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Abstract

We are developing a SIC-MOSFET-based pulsed power supply to introduce a camshaft bunch kicker system in the KEK-PF
2.5 GeV storage ring. The kicker system is required to generate half-sine pulses with a peak current of 500 A and a pulse width
of 200 ns at a high repetition rate of 800 kHz with a supplied voltage of 12.5 kV. In a previous prototype development, we
achieved stable operation at 400 kHz with a supplied voltage of 2.3 kV, but both the frequency and voltage were limited due to
insufficient capacity for heat dissipation and voltage tolerance. To overcome these limitations toward the target specifications, a
new prototype was developed with improved voltage tolerance and thermal capacity ratings of power supply components, such
as compact high-voltage charging resistors and diode banks mounted on water-cooled heatsinks. In this paper, we report on
the design and evaluation of the new prototype, which operated at supplied voltages up to 12 kV and repetition rates exceeding
400 kHz. We also report the results of a long-term durability test performed over three months.
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Table 1: Requirements of the Pulsed Power Supply

Contents Requirements
Waveform-shape Half-sine
Peak Current 500 A (<% 0.1%)
Repetition Rate 800 kHz
Pulse Width 200 ns
Timing Jitter 100 ps
Voltage 12.5kV

HEMTERBED A RNER— 212, BRETH % 800 kHz
@ﬁ%ﬁbi&b%ﬂf’ﬁ%%ﬁ@“&< HEt R o 72,

%EH L 7= A?E%i REL2DDNN—= M5
X b, L7 EEB (DC section) T, &/ DC &
DC section Pulse generation section
r . T . 1
Energy
Charging Blocking ~ Trecovery
resistor  coil plath
_D_IYY\ o

750Q 1mH Charing/ or
discharging
— XHV bc : 2 pacitor Load
-T- | — (CCiPM)
\ L=1 pH

I\

NexFi SiC-MOSFET
Switching module

Figure 1: Schematic of the circuit of a prototype pulsed power
supply.
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Figure 2: Prototype pulsed power supply for the high repeti-
tion rate tests.

Figure 3: The left (a) and rlght (b) figures show the thermal
distribution of the diode bank of the energy regenerative path
and dummy load, respectively [6].
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Figure 4: Left: Design of a water-cooled diode bank struc-
ture. Six series-connected SiC-SBDs are mounted on a ce-
ramic plate, and sandwiched from both sides by thin water-
cooled heat sinks. Right: Photo of the water-cooled diode
bank during the development.
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Figure 5: (a) Previous charging resistor module with air-
cooled heat sink [6]. (b) Newly developed charging resistor
module using thick-film resistors mounted on a ceramic plate
with water-cooled heat sinks.
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Figure 6: Output waveform measured at 12 kV and 1 kHz
operation with a peak current of 410 A and a pulse width of
200 ns.
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Figure 7: Output waveform measured at 1.2 kV and 600 kHz
operation with a peak current of 50 A and a pulse width of
200 ns.
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Figure 8: Relationship between output peak current and rep-
etition rate. Red and black dots represent the results obtained
with the newly developed pulsed power supply and the previ-
ous version [6], respectively.
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resent the results obtained with the newly developed pulsed

power supply and the previous version [6], respectively.
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Figure 10: Thermal image of SBD module during 600 kHz
operation.
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Figure 11: Long-term variation of the peak output current dur-
ing the 100 kHz, 2.3 kV operation over two months.

2025 4 6 HIZIZFEARTH D CCIPM 2 H#EHk L&
5 fot 3 R A BR & S U 7z, Figure 12 12, CCiPM %
Pafst U2 IRBE CF M U - S E iR OB T2 R T,
CCiPM I3 EZEE| &35 Z & T, FEBEIEWSMA2H
HWUERZIT 72, ZORBRTIX, &/ 1 X2k 3 HE

ABEIRADOREEEZR L, £TIEE— 27 BRI S0A
124 2 T 100 kHz T O AR B % 17 - 7z, ABREARM 1
HI3EMTH D AL v F o ZEEIL 1300 EH., HH%
TE T IARIFRIZ 0.23% & ZEIZEIME L Fil), fpE R
HEEZ TR SN o7z, ZOFENLS, RVA
F LI EEMERR IS WTH ¥ — 2 BIRMEIZKN D,
RZe 2 ch o, EEMIZAIT ZEWEE
MEET DI EREIMFINT,

SBIIRER L 72 B8] & U 7= FEA M & EE 2 HN
L. KER 500A - &% DKL 800 kHz DFRER% D T
WL EIEITH 5,

Pulse gen. section
in the shield box
‘ Y

with CCiPM.

