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Abstract

This paper describes present status of the klystron modulator for SuperKEKB injector linac. The rf system of this
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 PFN-type modulator, containing a thyratron switch tube. Average lifetime of the
thyratron is approximately 34,500 hours. A solid-state switch based on an array of thyristors to replace the thyratron is
in development to improve the reliability and maintainability of the modulator. A 43 kV, 34 kJ/s PFN-charging power
supply has been also developed to realize a compact modulator, which makes space for new equipments in klystron

gallery.
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Table 1: Specifications of the Klystron Modulator

Peak power 110 MW
Average power 30 kW
Pulse transformer step-up ratio 1:13.5
Primary output pulse voltage 22.5kV
Primary output pulse current 4.8 kA
PFN total capacitance 0.62 uF
Pulse duration 5.6 us
Pulse flattop 4.0 us
Pulse flatness(Peak-Peak) 0.3%
Output pulse stability(Peak-Peak) 0.3%
Time jitter(Peak-Peak) 10 ns
Thyratron anode voltage 45kV
Pulse repetition rate 50 Hz
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Figure 1: Failed thyratron lifetime profile.
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Table 2: Specifications of the Switching Power Supply

Main  Sub
Output voltage(kV) 43 43
Average current(A) 1.57 0.2
Switching frequency(kHz) 40 70
Voltage stability (peak-peak)(%) 0.3 0.03
Charging power(kJ/s) 34 5
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Figure 2: PFN charging waveforms. CH1 PFN charging
voltage (10 kV/div.), CH2 Charging current (1 A/div.).
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Table 3: 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(rms) <2ns
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Figure 3: Solid-state thyratron replacement switch
installed in modulator.
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Figure 4: Switching waveforms with solid-state switch.
CHI1 Switch anode voltage (10 kV/div., 1 ps/div.), CH2
Switch anode current (1 kA/div.).

Figure 5: Klystron voltage waveform with solid-state
switch (37.5 kV/div., 1ps/div.).
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