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Abstract

ILC (International Linear Collider) plans to carry out collision experiments of electrons and positrons with the
maximum energy that can currently be achieved, using a linear accelerator with a total length of about 20 km. The multi-
beam klystron system will be installed in the main linear accelerator of the ILC project. The RF power for generating an
accelerating electric field in the superconducting accelerating cavity is composed of a multi-beam klystron and a klystron
power supply that drives it. The Klystron power supply, called Marx modulator, generates 120 kV 140 A 1.9 ms pulse
voltage and supplies it to the cathode of multi-beam klystron. Small size, low cost, high reliability are required. The
prototype power supply SiC MOS-FET and SiC diode require a withstand voltage of 2.4 kV, and are configured by
connecting two elements with a withstand voltage of 1.2 kV in series. In this research, 3.3kV-SiC-MOSFET is used to
further improve the reliability. This time, device temperature evaluation in continuous operation is also performed, and
an evaluation test of the MARX modulator for ILC is reported. A part of this work has been implemented under a joint
research project of Tsukuba Power Electronics Constellations (TPEC).
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Figure 2: SiC MOS FET MARX power supply for ILC
klystron modulator.
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Figure 4: Block diagram of prototype power supply.
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Figure 5: 3.3 kV SiC MOS-FET Package TO-247 (left),
3.3 kV SiC SBD Package TO-247(right).

[l MARX FEHIC92251L 72 3.3 kV SiC MOS-FET
L 3.3kV SiC SBD &0tk 1.2 kV itEHZF DAy
Fr# % Table 1, Table 2 12777,

Table 1: 3.3 kV SiC MOS-FET Spec Comparison

3.3 kV SiC MOS-FET SCH2080KE
(AIST, ADPERC) (ROHM)
Vbss 33kV 1.2kV
Roson) (Typ.) 60~120 mQ 80 mQ
Ip - 40 A
Vas 0420V -5V/AH20 V
Vin 24~2.7V 1.6-4.0 V
Vsp (Vas=0V) - -1.3V

Package TO-247(G_D_S) TO-247(G_D_S)

PASJ2019 THPHO008

Table 2: 3.3 kV SiC SBD Spec Comparison

3.3kV SiC SBD SCS220KG
(AIST, ADPERC) (ROHM)
Vr 33 kV 1.2 kV
21 A 20 A
Vr - 1.4 V (Typ.)
Ir - 20 pA (Typ.)
Package TO-247(x_C_A) TO-220(C_A)
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Figure 6: New designed MARX printed circuit board.
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Figure 7: Bent mounting of lead of drain terminal.
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Figure 8: Mounting technique of 3.3 kV device to heat
sink.
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Table 3: MARX board test conditions

Item Condition
Charging voltage -2kV

Load resistance 114 Q
Output snubber circuit 1.5 uF, 13.3 Q *1)
Chopper PWM frequency 50 kHz
PWM duty 80 % — 97 %
Number of PWM pulses 95 shots — 1.9 ms

per one shot

Repeat frequency (5Hz)
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Figure 9: Rated operatlon heat run test photograph of
MARX board.
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Figure 10: Output voltage and output current

measurement waveform under rated operation.
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Figure 11: Heat sink temperature in heat run test of MARX
3 board.

Figure 11 CTbk—h> > 7O FE EHIXHE FET
3.3 kV SiC 1S6P M EW SN A JE % 5 Hz T 6 ‘CRLE
O _EFITNFES TS,

4. SHBEOREZE
3.3 kV SiC MOSFET, 3.3 kV SBD #4 AT B FL
7= MARX FEMUZFZIEL | FEAENL T ERSIEHR A

BTE, A% MARX £ 4 Bef KD MARX =
h&bf@@ﬂ”ﬁ%ﬁ%; L. 3.3kV T/ A TOEMHEAL,
EEHEMEO BB E BT,

e

AWFFRDO—EI%, LFEFIEET STV —=L Tk
n=JAaL A7 L — 3 (TPEC) |IOFELLTfTh
iz, Fiz, HFEWFIE O & = 2L — IR 2s ik ST
DI 2\ EHOBERT D,

- 606 -



