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Abstract

A large number of high-voltage pulsed power supplies used in the accelerator system used discharge tubes such as
thyratrons, because of high-voltage more than several tens kV, large currents more than several kA, fast rise time less
than several tens ns. However, these discharge tubes had many shortcomings such as short lifetime, low repetition
frequency, necessity of auxiliary power supply, poor stability. The performance of the accelerator had remarkably
deteriorated by the discharge tube. In recent years, due to the rapid development of SiC semiconductor devices, the voltage
and current of the device have been increasing year by year, and the switching time has been improved and the operating
frequency has been increased. Particularly, devices with over 10 kV of a rated voltage are also being developed, and by
using this ultra-high voltage devices, it is expected that the high voltage pulse power supply for accelerator will be
innovatively downsized and improved in performance, many shortcomings of the discharge tubes have been overcome
and accelerator performance has also improved significantly. In this paper, we introduce some attractive demonstration
using 13 kV SiC devices. We have conducted systematic research on the direction of high voltage pulse power supplies
for future accelerators. A part of this research was conducted as a joint project "Tsukuba Power Electronics Constellation

(TPEC)" project.
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Table 1: Characteristics of Silicon Carbide(SiC)
Item Si SiC Characteristics
Energy band gap (eV) | 1.12 | 3.26 | High temperature
operation (>2000J)
Break down field 0.3 3.0 High voltage
(MV/cm) (>10kV)
Low resistance
(1/300)
Thermal conductivity 1.5 4.9 High heat
(W/cmK) dissipation
Saturation Drift 1.0 2.7 High frequency
Velocity:107(cm/s) operation
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Figure 1: 13kV SiC-MOSFET developed by TPEC.

Table 2: Silicon Carbide Devices (>10kV) under Development at TPEC

Device Voltage Current Switching Time Main Applications
(kV) (A) (ns) in Particle Accelerators
IGBT ~16 200 100 Klystron Modulator
MOS-FET 3.3~13 100 60 Klystron modulator
Kicker Power Supply
Electron Gun modulator
Anode modulator for DC Klystron
Ion Beam Extraction PS
DSRD(PIND) 2.4~13 100 2.3 High speed grid pulser

(A) (B)
Figure 2: Experimental results of 13 kV SiC-MOSFET. (A) shows waveforms at 10 kV of the drain voltage and 12.8 A
of the peak drain current, (B) shows waveforms at 10 kV of the drain voltage and 255 A of the peak drain current, (C)
shows waveforms at 4 kV of the drain voltage ,135A of the peak drain current and 330 kHz of the oscillation frequency.
Yellow line shows a drain voltage in 5 kV/div(A,B) and in 2kV/div(C). Green line shows a drain current in 10 A/div(A)
and 100 A/div(B,C). Blue line shows a trigger signal in 50 V/div. The time span is 2 ps/div.

©

- 1011 -



Proceedings of the 15th Annual Meeting of Particle Accelerator Society of Japan
August 7-10, 2018, Nagaoka, Japan

PASJ2018 THP072

ZDFE A OFHIFRER G A Fig. 2 IR T, (A)DIETE
T 10 kV FIRRIRFEDND 12.8 A D/ LA ED
ZEEMERR LT, (B)DIETE TIXFRISMFT 255 A D7V A
EBIMECOBRBEBEMERLIZN., RUA BRI Z DI
€V, FET @ ON PN 2 D720 FhR 8 EAEE 2
HEHC10 A ’Cﬁﬁﬁﬁ‘é_&ﬁi‘fﬁ%éﬁk =25, X, (O)D
W TIX 4kV BT 135 A DY —7EH TR E 330
kHz O IELEIRENEE CEIET D2 LR TE TV,
Figure 3 I% 13 kV SiC-MOSFET ORL A Bt 2 x4
ON HHLOZEALEWNE LT FER ThHD, DT T 7055
MBI, RUA BRI 2 HIZHEV, ON HHih H#
e, j:%{ﬁﬁéﬂif . RUAEEN 0 £T AT,
BEEZAZT-EFFTERDINDLDT ON IR
TRELRD, ZOIRAEIT Fig. 2(B)DIkEAE RHE B P
fRTCELEEIN, FFNONLTWARET THLRL AU E
JEN 0 ET IR TORNWIENTERTED,

Rds(Q)

ON Resistance Rds(Q2)
5

0 50 100 150 200 250 300
drain Current Id(A)

Figure 3: An ON-state resistance vs a drain current of 13kV
SiC-MOSFET.
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Figure 4: Left figure shows a
previous PCB that used 900 V rated
Si-MOSFETs by 16 in series and 6
in parallel. A size of the PCB is 300
mm x 600 mm. Right figure shows
new PCBs that use 13 kV rated SiC-
MOSFETs. New circuit used 3 PCBs,
and a size of each PCB is 180 mm x
100 mm. Total size of 3 PCBs is
about half of the previous PCB and
new PCBs generate about twice
higher voltage of the previous one.
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Figure 5: Experimental result of the new switch used 13 kV
SiC-MOSFET. CHl(yellow) shows an output voltage
(5kV/div) and the peak voltage was 15 kV. CH2(green)
shows an output current(5A/div) and the peak current was
about 0.2 A. The time span is 200 us/div. The pulse width
of the output voltage was 1ms.
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Figure 6: Left figure shows a previous switch that used 4
kV rated SI-Thys by 10 in series. A height of the high
voltage switch part is about 200 mm. Right figure shows
new switch that use 13 kV rated SiC-MOSFETs by 2 in
series and 12 in parallel. A height of the high voltage
switch part of the new switch is about 100 mm, so the
height was reduced to about half.
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Figure 7: Experimental result of the new switch used 13 kV
SiC-MOSFET. Yellow line shows an switch current
(100A/div) and the peak current was 490 A. Green line
shows an switch voltage (5 kV/div) and the maximum
applied voltage was 14 kV. The time span is 1 ps/div. A
rise time of the switch voltage was 430 ns.
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Figure 8: -25kV high voltage pulse generator using Si-
MOSFET based MARX circuit. 3 kV rated SI-MOSFETs
by 2 in series were used in a MARX board and the

generator used 8 MARX boards in series. A height of the
high voltage switch part is about 370 mm.
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Figure 9: Experimental result of the new 5-stage MARX
generator used 13 kV SiC-MOSFETs. Yellow line shows
an output voltage (10 kV/div) and the peak voltage was
50.2 kV. The time span is 500 ns/div.
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