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Abstract

High voltage semiconductor switches in klystron modulators for industrial electron beam sterilization are under
development. Conventionally, hydrogen thyratrons have been widely used for the high voltage switches, but they have
many disadvantages as switches for industrial applications, particularly, short lifetime, inability to operate on higher
repetition rate than several kHz, need of supplementary power supply. In the past, we had developed high voltage switches
using various types of semiconductor switching element, but this time we have chosen MOS gate thyristor. MOS gate
thyristors have an extremely large capability against short time overcurrent, as compared with ordinary types of power
semiconductor such as IGBT, so that it is possible to realize a high voltage, large current switch in small volume.
Thyristors, that conduct with saturated current carriers, generally have a low di/dt tolerance, but the MOS gate thyristors,
with electrostatic firing mechanism, have extremely high di/dt capability, and the improved trade-off on high withstand
voltage and very short turn-on time. In this development, we have manufactured a PFN modulator with MOS gate
thyristors connected in series to construct a high voltage switch. We report the result of the preliminary tests.
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Table 2: Comparison of Ratings of Semiconductor
Elements

Technology  SI Thyristor  SI Thyristor MOS gated
(under (exsisting) Thyristor
develop-
ment)
Type - KSI50SA40T1 MMIX1H60N
150V1
Withstanding 8,000V 3,200V 1,500V
voltage
Peak Current 5,000Ap 5,000Ap 11,800Ap
Turn-on time 400ns 400ns 100ns
Number
of series 1 3 6
elements*1

*1: to compose switch of 6kV voltage rating.
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Flgure 1:
withstanding voltage configuration.

Typical waveform with the switch of high

Ch1 (yellow) Charging voltage 10k V/div.
Ch2 (green) MOSTHY current 400A/div.
Ch3 (blue) Diode current 400A/div.
Ch4 (red) Trigger voltage 5V/div.
F2 (light green) Output current 400A/div.
sweep 5 1 s/div.

Figure 2: Typical waveform with the switch of high
withstanding voltage configuration (wavefront). Traces are
same as those shown in Figure 1.

sweep 1 u s/div.
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Figure 3: Close-up view of the MOSTHY printed circuit
board (MOSTHY’s with heatsink).
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Figure 4: Typical waveform of the high current
configuration.

Chl (yellow) MOSTHY current 2kA/div.
Ch3 (blue) Output current 2KkA /div.
Ch4 (green) Output voltage 1kV/div.

sweep 10 u s/div.
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Figure 5: Schematic of the high current configuration.
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Figure 6: Typical waveform of the PFN disc arge

Chl (yellow) Output voltage 1kV/div.

Ch4 (green) Output current 200A /div.

Ch2 (red) MOSTHY voltage 0.5kV/div.

(anode-cathode
of 1 element)
sweep 5 u s/div.
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