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DEVELOPMENT OF A HIGH-POWER SOLID-STATE SWITCH
FOR A KLYSTRON MODULATOR
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Abstract

We have developed a solid-state switch with static induction thyristors for the klystron modulator of the L-band
electron linac at the Institute of Scientific and Industrial Research, Osaka University. The switch with a rise time of 200
ns is retrofitted in the modulator and an operation test is successfully conducted in normal conditions of the modulator
at a peak voltage of 20 kV, a peak current of 4 kA, and a repetition rate of 10 Hz, which demonstrates that the switch
can be used as a high-power switch for the modulator. Variations of the klystron voltage are measured to be 0.015 %,
and those of the RF power and the phase are 0.05 % and 0.1°, respectively. These values are significantly smaller than
those obtained with a thyratron and hence stability of the main RF system is improved. The new switch is used to
accelerate an electron beam for a THz free-electron laser (FEL) and stability of FEL intensity becomes significantly
higher. The solid-state switch is used in normal operation of the linac with a few troubles in its control circuit due to
electric discharge in the klystron tank. Thus we have confirmed its long-term reliability.
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Table 1: Manufacturer's Specifications of SI-thyristor

3.2kV
50A

Blocking voltage

Maximum current (rms)

Table 2: Performance Test of SI-thyristor

Conditions
Charging voltage of PFN 2kV
Pulse current 1 kA
Results
Rise time (20-80 %) 200 ns
On-resistance 0.1Q
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Figure 1: Test waveforms of a SI-thyristor. The characters
A-K on the ordinates stand for anode-cathode.
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Figure 2: Solid-sate switch using SI-thyristors.
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Figure 3: Test circuit for the solid-state switch.
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Figure 4: Waveforms of the solid-state switch.
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Figure 5: Waveforms of klystron voltage measured
with thyratron and solid-state switch. The expansions of

the plateau show over-writing of 100 traces.
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Figure 6: Fractional variations of the klystron voltage and
the power and the phase of the output RF in the
macropulse measured with thyratron and solid-state
switch.

Table 3: Results of klystron test.

Thyratron Solid-state switch
Klystron voltage 0.030 % <0.015%
RF power 0.11 % <0.05 %
RF phase 0.2 deg. <0.1 deg.
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Figure 7: Time-resolved energy spectra and time spectra
of energy-sliced intensity with thyratron and solid-state
switch for 100 pluses. The thickness of the lines shows
intensity fluctuations and it is thinner for the solid-sate

switch, indicating the electron energy is more stable.
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Figure 8: Fluctuations of macropulse energy of FEL at a
100 pm wavelength using electron beams with thyratron
and solid-state switch.
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