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Abstract

We developed a high voltage charging power supply controlled by a pulse-width-modulation (PWM) method to
obtain high precision voltage with a fast feedback response, in order to increase a repetition rate of electron beam
operation of multi-user experiments in future. To realize the increase of the repetition rate from 60 pps to 120 pps, a
settling time of the feedback voltage feedback control of the power supply is required a sub-millisecond. By using the
PWM control, a feedback response time becomes faster than that of the dropper method of the present high voltage
charger used at SACLA. We estimated the open-loop transfer functions of the PWM feedback control by using circuit
simulation code, and confirmed that a feedback-loop has the optimum gain. When a controller gain is smaller than the
optimum gain, the settling time to the target changing voltage becomes longer and the offset voltage increases. On the
other hand, when the gain is larger than the optimum gain, the over-shoot of the charging voltage appears and the
settling time becomes longer. By using a test circuit, we measured the stabilization and the open-loop transfer function
of the PWM feedback system, and confirmed that a charging voltage stability was about 60ppm (pk-pk), and a settling
time was about 0.2 ms. In addition, the measured transfer function indicates that the response speed of the PWM
feedback system is about ten-times faster than the dropper feedback system of the present chargers.
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Figure 1: Block diagram of the high repetition PFN charger using PWM control.
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Figure 2: Simulation Circuit. The upper circuit shows a sub-charging line and a PFN load. The under circuit shows a
feedback control line, an error amplifier, a Pl controller, and a PWM controller. A switching frequency is 40 kHz.
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Figure 3: Calculated bode plots of PWM feedback
control. A setting voltage is 50 kV, and a switching
frequency is 40 kHz. The phase curve of the large gain
case has large fluctuation, because of large switching

ripples.
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Figure 4: Simulated waveforms of the charging
voltages for the three control gains.
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Figure 5: Switching patterns in the quasi-static period.

A setting voltage is 50.000 kV.
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Figure 6: Bode plots of the open-loop transfer
functions for a capacitive load in the PI-control system.
Integrated-time constants are 1 ps, 10 ps, 100 ps, and 1

ms, respectively.
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Figure 7: Setup diagram of measurements of frequency
responses and charging waveforms of the feedback
control system using PWM control.
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Figure 7: Upper) Differential charging voltage
waveform; the red line is an original waveform, the
blue line is a smoothing waveform to remove
switching noise. Under) Bode diagram of an open-loop
transfer function for the test circuit. The setting voltage
was 30kV, and the switching frequency was 40kHz.
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