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Characteristics of air discharges triggered by CO, laser

DENG Xingfu, WANG Xinbin, ZUO Duluo
(Wuhan National Laboratory for Optoelectronics, Huazhong University of Science & Technology, Wuhan 430074, China)

Abstract: In order to investigate the characteristics of pulsed CO, laser triggering discharge, a high voltage capacitance

discharge experimental platform was set up by a pair of hemisphere graphite electrode with 10mm radius and 8mm gap. The real-

time data of discharge voltage and current were obtained. Discharge voltage and discharge current were fitted by two-order

oscillation circuit model. The impedance of laser induced discharge plasma was obtained. And the discharge time, discharge

delay and jitter data were collected. The results show that the impedance of laser trigger discharge plasma is very little, and of 1Q) ~

2Q). The fitted plasma impedance slightly decreases with the increase of laser energy, discharge voltage and capacitance. The

delay varies from 2 s to 10 s with the change of experimental condition. Delay and delay jitter decrease with the increase of laser

energy and discharge voltage. Discharge capacitance has no obvious effects on delay and delay jitter. Laser pulse and high voltage

with high stability are helpful for the stability of laser triggered discharges.
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Fig. 1 Experimental setup of laser triggered discharge
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Fig.2 Typical current and voltage waveform of laser triggered discharge
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Table 1  Data statistics of laser triggered discharge

E =579m],
u/kv - C=0.25pF g/

Lw/A  t/ps
2.58 356 0.653 || 203 793 0.708

U=6.85kV,
€=0.25uF

U=3.5kV,
C/pF E =579m]

L/ 1/ps /A 1/ps

0.25 468 0.677

3.18 444 0.668 || 365 793 0.708 || 0.5 386 1.38
3.83 565 0.695 || 405 793 0.708 ||0.75 312 1.97
4.90 686 0.701 || 521 793  0.708

5.90 726 0.705 || 579 793  0.708
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Fig.3 Delay and delay jitter under different discharge voltages
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Fig.4 Delay and delay jitter under different laser energies
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Fig. 6  Fitting results of current and voltage waveform of laser triggered dis-

charge
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Fig.7 Fitted plasma impedance with the change of experimental parameters
PRBHBTRE R 7 A2 a3, m] LA B, B F 2 B 14 0
OB BRI P A5 T A BELBTE A AR, T P s g, 25 8 11
FHPTHN, X 5 Ta FPRZERAATT . BARMER 1 Hin]
AT H , P2 e T P A, (LI P o ] T L B
RERYIG N, (75 55 Z A RE R DU B X b, S Bl S
AIBEHT L2 T RER S, TANG S8 Afi FAR ] B3O 4
T BOEHE P B PRI IZ B 2t
PHETAF S 72 BEAE 10 om ™ B, ] S5 50 v L 25 1Y
fifBEfe/ N 832m), i K FHOLRER: 579m], HAUAFH
PRS0 5 (AN I, AT A FE S0 4540 T Ik
TG IR A TR AR

3% i

=A

OGS TR 1 E R K ZE ISR sl i SO RE e DL
R HEL R F 3 BTG, 24 R R A 2. 58KV 3 in 3|
5.9kV I, i HLAERAAE AN 8. 52pus e/ 5] 2. 89 s , E M
PEI 2. T s FEAKEN 0. 68 s ; HIHOLAE R 203m) K
2| 579m] W}, e ZERTEE N 14. S s B/NE] 2. 31 s, 111
SERFRL NN S, Sps BEMRE] 0. 54ws, AT L3 75

WL MO RE R REAT A R IR B SE AR R A 313 i
HL R A RO G 3 IR 9 SEE R L2 R S R Bl 52 i AN
BT EV CiNi ke A 0) G ES (LRI e G R LTS {7y
RN FOLTS S S5 B R PTE 1. 40 ~ 1.8 [H]
AR, F HLBE A F e RO RE TR LA HL 2 AR 3 D T
VA LB

Z % X #

[1] YAMAURA M, IHARA S, SATOH S, et al. Characteristics of a la-
ser-triggered discharge by high-repetition-rate excimer laser on dc e-
lectric field[ J]. Proceedings of the SPIE, 2000, 3886.:207-214.

[2] ACKERMANN R, STELMASZCZYK K, ROHWETTER P, et al.
Triggering and guiding of megavolt discharges by laser-induced fila-
ments under rain conditions[ J]. Applied Physics Letters, 2004, 85
(23) . 5781-5783.

[3] FUJIIT, MIKI M, GOTO N, et al. Leader effects on femtosecond-la-
ser-filament-triggered discharges[ J]. Physics of Plasmas, 2008, 15
(1):981-984.

[4] AKYUZ M, RAHMAN M, LARSSON A, et al. Characteristics of la-
ser-triggered electric discharges in air[ J]. IEEE Transactions on Die-
lectrics and Electrical Insulation, 2005, 12(5) : 1060-1070.

[5] MIKI M, WADA A, SHINDO T. Model experiments of laser-triggered
lightning using an intense CO, laser pulse [ J]. Proceedings of the
SPIE, 2000, 3886 :680-690.

[6] HOSHI Y, YOSHIDA H. Examination of laser-triggered discharge u-
sing a virtual gas model and the similarity of its Paschen curve with
those of inert gases[ J]. Journal of Applied Physics, 2009, 106(6) :
066103.

[7] ZHAN J, YANG M J. Investigation on the breakdown voltage induced
by YAG pulsed laser[ J]. Laser Technology, 2009, 33(2) . 138-140
(in Chinese).

[8] ZHAN J, YANG M J. Investigation on the voltage- current character-
istics of the YAG laser guiding discharge channel [ J]. Laser Journal,
2008, 28(5) :17-19 (in Chinese).

[9] YINY, YANG J, ZHONG L H, et al. Triggering delay and jitter of
laser triggered gas switch [ J]. High Voltage Engineering, 2014, 40
(1) : 194-200(in Chinese).

[10] WANG J F, TANG X Z. Testing study of gap flashover triggered by

laser-plasma[ J]. High Voltage Engineering, 1999, 25(2) . 18-20
(in Chinese).

[11] LIUZF, WEI W B, DONG Q X, et al. Experimental study on air
gap discharge triggered by pulsed laser under HVDC condition[ J ].
Proceedings of the CSEE, 2014, 34(21) ; 3527-3533 (in Chinese) .

[12] CHENDZ, GAOJ B, YE J F, et al. Experiment study of air ioni-
zation and plasma channel conducting with nanosecond ultraviolet la-
ser pulses[ J]. Laser Technology, 2008, 32(3): 262-264 (in Chi-
nese) .

[13] ARANTCHOUK L, POINT G, BRELET Y, et al. Large scale Tesla
coil guided discharges initiated by femtosecond laser filamentation in
air[ J]. Journal of Applied Physics, 2014, 116(1) : 013303.

[14] TANG J, ZUO D L, YANG C G, et al. Spectroscopic diagnosis of
air plasma induced by pulsed CO, laser[ J]. Laser Technology,
2013, 37(5) :636-641 (in Chinese).



