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Abstract

A large number of high-voltage pulsed power supplies used in the accelerator system used discharge tubes such as
thyratrons, because of high-voltage more than several tens kV, large currents more than several kA, fast rise time less
than several tens ns. However, these discharge tubes had many shortcomings such as short lifetime, low repetition
frequency, necessity of auxiliary power supply, poor stability. The performance of the accelerator had remarkably
deteriorated by the discharge tube. In recent years, with the rapid development of semiconductor devices, the voltage and
current of devices have been rising year by year, and many high voltage pulse power supplies have become feasible in
semiconductors. However, there are still few commercially available semiconductor devices that can obtain sufficient
voltages and currents, and we have been developing high-speed turn-on static induction thyristor that can flow more than
5 kA and have a withstand voltage more than 8 kV. Since we have achieved certain results, we report this development
progress.
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Figure 1: A structure of a SI thyristor.
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Figure 3: Appearance of the 50 kV solid-state switch.

Figure 2: A picture and a symbol of a ST thyristoir. Table 1: Development Target of the SI Thyristor
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Figure 4: Four subthemes about the development of the SI thyristor.
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Figure 5: SI thyristor chip pattern on 5 inch wafer.
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Figure 6: SI thyristor second trial package.
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Figure 7: V-I curve of the SI thyrlstor A horlzontal axis
is an anode voltage (1 kV/div) and a vertical axis is an
anode current (2.5 mA/div).
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Figure 8: A pulse current of the SI thyristor. CH1(yellow)
shows an anode voltage(500 V/div) and the charging
voltage was 2.9 kV. CH2(green) shows a gate
signal(5 V/div). CH3(blue) shows a gate current(5 A/div)
and the peak gate current was 13 A. CH4(red) shows an
anode current(1 kA/div) and the peak current was 5 kA.
The time span is 5 ps/div(upper) and 1 ps/div(lower).
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Figure 9: A pulse ON resistance of the SI thyristor.
CH1(yellow) shows an anode voltage(500 V/div) and the
charging voltage was 2.1 kV, the peak ON voltage was
200 V. CH4(red) shows an anode current(1 kA/div) and
the peak current was 3.4 kA. The calculated ON resistance
was 59 mQ.
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Figure 10: A turn on time of the SI thyristor. CH1(yellow)
shows an anode voltage(500 V/div) and the charging
voltage was 2 kV. CH4(red) shows an anode
current(500 A/div) and the peak current was 1.6 kA. The
time span is 5 ps/div(upper) and 1 ps/div(lower). A turn
on time of the anode voltage from 90 % to 10 % was
300 ns.
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Figure 11: A circuit diagram of a pulsed power supply using a PFN circuit that implemented prototype SI thyristor. A

number of a stage of The PFN is 12. An impedance of the PFN i
load is 3.75 Q, but actually that is 4.5 Q. A pulse transition tim

s 3.75 Q. The figure shows that an impedance of a dummy
e is 5 s, so the output pulse width of the PFN is 10 ps. A

charging voltage of the PFN is 6 kV. A repletion rate is 500 Hz.
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Figure 12: Photograph of the pulsed power generator to
evaluate the SI thyristor module.
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Figure 13: An evaluation test result of the prototype SI
thyristor. M1(yellow) shows an anode voltage(1 kV/div)
and the charging voltage was 6 kV. M2(red) shows a load
current(200 A/div) and the peak current was 600 A.
M3(blue) shows a gate voltage(10 V/div).M4(greeen)
shows a gate current(10 A/div) The time span is
Ims/div(upper) and 5 ps/div(lower).
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