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Design and experimental study of two types of low jitter self-triggered
switches under nanosecond pulse voltage
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Abstract: It is important to reduce the jitter of gas switch under nanosecond pulse voltage for the output
stability of electromagnetic pulse simulator. Especially under the condition that external triggering is inconvenient, the
reduction of the jitter of self-triggered switch is worth paying attention to. In this paper, two types of self-triggered
switches are designed, including the cathode grooved switch and the preionization switch. A nanosecond pulse
experimental platform was built and the breakdown voltage, time delay and other parameters of the two types of
switches are measured at three different pulse rise time of 40 ns, 70 ns and 120 ns respectively. With the use of data
statistics and processing, the breakdown voltage and time jitter of the two switches are obtained. The experimental
results show that the breakdown jitter of the switch can be effectively reduced by cathode grooved control emission or
cathode preionization injection; The jitters of the two switches are between 1~ 1.8 ns under three rise time pulse
voltages; Under the rise time of 40 ns and 70 ns pulses, the jitter of cathode grooved switch is shorter, which can be
less than 1.2 ns, and the breakdown voltage dispersion is less than 1.29%; Under rise time of 120 ns pulse, the jitter of
preionization switch is shorter than 1.6 ns.
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Fig. 1 Structure diagram of grooved self-triggered switch and preionization self-triggered switch
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Fig. 2 Electric field distribution diagram of two switches
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Fig.3 Equivalent circuit and simulation waveforms of the preionization self-triggered switch
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Fig. 4 Schematic diagram of experimental platform (1: 6-stage Marx generator, 2: wave regulating inductance, 3: self breaking gas switch,
4: resistance voltage divider, 5: spacing basin insulator, 6: experimental chamber)
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Fig. 7 Breakdown delay and voltage of the cathode grooved switch at 40 ns, 70 ns and 120 ns rise time
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Table 1 Cathode grooved switch breakdown characteristic data (voltage dispersion and jitter)
voltage breakdown time voltage breakdown time voltage breakdown time
p/MPa __dispersion/% delay jitter/ns p/MPa _ dispersion/% delay jitter/ns p/MPa _ dispersion/% delay jitter/ns
t="-40 ns t="-70 ns t="-120 ns
0.70 0.85 1.08 0.65 1.06 1.18 0.64 1.22 1.84
0.84 0.93 1.11 0.80 0.82 0.90 0.80 0.89 1.76
1.00 0.83 1.03 0.95 0.99 1.07 0.98 1.02 1.75
1.16 1.29 0.86 1.06 0.75 0.91 1.22 1.18 1.77
1.27 1.01 0.87 1.24 0.88 1.05 1.38 1.03 1.47
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Fig. 8 Breakdown delay and voltage of the preionization switch at 40 ns, 70 ns and 120 ns rise time
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Table 2 Preionization switch breakdown characteristic data (voltage dispersion and jitter)

voltage breakdown time voltage breakdown time voltage breakdown time
p/MPa __ dispersion/% delay jitter/ns p/MPa __ dispersion/% delay jitter/ns p/MPa __ dispersion/% delay jitter/ns
t="-40 ns t="-70 ns t="120 ns
0.74 0.79 1.34 0.71 1.27 1.48 0.69 1.37 1.60
0.88 1.08 1.32 0.81 1.26 1.56 0.80 1.00 1.39
1.04 1.02 1.21 0.93 0.84 1.04 0.91 0.97 1.52
1.13 0.74 0.84 1.04 1.04 1.12 1.04 1.35 1.57
1.25 0.77 0.89 1.18 1.25 1.40 1.17 1.26 1.59
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Fig. 9 Comparison of three kinds of switch jitter at the rise time of 70ns and 120ns
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