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Abstract

A high precision, high voltage PFN charger is a key component for an X-ray Free Electron Laser (XFEL) linac, in
order to stabilize FEL intensity. We developed new PFN chargers comprising coarse and fine power supplies operable
in high repetition charging, with which its cooling capacity was improved to reduce the number of the thermal troubles
of high voltage rectifiers. In order to enhance the cooling capacity, we built a large oil cooler, and optimized the
positions of the coolers and heat generators to flow smoothly electrical insulation oil in a tank. We also realized a short
settling time for wide-target setting charging-voltage by introducing digital feedback control. The digital feedback
control manipulates the output power of the coarse power supply by using pulse width modulation, and allows us to
obtain the optimized feedback parameters dependent on any target charging voltages. We installed seven PFN chargers
for klystron modulators in the SACLA-BL1 Linac. The charger can stabilize any high voltage values for the different
capacitance loads of the modulators, and by tuning digital feedback control parameters. The PFN chargers have been

operated without any troubles for more than 6000 hours in the SACLA-BLI1 Linac.
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Table 1: Specification of the PFN Chargers for SACLA.

Type Type I Type 11
Load Capacitance 470 nF
Charging Voltage 5-50 kV

Voltage Jitter(pk-pk)
(50kV Charging) 16 ppm 10 ppm
Output Power 75 kW (max.)

Coarse Charging Resonant Charging (0-96%)
method PWM Control (96-99%)
___(Digital Control) | (SW Freq. 20kHz).
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Figure 1: Block diagram of the high precision PFN
charger Type II.
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Figure 2: Large oil cooler for the PFN charger for type
II. The sizes are L 0.8m x D 0.2m x H 0.3m.
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Figure 3: Typical charging waveforms of the PFN

charger at 50 kV. The light blue line indicates the

zoom of the flat top region of the charging voltage
wave form.
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Figure 4: (Upper) PFN charger: type I, and (Lower)
type II with the klystron-modulator installed in
SACLA-BLI linac.
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Table 2: Specification of RF Power Supplies in SACLA-
BL1 Linac.

. PFN .

Unit Capacitance Charging Voltage  Charger Type
Gun 290 nF 20-45 kV Type I
S-band 470 nF 20-50 kV Type I
CBI1-1 470 nF 20-50 kV Type 1

B1-2
¢ 400 nF 20-50 kV Type 1
¢eBl3
CB2-1
470 nF 20-50 kV Type II
CB2-2
5. FEH
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