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Study on expansion characteristics of tin plasma plume produced by
CO, laser and Nd:YAG laser
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Abstract: In order to study effect of laser on extreme ultraviolet (EUV) plasma debris, CO, and Nd:YAG pulsed laser was
used to produced Sn plasma. Based on direct imaging method, expansion characteristics of plasma plume at low pressure were
studied. 2-D pictures of Sn plume were taken directly by intensified charge coupled device (ICCD) and plasma boundary was
determined. The time-dependant variation of plasma plume expansion boundary at different angles and the variation of kinetic
energy with the change of motion path were calculated. The results show that under the same laser energy density of 2.5 x 10°m]J/
em’ and the atmosphere pressure of 10Pa, EUV Sn plasma kinetic energy produced by Nd:YAG laser is greater than that
produced by CO, laser. CO, laser is superior to Nd: YAG laser for decreasing plasma debris. This result is helpful for the

application of laser plasma.
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Fig. 1  Schematics of experimental setup
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Fig.2 Time-domain waveform of CO, laser and Nd:YAG laser
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Fig.3 Sn plasma plume images recorded by ICCD
a—Sn plasma plume produced by CO, laser
duced by Nd:YAG laser
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Fig.4  All angles of plasma boundary position
a—plasma produced by CO, laser =~ b—plasma produced by Nd: YAG laser
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Fig.5 Kinetic energy of plasma produced by CO, laser and Nd: YAG laser
changing with path length
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Fig. 6 Relationship between Sn plasma plume boundary produced by CO,
laser and Nd:YAG laser and delay time

Nd:YAG kot £ kLT 3B 2R T CO, AR
Kirolif. 185 M 6 HpRlZ i T mIREOE ™1
PIRE A R L I ) B E TSl BE Rl AR A2 A Y EE B LA
L AR BT AL R LU CO, RO R LA
BRT Nd:YAG Kbt i R SEO6BE, 245 )5 199
JeAE T B, Bk ot b i R 2 Bl G BE A 384 R
TR, 7 HE PR 2 A3 R . {ELUE:  Nd: YAG 38
JERIRKTEEE L CO, BRBOL /MG 2, PRIk 5 A 42 fik
I A DR R T CO, Bknb ot , (i #5722 9 55
THBREE R T CO, AR SE R FIRBIRE, @i Xt
PR S oA AL ER, R DLAG R 12 Bl 3l R -5 I 1]
RFR X LEL RO IR Z e it T 2% .

3 & i

TS IOCAE B VPR IR IR P X B 5
B £ 77 A L AR - s B B2 S S
YERE R FEPRFFAE 2.5 x 10°m)/em’ B, CO, fkmt
YRRV HE 7 Az 1 A5 B8 5 PROPEAE SE T 1. 650 s A
I 3 JBE e R AEL, X IO RE T Bl BE R 1k 5] 700V,
Ja, PIHEL T — MHEGERE, HE 2. 475 s I PR
AT T, 58 K AT IR B R B AR, B RO 16mm,
Nd:YAG [k oh ot Ve i 8 $E 7= Az i 501 B 76 %E 5 85ns
RS T i RO 3l AE 1500eV, 7E 176ns i P14 5t
PR KBS AR, BRSO Smm, R Nd:YAG Jik ot
FREEIPIRERCT/NT CO, R ol ™ A 1R P, (B2

Hy= B T3l e 2 KT CO, Bkt £ n e ¥
g, BT SHRERYHE R, 2N R 18 8 X Wi 5
M E AR BOERE R L T, M CO, Pkah ot
YR Sn 7242 EUV AR Nd:YAG ik nhi0'e RE S 4
M INVRL TR T S R TR

& £ X W

[1] WAGNER C, HARNEA N. EUV lithography gets extreme[ J]. Nature
Photonics, 2010, 4(1) ; 24-26.

[2] CHENY L, LISN, WANG Q. Extreme ultraviolet source of microli-
thography based on laser induced plasma and discharge induced plas-
ma[ J]. Laser Technology, 2004, 28(6) : 561-564 (in Chinese).

[3] DOUY P, SUN C K, LIN J Q. Laser-produced plasma light source
for extreme ultraviolet lithography[ J]. Chinese Optics, 2013, 6(1) :
20-33 (iin Chinese).

[4] TOMIE T. Tin laser-produced plasma as the light source for extreme
ultraviolet lithography high-volume manufacturing[ J]. Micro/Nanol-
ithography, 2012, 11(2) . 021109.

[5] KOMORI H, UENO Y, HOSHINO H, et al. EUV radiation charac-
teristics of a CO, laser produced Xe plasma[ J]. Applied Physics,
2006, B83(2): 213-218.

[6] HUSSEIN A E, DIWAKAR P K, HARILA S S, et al. The role of la-
ser wavelength on plasma generation and expansion of ablation plumes
in air[ J]. Journal of Applied Physics, 2013, 113(14) ; 143305.

[7] LIU CZ, DOU Y P, HAO Z Q. Research on the dynamics of ion
debris from Sn plasma by use of dual laser pulses[ J]. Spectroscopy
and Spectral Analysis, 2015, 35(1) ; 4447 (in Chinese).

[8] LIU Z H. The research on expansion dynamic process of nanosecond
laser plasma use shadow mapping[ D]. Changchun: Changchun Uni-
versity of Science and Technology, 2012 2940 (in Chinese).

[9] LINJQ, LIUZ H, LIU T H, et al. Shadowgraph investigation of
plasma shock wave evolution from Al target under 355nm laser abla-
tion[ J]. Chinese Physics,2014,B23(8) :408-414.

[10] WU T, WANG X B, TAN R. Research on pulsed CO, laser pro-
duced Sn plasma plume expansion properties by shadowgraph tech-
nique[ J]. Chinese Journal of Lasers, 2013, 40(1) : 3640 (in Chi-
nese) .

[11] ZHENG P C, LIU H D, WANG J M, et al. Study on time evolution
process of laser-induced aluminum alloy plasma[ J]. Chinese Journal
of Lasers, 2014, 41(10) ; 254-260 (in Chinese).

[12] ZHANG H, CHAO LJ, NI X W. Experimental diagnosis of electron
density of laser induced air plasma by interferometry[ J]. Acta Phys-
ica Sinica, 2008, 58(6) : 40344040 (in Chinese).

[13] ZHU D H, NI X W, CHEN J P. Effect of experimental parameters
on elemental analysis of aluminum alloy by laser-induced breakdown
spectroscopy [ J |. Spectroscopy and Spectral Analysis, 2011, 31
(2):319-322 (in Chinese).

[14] HUANG Q J. Study on the properties of plasma plume produced by
pulsed laser ablation of metal Cu[ J]. Laser and Infrared, 2014, 36
(10) : 931933 (in Chinese).

[15] ZHOU J, FENG W L, LIU Y, et al. Laser-induced plasma by high
speed photography[ J]. Journal of Applied Optics, 2011, 32(5):
1027-1032 (in Chinese).

[16] BLEINER D, LIPPERT T. Stopping power of a buffer gas for laser
plasma debris mitigation[ J]. Journal of Applied Physics, 2009, 106
(12) . 123301.



