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Abstract

At J-PARC, an ignitron is used for the crowbar device of the klystron power supply for high-frequency acceleration of
a linear accelerator. Ignitron uses mercury and is expected to be discontinued in the future. Therefore, we designed a
semiconductor crowbar 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 3 kV, 40 kA, 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 1/2 scale (60 kV, 40 kA) against the voltage of the existing
equipment (120 kV, 40 kA). The output test result will be reported. We also studied a test circuit to confirm the operating
performance in a higher voltage range.
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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.
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Figure 4: 20 stack test circuit.
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Figure 5: 20 stack test settings.
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Figure 6: Output current waveform (60 kV charge).
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Figure 7: Current sharing measurement point.

Table 1: Current Sharing Measurement Result

Contact post # # | #7146 | #5 | #a | 83 | #2 | #1 | #1-8subtonl Max | M
Comnect GND tothe | 13.7% @ 9.2% @ 8.2% | 7.7% 6.3% | 5.6% | 5.4% @ 7.4% 13.7% | 5.4%
bottom of #7(#10) GND f
Contact post # # | 410 | s | 42 | s3] s | s | w6 Max | Min
Connect GND tothe | 83% | 4.8% 4.1% | 3.5% | 3.6% | 3.0% @ 4.2%  4.8% 8.3% | 3.0%
bottom of #7(#10) (GND) |
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Figure 8: Current distribution of contact posts (#8~#1).
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Figure 12: Current distribution of contact posts (#8~#1).

14.0%
13.0%
12.0%
11.0%
10.0%
9.0%
8.0%
7.0% -‘
6.0%
5.0%
4.0%
3.0%
2.0%
1.0%
0.0%

Near GND Near GND
connection connection

1 !GND gositionchange | 1 t

#9 #11  #12 #13  #14 #16

#1 #2 #3 #4 #5 #6 #7 #8 —e—Connect GND to the bottom of #7(#10)

—e—Connect GND to the bottom of #2(#15)
Figure 10: Location of GND connection to clamp plate

when current is heavily biased on contact post #8. Figure 13: Current distribution of contact posts (#9~#16) .
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Table 2: Current Shunt Measurement Result after Connecting GND to the Bottom of #2 (#15)

Contact post # #8 #7 #6 #5 #4 #3 #2 #1 | #1-8 sub total Max | Mm
Comnect GND tothe | 8.0% | 5.5% - 5.5% : 6.5% ;| 6.9% | 8.0% | 8.8% 13.4% 13.4% : 5.5%
bottom of #2(#15) GND
Contact post # #9 #10 #11 #12 ¢ #13 #14 ¢« #15 #16 | #9-16 subtotal ; total Max Mm
Connect GND tothe | 6.5% | 4.1% @ 3.7% ¢ 3.3% @ 3.8% | 3.5% | 5.3% @ 7.4% 74% : 3.3%
bottom of #2(#15) (GND)

Table 3: Power Supply Overview
7742 AVABEER |hY - FERSEER = b B

TARAMREZVF AR BEE  RXA

JI7AAMAYTFRIZZY R
(#13)
REQT A f 2 &> K (#0)

DC-120kV DC-110kV 200A

DC-90kV DC-80kV 30A

3. HBEERERREORET
3.1 BEERBRREOME

B DA 7T A4 COREBR TIL, REELEDIK
KDB-60kV THY, TDOEEOR K 1EFRIT 16.3 kA
(Fig. 6 2R L7 > T D, HEAL T 2= (FEE
Va—/L 10 B ITTEKEDT 40 kKA OEIEMERZIT-
Tb\éiﬁ —60 KV FEEBICTEKRER 40 kA %HjﬁTé
T=OIIISE . ar T oY ORI ERFZAEIC
TR s, £245 % EMEELE-120 kV f@i‘i
HAERBRZITORRIL, BURD 2 f50EFEDOFEL (A C
‘Eﬁlﬁlﬁk%%@]f%é 5t (Min.20 mA LA B) B8 &
Bt Eoar 7oy LHlEHRiea T oIl Eo 72
A RN T DR (B HhEs) N LD,
BAEHIZIE, J-PARC V=T w7 IXHDHBER 7T A Ay
HABEER #1~12) TOFHAEZETELTRY, FH5E
TN EMERR ARG T D, BERRZ 7AANe R EE
TR #1~12) 121E, 794 A O T AN B2 D 7T A
Aba T ARNAZ RN, 7T A4 A e & EEIR
(#13) NFEESN TS, £/, RFQ TARAZURIC
RFQ HZ7A AR & EER (#0) DEXE SV TWD, T
D 2 DDTANAZ LR DEJRAN YT DEREITV, &
EDOFEN 5 EHH T (-120 kV/40 kKA) FERE1TH720

OB OMRFEIT T2, KT ARNAKX LR DT A AR
> @ BB O % Table 3 1237,

32 IIAARNa T ARARZ L RIZOWNT

BARDEIEEA LB —F AT i Eij(?é(nu X 30 kAp
L7125 TS, 40 kAp Zi T 72DITITEIE A —
REOFFE (T D) nﬁﬂ\%kr‘;éo SN A AR Y )
v —7EIE. 1 5249 10 kAp (150 ps) THY., 8 4L
o TN M—4/VETE 80 kAp L7320 2 f£IZED
BN 5D,

