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Abstract

In J-PARC MR-RF, we use inverter units in the tetrode anode power supply. We currently increase beam power. By
2018, we accomplished supplying 500 kW proton beam to NU facility, and 51kW to HD facility. With increasing the
beam power, the number of the inverter unit malfunction is also increasing. The cause of the malfunction is the breakage
of the Insulated-Gate-Bipolar-Transistor (IGBT) or the IGBT Gate circuit. For the further increase of beam power, the
measures for the inverter unit malfunction are required. We described the outline of the inverter unit used in J-PARC MR
anode power supply, investigation into the inverter unit malfunction, measures of the unit malfunction in 2019.
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Figure 1: The tetrode and the final amplifier in J-PARC
MR-RF.
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Figure 2: J-PARC MR-RF anode power suply and the
inverter unit.
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Figure 4: The constitution of IGBT

Figure 5: Conversion from direct current to alternative
current by inverter circuit using IGBT units.

Table 1: The IGBT Unit Used in MR-RF Inverter Unit.

IGBT IMBI600PX-140
(Fuji Electronic Co.)

Anode Power Supply/Inverter Unit
@:'IGBT 2 Transformer Frectifier diode
DC=AC AC Voltage rise AC=DC
4 4
Y ‘ ; k
] _ g N yiN
Input Final Amp. Plate
DC 600V DC 10kV

Figure 3: Voltage transformation process in the inverter
unit.
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G-E Voltage ~+15V
C-E Voltage 600V
Gate Pulse Frequency 31.25kHz
Operation Temperature ~150°C
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Figure 6: MR beam power and the number of broken
inverter units.
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IGBT
Calorific Value

P=4100W (Max)
A=88.0cm’
Operating Temperature Ti=130°C
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i Thermal conductivity rg |[Wim*K)| L
1 Al Plate Thickness L=5.0mm 1
1 1

Thermal conductivity  3.,~240W/(m" K)

Ag =2.6[W/(m*K)]

Heat dissipation is possible.

Figure 7: The cooling model of the IGBT unit in the
inverter unit.

Table 2: Selected Heat Dissipation Grease

Manufacturer Shin-Etsu Silicone
Product G-777

Thermal Conductivity 3.3[W/m-K]
Temperature Range -40~200 °C
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Table 3: IGBT Units in 5 broken Inverter Units

@® @
G-El G-E2 G-C G-El G-E2 G-C
Ul Ins. Ins. Ins. Ins. Ins. Ins.
U2 Ins. Ins. Ins. Ins. Ins. Ins.
Vi 1.7 1.8 1.7 26.5 28.6 1.2
V2 41.2 34.6 5.5 Ins. Ins. Ins.
X1 Ins. Ins. Ins. Ins. Ins. Ins.
X2 0.86M 0.86M 0.86M Ins. Ins. Ins.
Y1 Ins. Ins. Ins. Ins. Ins. Ins.
Y2 Ins. Ins. Ins. 14.9 15.1 1.0
©) @
G-El G-E2 G-C G-El G-E2 G-C
Ul Ins. Ins. Ins. Ins. Ins. Ins.
U2 Ins. Ins. Ins. Ins. Ins. Ins.
Vi Ins. Ins. Ins. 2.0 2.0 2.0
V2  Large Damage (unmeasurable) 34 3.4 2.5
X1 Ins. Ins. Ins. Ins. Ins. Ins.
X2 Ins. Ins. Ins. Ins. Ins. Ins.
Y1 Ins. Ins. Ins. 17.7 18.0 0.8
Y2 1.3 1.3 1.3 44.5M  445M 6.1
®
G-El G-E2 G-C
Ul Ins. Ins. Ins.
U2 Ins. Ins. Ins.
Vi Ins. Ins. Ins.
V2 Large Damage (unmeasurable)
X1 Ins. Ins. Ins.
X2 Ins. Ins. Ins.
Y1l 0.16M 0.16M 3.2
Y2 4.8 4.8 2.9
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Figure 8:IGBT gate circuit.
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Figure 9: IGBT gate pulse.
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