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Abstract

The Ignitron is used in the clover device of the klystron power supply for RF acceleration in the J-PARC LINAC.
However, this ignitron uses mercury, the use of which is restricted worldwide, and its production is expected to be
discontinued in the future. Therefore, we designed a semiconductor clover switch for short-circuit protection of klystron
using a MOS gate thyristor. We have manufactured an oval-type board module that realizes an operating output of 3kV,
40kA, and 50us 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 1/4 scale
(30 kV, 40 kA) against the voltage of the existing equipment (120 kV, 40 kA) by connecting ten 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.
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Figure 2: Power supply system block diagram.
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Figure 3: Appearance of serially stacked boards.

23 HREDa— L BB

2.3.1 s

2020 FFERIED 6 MOFEREY 2—/1(2020_#1~
#6) L. 2019 FEFERUED 4 B (2019 _#1~#4) 22T,
BRI ATV WERE S BUARR E O B A T o7, R
[F]E LRRBRFFO W EE T A Fig. 4 (I, RIEH=
YT UYICHEL, EREY 22— VDAL FEMETHK
BRFOH ) EIRARE LIz, #RICONWTIX, 232 H
£ 233 HTHHTD,

1kQ.250W Waveform adjustment wiring

DC power Test capacitor(4.7mF/400Vdc,8 series X 2 circuit parallel)
suppl:
f:n’teZt
0~3000Vde 5
Measure voltage with
Ir* EE T3 IOSE CT T3 Tt CRay 71| differential probe
! vl N N N i i }'\‘L Upper (High voltage)
: FEAFEFXEXX ng}* | Middle(Medium voltage )
| |
- b L e oL Lower ltage )
1 0 9% % S 9 ZS}‘T‘ ower (Lowvolaee
I AN G Gbad b Gb b b S
| {1 T Current monitor
| [500 00 00 00 00 00 00 { J | v for output current
i YYVYYYIYY ?% i measurement
NEZZZZZZZ1 ]
| |
| YVYVVVVVYV VY ?% |
| |
el e St G0 T 2 St G5 Sk

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 )

Bl okl Ratio to Ratio to Ratio to

No. Measured |charging Measured |charging Measured |charging

value voltage value voltage value voltage
(V) |(setting 3kV) | (V)  |(setting 3kV) | (V) |(setting 3kV)
(%) (%) (%)

2020 Board #1 -1061.0 35.1 -949.2 31.4] -1016.9 33.5
2020 Board #2 | -1029.3 34.0[ -1037.3 34.4 -990.8 329
2020 Board #3 -1036.5 34.2 -996.7 33.0 -990.4 32.7
2020 Board #4 -946.2 31.2[ -1043.3 34.5| -1033.6 34.0
2020 Board #5 | -1031.3 33.5  -999.5 33.00  -994.3 32.8
2020 Board #6 | -1040.0 34.8 -993.4 33.0 -987.7 32.8
2019 Board #1 -993 33.2 -996 334 -1034 34.6
2019 Board #2 -991 33.1 -1000 33.5 -1036 34.6
2019 Board #3 -991 33.1 -1000 33.4 -1035 34.6
2019 Board #4 -1002 33.4 -1006 33.6 -1046 34.9
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Yellow (#1~16) are contact posts. :
Current sharing measurement point.
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Figure 5: Current sharing measurement point.

Table 2: Current Sharing Measurement Result

Contact post# |#8 #7 #6 #5 #4 #3 #2 #1

2020 Board #1 7.7%| 7.5% 5.0%| 6.2%| 6.0% 5.5%| 6.1% 6.2%
2020 Board #2 7.9%| 6.1% 6.2%| 5.7%| 6.3% 4.5%| 7.5% 6.9%
2020 Board #3 8.0% 6.4% 6.1% 6.2% 6.7% 42% 74% 6.5%
2020 Board #4 7.9%| 59% 6.1%| 5.3%| 6.1% 5.1%| 6.9% 6.9%
2020 Board #5 7.1%| 59% 6.1%| 6.1%| 5.8% 5.9%| 6.7% 7.4%
2020 Board #6 7.9%| 6.3% 6.2%| 5.8%| 6.6% 4.4%| 6.9% 6.7%
2019 Board #1 8.1%| 6.3% 6.3%| 5.4%| 6.5% 6.1%| 6.6% 7.9%
2019 Board #2 8.0%| 6.8% 5.0%| 6.1%| 6.2% 6.5%| 6.3% 6.8%
2019 Board #3 8.1%| 6.3% 7.0%| 6.3%| 6.0% 6.3%| 6.6% 7.5%
2019 Board #4 8.5%| 6.6% 6.6%| 5.1%| 7.3% 5.4%| 6.4% 7.1%

Contact post# |#9 #10 #11 #12 #13 #14 #15 #16

2020 Board #1 8.4%| 58% b5.1%| 5.2%| 6.1% 6.1%| 6.6% 6.9%
2020 Board #2 7.6%| 5.7% 5.5%| 5.5%| 6.2% 6.1%| 6.1% 7.3%
2020 Board #3 6.9%| 6.2% 5.5%| 5.4%| 5.7% 6.4%| 6.3% 7.4%
2020 Board #4 7.0%| 56% 5.7% 57% 55% 54% 6.7% T7.4%
2020 Board #5 7.5%| 58% 5.7%| 6.3%| 53% 6.0%| 6.2% 7.4%
2020 Board #6 6.8%| 59% 4.7%| 6.6%| 5.3% 6.4% 6.2% 7.5%
2019 Board #1 8.3%| 6.3% 6.3%| 5.5%| 53% 5.9%| 6.5% 8.8%
2019 Board #2 7.3%| 6.3% 5.6%| 5.8%| 5.7% 6.1%| 6.3% 7.9%
2019 Board #3 8.3%| 6.1% 5.7%| 5.7%| 5.7% 5.7%| 7.6% 6.7%
2019 Board #4 1.7%| 6.2% 6.5%| 7.1%| 4.4% 7.2%| 6.9% 8.0%
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Figure 6: Current distribution of contact posts (#8~#1).
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Figure 7: Current distribution of contact posts (#9~#16) .
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Figure 8: 10 stack test circuit.
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Figure 9: 10 stack test settings.
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Figure 10: Output current waveform (30 kV charge).
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Figure 11: Measurement result of voltage sharing of each
board (18 kV charge).
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