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Experimental Investigation on Pre-Ablation Dual-Pulse
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Abstract  Pre-ablation double-pulse (DP) is applied to induce Fe plasmas, and the emission spectrum is
investigated. Spectra intensities are compared using single-pulse laser-induced breakdown spectroscopy (SP-LIBS)
and pre-ablation double-pulse laser-induced breakdown spectroscopy (DP-LIBS). The signal intensity is enhanced
largely by pre-ablation DP-LIBS excitation compared to SP-LIBS. Signal enhancement acts as object of study. The
influence of the delay between the two laser pulses (—102~ 0 ps) is investigated, and enhancement reaches
maximum at —9 ps, and 6. 5 times enhanced signal is observed in atomic line. Electron density is reflected by
spectral line of full width at half maximum (FWHM). FWHM is studied with the delay between the two laser pulses
and the gate delay time. A correlation between the increases in emission lines intensities and the gate delay time is
established in pre-ablation DP approach. Difference of the delay between the two laser pulses, intensity enhancement
versus the gate delay time is different.

Key words spectroscopy; pre-ablation; double-pulse; laser-induced breakdown; plasma spectra; signal
enhancement

OCIS codes 300.6365; 300.6210; 300. 2140

(LIBS) ’ ’
: 2011-08-02; : 2011-09-10
(11075184) .
(1983—), s o
E-mail: wangqil983@126. com
(1966—), s s N
. . E-mail; fzdong@ aiofm. ac. cn( )

1215001-1



, LIBS

[1~3] . [4] .
[5.6] . [7] [8.9]
LIBS ,
, X
(XRFA) -
(ICP-AES),LIBS
) LIBS
o LIBS
’ Lol o ,
(DP-LIBS) )
[11.12] ,
[13~15] L15.16] DP.*LIBS ,
DP-LIBS )
DP-LIBS o
DP-LIBS
,DP-LIBS LIBS
(SP-LIBS) o
(DP) )
(FWHM)
2
DP-LIBS Big sky
Q Nd: YAG
(ME5000), 1
. Nd: YAG
1064 nm, (SP) 0~50 m] )
6.4ns 7.1 ns, 0.1~20 Hz
. Ap=5000,
220 ~ 900 nm, 1CCD
(Istar,DH734), 1024 pixel X 1024 pixel,
Stanford research systems
DG645

S 1 1.:-a1=1 g furning prism
| — S
| — Il 'CDispectrom-— fiber
_'_: i “ r | | [focusing lens
.ul!u[m :ﬁj—:l
sample

1 DP-LIBS
Fig. 1 Schematic setup of pre-ablation DP-LIBS

experiment system

SP-LIBS 40 mJ,DP-LIBS
40 m],
70 mm
, 1 mm ,
70 mm ;
3mm
45°,
3
DP-LIBS ,
3.1 SP DP
Sp  DP
2 o
—8 pus, 2 ps, 1 ps, 2
400~430 nm . DP SP
o Mn
Cr :Mn 1:403. 07 nm,Cr II. 425. 43 nm

1215001-2



Fe

427. 48 nm, SP-LIBS ,
DP-LIBS o
DP-LIBS ,
. DP-LIBS SP-LIBS
o — DP-LIBS
25l Fe ——SP-LIBS
\ FQ

Intensity /10*

051 N

Ak [ IRAEN
JEEIN W VN P 1Y)

o

0k I\ LS N
400 405 410 415

420 425 430
Wavelength /nm
2 SP DP

2 Emission spectra of steel under SP-LIBS and
DP-LIBS excitation

Fig.

3.2
DP-LIBS s Nt
DP-LIBS . —102~—0.5 ps
] 0.670.8 1.0 ’J.S’
20 . DP-LIBS At
3 o 3 Fel:495. 73 nm
At ,
o —9.0~—0.5 pus
. —16~—10 ps
s —30~—16 ps ,
_30 ‘U.S ’
, DP SP
At 479 #S, 6.5 °
0.6 s 0.8 S, 1 ©s )
At 4 )
Fe 4 (495.73,
492.05,489. 14 438. 35 nm) 4

"IF r
4
E 6k & 8- ()6 us
£ A 0.8 us
L | &R + 1.0 s
g izt
E ¥
E 1_3 1
Eoif Lo
B 3H jenacat i S
2 ’-il ahadlaa
2 Treiads .
- R A
I L 'l 1 1 1 L
0 -20 =40 ~60 -80 ~-100
Time between two pulses /us
3 DP
At

