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Abstract

Laser-triggered spark gap switches offer advantages such as short delay times, low jitter and excellent
synchronization performance. This makes them a core component of coaxial plasma guns used in
magnetic inertial confinement fusion. This paper systematically investigates the triggering mecha-
nism, the experimental platform and the performance characterization methods of this switch. Based
on gas discharge theory, the physical mechanism by which laser field ionization replaces random
background radiation to generate initial electrons is analyzed. An experimental platform centered on
a Nimma-600 laser, a 30 kV high-voltage power supply and a Ross coil was constructed, utilizing a
pointed-flat tungsten electrode structure and a high-density polyethylene chamber. System experi-
ments were conducted in argon and nitrogen atmospheres to investigate the effects of laser wave-
length, energy, gas pressure and voltage on switch delay and jitter. The results indicate that, under
argon conditions, switching jitter can be controlled to within 30 ns. Under nitrogen conditions and
using a 532 nm laser (100 m]J), switching jitter was found to be aslow as 14.22 ns at 0.6 bar and 15 kV.
As laser energy increases, both switching delay and jitter decrease, though a saturation effect is ob-
served at a certain point. An increase in gas pressure leads to increased delay and jitter. The findings
of this study provide technical support for the engineering applications of multi-channel synchronous
triggering technology and coaxial plasma guns.
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Figure 1. Breakdown voltage curves for Ar and N2
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Figure 2. Schematic diagram of a laser-triggered switch platform circuit
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Table 2. Nimma-600 laser specifications
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Figure 3. Schematic diagram of the internal structure of a laser-triggered switch

3. BMEMA T XA REE

BOLM A IT RN EE R I 3 B, SRAITE BT A7 1 fa il i fid % 77 5%, ot 2ERE 0y 50 mm
WP B B R AR N AR RN, RS, POt ERE T R, HER 5PEH0, BIER
BT R SCIURE B I B [17]. AR “2R - °F7 BHIRES I, T HMONHEIC 495, RSN

DOI: 10.12677/app.2026.166063 697 S A B


https://doi.org/10.12677/app.2026.166063

LA E

Mo s b RO IR TR AR, e . T FARORSE T B4R 30 mm.y =i fE 18 mm. TR MY
#2455 mm. HEf 45°; FEARR ST N ESR 30 mm. EJE 17 mm. BV R A4S 5 mm. TR
WONIARE T HDPE 4845454, EARN 123mm, =52 45 mm; MU & - @ S, s mm
FESE R DL R TC LR B o AR SORE IE B i SO ik 21 G55 R AR R I 200 2 [A) e ) 22, )3l e SO AE
IF AR Z2[17]

A fe B A B 11 (Ophir Vega 7201560, . PESOBF-DIFH-C #R3%) M . S286 b i) L B A5 5 44
it 50 Q RG58 BNC [Fl# H1. 45 & 50 Q VLR H FHA N B i 2 EAT RAE, 7RIEAR 5 %89 200 MHz, #%
KKAEZN 6.25 GHz/s, JFXFIBHIRE S HRMEE P IREECT . thit, ARIENERE, Fra il
I AE SR AT AT T ED R HE,  DLAERRANER %15 5 Z (A [ I RN B AR s[RI, F 4 Sest sk
HEMEADT 5K, VABCHELRZER B3 Sk 45 R m .

5. SLE RS
5.1. BehA FF <SRG B

SR AN 4 s . WOHK Y DG645 H it 4% il 35 R0 ful i [RGBt a0 ok
St B SRR AR B A, I e R TR RAR T 1, SERLEOR RE R IE SR . BEJS
BOLA ARy 50 mm 1P MIE SR AR, DAEE BT MG REOGAR T RIS = A, AR RUE AL T HUAR ]
BRPE AL E . RO AR RS 5 % IR BHC SR o LR A 5, 48 )l rEL AR i 2 I 2t
Tt JFRMITH A WO, T RURE Wik 7> R 85 RIR oL, BEeid, Aty oo
PRI e TR E e 6 b, R E AU HE,  DLE AR B Bk O 5 I B B AR AR T IR K
ST, TR SRR LR . R A IR B IR T e i 53 28, DA TR Pl it W A
W FE (1) L0%AE gt [ 2% pii o T [A1EC AT AR HE LI S o . M %ERT 2979 1000 ns LA B, DL DG645 filt kA5
SO HIE LA ns I, DAUEOGARR I PD S S ONRE S . T 54 RN ) 2245 050 At B 4%
PE R B SE I I T

