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Abstract

Nagaoka University of Technology has developed a pulse generator named ETIGO-IV, which outputs ultra-high
voltage pulses with a peak voltage of 400 kV, a peak current of 13 kA, a pulse width of 150ns, and a repetition rate of
1 Hz. The device's large dimensions (3.9 m in length, 1.1 m in width, and 2.7 m in height) pose challenges for industrial
applications where portability is essential. To address this issue, we are developing a more compact and transportable
ultra-high voltage pulse power supply system. Our target specifications include a peak voltage of 200 kV, a peak current
of 20 kA, a pulse width of 100 ns, a total length of 1.5 m, a diameter of 0.3 m, and a repetition rate of 10 Hz. This paper
presents an overview of the system's design and the current status of its development.
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Figure 1: Isometric view comparison of pulse power
supply sizes between conventional and new technologies
[1,2].
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Table 1: Development Objectives

Parameter Specification
Output Voltage 200 kV
Output Current 20 kA

Pulse Width 100 ns
Output Energy 4001J
Repetition Rate 10 Hz
Average Output Power 4 kW
Peak Output Power 4 GW
Mass 200 kg

Volume 0.106 m*

Drive System Battery-powered
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Figure 2: External view of the prototype compact and
transportable ultra-high voltage pulse power supply.
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Figure 3: Cross-sectional view of the prototype compact
and transportable ultra-high voltage pulse power supply.
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Figure 4: Block diagram of the pulse power supply.
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Figure 5: Photograph of the basic module evaluation test
for the inverter charger.
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Figure 6: Test circuit diagram of the inverter charger.

Figure 7: Charging waveform at 50 kV. Charging time is
70ms with a lithium-ion capacitor at 45 V. (Yellow:
Inverter gate waveform, Blue: Inverter current, Red: Load
capacitor voltage waveform, 20 ms/div).
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Figure 8: Size comparison between conventional pulse
transformer and coreless Tesla transformer.
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Figure 9: External view of the coreless pulse transformer.
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Figure 10: Test circuit diagram of the coreless Tesla
transformer. After charging C1, turn on the primary circuit
switch.
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Figure 11: Simulation model of the coreless Tesla
transformer.
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Figure 12: Test results of the coreless transformer (Primary
winding voltage).
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Figure 13: Test results of the coreless transformer
(Secondary winding voltage).

Figure 14: Transparent view of the folded PFL.

Figure 15: Internal conductor appearance of the folded
PFL.
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Figure 16: Photograph of the folded PFL. The outer
conductor of the PFL consists of three parts. Assembled

with only the internal conductor and some parts to show
the fold.
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Figure 17: Test circuit diagram of the folded PFL. Initially,
SWI1 and SW2 are OFF, and SW2 is a gap switch. First,
charge the capacitor, then turn on SW1. While charging the
PFL, the output voltage is applied to the load when the
discharge voltage of SW2 is reached.
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Figure 18: Test waveform. The blue line represents the
input voltage to the PFL, and the orange line represents the
output voltage from the PFL.
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