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Abstract

The kicker system used for injection and extraction of accelerated beams requires a pulsed power supply with high
speed and high repetition rate of short pulses acting only on a specified bunch of beams. We have developed a
semiconductor switch power supply with a rated output of 40 kV/2 kA using SiC-MOSFETs, one of the next-generation
power semiconductors. Then, we reconfigured this semiconductor switch power supply into two units with 20 kV/2 kA
output and conducted energization tests using an actual kicker electromagnet. It was also demonstrated with magnetic
field waveforms that the flat-top correction function of this power supply can suppress ringing in the waveform by less
than half. This achievement enables the reduction of the kick angle difference caused by ringing, which is a factor in
beam loss. In the presentation, specifications, test equipment, and evaluation results of the developed SiC semiconductor

switch power supply will be reported.

1. [FZC®HIZ
IRL7ZE— LD AFLCED I UIZ, @D/ L A

b CE — DHEZ R 3 5% v I — AT A1, 2]
BNTWD, T —I AT A, FEELIZE — L0
YT OIINERT 25 OV AD @M E | S L E)
TEMEICEN TV AEREDBLETHD, Japan Proton
Accelerator Research Complex (J-PARC)[3] Tk, AR
PR — MR D—>Tdh% SiC-MOSFET %ﬁﬁb\“( A
AT b Ay F B D DY AT F T /L7 P E KA
Ay FEBIROBFICEVFA TVD, 2022 2T, T
HDOEED 40 kV, B 2 kKA OHERKAL T E
TR = BRI L | B A2 o EAS B R R A
ATV, BURAARZ G R T 22 A s LT [4].

AAFFEBHFE TlX, ZONBER AL, v FEIR L= |
B 20kV, B 2kA ZH 1952 HOER=T=vNZ
FHAFE 2, FEREAH Y ORI PR & L CHEAMT DO ERE
BTG L BRI A =7 Z o by 7 8% S5 1%
FRAEL T, TR OB, $1FF&<ELTT%H§L“C
% J-PARC @ Rapid-Cycling Synchrotron(RCS)[3]H
X —EAEFER LT, 72720, Sy h—ERA T
5 LRI O R G 1T 5729, /\VIB%F%%Z
AL, D, BEZRECEBAITOLERHD, 2
T, AWFFEEFE O H B CTh D18 5 H O REY I1 T % e 78
T DI BENA T BIERETEL AT DN
Z KRB THEGHER Y —7 2 H T
BREE TR T, ZORBRIEE 2L L. G LR
P T D [RIRFHI E 2 T REIZ LT,

BRI LT YR A A T BRI, IR AR T 5
B FEAR E, 7Ty by T OB (R L—7°) 234
(AT DA IE RS HR D 2 R CRERR SN TVVD,

# tomohiro.takayanagi@j-parc.jp

X 1 — BRI DRE I & AR IC R L, 35 A3 A
WREAIERI B IO S XA 7 L R BB HE L
THZENCEY, BRI ATV X 7205 DU
IZHNHRI CED LA FZREL T, ZORRIZED, V¥ T
ICHE AL CTAELEE — A0S FH5E OB 4 255K
THZENTED, BRI SIC B A AL v FEIFE DO
Bk, RBREEE, L ON FHmAS ROV THE TS,

2. SiICHERRAYFEIR

Foh—EBHRMEL T, R EED SIC-
MOSFET % B st BB c il & L, 3538 L 8 & 0 1K
(LTD)[S, 6]F RAEFLAA O T-EY 2 — L [Rl K H i %
BAFELTZ[4, 7-11], B X% Fig. 1 \ORT, KED2—
IVHRR I, 7OV ATl O FE T & 1 5l 95 =5 B K
We. 7TV TEICAE DR N — T 2 A 5
7~ DA R EER O 2 FEE TR SN,

(%% 3) Equivalent to PFN
Charging capacitor *3 —

e | Rl i Y D VISR
Charging s H : :
Fso ] :
1 [
. 1 'Q: : g : Pulse :
Trigger :_ D | | |Output]
1
R i i
H 1 1
1
L l_<,1'_. H
Tri H 1 1
rgger v O—k v 1 __ H :. :

M

Reflected wave absorption circuit %2

(%1)Equivalent to Thyratron (%2) Equivalent to End clipper

Figure 1: Circuit block diagram of the LTD.
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Figure 2: Configuration for RCS Kicker System.
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Figure 3: Picture of test stand.
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Figure 4: Magnetic field measurement device and vacuum

vessel made of PVC.
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Figure 5: Measurement results of the output current of the
power supply and the magnetic field waveform of kicker
electromagnet.
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Figure 6: Magnetic field waveform of kicker
electromagnet.
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Figure 7: Magnetic field waveforms of two kicker magnets
and ringing suppression method.
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Figure 8: Beam position on the 3NBT line of two beam
bunches extraction from the RCS.
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Figure 9: Ringing reduction result with correction board.
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Figure 10: Ringing reduction results when the main board
and correction board are used together.

4.4 WM ERE

WG e DV X 7 Wil & s e H RS0 RER]
(ERALEE 250 ns DL P& NS W 57280 BG4
T DEIIETE G RAA v TF EBIRO K EEILKT)
DOREZ TN U7z, 3Bk X, E 1IN O 5B BT
(X BRSO ODelay &@Rise time O 2 54T
1T-o7,

HERE R4 Fig. 11 & Fig. 12)&bICZENEIVURT,
ZOfERIL, REEELELT DL, Delay 134<, Rise
time X< DZ LA TR TS, AE R AA T EIR
DEBROEH T, EIT 30 kV 75 35 kV OFFHANT
FEHTAZENESILTCND, D72, VX 7D
W ESTH RV OBGEIT 2 ICHIfF TE D, A1k,
WG DY 228 7 Wil D B i A b Al 3 2.

VX 7O — AIE ~OEE RIL, Ty —E
RO IIFAI T DT H - RUTZ ROIRIRS D F 03 1155
T&D, D=, VX 7 WH OFHERBREITL T,
R ZA T EIRAHTIN T D2 ERY TN 5 ns
PUF (EAEAE 1 ns) ICT 2HIEEIEE AL Td, A
WIERF DO RIL, KFEEDTay—TF 47 A (FH
{2 I (PPJ) :FRP16 [LTD HIEY v Z—RIH 7L A%
HZROMI]) 255,

250
= 200 [
=,
_*Tj 150 |
ey
2
g 100}
&
S50t \
\
" g 300V (4.8kV) N\

1.5

(8]

2.5 3 35
Time[us]

Figure 11: Relationship between charging voltage values
of the main circuit board and magnetic field waveforms.
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Figure 14: Bypass circuit and plate.
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Figure 15: Evaluation results of the bypass circuit.
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