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High-current three-electrode gas switch with high field distortion coefficient

Shui Rongjie,  Chen Xuemiao, = Wang Guiji, Wu Gang, Xu Chao, Luo Binqiang
(Institute of Fluid Physics, CAEP, Mianyang 621999, China)

Abstract: As a key component of pulse power device, the self-breakdown probability of gas switch and the
jitter of trigger discharge delay have a crucial impact on the whole pulse power system. Reducing the working
coefficient of the switch is beneficial to improve the stability of the switch, but the delay jitter will increase
accordingly. Aiming at the application requirements of 10 MA level high-current devices used in magnetically driven
experiments, a three-electrode gas switch with high field distortion coefficient and stable operation under low
operating coefficient was designed and its performance was studied. The simulated and experimental results show that
when the trigger voltage is equal to the charging voltage, the field distortion coefficient is close to 4, and when the
switch operating coefficient is higher than 60%, the switch has low delay jitter with the root mean square of less than
3 ns. Combined with the proposed switch, a two-stage Marx energy storage module was designed. When discharged
under the condition of charging voltage 50 kV and short circuit, its peak discharge current can reach 150 kA with a
period of 2 ps. After thousands of discharge experiments, no obvious ablation occurred on the surface of the switch
electrodes, and it worked normally. When the working coefficient was 68.5%, there were no self-discharge phenomena
in a total of 4 000 rounds, and the self-breakdown probability is lower than 2.5x107*. The above results show that the
switch can meet the needs of high current devices with 300-400 simultaneously working switches.
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Fig. 1 Construction of switch
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Fig. 2 Electrical field intensity distributions both between the electrodes and near the trigger pole (elliptical end face)
P2 oI o R O 5 5 (R D S T ) S o 7 3 1 0
RN, T R Y0 B R 7R AN i A H R 50 KV SR E R, fi 22 1) B H 22 50 KV AR 100 kV, I AR
FL 3758 B 28 48 O 281 kV/em, S W48 RECH 3.92, BILEE W E 2(b) 7R o 4 R P I3 ) g 180 fioh 2% P AR FoF, ()45 e
RSN AR R N 217, 5 A2 AR B2 %) Y, BEBIZE R E 3 fin . 28 BTIR, SR X R
(1 BR: i 1A P AR, P32 98 (2 A ) B IR B, pl T P37 5 B 0 K A7 8 A A% 3 AR b i TR AR R /N, (75 37 e AR 3R B
BN BT 45

E/(V-m™)

l 1.077 2E+007

E/(V-m™)

2.329 0E+007
2.183 5E+007
2.037 9E+007
1.892 3E+007
1.746 8E+007
1.601 2E+007
1.455 6E+007
1.310 1E+007
1.164 SE+007
1.019 OE+007
8.733 9E+006
7.278 2E+006
5.822 6E+006

1.009 8E+007
9.425 1E+006
8.751 9E+006
8.078 7E+006
7.405 4E+006
6.732 2E+006
6.059 0E+006
5.385 8E+006
4.712 6E+006
4.039 3E+006
3.366 1E+006
2.692 9E+006

2.019 7E+006 4.366 9E+006

1.346 4E+006 2.911 3E+006

6.732 2E+005 1.455 6E+006

0.000 0e+000 0.000 0E+000
(a) at charging voltages of £50 kV (b) triggering voltages of =50 kV

Fig. 3 Electrical field intensity distributions both between the electrodes and near the trigger electrode (fillet end face)
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Fig. 4 Distribution of electrical field intensity when the electrical potential of positive and negative high voltage poles is not uniform
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Fig. 5 Testing platform for switch performance parameters
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Fig. 7 Experimental results of self-breakdown at 0.32 MPa
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Table 1 Experimental results of switch trigger discharge delay and jitter under different working coefficients

working coefficient/% experimental voltage/kV delayed average/ns delayed root mean square/ns

38.3 +28 1275 131
43.2 +31.5 1127 77.6
48.0 +35 122 29.8
52.7 +38.5 60 9.9
57.5 +42 43 49
62.3 +45.5 37 24
67.1 +49 35 2.1
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Fig. 8 Experimental results of trigger discharge
B8 fih P S e

33 FXEHRMEEE

FL A 11 B 37 2 AR A 4DL 3 B, 7 F 220 55 ik e Ao 220 ) L 3 5 B 0 A e KA A T ik & FELAROR TR 67 o P 9 B e
KAL) SR e TF iR B, T AL AR TF 4, PRI AE S PR AN e X B R [ B Ll 0, 51 9 S (GE o A o 28
S R FFOC R, B 10 S 2 aad fil R R SR B F OC H AR . IR R I A ST, R g AU LT AR
TE P 2(a) v e 3758 B e KA, i i i AR il 25 S5 /A TLT- D80G 0 F, a5 i A TS0 P S A5 R T, PR R BR DB, R R
A AE MR AR R /NAL I AR IE B i F A 5 R 7 A T X3 i SR B, 7E T F R 20 ek R R S T AN
i 2 7E 45 fih 2 ARt I e Sl & Ik v e ik T A 55 RN R AR P R R 4 R R H A =2 [ R R 25 T e A R A T — 2R
25 5 30 L E A, A TT OGS B i, HA AT A ik SO

f! N .

(a) high voltage electrode (b) trigger electrode (a) high voltage electrode (b) trigger electrode

Fig. 9 Switch electrodes after self-breakdown experiment Fig. 10 Switch electrodes after trigger discharge experiment
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Fig. 11 Experimental platform and results of switching high-current assessment
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