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Abstract

B RIKEN, SPring-8 Center

A solid-state high voltage switch using a static-induction thyristor (SI-Thy) has been developed for klystron modulators,
instead of thyratrons. In order to satisfy the specification, such as conditions of an applied voltage of 50 kV, a pulse
current of 6 kA, 4.5 us, and the maximum pulse repetition of 120 pps, the switch employs the 192 SI-thyristors (8 parallel,
24 series) with gate trigger circuits and snubber circuits. We experimentally tested a prototype SI-Thy switch with the

rated voltage of 50 kV and current of 6 kA.
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Table 1: Requirements of the Switching Module for the
Klystron Modulator of SACLA

Blocking Voltage 50 kV at the minimum

Peak Current 6 kA at the minimum

Pulse Width 4.5 us(FWHM)

Pulse Repetition Freq. 120 pps at the maximum
Switching Time *1 500 ns at the maximum
Switching Jitter 3 ns at the maximum
Cooling Insulation oil

700 X260 X 800 mm
at the maximum

Installation capacity
(WXDXH)
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Table 2: Specifications of the SI-Thy Device

Operating Temperature [C] -40~+125
Blocking Voltage [kV] 32
Average Current [A] 50
ON-Resistance [ Q] 0.1
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Table 3: Comparison of the Solid-State Switches Between

the Osaka University Case and the SACLA Case

Parameters Osaka University =~ SACLA
L-band SW modulator

Blocking Voltage 25 kV 50 kV

Peak Current 6 kA 6 kA

Pulse Width 8 us 4.5 s

Repetition Freq. 10 pps 120 pps

Number of 60 192

thyristors 6 parallel 10 series 8 parallel 24 series

Cooling Forced air cooling  Insulation oil

circulation
Total height 540 mm 800 mm
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Figure 1: Internal structure and appearance of the 50kV SI-Thy sold-state switch.
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Figure 2: Block Diagram of the trigger and interlock circuit
for the individual SI-Thy switch.
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Figure 3: Appearance of the 50kV solid-state switch.
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Figure 4: Test circuit for the high-voltage SI-Thy switch.
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Figure 5: Waveforms of the anode voltage (purple) and the
pulse current(blue),at a load resistance(RL) value of 4 Q
and a charging voltage of 50 kV.

Table 4: Test Conditions Summary for the SI-Thy Switch
at Charging Voltage=50 kV, RL=4.0 Q

Parameters Requirement Results
Specifications of Test Run

Anode 50kV 51kV

Voltage

Peak Current 6 kA 5.0kA

Pulse Width 4.5 us 32us *1

Switching Time 500 ns 380 ns

* 1 : Due to the test PFN circuit
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Table 5: Test Conditions Summary of the SI-Thy Switch at
the Various Anode Voltages and RL=2.1 Q

Anode

Voltage [kV] 10 20 30 40 50

Peak

Cortent [kA] 12 23 36 48 61
Switching 870 560 470 460 410
Time [ns]

Von [V] 820 1100 1200 1500 2000
ON

Resisancepy 23 015 011 010 o1
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Figure 6: Waveforms at the various anode voltages and
RL=2.1Q.
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Figure 7: Waveforms of the pulse currents at the various
anode voltages and RL=2.1Q.
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