6. F&Bb

AIHZETIE. KEK-PFDO ALY ¥ 7 "NV F VAT A
BAIZMIF, SiC-MOSFET Z W= &k 0 K L 7SV A
BIRDFSE & WREAMM %217 > 72, TERAIERETHET
Hol-MEBES LUK L., BERKI % Kbt —
MU ZIZEEL /N SN EDOFRBEST ANV TP,
KBARD/NE SBD XA A4 — RNV 2 Z2FEREL, ERD
ka2, MR TIE. 12 kV EIAIIZ 410 A -
200ns DIV A EERK L. 2OV AT 3 )E OB RAE I
BEREEL 72, @0 RUEIETIE, 1.2kV - S0A &
T 600 kHz SFBIOZEH 2R L7 — A, Bk
FIZAES -7 ERETHBH SN, ZOHEICK
LT, REREROREILP TN —HERDK
FIZLD, 800kHz BIEDZEAEN S FETH D, K
HA(SHEPE A © 1%, BHRERTH & OSEA M T T 100 kHz
e G 3 P HBMG L., ¥ — 27 BREEEIX 1% R
i, BEH AL v F o EEUL 5500 EENZE L, W
NORBIZBVWTHEEIIREET., SVWLEENTR
XN, MEED, AV ABEFIIEET - KBWR - &
MOBUDOKREMIR L, TNETHHEHEIEWIEREZ
EHUTWRERIZH B, SRR ERDREL%E
D, 12.5kV - 500 A + 800 kHz D EF& L% % [ 5 12
=3OV ABEFROFEERZ HIET,

R

AW 92 1% IST A-STEP Grant Number JPMJTR201A,
Japan DX EEZIT72H DT,

934 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

S Xk

(1]

(2]

(3]

(4]

C. Sun et al., “Pseudo-Single-Bunch with Adjustable Fre-
quency: A New Operation Mode for Synchrotron Light
Sources”, Phys. Rev. Lett., vol. 109, p. 264801, 2012.

C. Sun et al., “Characterization of pseudosingle bunch kick-
and-cancel operational mode”, Phys. Rev. Spec. Top. Accel.
Beams, vol. 18, p. 120702, 2015.

S. Shinohara et al., “Development of a Prototype Pulsed
Power Supply using SiC-MOSFETs for a Fast Kicker Sys-
tem in KEK-PF”, in Proc. IPAC 23, Venice, Italy, May 2023,
pp. 4366—4368.
doi:10.18429/JACoW-IPAC2023-THPA168

S. Shinohara et al., “Development of a Fast Pulsed Power
Supply Using SiC-MOSFETs for KEK-PF”, Proceedings of
the 19th Annual Meeting of Particle Accelerator Society of
Japan, 2022, p. 1010.

S. Shinohara et al., “Long-Term Test of a Prototype Pulsed
Power Supply Using SiC-MOSFETs for a Fast Kicker Sys-
tem in KEK-PF”, Proceedings of the 20th Annual Meeting
of Particle Accelerator Society of Japan, 2023, p. 863.

S. Shinohara et al, “High Repetition Tests of a Proto-
type Pulsed Power Supply Using SiC-MOSFETs for a Fast

(7]
(8]
(9]

[10]

[11]

[12]

-935 -

PASJ2025 FRP069

Kicker System in KEK-PF”, Proceedings of the 21st An-
nual Meeting of Particle Accelerator Society of Japan, 2024,
p. 390.

Analog Devices Inc., https://wuw.analog. com

Nexfi Technology Inc., https://www.nexfi-tech.com
T. Nakamura et al.,“Application of SiC power devices to
ultra-high voltage equipment”, in: 2022 I[EEE CPMT Sym-
posium Japan (ICSJ), 2022, pp. 146—-149.
doi:10.1109/ICSJ55786.2022.10034706

T. Okuda et al., “A 5-kV pulse generator with a 100-kV/us
slew rate based on series-connected 1700-V SiC MOS-
FETs for electrical insulation tests”, Rev. Sci. Instrum., vol.
92 (11), p. 114705, 2021. doi:10.1063/5.0058083

C. Mitsuda et al., “Development of the Ceramic Chamber In-
tegrated Pulsed Magnet Fitting for a Narrow Gap”, in Proc.
IPAC’15, Richmond, VA, USA, May 2015, pp. 2879-2882.
doi:10.18429/JACoW-IPAC2015-WEPMA049

Y. Lu et al., “New development of Ceramics Chamber with
integrated Pulsed Magnet for pulsed multipole injection at
KEK-PF”, Proceedings of the 18th Annual Meeting of Par-
ticle Accelerator Society of Japan, 2021, p. 39.



