive power
second-harmonic gyroklystron are overmoded coaxial cavitidé@ss from the cavity. This mechanism is controlled by the
The buncher cavity’s function is to continue and enhance tiength s of these straight cutoff sections which isolate the
azimuthal bunching process begun by the input cavity.  cavity from the drift tube.

The buncher cavity is defined by abrupt nearly symmetric There are two kinds of ceramics used in the gyroklystron
radial transitions in the inner and outer conductor wall. THeircuit. The first kind is a nonporous composite of 80% BeO
symmetry of these transitions maintains a low conversi@nd 20% SiC. The second kind is a slightly porous in-house
figure to the Tk, mode of about—40 dB despite these produced carbon-impregnated aluminum silicate (CIAS) [8].
abrupt changes. Theoretical large-signal code modeling H3gcause of the diffusive nature of our production process,
indicated that the addition of the buncher cavity into theonuniformities in the dielectric constant are present and have
second-harmonic circuit will increase the efficiency by almogn effect on the sensitiv€ measurements.

10% and gain by 24 dB to 41% and 49 dB, respectively, The first theoretical tool used to design the buncher cavity
was the program CASCADE [9]. This is a scattering matrix

Manuscript received April 29, 1998. This work was supported by the U.g0de that accepts coaxial geometries. This code does not model
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Fig. 2. Plot of ) versus straight section length.

the cavity as discussed above. Sections | and V were specifiegherimental setup were also computed with the half-power
as regions of increased radii to simulate the diffractiye bandwidth formula.
effects of the dielectric drift tube. In our model, these radii To couple signals in or out of the cavity, apertures were
were the same as the main section. The preliminary desigrlled in the radial outer wall of the cavity, 5.1 mm in diameter
using CASCADE implied the length of the cavity would for the X-band tests, and 2.87 mm in diameter for the:-
be 1.748 cm and the straight section lengtivould be 0.584 band tests. Rectangular waveguide soldered to special flanges
cm. The cavity resonated in the §& mode at 17.136 GHz was bolted directly to the outside of the cavity. Special pockets
and had & value of 389 for these dimensions. TheJE were made on this outer face to minimize reflection and keep
mode was indicated as having a resonant frequency of 91B@ aperture 1 mm long. This setup was minimally intrusive
GHz and a@ of 17.56. to the cavity performance. Mode identification was performed
The second theoretical tool used in the modeling effortssing a Slater technique [10] probing in the radial component.
was the HFSS software package (High Frequency Structure
Simulator). This uses a finite-element algorithm to solve for IV. RESULTS
the electromagnetic fields and can analyze dielectric materials
The run times were significantly longer for this program, ev
though symmetry was utilized to minimize computer time. Thy
(2 values were obtained in the HFSS program by examining t
scattering parameter versus frequency output and computi
() using the half power bandwidth formul@ = (f./Af),
where f,. is the resonant frequency amlf is the full width
half maximum of power bandwidth. The straight section leng ; ) ) .
was shown to be = 0.575 cm from the HFSS results for the onideal dllelectnc ?ﬁeCtS are one potgntlal cause.
appropriate). The resonant frequency for the J mode for The straight section length was varied and the datacfor

[, — 1.748 cm was about 17.126 GHz for these values. whiclaS taken, as shown in Fig. 2. The empirical results are in
. ' ' very good agreement with the HFSS results. Thg.TErode
was close to the CASCADE results. The ¢fE mode was iﬁ?s a0 of 389 at a value ofs — 0.524 cm. Again, this

fsc:gic(imatl eiéfhsw?hnté(f;eju;;cy of 9.434 GHz at this Stralgnumber differs from the .HFSS. results, most likely dqe to
the same effect of the dielectrics. The giE mode at this
length was indeterminate experimentally; the bandwidths of
the low @ modes around 9.3 GHz washed out any distinctive
Experimental cold-testing of the buncher cavity was pepulse shapes after the straight section length was less than
formed to ensure that inaccuracies in the modeling were take® cm. However, the available data shows good agreement
into account and corrected. A small mock-up of the buncheiith the HFSS results. The CASCADE results are substantially
cavity was manufactured and placed inside of a chamberdifferent, owing to the simple nature of the model used, which
hold and align the pieces together. TBemeasurements in the uses large waveguide sections to model dielectrics, missing the

Experimentally, onlyL ands were kept as free dimensions.

e main section length found to yield a resonant frequency
the TERy; mode of 17.136 GHz was 1.691 cm. The
11 resonant frequency at this length was 9.345 GHz.

e experimental cavity length is smaller than the theoretical

predictions, but a systematic error can be inferred because of
e similarity in the reduction in frequency for both modes.

Ill. EXPERIMENTAL SETUP
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