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Abstract

ILC (International Linear Collider) plans to conduct collision experiments of electrons and positrons with the highest
energy that can now be achieved with a linear accelerator with a total length of about 30 km. The RF power for generating
an accelerating electric field in the superconducting acceleration cavity is composed of a multi-beam klystron and a
klystron power supply that drives it. The klystron power supply is called a Marx modulator and generates a pulse voltage
of 120 kV 140 A 1.9 ms and supplies it to the cathode of the multi-beam klystron. Compact, low cost, high reliability is
required. The SiC MOS-FET and the SiC diode of the prototype power supply require a withstand voltage of 2.4 kV and
are constructed by connecting two elements of 1.2 kV withstand voltage in series. In this development, in order to further
improve the reliability, we report the development of a chopper type MARX unit equipped with a surface mount package
3.3 kV withstand voltage SiC device. A part of this work has been implemented under a joint research project of Tsukuba
Power Electronics Constellations (TPEC).
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Figure 1: International linear collider plan. Figure 3: Pulse modulator power supply for ILC.
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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: Surface mount type 3.3 kV SiC MOS Package

TO-268 (left), SiC 3.3 kV SBD Package TO-247(right).
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Table 1: SiC 3.3kV MOS FET Spec Comparison

SiC3.3kV MOS SCH2080KE

(AIST, ADPERC) (ROHM)
Vbss 3.3kV 1.2kV
Rpson) (Typ.) 60~120mQ 80mQ
Ip - 40A
Vas 0/+20V -5V/+20V
Vin 2.4~2.7V 1.6-4.0V
Vsp (Vgs=0V) - -1.3V

Package TO-268(G D S) TO-247(G D _S)

Table 2: SiC 3.3kV SBD Spec Comparison

SiC3.3kV SBD SCS220KG
(AIST, ADPERC) (ROHM)
Vr 3.3kV 1.2kV
Ir 21A 20A
\ - 1.4V (Typ.)
Ir - 20uA (Typ.)
Package TO-247(x_C_A) TO-220(C_A)
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Figure 6: MARX printed circuit board.
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Figure 7: Surface mount type heat sink (left) for general
purpose TO - 268 package and surface mount 3.3 kV SiC

MOS (right).
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Figure 8: Mounting of surface mounted heat sink for TO -
268 package.
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Figure 9: Picture of MARX board after component

mounting.
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Figure 10: Output voltage and output current measurement
waveform under rated operation.

WIRUEEE T EL-E— BT — R
7 L1 9245 3.3kV SiC FET R4 b% Fig. 1112, b—h
R AR R 3.3kV SiC FET IR A2k
% Fig. 12 1T~ ¥,

ERERORE
THAEENH

vARKLEIE RE(EREnE) | B

B 15°C
—o—ATHIEE-FV)

——ATQ1-1
—e—ATQ1-2
—e—ATQ1-3

HIRL BIR

Figure 11: Heat sink and surface mount 3.3 kV SiC FET
temperature change.
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Figure 12: Surface-mounted 3.3 kV SiC FET temperature
difference change to heat sink temperature.
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Figure 13: Large heat sink; cavity structure of 64 V 64
made by LSI cooler.
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Table 3: Parameter of Large Heat Sink

Parameter
Cavity area About 2600 mi
Cooling FAN Sanyo Denki Co., Ltd.
109R0612H4D01
Air volume 0.53 m3/ min
Wind speed 34m/s
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Figure 14: Large heat sink; thermal resistance to wind
speed of 64 V 64 made by LSI cooler.
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Figure 15: Configuration diagram of thermal resistance.
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Table 4: Parameters of Silicon Grease

Parameter

Silicone grease =~ MODEL SCH-20 manufactured by

Sun Hayato
Thermal 0.84W/m-K
conductivity K
Silicone grease 0.1 mm

thickness t

Silicone grease 17.5 mm x 12.7 mm

area (L x W)

Thermal
resistance 0

0 =t/(KxLxW)=053 C/W

(Since three FETs are used in
parallel, 0.18 °°C/W)
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Figure 16: General purpose surface mounting heat sink
shape drawing.
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Table 5: Parameters of General Purpose Surface Mount
Heat Sink

Parameter

General purpose
surface mounting

573400D00010G (made of aluminum)
manufactured by Aavid Thermalloy

heat sink

Thermal conductivity 236 W/m - K
of aluminum K

Leg length t 7.6 mm

Leg cross sectional 12.7 mm x 1.4 mm

area (L x W)
0 =t/(KxLxW)/n=091 C/W

(General-purpose surface mounting heat
sinks are used in parallel, 0.30 ‘C/W)

Thermal resistance 0

PASJ2018 THP063
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Table 6: Estimation of Thermal Resistance of Printed
Circuit Board Mounting

Estimated value

Total temperature rise 21 C
Temperature rise of the 7C
large heat sink

Temperature rise of the 54°C

general-purpose surface
mount heat sink

21 C-(7 C+3.2 C+54 C)=
54 °C

Temperature rise of the
printed circuit board
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