Fig. 3 Increases in intensity of spectral line versus

438. 35 nm
Fel:492. 05 nm

At for double excitation

b

—9 #S, ’
DP-LIBS ,
) [14] ° Fe
495, 73,492, 05,489. 14 438. 35 nm
5.35,5.35,5.39 4. 31 €V,

, —102.0~—0.5 ps

Fel:489. 14 nm , Fel:
, Fel:495. 73 nm
(5.35 e\/),

= 495.73 nm
»—492.05 nm
- 489.14 nm
o—438.35 nm

LIBS siginal enhancement

] me
‘}{ '1””"!"l!llln L
5 S Y YA
= EARRR,
] 1 I I L
0 -20 -40 -60 -80  -100
Time between two pulses /us
4 DP 4 At

Fig. 4 LIBS emission enhancement versus At using

3.3

1215001-3

pre-ablation double excitation for four lines

DP-LIBS 5
, 0.6~2.2 ps, 30,
1 ps, 0~—50 ps,
Fel:489. 12 nm , At
s At )



s -05us
e —2.0pus

——E 4 v v 4 50us
=B v v —10.0 ps
v = -16.0 us
g 5 N ~20.0 us
= . 7 -26.0 us
sy S, A v v ~50.0 pus
E A v
= 9 A . 4 v v

) . n -

& v A

v ¥ 0

1 7 a

0 L " L . " s . ) L L

0.4 0.8 1.2 1.6 2.0 2.4

Delay time /us

5 ’

Fig. 5 Signal intensity versus the gate delay time at

different delays between the two pulses

,DP-LIBS
6 )
At s
A 0,—0.5 —2ps .
;M —5,—10 —16 ps
s o At
—20,—26  —50 ps
’ o
b
[12
b
b
o b
b
SP o
b o
L ul)
= (.0F * -5 us
< a-20us
= 6.0F v-5.0 pus
= F T 10.0 ps
2 5.0F v 16.0 ps
I e : 20.0 us
- 40¢F -26.0 us
= L« 5 8 8 50.0 us
& . § 2 !
= 3.0 L0y p
7 L . .
2 9pk .
E N - L] . -
| r . .
LOF L
0.4 0.8 1.2 1.6 2.0 2.4
Delay time /us
6 b

Fig. 6 LIBS signal enhancement versus the gate delay

time at different delays between the two pulses

3.4 FWHM
FWHM 0l
e (D
Adijz FWHM, N, yw
FWHM o
FWHM o
FWHM  A¢ 7 » At
—102~—0.5 ps, 0.8pus 1.0 ps
FWHM s At 0~—60 ps,
FWHM  Ar , A —60 ps,
FWHM o
At o ,
1.0 ps FWHM 0.8 ps.
. AL 0~—60 ps.
s AV
—60 ps ,
[ 1.0 ps
o ®*08us
().2:;(): 5 .
0220} "".',. L.
:z:; 0.210F e _.- .. .
2 0.200 F : ."." ...
0.190F ‘ . ) . )
0 -20 -40 -60 -80 -100
Time between two pulses /us
7 FWHM
Fig. 7 FWHM versus time between two pulses
FWHM 8 )
0.6~2.2 ps At —1,—6,—10,
— 20, — 30 — 40 ps, ;
FWHM  A¢ )
—1ps ,FWHM ) At
—40ps , 0.6~1.2 ps ,FWHM
, 1.2 pus ,FWHM
o — 40~ —1 ps,
FWHM o
At —30~—1pus

12150014



Fe

’ o
—40 S ’ ’
b b
oE w—1pus
0251 = e —6pus
4 —-10 us
0.24 -20 ps
. ° ) =30 ps
E 0.23 A 2 -40 ps
s o022f * 2.
E - .
Z 021F 8 a0 ®
g8 a 4 ®
0.20 L \ E R
0.19 | .
0.4 0.8 1.2 1.6 2.0 24
Delay time /us
8 ,FWHM

Fig. 8 FWHM changes with the gate delay time at
different Az

) DP-LIBS
o SP, DP
o At s
DP At

At —9 1S —30 s
o At ,
o FWHM

At
FWHM o

1 D. L. Death, A. P. Cunningham, L. J. Pollard. Multi-element

breakdown
spectroscopy [ J ]
Spectrochimica Acta Part B: Atomic Spectroscopy, 2008,
63(7): 763~769

