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Application of Laser-induced Breakdown Spectroscopy to
Analysis of Thin-film Damage
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Abstract: A method for characterization of thin-film damage by using laser-induced breakdown
spectroscopywas propose. The innate infromation of plasma spectrum when film damaged under the
nanosecond pulse laser irradiation was investigated. In experiment, the temperature and electronic
density of plasma were seperately 2807. 4K and7. 4 X 10" cm™® when the HfO, film was irradiated by 78m]
laser energy. And whether the film was damaged or not has been identified exactly through identifying the
characteristics of the plasma spectrum, which avoid the phenomenon of misjudgement. The results shows
that the application of laser-induced breakdown spectroscopy is fully applicable to the measurement of
laser damage of the films, and is a highly effective method of test analysis on thin-film laser damage.
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Wavelength/nm  Upper level energy/cm™! log(g )
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325. 370
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42,771 0.039
46,209 0.57

42,391 0.3

38,499 —0. 044
34,942 —0.458
33,776 —0.828
29,405 —0.612

290
285+
280
275
2701
265
26.0
255}
2501
245 F
24.0

log(A*-1/gf)

1?8 2..0 2.‘2 2.14 2.l6 2.l8 3‘.0
E/em!
H4 #AZEZREAENGTESFETHRILE
Fig.4 Boltzmann plot to calculating plasma temperature
N.>1.6X10"E® (3
Kb TORSESFIRMIERE.E b bR ae . &115H.

0414004- 3



T

S P EETFRNBEFEEEDERT 41X 10"
em™ . 3 Tl B B 85 7 (Stark) & SE RN LK
A OITRSE, fFEEOLREE R 78 m] MIERH T .
HEC 453 405 B 1) 45 88 IR B FL 85 o 7.4 <10 em 7L X
ABEIZIE R T 4. 1X10" em °.

[ N.
A =26(577)

Ko KB F Rl S8 0T i Griem 31515 8177,
I o ISR 88 49 B BT A ) O S S AR Ak T )R
PP 7 R 25 IR R ST HLF 755 A A ] A

DA 07 LIBS 7 AR L 1] RLXT 3 90 Bk i 4% 1
T P SR O 0 40 BF ) RO A5 B AR I R L R T
5 T AT ST S AIE R ) SO 40 R L Sy i
51473 WL B ) F 5% B8 ARk o B ) S B0 AR B
3.2 LIBSiRBIEERG

FIH LIBS $ A, A5 W] #4068 =2 56 B8, HIO,
MBS B T AOEIGE N 5. NE 5 AT LLE LR
O RE B AS BT 35 KL S (T I 1 o T 2k R
W2 IF HOG T 3% 2 1 I (It AS BT 86 KL 3 2 PR oA i
PO il B B0 398 K TS IR WA %) B R K L I 7 AR Y O
B R N R T YE = S N A R (N O R I
S e SN A D I S NN T3 S e
PR IR G B s 20, 3 5 Sk 13 02 — B0, B 6 ok
it RE R S 78 m] I, HEO, i I8 76 806 48 IR 2 24K
6B ARG TE B TS W B 240 ~1 075 nm.
FER B FE BOG K TR SR 6 AU A HE ) 3
T HIN MBS P A NTH O IR ik, x
T U B TR R 2 3 T IR HEO, A4 R B B T
HE T &1 8] B B 306 56 IR Y I8N 77 78 KR 5
X A2 R I ) R AR B AR AR S KR K B
JE JE 23 ST R KR YL HE 6 IR A
PRI F) Sk X FWIAE 78 m] (EOCHE R IR T .
TS B R O BRI AR R AT 05 B BRI

m" Jlll
wd L LA A

h&ll‘ [ I

al 1

4)

intensity/(x10°a.u.)

7300 500 700 900

Wavelength/nm

B S FEEOL R EAE R T ook & At
Fig. 5 Comparison among spectral lines of film under

laser irradiation with different laser energies

%
0.7
06} £
£ =
— o .
27 ge S
= . &
< 041 ¢ gidf=) =
= g 0o o g
203 8 <A S g
7] O T A=
MER o
Eo2r S = &
—_ — 0
0.1 p T =
= Z
200 400 600 800 1000
Wavelength/nm
B 6 R B LE(7T8 m] WL EAERT)
Fig. 6 Spectral lines of film under laser irradiation

(laser energy at 78 m])

