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Abstract

The C-band (5712-MHz) 50-MW klystron developed in Canon Electron Tubes & Devices Co., Ltd. is used in the C-
band accelerator of SACLA, the X-ray free electron laser facility of RIKEN. We have enhanced the efficiency of the
klystron by improving the design of the output cavity. The output cavity of the klystron decelerates the bunched electrons
and extracts the microwave energy. In the new design, the diameters of the drift tubes connected to the output cavity were
reduced to suppress the leakage of the electric field into the drift tubes. The electrons can be further decelerated at the
output cavity, which increases the microwave energy to be obtained. The output cavity of the C-band 50-MW klystron is
the 3-cell traveling-wave cavity operated in the w/2 mode. The resonant frequency of each cell and the coupling
coefficients between the cells were optimized. As a result of the simulation by FCI code which is used for the RF circuit
design of klystrons, the efficiency was improved by 7%. The klystron with the new design was manufactured and tested
in March 2020. The efficiency of 50.2% was obtained at the output power of 50 MW, which is 7% better than the current
design. At the maximum beam voltage of 370 kV, the output power of 62.5 MW was obtained. The design and test results
are detailed in this paper.
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Table 1: Design Target and Simulation Results of “ oa N
Conventional (conv.) Design and New Design
0.2
Parameter COI.IV' Target Ngw s 08 * 09 !
design design Normalized longitudinal position
Frequency [MHz] 5712 - 5712
Beam voltage [kV] 350 <350 332 Figure 3: Normalized beam power flow around the
Begm current [A] 317 - 293 conventional (dashed line) and new (solid line) output
Drive power [W] 225 - 225 cavities. The longitudinal position was normalized by the
Output power [MW] 53.0 >53.0 53.2 length of the FCI simulation area.
Efficiency [%] 478 | >528 | 548
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Figure 1: Comparison of axisymmetric output cavities used
in FCI simulations between the conventional design
(dashed line) and new design (solid line).

Figure 4: Efficiencies and output power of klystrons with
the conventional and new design in FCI simulations as
functions of the beam voltages.
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Table 2: Test results of Klystrons with the Conventional
and New Design

Parameter COI.IV' New design
design

Frequency [MHz] 5712 5712 | 5712

RF pulse width [ps] 2.5 2.5 2.5
Pulse repetition rate [pps] 60 60 60
Beam voltage [kV] 364 339 370
Beam current [A] 321 295 339
Drive power [W] 349 253 253
Output power [MW] 50.2 50.2 62.5
Efficiency [%] 43.0 50.2 | 49.8

Beam current Output power Beam current  Output power

+ +
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Beam voltage

(a) 50.2 MW operation

Drive power Beam voltage Drive power

(b) 62.5 MW operation

Figure 5: Waveforms of the klystron with the new design
at different saturated output power.
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Figure 6: Comparison of saturated output power and
efficiencies of klystrons between the conventional and new
design at different beam voltages.
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