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Abstract

We are developing a switch power supply using a combination of SiC-MOSFET semiconductors and Linear
Transformer Drivers (LTD) circuit to replace the kicker power supply in J-PARC RCS. This power supply consists of
two types of circuit boards: a main circuit board for forming rectangular pulses and a correction circuit board for
compensating for flat-top droop, which enables high-voltage output and droop compensation for the number of stages
connected in a hierarchical series. In addition to the main circuits of the thyratron, PFN, and end-clipper, which are the
main circuit board is a single 400 mm x 430 mm board with a reflected wave absorption circuit that can reduce the beam
impedance caused by the kicker magnet. In this study, we used 32 main circuit boards with 1.7kV SiC-MOSFETs and 20
correction circuit boards with 100V MOSFETs to achieve the required 40kV and 2kA output rating as a semiconductor
power supply for kicker. The evaluation results will be reported.
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Table 1: Required Specifications for LTD New Kicker
Power Supply

Output Voltage 40 kV
Output Current 2 kA
Pulse width (Flat top) >1.0 s
Rise time <250 ps
Flat-Top Flatness +1.0 %
Stability +0.5 %
Setting deviation +0.5 %
Repetition Frequency 25 Hz
Number of units required per Kicker Magnet 4
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Table 2: Specifications of the Radially Symmetric LTD
Circuit Module Board (Main Circuit Board)

Item Conventional-Type New-Type
Manufacturer ROHM CREE
Model SCT3030KL C2M0045170P
Vbs 1200V 1700 V
Tioad(design) 180 A 250 A
Parallel circuits 15 8

430mm

[Conventional-Type] [New-Type]

Figure 1: Picture of main circuit board. (a): Parallel circuit,
(b): Outer conductor, (c): Magnetic core, (d): Charging
capacitor, (¢): Semiconductor (SiC-MOSFET).
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Table 3: Number of Changes for Each Item in Multi-stage

Connection Configuration of LTD Power Supply
(40kV/2KkA)

MOSFET power semiconductors 2340—768 (-1572)
Main circuit board modules 5232 (-20)
Stage height(mm) 2020—1480 (-540)

2020mm

1480mm

[New-Type]

[Conventional-Type]

Figure 2: Picture of multi-stage connection configuration
of LTD power supply. The output specification is 40 kV,
2 kA. (a): Main-circuit module. (b): Sub-circuit module.
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Figure 3: Measurement results of 40 kV output test with
dummy load. Droop correction was performed with 20 sub-
circuit modules. The charging voltage of the main circuit is
set to 1360 V. For Droop correction, the charging voltage
of the correction circuit is set from 10 V to 60 V. The rise
time is 0.12 ps and the flattop time is 1.1 ps.
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Figure 4: Enlarged view of the flat part in Fig. 3.
20 correction boards are output every 50 us. Flat top
flatness of £0.65 % is achieved.
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Figure 5: Measurement results of 20 kV output test with

20 Q coaxial cable load. The pulse waveform shape was
distorted due to a discharge at the bushing. This is indicated
by the arrow in this figure.
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Figure 6: Conceptual diagram of oil-immersed bushing
for electrical discharge prevention. The configuration
diagram is provided by Mr. Nakata of PPJ.
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Figure 7: Measurement results of 40 kV output test with

20 Q coaxial cable load. Termination is short-circuited.
Main circuit charging voltage is 1360 V and compensation
circuit charging voltage is 10 V. The locations of the
ringing caused by the reflected wave to be suppressed is
shown in this figure.
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Figure 8: Conceptual diagram of RCS beam injection and
extraction. Since the repetition period is 25 Hz, there is no
requirement for the 20 ms period after the extraction.

Figure 9: Conceptual diagram and photograph. (a):
Compensation circuit for ringing suppression bushing
section, (b): picture. Resistance: 100 Qx5 P=20 Q, total
capacitance: 250 pF, 500 pF, 800 pF. The configuration
diagram is provided by Mr. Nakata of PPJ.
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Figure 10: Measurement results of a ringing suppression
test using the correction circuit in the bushing. Ringing is
suppressed as the total capacitance is increased to 250 pF,
500 pF, and 800 pF.
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Figure 11: Assumption of virtual ringing suppression using
the main circuit board. The enlarged figure shows the
waveform output with only one main circuit board and the
target waveform has a total capacitance of 800 pF.
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