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Analysis based on simulation of Kicker working at high repetition
frequency with transmission line structure

Wang Dongxing', Han Bo',  Wu Wanfeng', Huang Maomao',  Zhu Yanyan®
(1. Institute of Advanced Science Facilities, Shenzhen 518107, China;
2. Shanghai Advanced Research Institute, Chinese Academy of Sciences, Shanghai 201204, China)

Abstract: Shenzhen’s medium-energy high-repetition-rate X-ray free electron laser (Shenzhen Superconducting
Soft X-ray Free Electron Laser, S’FEL) requires 1 MHz high-repetition-rate and high-stability kicker. Transmission
line structure kicker is an effective way to achieve high repetition rate. However, the insufficient waveform stability of
the transmission line structure kicker limits the application of this type of kicker in large particle accelerators. To solve
the above problem, this paper studies the input waveform and circuit structure parameters of the transmission line
structure kicker. It analyzes the main factors affecting the stability of kicker’s working waveform using mathematical
tools such as Fourier analysis, and reveals the relationship between the harmonic order of kicker ideal waveform and
the cut-off frequency of kicker transmission line structure. On this basis, this paper proposes a method to reduce the
deviation between the actual waveform and the ideal waveform of kicker. This method can obtain the ideal working
waveform of kicker within a certain range by adjusting the input waveform parameters or the cut-off frequency of
kicker. To verify the above relationship, this paper uses circuit simulation software to simulate different waveforms
and different circuit parameters of kicker. The simulation results verify that the above relationship revealed and
confirm the effectiveness of the method mentioned.

Key words:  transmission line structure, kicker, high repetition rate, Fourier series, cut-off frequency
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Fig. 1 Schematic of transmission line kicker
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Table 1 Flat-top stability of pulse current when d=100 ns, L has different values

L/mH standard deviation time range of error data/us
7.8125 0.000292 0.2-0.4

15.625 0.001918 0.203-0.403

31.25 0.006951 0.209-0.409

62.5 0.04593 0.222-0.422

F2 L=78125nH B, R[EJHBKRERFETNRE S
Table 2 The flat-top stability of pulse current when L=7.8125 nH, d is 40, 60, 100, 120 ns

d/ns standard deviation time range of error data/ps
40 0.001007 0.14-0.34
60 0.000417 0.16-0.36
100 0.000292 0.2-0.4
120 0.00025 0.22-0.42
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Table 3 Flat-top stability of pulse current when L=62.5 nH, d is 40, 60, 100, 120 ns

d/ns standard deviation time range of error data/us
40 0.148448 0.14-0.34
60 0.098411 0.16-0.36
100 0.049833 0.2-0.4
120 0.046 15 0.22-0.42
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