2 Lu Yunzhang, Wang Jiasheng, Li Weilin e al.. Quantitative

analysis of iron ore pellets by laser-induced

and principal components regression

analysis of Si and Mg in ore sample using laser-induced breakdown

spectroscopy [J]. Chinese J. Lasers, 2009, 36(8): 2109~2114

S MglJ]. , 2009, 36(8); 2109~2114

3 Sun Lanxiang, Yu Haibin, Cong Zhibo et al.. Quantitative
analysis of Mn and Si of steels by laser induced breakdown
spectroscopy combined with netural networks[]]. Acta Optica
Sinica , 2010, 30(9) . 2757~2765

’ ’

Mn  Si[J]. , 2010, 30(9):

2757~2765

4 V. S. Burakov, N. V. Tarasenko, M. 1. Nedelko e al..
Analysis of lead and sulfur in environmental samples by double
pulse laser induced breakdown spectroscopy[ J]. Spectrochimica
Acta Part B: Atomic Spectroscopy, 2009, 64(2). 141~146

5 A. De Giacomo, M. Dell’ Aglio, O. De Pascale et al.. Laser
induced breakdown spectroscopy methodology for the analysis of
copper-based-alloys used in ancient artworks[J]. Spectrochimica
Acta Part B: Atomic Spectroscopy, 2008, 63(5): 585~590

6 A. Erdem, A.
Characterization of Iron age pottery from eastern Turkey by laser-
induced breakdown spectroscopy (LIBS) [J 1. Journal of
Archaeological Science, 2008, 35(9) . 2486~2494

7 L. Lanza Nina, C. Wiens Roger, M. Clegg Samuel et al..

Cilingiroglu, A.  Giakoumaki e al..

Calibrating the chemcam laser-induced breakdown spectroscopy
instrument for carbonate minerals on Mars [J]. Appl. Opt. .
2010, 49(13). C211~C217

8 Lidiane Cristina Nunes, Gilmare Antoénia da Silva, Lilian Cristina
Trevizan et al.. Simultaneous optimization by neuro-genetic

approach for analysis of plant materials by laser induced
breakdown spectroscopy [ J]. Spectrochimica Acta Part B:
Atomic Spectroscopy, 2009, 64(6) . 565~572

9 Edilene C. Ferreira, Eveline A. Menezes, Wladiana O. Matos et
al.. Determination of Ca in breakfast cereals by laser induced
breakdown spectroscopy [J]. Food Control. . 2010, 21 (10):
1327~1330

10 N.  Jedlinszki,
performance of
spectroscopy [ J]. Microchemical Journal , 2011, 97(2): 255~263

11 Ji-hyun Kwak, Christoph Lenth, Christian Salb e« al..

Quantitative analysis of arsenic in mine tailing soils using double

G.  Galbdcs.

collinear multi-pulse laser induced breakdown

An evaluation of the analytical

pulse-laser induced breakdown spectroscopy [ J]. Spectrochimica
Acta Part B: Atomic Spectroscopy, 2009, 64(10): 1105~1110

12 G. Cristoforetti, S. Legnaioli, A. Salvetti et al.. Spectroscopic
and shadowgraphic analysis of laser induced plasmas in the
orthogonal double
Spectrochimica Acta Part B: Atomic Spectroscopy, 2006,
61(3): 340~350

13 E. Asgill Michael, S. Brown Michael, Frische Kyle e al..

breakdown

pulse pre-ablation configuration [ J .

Double-pulse  and  single-pulse  laser-induced
spectroscopy for distinguishing between gaseous and particulate
phase analytes [J]. Appl. Opt., 2010, 49(13). C110~C119

14 C. Gautier, P. Fichet, D. Menut e al.. Quantification of the
intensity enhancements for the double-pulse laser-induced
breakdown spectroscopy in the orthogonal beam geometry [J].
Spectrochimica Acta Part B: Atomic Spectroscopy, 2005,
60(2): 265~276

15 J. Scaffidi, J. Pender, W. Pearman et al.. Dual-pulse laser-
induced breakdown spectroscopy with combinations of
femtosecond and nanosecond laser pulses [J]. Appl. Opt. , 2003,
42(30): 6099~6106

16 M. A. Ismail, G. Cristoforetti, S. Legnaioliet al.. Comparison
of detection limits, for two metallic matrices, of laser-induced
breakdown spectroscopy in the single and double-pulse
configurations [ ] ]. Analytical and Bioanalytical Chemistry ,
2006, 385(2):316~325

17 M. Milan, J. ].
produced by visible nanosecond laser ablation[]J]. Spectrochimica

Acta Part B: Atomic Spectroscopy . 2001, 56(3) . 275~288

Laserna. Diagnositics of silicon plasmas

1215001-5



