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Abstract

The rf system of SuperKEKB injector linac consists of 60 high-power klystrons, each capable of 50 MW, 4.0 us
pulsed power at a repetition rate of 50 Hz. Each klystron is pulsed by its own PEN-type modulator, containing a
thyratron switch tube. Average lifetime of the thyratron is approximately 34,500 hours. The thyratron switches have
low-quality, high replacement cost and require periodic adjustments to keep low timing jitter and drift. A solid-state
switch based on an array of 1.5 kV MOS gated thyristors to replace the thyratron, which operates at 43 kV and 4.3 kA,
is in development to improve the reliability, availability and maintainability of the modulator, which decrease
operational costs. This paper describes the configuration, test stand and performance of the solid-state switch.
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Table 1: Specifications of the Solid-State Switch

Peak anode voltage 43 kV
Peak anode current 43 kA
Pulse width 6 us
Pulse repetition rate 50 Hz
Turn on dI/dt > 8 kA/us
Turn on time jitter(P-P) <10 ns

Cooling system Forced air cooling

Figure 2: Solid-state thyratron replacement switch
installed in modulator.

3. ¥BHEIAAvVF

3.1 PEERRAL v FRETLOREE

BT, WAWLARPEEEFFBHIEIN TS
1 O EAEETTYH A T b I PUs 2 ke %
bORFITBRTIIHEEL <, EHEMEOPLEMAE T %
EFEER L CEEE L, Wy L CRERILT %
FETHRINT 2 2 82k %, EEICU > T, B
KDPEERZAL v FomEEER LT, fiHT2
PEARFE I ISR S T T, AT
EHCTH 2 Z &M ERD, ZORTEHERE, KE
T OEEAL v F ¥ 7 (& di/d)H3 Al g 7e ik
FFE LT, IXYS #EBUER 1.5 kV DS A 4 —
FfE o MOS Y — F Y A4 Y R H
(MMIX1H60N150V1)% %7 L 72[4], Table 2 12 Z D
P4V RAYDELRNERT,

PASJ2022 THP048

Table 2: Specifications of the MOS Gated Thyristor

Blocking voltage 1.5kV
Peak current 11.3 kA
Turn on time 100 ns
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Figure 3: Block diagram of the solid-state switch.
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Figure 4: Switching waveforms with solid-state switch
versus thyratron at 43 kV charge voltage.
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Figure 5: Klystron voltage waveforms with solid-state
switch versus thyratron at 43 kV charge voltage.
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Figure 6: Breakdown #1-2 circuit board with six MOS
gated thyristors.
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Figure 7: Corona discharge between a high-voltage
silicon cable and ferrite core transformer at a voltage of
43 kV, a pulse width of 400 ns and a repetition rate of 50
Hz.

Figure 8: Solid-state thyratron replacement switch
improved to suppress the corona discharge in ferrite core
transformers on the circuit board to isolate from a high
voltage.
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