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Abstract

A 704-MHz long-pulse klystron aimed to obtain efficiency of 60% or more for three different output powers, 0.325,
0.6 and 1.5 MW was designed and tested, which is an RF amplifier for the Medium Beta section of the linac of the ESS
project. Two methods, increasing beam current density by reducing beam diameter and raising an external Q factor of the
output cavity by installing irises to the output waveguide were employed to keep efficiency optimized for the higher
output power at the operation of the lower output power. Efficiency of 60% was achieved for all the three output powers
under maximum duty condition with an RF pulse width of 3.5 ms and a repetition rate of 14 Hz. Test results are good

agreement with those expected from the simulation.
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Table 1: Design Target

Operation mode 1.5 MW 600 kW 325 kW
Output power >1.5 MW >600 kW >325 kW
Beam 0.6 HA/V32 0.6 pA/VP2 0.6 pA/V?
perveance

Efficiency 65% 60% 60%
Gain >43 dB >40 dB >40 dB
Beam voltage 110 kV 75.0 kV 60.0 kV
Beam dia/drift 62% 68% 72%
tube dia

Ext Q factor 1.00 1.28 1.54
Load condition With iris 1 With iris 2
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Figure 1: Simulation results for alternating current
component amplified by cavities of klystron.
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Figure 2: Dependence of beam loss on output cavity on
beam diameter. Black filled marker indicates there are
back-going electrons.

68
o o o
* ¢ o
o .
67 o e L4 .
&
\5‘ 66 1
5 o
g
Hoes © O Ra
O Rb
¢ (Ra<Rb)
64
Qe] QeZ QE3

Qe
Figure 3: Dependence of efficiency on beam diameter.
Black filled marker indicates there are back-going
electrons.
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X 1: Optimum point for 1.5 MW

®2: 600 kW operation under the same condition above 1

4 3: 600 kW opcration with bcam diamctcr and Q factor optimized
W4: 325 kW operation under the same condition above 3

+5: 325 kW operation with beam diameter and Q factor optimized

Figure 4: Saturation characteristics.
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Figure 5: Drawing of the klystron set.
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Figure 7: Dependence of efficiency on drive power.
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Figure 8: Comparison between simulation and
experimental results; dependence of efficiency at

saturation on beam voltage.

Table 2: Experimental Results for Efficiency of Mass-

produced Klystrons
No. 1.5 MW 600 kW 325 kW
1 66.4% 64.5% -
2 67.4% 65.6% 60.8%
3 65.2% 65.2% 56.2%
4 65.8% 62.4% 60.4%
5 65.7% 65.5% 60.8%
6 64.8% 65.0% 60.0%
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