B, F ) LIBS 552 K 38 1 2 W B 450 43 B ) &5
BT ARG v R A S A R R T R A 2 BT A
MRS WA AT. B 7T AT HENL B 71
339. 95nm &b MY % ZE N [ 7E 821. 58 nm A4, O 1
16 777.32 nm AbRITES: , L &% H, 7E 588. 16 nm Abix 4
Fith 2k B WG R B 19 PR AIC 5 2k e [ i A fb i ¥, mT L
FillBEEBOCREE N BOCE S RPN ST
JRF UL B T s B Wi KA. 28 7 of AR B A
HLHINIEF NIEFULOL FEFRBREHE K
B TE AL H, 5 F 0k LA R AFAE X UL, SEI b A
AR OGBE A 4 IR SRR S 3 B T RO SR
FHCAEATEEFERAEIE. FRHASE F&
DRI 2 0 531 vy B A5 460 403 U0 25 AR T BT A OL RE i
WIS AE G X — SR B RS LRI A
£ B 7= AR R ). O TUE X — o, AR 4R 18021254 #9984
A5 A5 0 R U 52 56 SR A A S i o) T R A
2% 107 A 5 R DX 38 AT L, A ECLIPSEL50 #Y J@ JE )
2 WA TR 100 45 W 42 3 RS 451 49 B 1) JE 0 L 4%
mE 8. NEIHTAT LA, #AAE 7 m] F1 14 m] BOGHE
HRBTIHEADG. SRS REMW AL EL T A

05
—e— H2 [588.16nm]
04t —— O [ [777.32nm]
g —a— N [ [821.58nm]
é 03 F —v— Hf11[339.95nm]
~ 0.
=
'z 02F A B
2 ¢ .
= [
0.1 [
x I
-~
0 i ! 2 L ! 1
80 70 60 50 40 30 20 10 O
Laser energy/mJ
H7 BLEEHMELEEN RS
Fig. 7 Trend diagram of the value of spectral lines with

the change of laser energies

0414004~ 4



B0 AF OGRS e e A MR AR 15 20 b 4 B

(a) 129mJ

(c) 52ml

(b) 78mJ

(d) 39mJ

-

(e) 14mJ

(f) 7TmJ

M8 AEBAEEEE THEIENL R
Fig. 8 Morphologies of laser damage spots by laser

irradiation with differentlaser energies

FATE HE TR B354 0715 2 /Y 45 R 02 — 2ond » B R AE
X RO e 1 0 A RO RSO R A . H i
S S T 77 A ) 28 18 1 AR TR DI S B b AN AN 2 it R X B P
B Rl 5 3 LAY 5 3k RIS 9 O 45 3K Y R
FIBLG ™ T 52 0 1 5 OG0 3 180 R A 0 aKS E
I A LIBS $OR 58 i 142 W 45 8 7 K I DG 2 5 A
T R R T8 28 00 ) W 9 158 R 5 400 7, T LA 4R e v
10 H 500 1 RS BE L 5 SCRC15 i 25 21 — 2.

4 Zig

VLA L HIO, S 461 R FH #R28 R DT AR IR 88 T
HIO, 1 5 )Z A BT B S22 2 B S A/4@1 064 nm.
KIjF Nd = YAG BEAKRBOGE QK 1 064 nm) Xf
HIO, 50 )2 4 B 8 IR A7 R TR O RE = F A9 4@ B8, R
LIBS H AR F) FH 650 AS [8] 380k BE & 46 RT3 1 45
155 19 55 B8 AR R IR AT T I A A

295 A A A A A LIBS B AR I 2 T R
3 0 7 A O A5 B T RO Th AE A HEUNLOLH 4§
JCE MR a4k SR T AR B T R R AR A
-1 B 38 2 6T R 0 A OGS 8 TS BUAS TR
JERE R T BB S R TR 00 IR B AR T R X
THE RS (0 YOG A0 A5 2o R R AT S B R A Ay R OK 0 4
HLER IR SR 40 T/ iR dE. SC R0, 2 HE T &R 1
JF R i A B AR E A R T B,

PRI AT R Ot A 0 3 46 8 A Ol 1% v 2 5 A 7 T
FEERA R 0 2 1 33 4 ok S D 9 2 5 A, 3k A T AR
U b 3 B PR TS A K 5 | A R R R R B T
R R R ) AT R T RO O 4 0 1 ) R

25 b, LIBS R 58 4238 T 3 I 0% 0O 43 ) 1K

G I R — B AT Z A R D 4 A7 5 i K e A

HBEAG k.

