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Abstract

At J-PARC, a program is in progress to replace existing thyratron-based switching power supplies with next-generation
system based on SiC-MOSFETs. An LTD (Linear Transformer Driver) module-based power supply unit was developed,
capable of 40 kV / 2 kA with a pulse width of 1.2 ps. Four units were fabricated, configured as a twin system (two parallel
units X two sets) equivalent to the RCS kicker requirements. A test environment was established using the developed
LTD power supply, kicker magnets identical to those in operation, and 130 m of coaxial cable to evaluate the excitation
current and magnetic field waveforms. The results confirmed a pulse rise time under 250 ns, meeting RCS kicker
specifications and demonstrating the feasibility of replacing conventional thyratron-based supplies with semiconductor-
based alternatives. This paper presents the circuit specifications and performance evaluation of the developed SiC-

MOSFET-based LTD power supply.
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Figure 1: Document layout.

3. Fyh—HLTD $EEKRIXA(YFE]

3.1 4}4%1&1‘/}:/\"7 R

X —EiA OV ABIRIZIE, KB EEAAY
?&LT%47FH/7b>ﬁHu\%nfé’fto L2, RCS HD
KENTAT Iz FAE CEM- B oy, 7
J72 v H =R 7 M EAL T D4R B AR E ik
XA L AL D, J-PARC D X572 3 [FF % Tl
BRI R & T SRR DS UZE THY | HERFE FE o AR
LIRS TWND, 22T, BEME - BEHEMICEND D
— M RIC L AR A D TRY ., EHE -« ol s

- 164 -



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

(& K2 FF > SIC-MOSFET £ L 7=, Stk 230D Si-
IGBT TIIMERER R TH AT b AT EETH D,

3.2 LTD FE{RAA Y F IR

X —EBRINILE /Y AF e PFN, =2 R27Uy
PROMEEZR | #ICEEDT- LTD Y 2—/ VIR A B %
L7- ([B1#& 1% Fig. 2, EMEE Fig. 3), FLVMEED R
Bz 8 WA RIFRICELE L . AA > T2 TR A
THI/ARXEFTHBHEL, SHIZ, B E—F 22X DIE
E AT %S, PFN ’i’ﬁﬁb\iﬁb‘t . PEN 5> O
IR EE R DA e —H /173)1f57)3€T50 i RS
T LDH530 40 kV CHLEEFH IR ATREL 720 | iFE
FZ TN BFFCTED, TV 2 — VI
1.25kV/2 kA %710, 32 DL BT 40 kV &5
B2, BT, BV 2— L EER D H B B A e
4’7‘1»:7(%%5’3 WCHIVBES LTS T2 Bl ER I
BB HECRERR CE DR AT Lo TN D,

PFN

O <o covocor ((TaroRAIES)

Charging I_) o =
L R C I
D s 11
G G HEN
. g E— L
Trigger ’—-——ﬂs} { D :5|§-: Pulse output stage
3 HEE
G ! HEH
2 R HEH
&}
SIC-MOSFET  Pulse reflection absorption circuit  Cutput section
Thyratren End clipping circuit

Figure 2: Circuit dlagram of LTD module board .
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Figure 3: Picture of module board.
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Figure 4: Results of excitation waveform correction.
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Figure 5: Results of inter-unit balance adjustment.

Table 1: Results of Inter-Unit Balance Adjustment
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Figure 6: Measured waveform at load end. (terminated

short).
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Figure 7: Picture of test setup.
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Figure 8: Measured voltage of search coil.
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Figure 9: Integrated coil voltage waveform.
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Figure 10: Results of magnetic field waveform correction
for the electromagnet.
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Figure 11: Temperature measurement points.
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Figure 12: Temperature measurement results.

Table 2: Temperature Measurement Results

©) Reflection wave absorbing resistor 50 C
@  Core 9°C
®  Capacitor 9°C
@  Discharge FET 14°C
®  Reflection-absorbing FET 14°C
©®  Snubber resistor 12°C
@  Reflection wave absorbing resistor 50 C
—  In-panel temperature 7°C
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Figure 13: Electric field calculation model.
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Figure 14: Electric field calculation results.
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Figure 15: Bypass circuit.
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Figure 16: Evaluation results of reflection-wave absorption
circuit.
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@ Performance Specifications
LTD power supply units = 1 kicker power supply

2 Compact design: 21% of original volume
(2 Power saving: 25% reduction in power consumption
SiC power semiconductors reduce losses by over 70%
2 Other:
No cooling water system required
Reduced air-conditioning requirements

Figure 17:
supplies.
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