Laser collecter

Lens f=50mm Switch
Half wave Rogowski

Prism .
plant coil

Figure 4. Optical diagram for the laser-triggered switch experiment
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Figure 5. Test results for the argon-mode laser trigger switch
B 5. FRRAHLME T X LI NHER

SEEGAE R, ol R IR BEASUE T E . £E 5KV FRHHE R, FIE 2.0 bar BRSNS 1
4KV FIET, FIFEAERIE 2.0 bar Bf 3RS /N EH 80N 15 ns. HARMEREAE T, JFoek 88/ 30 ns, i
JEZHEFEIB AR AT R . FREIRHIZ, ZR T URE SRS RTERE, BouIr St & 5)
5 L2 6] (4 7€ 808 RATI fridt— 2 R 5T

DR LRSS A5 RO Ol ERE AT REMA 43 AIAE 1064 nm Al 532 nm B AR SRR R, A
WOk REE=TE 15~55 mJ i [l N AR A0 I P OG KB i 5 RL 2 gma B R AR . BUASEIG SR BN 78 1064
nm FOE TR, [BEINHEE N 5KV, BRSEN 2bar (RIE), HRIEEEA 8 mm, BOERELBERESR
FR T 4 mm; 76 532 nm BOE T, (MBI BEFFE Y 5KV, B 5SRFFREN 2 bar (RIE), HIR
(BRI RN 8 mm, oL R B AR BRI N 4 mm. ERSEGHAER SRR T, WLk
7~12ns, ML R (K] B) R AP &M T, FFORERT SR 3035 BEROGRE B INmRCN . B0 REE
I 15 md 5, DI R R R R I SR AR T AT FERT A AT, RS/ T 30 s,
R Z RGO LBGNFD B Rl RS FE 5307 g AT AR e 1

DOI: 10.12677/app.2026.166063

699 S A B


https://doi.org/10.12677/app.2026.166063

LA E

53 |SER

NP RO AR T ORI TAETE L, 3 R AS ) [F) b 5 B8 A 1 SE B R 75 3K, S 36k Y BE 4t 7m0
TR T FAT IR 7T . B RERIR S B R TR/ BT A, Ll R 30 kv B E, S2i6
K FH 1064 nm 1 532 nm PIFR KO, AR IA]EE TR %2 0y 6 mm, WO AR AU 67 s (—15 KV) SR AR 4 mm .
532 nm FOLAER N 100 mJ, 1064 nm FEOLAER N 220 ml. 4 HIFEF K 0.6 bar A1 0.85 bar 2544 il &%
TN 535N, AR NGRS, S 99.999% (MR QAR A BT A A TR A 7))

BRI N RO TN R & 6 P, SLIngi RN, EMFRKT, [T Ea T
WERTIE I, BENTR RIS . AR TR R a0 3 s, BRI, fERmBOtREE AT,
532 nm 5 1064 nm Ok & IS IEFSh B T I LE 40 ns BLR . i, 1064 nm 07 0.6~0.85 bar JEHE A
RIS R B R E % . 7F 15KV 21FF, 0.6 bar SRR KL, AR T AR 5h.

532nm ¥ 75 U 5 R RE 1064nm ¥t 71 0SB (1) JE
£ M I B
—e— 0.6bar(%/F) N 12001 —&— 0.6bar(% f) JEI
350 —8— 0.85bar(£JE) &N - 1150} —&— 0.85bar(X k) fERT |
g £ 1100} N-\'\-\_** '
= =
= 300 = I .
= E1050
250 950} )
12345678 9101112131415 12 3 4567 8 910
S RH S REL
532nm0O A 5] fig f T K AE b 532nm A 5] fig f  IF G IR 33 SE I A 5)
1350 (C) N v v v v " " v (d) 1 T 1 1T T T T 51l
| —e—23.6mJ | 1240 —— TIJEN 1
1300 —&—31.9mJ 1220 —— 3] 3))

——h—190.1mJ

7 1250] 1 g 1200f
= 1200} 1 = nsor
iy = 1160}
=

= - { = 1140}

1120 p-

1100} M . =
00 20} e
R ol— .

12 3 456789 20 100

S K H BOLRERE (mJ)

Figure 6. Test results for the nitrogen-mode laser trigger switch
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Table 3. Laser-triggered switch jitter under different parameters
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