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Abstract

The International Linear Collider (ILC) project aims to investigate fundamental questions regarding the origins of the
universe, as well as the nature of space, time, and mass, by facilitating high-energy electron-positron collisions in a linear
accelerator approximately 30 kilometers in length. The klystron power supply system, utilizing a MARX modulator,
generates pulsed voltages of 120 kV, 140 A, with a pulse width of 1.65 ms, which are applied to the cathode of a multi-
beam klystron. This study reports on efforts to enhance the reliability of the control power supply within the MARX
modulator, a critical component for stable operation of the ILC accelerator. The system is required to be compact, cost-
effective, and highly reliable, while also delivering long-duration flat-top pulses with voltage stability within +1%. In this
work, we addressed reliability issues arising from the use of commercial DC-DC converters in the control power circuit.
An overcurrent anomaly observed during operation was traced to insulation degradation in the converter under high-
voltage conditions. To mitigate this issue, we replaced the commercial converters with a custom-designed isolated power
supply utilizing high-frequency transformers. We conducted high-voltage endurance and corona discharge tests to verify
the insulation reliability of the new configuration. The experimental results confirmed that the transformer-based approach
significantly improves dielectric strength and thermal stability. Continuous operation tests over 8 hours demonstrated
consistent output voltage and core temperatures without signs of corona discharge. These findings validate this method
for future deployment in the 20 MARX modulator units planned for the ILC.
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Figure 2: SiC MOSFET-based MARX Modulators for the
ILC Klystron Modulator System.
Figure 1: Interior view of the main tunnel of ILC. © KEK
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Figure 3: ILC MARX Modulator.
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Figure 4: Board Configuration of the ILC MARX
Modulator.
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Figure 5: Waveform of Internal DCCT Current Increase
During Flashover in MARX Board 4.
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Figure 6: Photo of the Area Around the DC-DC Converter
on MARX Board 4.
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Figure 7: Circuit Diagram Around the DC-DC Converter.
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Figure 8: Circuit diagram used for the reproduction test.
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Figure 9: 10kV,
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Waveform (Existing Unit).
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Figure 10: Voltage Waveform following 2.3-Hour
Continuous Test with 10 kV, 1.7 ms, 150 Hz Applied
(Existing Unit).
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Figure 11: External view of the MARX board in the
conventional configuration using DC-DC converters for
control power insulation.
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Figure 12: Voltage distribution in a MARX unit employing
the DC-DC converter method, showing insulation stress
concentration at high-potential points.
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Figure 13: Voltage distribution in a MARX unit employing
the high-frequency transformer method.
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Figure 14: High-Frequency Transformer Core and Rectifier
Board.
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Figure 15: Time Variation of Control Power Supply
Voltage and Core Temperature.
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Figure 16: Thermal Camera Image of the High-Frequency
Transformer Core on MARX Board 4.
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Figure 17: Verification of 5 Hz Operation of the Isolated
Transformer-Type MARX Modulator.
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Figure 18: Output Voltage Waveform After 4 Hours of
Continuous Operation.

- 626 -



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

4. BRDRELSROEE

4.1 BURFLDEHHE
v’ MARX ==y NI Hifil#E IR O R %t
LT, mEEN7 A a8 A
vV T4 —T T 13% DL,
A KM R
v RERREGRBR CHIERE E R EBELS#H R S
%D 20 = NEBIZ AT 7= 2P A R
BLR IMARX o=y M B W TR S 8 B[ o0 s
DFEBIZEE E-TNDD T, MFECTE 2=
BB D3 B D,
42 LSH%OREYE
A% ORI CIE, it 1000 B REEE BT
IREEDN 60 C%ﬁxa& H RO BN £ 1%LANIZ
INEHZ LEAGHEMEDIBIEL T 5T E THD,
1 2=y N CHERTE 20 2=y h~D R A E 35,
INBDOFERID | ILC AR AT L~ i Bl %
HIEL T3,

43 i

ILC MARX Z77A A ar HEY 2l —F~D R
AT ILC Fl MARX EVal—X|THVWT, (ko
DC-DC =/ \—&% & JE e h 7 205 AU E L, A

R AR

PASJ2025 THP054

BIROMEEEMEZ AN L7, BJFEARN ZE FTD
FR MR ICEY, BEELE - RE LR LHICR I
Reffie, 5%, 3520 2=y h~OEAE LT,

S5 3R

[1] Interior view of the main tunnel of the ILC,
https://www.kek.jp/ja/about/pr/image/12899

[2] Y. Sawamura et al., [3.3kV-SiC-MOSFET #{£fH L7z ILC
A MARX €=l —ZOFMI#ER |, Proceedings of the
16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan, PASJ2019 THPH008
p.604.

[3] H. Nakajima et al., TKEK (23175 ILC 77 A A e T
ED% 3@7/1/?15'3{@0)&%& K7 7778% |, Proceedings of
the 15th Annual Meeting of Particle Accelerator Society of
Japan August 7-10, 2018, Nagaoka, Japan, PASJ2018
THPO058 p.956.

[4]Y. Sawamura et al., [T 3.3kVSIC ILC EIRDOBA% |,
Proceedings of the 15th Annual Meeting of Particle
Accelerator Society of Japan August 7-10, 2018, Nagaoka,
Japan, PASJ2018 THP063 p.973.

[5] H. Nakajima et al., [ILC 77 A A HFay <

AFEJROBLK ], Proceedmgs of the 20th Annual Meeting of

Particle Accelerator Society of Japan August 29-September
1, 2023, Chiba, Japan, PASJ2023, FRP062.

- 627 -



	1. はじめに
	2. 課題と再現確認
	2.1 課題
	2.2 不具合症状
	2.3 通電確認
	2.4 再現試験
	2.5 試験回路
	2.6 結果

	3. 今回の取組み
	3.1 取組み内容
	3.2 トランス方式制御電圧連続試験
	3.3 MARXユニット連続運転

	4. 現状の課題と今後の展望
	4.1 現状まとめと課題
	4.2 今後の展望
	4.3 結論