3.3 RFQ AT ARAHZURIZHOWNT

90 kV ETOFRMERBRD IEETHDHAY, HEa T
WD RS0 E 5 [ LEIINE A 2R 6O DB D 6
Do BURDEIE TIX, 2T o R 7D BER EN/IN
SNWZELEIEHIS 6 QEREW=0, H1ERD /S

BE EREE
BAEE SAEE BHEBR 78 /HEATHREAEE £

28.8uF DC-110kV.,/DC-120kV 3Q

10.8uF DC-120kV

B3 47F4Fr0>y /70—

IN—

B RS
6usAA

7703EHVNP - 5§
N

6Q  NL-35391 : 674 6usElA

I BRIEHTS.5kQ DC120 kV
I BRIEHTS. 5kQ B £

VAR —ZEN R EEE T ERSRWETEINS,
IHOLLBEEA L —F L ADPREN M E LD, AT
Y OY—ETELHER T DL ERHD,

3.4 HEERBEHEDOELD

T ARAZ R EGIIWTIE g 3D, 7T A AR %)
DEEL A CORBRAIEETH D, Tz, IEEELHY
BRI T PRI D EMENETED, Y —RE
T EERS A OB R A2 E 751+ AT s
EALTCND, ERER 40 kKA OBEEHEREZITOT20
WX, B A B —F L ADOFHIEN LT L0 D % | fEt
DI THD, FFZRFQ T ARAZ L RIZHOWTIE, Bl
YED B2V D3R > TERY  RELLIZ L iz AR
BT D et E <iﬁo’(b‘5&%’*ﬁéﬂ5f:&)\
T EE IR R T-HNEE 2RI+ 5L
DUETHD,

FED

3k V/40 kKA FEARE Vo — VA E S 20 Be RS I LT K
KT, -50 kV/14.4 kKA TOIHEFR 5B E O 0%
EheL., 77 7~ GND SCHDAL v F 2= h~D
B AR L, B BIRARANASDEIEEA L Z TR AD
WA EBTOVNENDLIEDM B AT, ZOMEA,
V% AL R [E B O N 51 EE 5 O A D O SR A 58
BAL . &SI ER A OB I m T Tk 7o 72,

F72, J-PARC V=T 7ZHb 2 DOTANARZLRT
DEHH T (<120 kV/40 kA) FRER D A REME A RN 24
ZEWNTET,

é?&ci\ jﬁﬁ”ﬁ?\*ﬁaa{}m@i‘/j 'ﬂﬁ%*ﬁﬂj‘b %uﬁﬁﬁwu
EITo TN, BT, REREY 22— VO I Bl 7~
BT 20 B 30 BrlZHEOL | TEHE 3/4 A —Lv D
90 kV FEIE ATV, X @& B EEI o H D EMED#E
REIT>TL, ﬂszk ZHE (<120 kV/40 kA) TOEIER
ED ui%ﬁ%ﬁ TARNAH R &V \f;nq:'fﬂﬂui%ﬁ%)??a%’ﬂif
HD,

e
B NTEW=, V=T 7 RF 7/ —7 DR
JOEIE I —vara{To TV W E =R L

4.

- 875 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi
PASJ2023 FRP17

F— NSRRI /D ALK RSB E2,
P

[1] http://j-parc.jp/c/index.html

[2] M. Kawamura et al., “J-PARC V=77 H7F7AAba &
P AT 5@ BLMK 20137, Proceedings of PASJ2013,
SAP061.

[3] M.Kawamuraetal., “UHF 774 A BIROKE I
27, Proceedings of the 18th Linear Accelerator Meeting in
Japan, Tsukuba, 21-23 July 1993, pp202-205.

[4] T. Takayanagi et al., “/ XU —38 K% [Nz v — N
NWAEIREAT T AR AIEAZA Y TF DBHFE”, Proceedings
of PASJ2019, THOHO2.

[5] A. Ono et al., “J-PARC IEEERAA7 A b AR E
WALy F LH* A —EIR OB %, Proceedings of
PASJ2019, WEPHO038.

[6] H. Mori et al., “A 7 F A M AR A v F DRRAFE”,
Proceedings of PASJ2019, WEPHO007.

[7] H.Kamezakietal., “A 7 F A ARG AA > T HH
FHARDOFAM, Proceedings of PASJ2020, WEPPP39.

[8] A. Ono et al., “J-PARC IEEERAA7 FA b AR E
IRAA > F DEIFE”, Proceedings of PASJ2020, THPP45.

[9] A. Ono et al., “J-PARC 77 A Abr sk il -8k
72— /N —Z2 A F OB F”, Proceedings of PASI2021,
THPO15.

[10]A. Ono et al., “KFEI17a— —[alfEFE R AA T,
Proceedings of PASJ2022, TUPO03S.

- 876 -



	1. はじめに
	2. 半導体クローバースイッチ
	2.1 基板モジュール概要
	2.2 試験概要
	2.3 直列20段積み試験
	2.3.1  充放電試験
	2.3.2  出力電流波形
	2.3.3  並列電流分担測定結果

	3. 超高圧試験設備の検討
	3.1 超高圧試験設備の概要
	3.2 クライストロン用テストスタンドについて
	3.3 RFQ用テストスタンドについて
	3.4 超高圧試験設備のまとめ

	4. まとめ

