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Investigation of plume of laser-induced discharge plasma
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( Wuhan National Research Center for Optoelectronics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to study the expansion characteristics of laser-induced discharge plasma (LDP), a set of extreme
ultraviolet source for tin target discharge plasma based on pulsed CO, laser was established. The plume was photographed by
intensified charge-coupled device. 1-D vacuum arc model was used to explain the experimental results. The time-resolved plume
images under different conditions were obtained by changing the discharge voltage and laser energy. The results show that, under
the condition of 140m]J laser energy and 10kV discharge voltage, a stable discharge plasma was obtained. There is a corresponding
relationship between the plume morphology and the current. It has undergone different stages of formation, expansion, contraction,

re-expansion and dissipation. Discharge voltage and induced laser energy have effects on plume size, stability and formation time.

This study is helpful to improve the stability of LDP source and the output power of extreme ultraviolet light.
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Fig.1 Experimental device of laser induced discharge plasma
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Fig.2 Waveforms of voltage and current
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Fig.3 Plume images of discharge plasma at different times
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Fig.4 Discharge plasma areas with different voltages
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Fig.5 Edge images of discharge plasma during current peak
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Fig. 6 Discharge plasma images with different initial laser energies
TE B, i 0 X A 7 AR R B AR 18T o 0 4 i R o
R, ST PN BB K, 400ns B 21, 25 5 TR
TR A5 B R E . 15 OB RE I 55m)
R, BEAR S5 8 7 1A R A A 45 5 TR A M e — ke, T
K 6d iR, S HOGRER A 90m) i, FHAR 5 & 1K
IR 56 B AR NI T B i 1, AT RS 1 LI, ]
6e TR . 15 FUOGRER Jy 140m] i, 21 0 5 5 IX 34 45
e, L B) 4T BURS E 1 LR, A [ 6f BT R .
ViSOG RE R ) L IO S R I, O RE R UK
P A B U S B TR I 2 KRB R AR L
MR R, B AT EUV 174
2.5 Ez iR

FUFH 1 430 0l i B 25 e IR 3 1A 3 g = T Al A

TRYE2S) AT A5 ) H 3 o I e 1] B R S L 2
HLIRT S(2) IEHR:  S(2) =S,(z+R)"/R" (1)
o, Sy FE R B AL B AR T T R, 2 8 L Bl b B
B A S, R R AR AL IR BE 42, 5 5k m Bk
TR BE R R /N e FEAS SCrp i L Y09 LA, me UM
0 ~2, m=0 K, IR BT ;m =1 B, BIR
S RAEIE” sm =2 B, iR B e . X 3
T 256 7 [ 3 ANl st Z s B 3 MBS
F T AT DAAS 3] R AR R i e 25 -3 B A

x = (z+R)/R
r=r/T,,
Ky = el/(T, yo,mR) (2)

A =5K,/(2m +3)

77 = (1 —A)x™" + Ax'™"
T o N IR 2 A A -0 B2, 7 O 0 — A g 1
JE TR, e L FHT R, o N5 B TARHL S,

Y H 3k 600A FiI 800 A I, 378 3 Xof 45 5 7 1A 3P e
PG5 B AT S 380, F (1) SREAT 45, m 235 1.7
AL T S RCR A o B0 BN R I R A ) R -
JEREFF 2. 1eV AAZ , B8 it 30 45 i 2% 4 th 275 SOk
[29 Jhfds , AT (2) SRR BUA R R i 410 H
e TE) B A L I oA, iR 7 s o AT AR R B A
FEL U FO M, AR RS A2 ) P, T 8 25 . G R
5 LI ) (1 SIS £, A ZHU %5 A 055 F
Tl R R R —

W N N o
T

B
T
=3

electron temperature/eV

(98]
2

Fig. 7  Electron temperature distribution calculated by vacuum arc model
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