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Abstract

A new multi beam klystron has been developed for the CLIC project at CERN. Aiming to obtain efficiency of 71%
for 20-MW output at 999.516 MHz, the klystron was designed to have six beams, with its perveance per beam set on
0.42 pA/V>*2, The electron gun was a diode with six cathodes arranged in a concentric circle and the interaction circuit
consists of six TM010-mode coaxial cavities. A pill box window that tapered toward the output rectangular waveguide
at the atmosphere side was employed, reducing the maximum electric field strength in it to 1.6 kV/mm for 20-MW
output. Test was started this June and efficiency of 68.3% was obtained for 20-MW and 150-ps pulsed operation with
low repetition rate so far. Saturated output characteristics and transfer characteristics are also obtained with an RF pulse
width of 5 ps. RF discharge that occurred inside a dummy load prevented high duty operation.
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Figure 1: Picture and 3D drawing of the klystron.
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Table 2: Electron Gun Simulation

Parameters Unit Result
Beam ripple % 0.9
Cathode loading Alem? 1.75
Electric field strength (Wehnelt) kV/mm 64
Electric field strength (Ceramic) kV/mm 14
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Figure 2: Beam trajectories calculated by DGUN.
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Figure 3: A half model of input cavity structure.
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Table 3: Simulation Result of Interaction Circuit

Parameters Unit Target Result
RF frequency MHz 999.516 999.516
Peak RF power MW 20 21.5
Power efficiency % >75 76.1
Power gain dB >48 50.5
Peak beam voltage kv 166 166
Peak beam current A 170.4 170.4
Beam perveance HA/V32 2.52 2.52
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Figure 4: Simulation result of transfer characteristics
for beam voltage 166 kV and beam current 170.4 A.
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Figure 5: Simulation result; dependence of output
power and efficiency on beam voltage for drive power

of 192 W.
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Figure 6: Simulation results; beam profile, energy
profile and current profile by FCI code. Beam voltage is
166 kV, beam current 170.4 A and drive power 192 W.
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Figure 7: Electric field strength profile of the output
window.
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Figure 8: Skeleton diagram of the power supply.
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Figure 9: Picture of the pulse transformer, focusing
magnet and klystron E37503.
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Figure 10: Configuration of RF transmission system.
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Figure 11: Picture of the waveguide circuit.
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Figure 12: Test result of saturated output characteristics.
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Figure 13: Test result of transfer characteristics.

Table 4: Design and Performance Test Results

Parameters Unit Design Result
RF frequency MHz 999.516 999.516
Peak RF power MW 21.5 20.2
Power efficiency % 71(*%) 68.3
Power gain dB 50.5 535
Peak beam voltage kv 166 161.4
Peak beam current A 170.4 183.2
Beam perveance HA/V3? 2.52 2.82
(*) at 20 MW

RF pulse width
150 1) /v
Output power
/ (20.2 MW)

Drive power

/ (89.7W)

Beam voltage

/ (lslﬂj

L fepy—
Beam current

/ (183.2A)

]
0Ons 100.0us 200.0us 800.0us 400.0us

Figure 14: Waveforms of output power, drive power,
beam voltage and beam current.
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