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Abstract

We have developed a MARX-type klystron modulator using semiconductors of SiC-FET. This modulator outputs
145 kV/120 A pulses with a width of 8 us and a repetition frequency of 200 Hz. The MARX circuit is used to cut out
pulses of 10 kV/1800 A from built-in main capacitors, then a transformer boosts it to 145 kV. In this report, we evaluate
actual values against target specifications, such as flatness and stability of the pulses. In addition, we summarize results
of a break-down test of the FET as a preliminary test to guarantee stopping safely in a case of a load short circuit.
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Comparison of a Klystron-modulator circuit.

From top, (a) Conventional. (b) Developed.

Figure 2: Exterior of modulator. From left, Control unit,
MARX unit, Trans unit.

Table 1: Target Specifications

Item Target value
Charging voltage -1200 V
Number of stacks 9

MARX output voltage & current | -10kV /1800 A

Trans. output voltage & current -145kV /120 A

Rising time <2us
Pulse width (flat area) > 8 us
Flatness in the flat area <2%
Stability in the flat area <1%
Repetition rate 200 Hz
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Figure 3: Output waves. From top, (a) MARX output,
(b) Trans. output.
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Table 2: Flatness in Various Cases [%]

Output Voltage [kV]

Load [Q] 73 87 102 116 131 145
1100 1.04 1.02 091 1.01 1.01 0.91
1200 207 204 209 189 184 1.89
1390 443 438 451 423 434 425
1600 6.24 6.01 6.50 6.10 6.07 6.13
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Figure 4: Stability in long-term operation with no breaks.
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Figure 5: FET break-down test. From top, (a) Test circuit,
(b) Output waves. Blue, red and green show voltage
between drain and source, drain current and generated heat
respectively. The waves plotted in light color show those
when they had not been broken yet.
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Figure 6: Load-short test. From top, (a) Test circuit,
(b) Output waves. The transformer output voltage (blue)
decreases while the drain current per FET (red) increases
rapidly when the load short has occurred.
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