S % ik

[1] RISTAU D, JUPE M. KAIS. Laser damage thresholds of
optical coatings[J]. Thin Solid Films, 2009, 518(5): 1607-
1613.

[2] ZHOU Ming, FAN Zheng-xiu, SHAO Jian-da.et al. Thermal
effects of optical film with the combined irradiation of different
wavelength lasers[J]. Acta Photonica Sinica, 2009, 38(10):
2608-2612.

JAWL U AE S B A Ik L 45 AN TR IR AR O [R] e i I A A AR
WroElT]. JF 247 ,2009.38(10) : 2608-2612.

[3] XIA Zhi-lin, ZHAO Yuan-an, XUE Yi-yu, et al. The
influence of inherent seed electron on laser induced damage
mechanism of optical films[J]. Acta Photonica Sineca, 2009,
38(10): 2619-2623.

M B TT A BER T S W) AR T R X Ol H T RO 5 45
Bl A (1], S F 24,2009, 38(10): 2619-2623.

[4] ZHU Yao-nan. Discussion of the measurement methods for
laser induced damage threshold of optical coating[]J]. Laser
Technology, 2006,30(5): 532-535.

ARG G RO 4 0 B AE W 3K T R A R e L) .
Wt A, 2006.30(5) : 532-535.

[5] REZAEI F., TAVASSOLISH. Quantitative analysis of
aluminum samples in He ambient gas at different pressures in a
thick LIBS plasmal]J]. Applied Physics B, 2015, 120:563-
571.

[6] ZHAI Yang, ZHU Ri-hong, SHEN Hua, et al. Influence of
laser power and incident angle as well as testing distance on
laser inducted breakdown spectroscopy (LIBS) technology for
spectroscopy diagnosis and multi-element analysis [ J J.
Spectroscopy and Spectral Analysis, 2011, 31(10): 2634-
2638.

B HZL AR WOLIESE SO0 (LIBS) Lk 2 W 5
TR G HT RO C T 3 IR A B LA R B B Y AR X A
L)1 622 5583k 4 #r, 2011, 31(10) : 2634-2638.

[7] CREMERS D A. RADZIEMSKI L J. Handbook of laser-
induced breakdown spectroscopy, second edition[ M]. 2nd ed.
Hoboken: A John Wiley &. Sons, Ltd., Publication, 2013
289-322.

[8] WU Shi-gang, XIA Zhi-lin, SHAO Jian-da, et al. Laser
induced defect damage on optical thin film[ C]. SPIE, 2007,
62749 . 1-6.

[9] MIZIOLEK A W, PALLESCHI V, SCHECHTERI. Laser-
induced breakdown spectroscopy (LIBS): fundamentals and
applications M]. Cambridge University Press, 2006.

[10] BOUAZZA S, QUINET P, PALMERI P. Semi-empirical
studies of atomic transition probabilities, oscillator strengths
and radiative lifetimes in HfII[J]. Journal of Quantitative
Spectroscopy & Radiative Transfer, 2015, 163:39-49.

[11] HEGAZY H. ABDEL-RAHIM F M, ALLAM S H.
Evolution of Al plasma generated by Nd-YAG laser radiation
at the fundamental wavelength [J]. Applied Physics B,
2012, 108(3) :665-673.

[12] GRIEM H R, SCOTT F R. Plasma spectroscopy [ ] ].

0414004-5



kT ow i

[13]

[14]

Foundation item: The National Natural Science Foundation of China ( Nos. 61378050,

American Journal of Physics, 1964, 1(10) :864-865.
LUO W F, ZHAO X X, SUN Q B, et al. Characteristics of
the aluminumalloy plasmaproduced by a 1064 nm Nd: YAG
laserwith different irradiances [ J]. Jowrnal of Physics,
Indian Academy of Sciences, 2010, 74(6) . 945-959.
XIA Zhi-lin, ZHAO Yuan-an, XUE Yi-yu, The

et al.

5

]

influence of inherent seed electron on laser induced damage
mechanism of optical films[J]. Acta Photonica Sineca , 2009,
38(10): 2619-2623.

ZHAO Dan, SU Jun-hong., XU Jun-qi.
peak extraction algorithm of laser film damage [C]. SPIE,
2012, 8417: 1R-1-1R-7.

Plasma spectrum

61205155) and the Ministry of Science and

Technology's International Science and Technology Cooperation Project (No. 2013DFR70620)

0414004~ 6



