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CONSTRUCTION OF LOW-JITTER CIRCUIT FOR NEW KICKER POWER
SUPPLY USING NEXT-GENERATION POWER SEMICONDUCTOR
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Abstract

Kicker system is being used to kick the accelerated 3 GeV beam into the transport lines in 3-GeV Rapid Cycling
Synchrotron (RCS) of Japan Proton Accelerator Research Complex (J-PARC). The current kicker power supply applies
thyratrons to discharge switches. We are developing a new kicker power supply using next-generation power semicon-
ductors. The timing of the semiconductor switch operation is determined by the input of an external trigger signal. Large
timing jitter causes unstable output pulses and beam loss due to beam orbit deviate from reference orbit. Therefore, a
low jitter circuit that achieves high repeatability of 2 ns or less will be developed for the new kicker power supply. A
prototype trigger generator has been fabricated, and jitter has been evaluated. The case has been metalized to strengthen
the shield box property, and the photocoupler with high jitter has been removed. In addition, the FPGA clock processing
that generates timing pulse signals is modified to reduce jitter by half. The results of the evaluation test and the circuit
configuration plan for reducing jitter will be reported.
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Figure 1: Flow of the timing pulse signal and main internal configuration of the trigger generator in RCS kicker system.
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Table 1: Results of Jitter Measurement Before Improve-
ment of Trigger Generator

Measurement Section of Jitter =~ Measurements

Input Photocoupler 4.8 ns

FPGA 5.5ns

Output Photocoupler 0.6 ns

Trigger Generator (Total Jitter) 9.0 ns
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Figure 2: Result of total jitter measurement before im-
provement of trigger generator. (2 ns/ 1 div)
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Figure 3: An example of malfunction of the trigger gener-
ator when noise is applied. The yellow signal is the input
and the green signal is the output of the trigger generator.
The normal output pulse width is 1.2 us, but an abnormally
long pulse width was observed due to noise application.

Figure 4: Picture of the case for the trigger generator be-
fore improvement. (a) : Coated panels, (b) : Concentration
point for ground wiring, (c) : Output Conditioning Board.
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Figure 5: Picture of the case for the trigger generator after
improvement. (a) : Metal panels, (b) : Metal spacer, (c) :
Output Conditioning Board.
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Figure 6: Response results of input and output when noise
is applied to the improved trigger generator. The yellow
signal is the input and the green signal is the output of the
trigger generator. Malfunctioned-output rate has been less
than 0.01%.
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Table 2: Results of Jitter Measurement After Improvement
of Trigger Generator

Measurement Section of Jitter Measurements
FPGA 2.8 ns
Trigger Generator (Total Jitter) 3.0ns
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Figure 8: Result of total jitter measurement after improve-
ment of trigger generator. (2 ns/ 1 div)
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