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Abstract

A 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. In addition, as a result of various developments such as the MARX circuit, the LTD
circuit, the matrix circuit and the SOS circuit, the circuit configuration operating a large number of semiconductor devices
in series and parallel has been advanced. All high voltage pulse power supplies have become possible to realize by using
semiconductors only. Then the performance of the accelerator has also been significantly improved. We have conducted
a systematic research on the selection of the optimum pulse power system according to the application. 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 | 1.12 | 3.26 | High temperature
(eV) operation (>200°C)
Break down field | 0.3 3.0 High voltage
(MV/cm) (>10kV)
Low resistance
(1/300)
Thermal 1.5 4.9 High heat
conductivity dissipation
(W/ecmK)
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.

Figure 2: Experimental rusults of 15 kV SiC-MOSFET.
Waveforms at 10 kV of the drain voltage and 12.8 A of
the peak drain current, yellow line shows a drain voltage
in 5 kV/div, Green line shows a drain current in 10 A/div
blue line shows a trigger signal in 50 V/div. The time span
is2 u s/div.

PR DT | SR FEEAEZ 2 HEH 10 A TR
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 33~15 100 60 Klystron modulator
Kicker Power Supply
Electron Gun modulator
Anode modulator for DC Klystron
Ion Beam Extraction PS
DSRD 24~13 100 23 High speed grid pulser
(PIND) Strip-line kicker PS
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Figure 3: An ON-state resistance vs a drain current of
15kV SiC-MOSFET.
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Table 3: Five Types of the High Voltage Pulse Generator Using Semiconductor Devices

Circuit Type Voltage | Current Pulse Waveform Devises Applications in
(kV) (A) width(ps) | Adjustable Accerelator
(DDirect 50 6,000 4.5 x IGBT Klystron Modulator
(+PT) MOS-FET Magnetron modulator
(+PFN) SCR
@®MARX 100 50 100 O IGBT Electron Gun modulator
MOS-FET grid pulser
Magnetron modulator
Neutron generator
(@Chopper 120 140 1,700 © MOS-FET | Klystron Modulator for ILC
type MARX
@LTD 40 4,000 1.5 O MOS-FET Kicker Power Supply
®S0S 11 220 3.7ns x DSRD High speed grid pulser
Strip-line kicker PS
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Figure 4: Measured waveforms of the MOS-GATE
Thyristor Board. Green line shows an anode voltage in
1kV/div, blue line shows a load current in 2kA/div and
brown line shows an anode current in 2kA/div. The time
span is 10 p s/div.
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Figure 5: An output waveform controlled to be step-wise
shape by the MARX generator.
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Figure 6: Measured waveforms of the chopper MARX
generator controlled with a slow start modulation. Green
line shows a charged voltage of a capacitor in 1 kV/div,
blue line shows an output voltage in 1 kV/div and red line
shows an output current in 30 A/div. The time span is 0.5
ms/div.
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Figure 7: Waveforms of JPARC RCS kicker PS with LTD
circuit using SiC MOSFETs. By using compensator LTD
boards, A flatness of the current waveform on the kicker
magnet is effectively improved.
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Table 4: Selection Guide of Semiconductor Device and Circuit Type
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Figure 8: A waveform of an output voltage in SOS type
pulse generator using SiS-DSRD.
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