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Abstract

We developed a solid-state high voltage pulse generator for a 50 kV thermionic electron gun of the next-generation SR
source facility. The generator should be stable, compact, and reliable. To realize the generator, we designed Marx
generator using ultra-high voltage Silicon Carbide (SiC) MOSFETs. The MOSFET has characteristics, such as a high
withstanding voltage of 13 kV and a fast turn-on transient time of 100 ns. At the operation test, the generator outputs a
50 kV, 1 us pulse to a 25 kQ load resistor at a 30 Hz repetition rate.
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Figure 1: Circuit diagrams of solid state Marx generator
and current flows in charging mode (upper), and in pulse
mode (under).
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Figure 2: Waveforms and photographs of high voltage
pulse test of SiC MOSFET and SiC SBD.

Table 1: Specification of Marx-type Pulse Generator for
Electron Gun

Number of Marx stage 6
Charging capacitance 20 nF
Charging voltage -10 kVdc (max.)
Rectangular
Output pulse
-55kV, 2A (max.)
Pulse width (FWHM) >1 us

Repetition rate 30 pps (max.)

Fluctuation of peak voltage
<100 ppm (pk-pk)
(pulse-by-pulse)

Chassis size

. . 655 mm, 445 mm, 630 mm
(width, depth, height)

Weight 32 kg
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Figure 3: Schematic layout of the Marx generator and the
control unit in high voltage pulse test.
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Figure 4: Photographs of the Marx generator (left) and the
experimental setup (right).
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Figure 5: DC voltage waveform (light blue) at trigger
timing. The voltage fluctuation is estimated from the peak-
to-peak of 10 sec. persistent waveform.
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Figure 6: Waveforms of output voltage (green) and current
(red) in -50 kV, 30 pps output operation with 25 kQ resistor
load.

- 681 -



Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan
PASJ2019 THPHO031

M 2> E IR AA T2 7 Fa 1D FRITABR, 10 kV LA
O, 150 ns L FOEEANYTF 7 6 A LUk
D KB SIVADH T FEEHER LT, ZOF 1% H
V2 6 Bt Marx [FIEIZED, -50kV, 2 A, 1 us D/3/LA
1B LT, E7-, AT ZEEIX, DC EIEDLE
END, 60 ppm(pk-pk)EEE LHEEIND,

Ltk B W AT DT AIA T, FEAMIZLDENE
bR, RV OMEREITO TE THD,

HEF

AWFGEO—IE, LRI OGE T — LIk
n=J A3 A7 L —1a (TPEC) |OFELL Tirbi,
EEE SiC-MOSFET & TPEC 2 bifsa %7 CknE
4, Fo. REIROBRICHT-Y ., HIEE oG BE,
HBREITH-TIEW, HALIEOJER . BARKZ 4]
DETHEAMTE O 21 EEH L ET, £, Erg
PR =L CTIEWZ, ATV T A R —E 2D F 5B
AH T D7 2 N IREH L ET,

SE X

[1] T. Asaka et al., "Development of low-emittance gridded
thermionic electron gun embedded in a single cavity with
voltage-optimized electrodes", Proceedings of the 16th
Annual Meeting of Particle, July 31- August 3, 2019, Kyoto,
Japan.

[2] T. Tokuchi et al., "Research on high-voltage pulsed power
supplies for accelerator applications with advanced SiC
devices", Proceedings of the 14th Annual Meeting of Particle
Accelerator Society of Japan August 1-3, 2017, Sapporo,
Japan, pp. 50-54.

[3] H. Kitai et al., "Low on-resistance and fast switching of 13-
kV SiC MOSFETs with optimized junction field-effect
transistor region", 2017 29th International Symposium on
Power Semiconductor Devices and IC's (ISPSD), Sapporo,
2017, pp. 343-346.

[4] T. Asaka (private communication).

[5] A. Krasnykh ef al., "A solid state Marx type modulator for
driving a TWT", Conference Record of the 2000 Twenty-
fourth International Power Modulator Symposium, Norfolk,
VA, USA, 2000, pp. 209-211.

[6] C.Kondo et al., "Switching Characteristics of High Voltage
Solid-State Switch", Proceedings of the 12th Annual
Meeting of Particle Accelerator Society of Japan, Tsuruga,
Japan, Aug. 5-7, 2015, pp. 625-629.

[7] High voltage power supplies Series HCP;
https://www.fug-elektronik.de/en/files/121000/HCP_da
ta_sheet.pdf

[8] Wideband Current Monitors;
https://www.pearsonelectronics.com/pdf/6656.pdf

[9] EEEMN7o—7 HV-P60A;
https://www.iti.iwatsu.co.jp/ja/products/accessories/0
3_04-1.html

- 682 -



