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Abstract port excitation through a rectangular{iggmode. By the

use of a 3-D finite elememtode,HFSS [3], thecoaxial

. o input coupler is designed arfiabricated. Cold-test shows
High power coherent radiation sources at 35GHz arg) of 188 and resonant frequency of 34.89GHz.
attractive forhigh gradient, compact particlaccelerators The output cavity, as shown in Figure 1, has a
and next generation high resolution milimeterave  sma)| radial step to control cavityexternal Qand is
radar/communications. A multi-cavity ~ gyroklystron fo|iowed by a non-linear uptaper section which guides the
amplifier is considered apromising candidatefor high  ampjified TEp1 mode to 1.5'diameter circulawaveguide
power millimeter wave generation. Experiments dwo- | o i S oae conversion. . The outputavity

cavity and three-cavity gyroklystron amplifiers are | : o . .
ength (2.73) is optimized formaximum efficiency and
underway to demonstrate 140kW, 35GHz coherent gain while ensuring that the cavity is not self-oscillating.

radiation amplification. Initial experiments show an ; '
- . The non-linear uptaper has a Dolph-Chevychev profile [4]
efficiency of 32%, abandwidth 0f0.4%, and a saturatedv\yvhich has a minimunmode conversion to other T

gain of 22dB which corresponds to peak power of 130k . .
Experimental resultsre moderately in agreemenmith ~ modes.  Calculatiorpredicts less  than -30dB mode
gonversion into a T2 mode.

large signal simulations. Calculations also show that

stagger tuned three cavity circiricreaseghe bandwidth A TEp1 output vacuunwindow is designedusing
to more than 0.7%. HFSS. An 1.5"diameter, half-wavelengtlthick BeO
window which is brazeddirectly into the conflatflange
1. TWO-CAVITY GYROKLYSTRON AMPLIFIER shows agood rf match better thar?5dB over 3.7%
bandwidth (34.3-35.6GHz). The measured data igoiod
1.1 Design and Experimenta| Arrangement agreement with the HFSS prediction. Theinput

. ] waveguide vacuum window is a pillbox window which is
35GHz gyroklystron amplifier experiments arehat used in CPI coupled cavity tubes.
currently underway to demonstrate peak radiation power of Lossy ceramicrings (80% BeO, 20%SiC) with
140kw and bandwidth > 0.5%. An experimental layout ijitferent radii are inserted ithe drift tube between the
depicted inFigure 1. A highpower electron beam is jnput cavity and the output cavity inorder to avoid
producedfrom magnetron-injection-gun (CPI) which is ggjjlations. CASCADE code [1] predicts high
optimally designedfor TEp1 cylindrical cavity mode  gttenuation (<-20dB) of T& mode in the drift tubdilled

coupling at fundamental beam cyclotron mode. Th@ith the lossy ceramic rings. In addition, a beam tunnel
gyrating electron beam is adiabaticallpompressed pepweenthe input cavityandelectrongun is filled with
through a high magnetidield of 13.2kG which is |ossy ceramics. Ceramic thickness varies alongoézen
powered by a l4coil superconductingmagnet. ~An nne| so that all the TEmodes crossing abeam
electron trajectory code, EGUN predicts an axial VelOCitY:yclotron line have amaximum attenuation. The
spread of 10% at 60kV, 6.72Anda=1.5. Acapacitive clearance between tigyrating beamandthe drift tube is
probe is placed directly before the input cavitynteasure designed aBOmils, which permits higraverage power
the beam velo<:|ty_rat|o. o . operation of the amplifier. Avater-coolecheam collector
_ The two-cavity gyroklystron amplifier islesigned (1 5" diameterand 15" long) is made ofcopper forgood
using large signal non-linesime-dependengyroklystron  peat conduction. With aareful magneticfield tapering,
codes [1] Cavity dimensions of inpandoutput cavities gp averagg@ower density of the electron beatissipated

Z?fﬁ:i grr]l(f:ty ;liba%elaemng;giglr eve?géli;géfgadf%:‘ T;;:mulr:nor on the collector is estimated less than 0.5kW@in10%
) duty operation.

the two-cavity circuit, the resonant frequency of imgut A high averagepower calorimeter isdesigned and

cavity is same as that of the output cavity. d@perating .
; ; ; . fabricated to reasurethe gyroklystron output power. In
cavity mode (TE11) is chosen which has low ohmic order tohave a good rinatch, teflon with a 2Gegree

powerdissipation at higraveragepoweroperation. Al cqne angle is chosen. Cold-test shows rf match better than
the tube components are relevant to 10% duty operation.,o4g over the entire operatinfyiequencyrange.  Two

. An input drive signal for beam modulation is gifterent power calibrationsare performed; DC heater
injectedthrough a coaxial coupler [2]. The TE®iode power and RF power driven by a conventional TAAH a

purity is more than 99% in theentral cavity. The igh power EIO. The power calculations obtainéwm
coaxial input coupler is also attractive because of a single
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the temperature difference between inlet and outlet beama is estimated to b&.5, which is consistent with

thermistorssubmerged iroctanolagreewithin + 5% for the value obtained from EGUN code simulation.

both calibration methods. MAGIC [5] is used to examine transient behavior of
A simple thincircular hole on thewaveguide isused the two-cavity gyroklystron. As shown in Figure 5,

to sample rf signal forfrequency measurement and when the phase of inputrive frequencyinstantaneously

monitoring rf pulse shapes. changes byrt, a 13nsedelay is observed ithe output
) cavity. Further investigation will b@erformed with
1.2 Experiment Results experiments.
Typical experimental beam parametars V=60kV,
I=6.72A, a=1.5, and B=13.2kG. Maximumpower is 2. THREE-CAVITY GYROKLYSTRON
obtainedwith -0.7% downtaper ofthe magnetidield in AMPLIFIER
the output cavity region. Figure 2 showslrave curve, In order to enhancegain and bandwidth, a stagger

efficiency as afunction of input drive power at tuned three-cavity gyroklystron is designed using the non-
34.942GHz. This result is compared with non-lineae  jinear codes andthe stability code. The best design
simulations for various beam axial velocities.  Theyarameters are 30% efficienc§5dB saturatedgain and
maximum efficiency is measured at 32%, (.79% bandwidth atAvz/vz;=15%, Q(1)=130, Q(2)=150,

corresponding to amplified radiation power d80kW. ;.4 Q(3)=175. The bandwidth increases nearl
s ) . =175. y tgctor
This is the highespower at 35GHz evereported in US4 5 comparedwith that of the two-cavity gyroklystron.

power tube amplifiers. . . Further increase ofgain and bandwidth is possible by
_ Instantaneousandwidth is measurednd compared ,qqingmore buncher cavities at thexpense of lower
with theory as shown in Figure 3. Although theak efficiency.

efficiency is lower than theredictedvalue, themeasured
bandwidth 0f0.4% agrees verywell with simulations. 3. ACKNOWLEDGMENTS
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various beamo and spreads. From this comparison,
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Figure 3. Large signal bandwidth Figure 5. MAGIC simulations on the transient behavior

of two-cavity gyroklystron. A phase shift byin the
input drive signal is switched on at 28nsec.
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