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Abstract

Many ignitrons are used in the clover device of the klystron power supply for RF acceleration in the J-PARC LINAC.
However, these ignitrons contain mercury, of which use is restricted worldwide, and their production is expected to be
discontinued in the future. Therefore, we designed a semiconductor clover switch for short-circuit protection of klystron
using MOS gate thyristors. We have manufactured an oval-type board module that realizes an operating output of 3 kV,
40 kA, and 50 ps per board. For the control power supply to each board module assuming a high voltage of 120 kV, we
adopted a self-power supply method that creates a control power supply with a high-voltage DCDC converter from the
voltage shared and charged by each board module. It was possible to confirm the operating performance on a 1/2 scale
(60 kV, 40 kA) against the voltage of the existing equipment (120 kV, 40 kA) by connecting twenty oval board modules
in series. The output test result will be reported.
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Figure 1: Circuit block diagram of main SW board.

Gate drive |
boad

Gate drive 1 Gate drive Gate drive lInsulating

board board

Gate drive

Gate drive
b

| HVDC/LVDC
|_converter

With the gale drive
bnard removed
(O]

Q Q Q Q

Gate drive || Gate drive || Gate drive
board

Gate drive G1le dnw Gate drive
b

V50V

20V,:5V.0V

Gate driver : ]ngul voltage 20V/-5V

20V,:5V.0. ii i i
[[DCDC converter : Input voltage 5V= Output voltage 20V/-5V I/

Figure 2: Power supply system block diagram.
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Figure 3: Appearance of serially stacked boards.
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Figure 4: Test circuit diagram.
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Table 1: DC Shared Voltage Measurement Result

Upper Middle Lower
(High voltage) (Medium voltage ) (Low voltage )
Board module Ratio to Ratio to Ratio to
No. Measured |charging Measured |charging Measured |charging
value voltage value voltage value voltage
(V) |(setting3kV) | (V) |(setting 3kV) | (V) (setting 3kV)
(%) (%) (%)
Board 1 -997.4 334| -977.5 32.8] -1007.0 33.8
Board 2 -1001.6 33.5]  -966.3 32.3]  -1023.5 34.2
Board 3 -998.3 334 -977.2 32.7[  -1009.1 33.8
Board 4 -997.7 33.5]  -981.8 329 -1001.3 33.6
Board 5 -998.9 33.4]  -983.4 32.8]  -1012.6 33.8
Board 6 -998.7 33.4]  -980.2 32.8] -1007.9 33.7
Board 7 -999.5 33.5]  -9789 32.8]  -1006.5 33.7
Board 8 -998.3 3350 -981.1 32.9| -1004.3 337
Board 9 -998.6 33.5]  -979.7 329 -1000.6 33.6
Board 10 -997.7 33.3] 9853 329 -1011.0 33.8
41.0% r
39.0%
37.0% ‘ Equal DC shared voltage line : 33.3% l
35.0%
33.0%
31.0% y
‘ Between red dotted lines : 33.3% £ 1%
29.0%
27.0%
25.0%
Board Board Board Board Board Board Board Board Board Board
1 2 3 4 5 6 7 8 9 10
—e—Lower(Low voltage ) Middle(Medium voltage) ~ —e=Upper(High voltage)

Figure 5: DC shared voltage measurement result.
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Figure 6: Current sharing measurement pomt

Table 2: Current Sharing Measurement Result
Contact post# |#8 #7 #6 #5 #4 #3 #2 #1

Board 1 8.2%| 1.7% 5.7%| 57%| 4.4% 56% 47% 4.2%
Board 2 9.3%| 6.5% 6.1%| 6.1%| 6.5% 6.5%| 5.6% 5.3%
Board 3 8.5%| 7.7% 6.5%| 6.5%| 4.3% 6.9%| 51% 5.5%
Board 4 11.2%| 5.4% 5.0%| 5.0%| 4.3% 7.0%| 6.3% 6.5%
Board 5 8.0%| 7.9% 6.0%| 6.0%| 7.2% 4.6%| 6.1% 4.8%
Board 6 9.1%| 81% 4.6% 4.6% 4.7% 5.0% 8.0% 4.3%
Board 7 8.8%| 7.1% 6.2% 6.2%| 3.9% 6.9% 5.6% 5.0%
Board 8 8.6%| 7.6% 6.1%| 6.1%| 55% 4.6%| 6.1% 5.8%
Board 9 9.2%| 7.2% 5.1%| 51%| 4.7% 4.6%| 6.5% 7.0%
Board 10 10.8%| 5.5% 6.0%| 6.0%| 5.4%| 5.3%| 5.6% 4.9%
Contact post# |#9 #10 #11 [#12 [#13 #14 |#15 #16

Board 1 7.3%| 6.4% 5.9%| 56%| 63% 6.7%| 6.4% 8.4%
Board 2 7.4%| 7.1% 6.0%| 6.1%| 4.0% 4.8%| 53% 7.9%
Board 3 9.3%| 4.1% 6.9% 7.0% 4.2% 4.8% 58% 7.4%
Board 4 4.7%| 82% 1.2%| 4.3%| 5.8% 6.4% 7.1% 5.5%
Board 5 7.9%| 7.5% 5.7%| 6.0%| 3.7% 7.0%| 5.0% 7.6%
Board 6 8.8%| 4.3% 6.6%| 6.4%| 6.6% 3.8%| 8.0% 7.1%
Board 7 8.2%| 7.8% 5.1%| 53%| 5.4% 5.1%| 6.1% 7.5%
Board 8 7.5%| 7.5% 7.3% 4.3% 5.4% 5.0% 52% 7.5%
Board 9 8.1%| 6.6% 7.4%| 4.7%| 4.3% 6.7%| 6.2% 6.5%
Board 10 6.2%| 8.9% 7.2%| 4.7%| 58% 4.7%| 83% 4.8%
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Figure 7: Current distribution of contact posts (#8~#1).
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Figure 8: Current distribution of contact posts (#9~#16) .
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Figure 11: Output current waveform (30 kV charge).
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Figure 12: Measurement result of voltage sharing of each
board (-30 kV charge).
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Figure 13: 20 stack test circuit.

Figure 14: 20 stack test séttings.
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Figure 15: Voltage sharing measurement of 20-tier
board module (60 kV charge).
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Figure 16: Output current waveform (60 kV charge).
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