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Development of miniature pseudo-spark switch

Zhao Zheng,  Zhou Liang, Luan Xiaoyan, Zhang Ming,  Yang Hongfei
(The 12th Research Institute of China Electronics Technology Group Corporation, Beijing 100015, China)

Abstract: Pseudo-spark switch, with the advantages of large pulse current, wide operating voltage, long life
expectancy and high reliability, is one of the key devices in the field of pulse power technology. To meet the
miniaturized development requirement in the complete machine, the miniature pseudo-spark switch has been
developed. The electron source is injected by introducing the trigger needle into the hollow cathode innovatively in
order to achieve glow discharge. Through this physical design the volume of the pseudo-spark switch has been
decreased as well as the design rationality has been verified by producing and testing the pseudo-spark switch. The test
results indicate that the anode working voltage is ranged from 500 V to 10 kV and the anode pulse current is 40 kA.
Under the condition that the anode pulse current is 36 kA, no sign of performance decline has been found after more
than 20000 times of work. The sample has passed the reliability test of high temperature, low temperature, temperature
cycle and vibration.
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Fig. 1 Typical structure of pseudo-spark switch & voltage equipotential distribution diagram of pseudo-spark discharge
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Fig.2 Schematic diagram of miniature pseudo-spark switch and equipotential distribution diagram of the
cusp and schematic diagram of conventional single-gap pseudo-spark switch
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Table1 Comparison between miniature pseudo-spark switch and conventional pseudo-spark switch

peak forward anode voltage (max)/kV ~ peak anode current/kA  hydrogen reservoir size

miniature pseudo-spark switch 25

conventional pseudo-spark switch 40

40 no $25 mmx30 mm

80 yes 0114 mmx87.6 mm
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Fig. 3 Comparison between conventional pseudo-spark
switch and miniature pseudo-spark switch
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Fig. 4 Testing of miniature pseudo-spark switch

P4 LN AR Bl KA T 5GP

0

—a U,

charging

l_tl resistance
| I |

E,
DC high
voltage
power supply

-

T

trigger
device

>

N
lenergy storage

capacitore

R
load
resistance

FEVEIRK I LA A A i, AR AR T S, Ik 3.

CH,

CH,

Ed

1KV/div [ s i o

—

1.0 ps/div
(a) U=3kV

CH,

CH,

Fig. 5 Test circuit of miniature pseudo-spark switch
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Fig. 6 Discharge waveform plot of miniature pseudo-spark switch
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Table 2 Experimental data of miniature pseudo-spark switch 50
40 +
peak forward anode voltage/kV ~ peak anode current/kA  delay time/ns i 30 L
2 8.4 245 E201
3 133 250 10
4 17.9 268 0 2 4 6 8 10
5 28 247 vy
6 27.6 245 Fig. 7 Diagram of the relationship between forward anode
7 31.8 266 voltage and peak anode pulse current
8 36.0 275 & 7 DA I 1) BH AR B 55 PH AR ik o
9 39.9 252 L G L P O R I &
R3 HENMBROAEFXTEHRENNE
Table 3 Reliability test of miniature pseudo-spark switch
items conditions and requirements results

non-working state; 7=55 °C; =48 h;
recovery time: =2 h.
non-working state; 7=—40 °C; =24 h;

recovery time: =2 h.

high temperature storage

low temperature storage

U, =9 kV, I,=40 kA; once/30 s, 10 times,
no breakdown, no corona

U,=9 kV, I,=40 kA; once/30 s, 10 times,
no breakdown, no corona

non-working state; 7,=—40 °C, #,=2 h;
T,=55 °C, t,=2 h; shift time <5 min;
N=3; recovery time :12 h.
U,=14kV, PSD: 0.15 g*/Hz, =10 min,
once for axial and radial.

U,=9 kV, 1,=40 kA; once/30 s,

temperature cycle .
10 times, no breakdown, no corona

sweep frequency vibration no breakdown, no corona
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Fig. 8 The distribution plot of anode current delay time
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Table 4 Comparison between miniature pseudo-spark switch, trigger tube and miniature thyratron

peak forward anode voltage/ minimum operate peak anode minimum trigger delay
self-breakdown voltage/kV voltage/kV current/kA voltage/kV time/ns
miniature pseudo-spark switch 10 0.5 40 0.2 280
RQ-10 trigger tube 11 6 32 4.5 -
ZQM-9901 thyratron 10 0.5 0.2 0.18 350
hot cathode life/times size (mmxmm) total height/mm draw ability of
reverse current
miniature pseudo-spark switch no >20000 $25 mm x30 mm 53 yes
RQ-10 trigger tube no 1000 $36.2 mm %x32.5 mm 36 yes
ZQM-9901 thyratron yes - $25 mm *x53 mm 79 no
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