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Abstract

An X-band klystron (TOSHIBA E37113) has been developed for the CLIC project of CERN. The klystron E37113 is
designed to be able to generate 6 MW of peak power with frequency of 11.9942 GHz. The first klystron uses a
traveling-wave structure in the output circuit, which aims to efficiently extract the rf-power from the electron beam with
reduced electric field, and a traveling wave type pill box output window, which aims to reduce electric field and thermal
stress in the ceramics. The first klystron has been manufactured and test will be started in August, 2014. This paper
describes the design details and measured data in the first klystron manufacturing.
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Table 1: Specification and Design Target

Parameters Unit  Specification Design target
RF Frequency GHz 11.9942 11.9942
Peak RF power MW >6 6
Power Efficiency % >40 >45
Power Gain dB - >43
RF pulse length us >5 5
Pulse repetition rate pps 400 400
RF average power kW >12 12
Peak beam voltage kv - <175
Peak beam current A - <115
Output cavity type - - 3 cell
Number of window - - one
Waveguide size - - WR-90
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BT
f P, ~ const. 3)
Py Klystron peak output power
P..: Klystron average output power
T RF pulse duration
perv:  Beam perveance
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Table 2: Scaled Output Power from E37113 Parameter

Parameters Unit C-band  S-band
RF Frequency GHz 5.712 2.856
RF pulse length us 3 4.5
Scaled power
for window by (1) MW 37 114
for output cavity by (2) MW 58 298
for window by (3) kW 25 50
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Table 3: Design Parameters

Parameters Unit Target  Simulation
RF Frequency GHz - 11.9942
Peak RF power MW >6 6.4
Efficiency % >45 47.5
Gain dB >43 47.6
Beam perveance HA/V32 - 1.55
Peak beam voltage kV <175 150
Peak beam current A <115 90
Cathode loading Alem? 6@90 A
Max. Electric field
Electron gun kV/mm <25 18.4@175kV
Output structure kV/mm <50 49@6.4 MW
On window kV/mm <5.7 4.3@6 MW
ceramic
Equivalent stress at MPa <13 10@12 kW

window ceramics

Figure 1: 3-cell type output structure.

Figure 2: Electric field of 3rd cell at n/2 mode resonance.
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Figure 3: Electric field strength of the output structure. Figure 5: Transfer characteristics (Beam voltage: 150 kV).
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Figure 6: Saturated output (Drive power: 110 W).
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Figure 7: Frequency band width (Beam voltage: 150 kV,

b. RF current and Power flow Drive power: 110 W).

Figure 4: Beam simulation results by FCI code (Beam A ZEH
voltage: 150 kV/ Beam current: 90A, Drive power: HAWE U 7= RF X WR-90 D& E NS M &5,
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Figure 8: Electric field strength of the output window.
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Figure 9: Frequency band width of output window.
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Figure 10: Klystron E37113 and focusing magnet.

Figure 11: Picture of the first klystron.
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Figure 12: Transmission characteristics of output structure
(solid-measured data, dashed- by simulation).
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Figure 13: Reflection coefficient of output window (solid-
measured data, dashed- by simulation).
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