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Abstract Laser-induced damage test of the sample is performed in a femtosecond laser system with duration 80 fs,
centre wavelength of 2 pm. A wavelength separation multilayer of Ta,0; /SiO, (HT at 1.064 pm & HR at 2.128 pm)

serves as the target, which is prepared by ion beam sputtering (IBS) on infrared glass. Meanwhile, damage
morphologies of the sample are observed by Leica optical microscopy and scanning electron microscope (SEM). The
laser-induced damage thresholds (LIDT) of the sample is calculated through the relation between damage area and

laser fluence. It is found that damage morphology of the sample is layered, clear edges are easily seen around the

band electrons is applied to discuss the phenomenon. Combining with electric field distribution and band-gap of
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damage spot, and the damage crater has no obvious sign of heat diffusion and conductance which means the
materials we consider that the damage of the sample under 2 ;xm femtosecond laser pulse irradiation will first occur in

the narrow band-gap material at the interface between high-index and low-index layers.
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femtosecond LIDT is closely related to intrinsic characteristics of materials. A theoretical model based on conduction
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Fig. 1 Transmittance spectrum of the sample
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Fig. 2 Experimental setup for the laser induced

damage measurement

3 SR
3.1 #H{piE
X O A SO L BOG R F (o) 43 A 4
HRAERX
F(x) = Foexp(— 22* /w*), (D
Kb Fo W (E 2 3w WO R R E 12
(1/e) 2 ARRE A 5 06 Bl |) 09 BE B . 461 05 B E
Fo. =F(x = D/2), ] Leica % {8 I & k¢ 5 19 3
o BE AR Dk (DA 5 h
D* = 2w’ In(F,/Fy). (2
BB D 5 In Fy, ZEJ LM R 7] H B LA
IRl T 0 AR R O A S O B AE. BT 3 T
WEFFE] Ta, O;/SIO, P Ir BIEALE 2 pom KDk o
WOGHR BT B0 BE R Fi=0.171 J/em®,

0107003-2



XORAE . PRIPEEAE 2 pm TREPBOGAE TR B0 4 1

o 25

g

3

B 201 F,=0.171J /cm®

\\J

S o151

-

g

-g 101

&

w 0 1 1 1 1 1
0 0.5 1.0 15 2.0 2.5

Fluence F /(J/cm?)

P 3 o't i 5 T AR5 K e B Sk i M 6 R
Fig. 3 Squared diameters of the ablation spots as

a function of laser fluence
3.2 MGEM
Bl 4 AR FE Leica G2 B AUBE N WSS 2 1A
[i] i B BT BB B S T DUR AR 2 pm 3
K REPROCAE R L kb 58 5 8K B B I AR

' (b) F,=3.39J /em?,

R I A SR 55 b AR R A0 B o P R XA G
BT Ay v 0 0 o B ) U (AL L s B BB 3 A B 4R R
V14 4t 7 30K 150 ) TR AR ot D IO 3 0 A R 1
B 5 2 BN . A 40405 5 3P IR M AT IR
TR, YO R R AR KB, B2 I 2 [ B R %
MPOERE AN RO — 2 — 2 bRy . [ A
TR B0 2% LU AR M A B S 0 3R ORI iR
P& 5 ke R ik gy 3. 39 J/em?® B, 451 4 L A8 WL
SN RE SR B TE S0 L 5 Ca) 1l LU H 8 B 1 461
P TE A5 LA O S0 43 B ol 7, N4 BRI LB 5(b) ]
A LA 40005 T 4 St T A 2R A 0 TR O 1
P 500 JE B A e T A0 ) 5 B0 24 40, T e i IR
WO B 4y A 0 5 55 2 B S [ R B G B Ak A
fiE, DA EZERFE 2 pm CRPEOBIE R 2 2 6%
14 0 R 0 — P AR AE IR

| (¢) F,=2.38 J /em?

P 4 R TE A TR OG RE L

Fig. 4 Optical microscope images of laser-induced damage sites under different influences on the sample

—

Roin ot
B 5 FERBUGIES AR B .

Fig. 5 SEM images of a laser-induced damage site on the sample. (a) close-up view, (b) detail of (a)

JSM-6360LA

JETF BRI T2 S 2 A

(D &FHE . (K

0107003-3



H |

# ot

Kl 6 R iR B AR Ta, O /Si0, Pk
SYEEAE 2 pm R G AL, T LR S,
Yo A B KAE (3. 25) H BLAE SiO, )2 P . 7E Ta, O;
5 Si0, Fifab i K5 K 2. 0.

3.5
3.0
26T
‘@ 2.0
E 15}
1.0
051
0

SiO,

., |[Si0, Si0,[ [Si0,

Electric field normalized
intensity

27 26 25 24 23 22 21 20 19
Layers

6 2 pm Ak Ta, Os /SiO, Hﬁ?\] E/‘J Uﬂ*’ﬂﬁ%ﬁiﬁ%ﬁ
Fig. 6 Normalized laser intensity profiles for

Ta, 05 /SiO; coating at the wavelength of 2 ym

3.3 Bigtit®

3BT R bk e O RO 2 R 1 451 475 R A
Al B RO BE R — O R K O
VERTTR Dt 27 3l 5 vy 45 497 A v, DAY 3] 3l A R 46
PR 3 RS 3 A O B0 1k R Rl B A
FIRF T Al EF NSRS, B
B0 P B B ) ) YR T R OR R

In. (1)
dt

=W IO 1+ Wi LI ]« n. (1) —

Wealn().t], (3

L n (O T A BT
M4 Keldysh RIS 7K 58 9 470 % 1 5256 %
R By =wVm E,/E) > 10 . i E, Atk
(s B, E A O 0 H g7 5 B A R L DL 20k
F MK E 26T RIBGEFE W LT ] TR

2 * 3/2
Wmultpt[l(t):l — ﬁ(ﬂllhia’) ><

@ J20E,/(hw) + 1) — 2E,/(ha) |

exp[2<E;/(ﬁw) +D(1 —ﬁ)](#)m‘”ww,
(4)
Ay IO A5 B R 0 LU 0 S A SO
W m”" = momy,/ (me +my) H T2 7 4 0A
O H e o, 43000 R H TR AS SR AT R
. (Ey/ () 1) 7% M 2 A 0k — BT
WA IRE T8 E = EA1+H[1/ 27 1) FmAe O IR
SR MR A RO B REL O R X AR U, Ry

Dawson F43 B &(2) = exp(— 2 )Jexp(yZ ddy,

0

il 15 B AL R W e LT () 10T KL 4 Drude 5
ﬂi+%:[21.22]

Wi LI ] = Fi - I, 5)

K o=ev/[ecinom” (1+o' ) ] HRIHE I .« =
16mel /" O 1ED" oy =2 ke i i 1 e
V2e'n. (1)
FHUAT e A G o0 N B HUE 0o AR
o, Mt R A M XA N 1) =
Ioexp[—4In(2) (t/7,)* 1. I, Fl 7, 23 2 & LR B
U {538 3 K 9E
BT BRSO R, S B R A e R
[ 2447 AT B 58 22 B L st # s TR) S 75 22 100 £, 53X
BT 206 T WAL B AL AR i e 3
B0 I e e D ] SRR

W — np(t)’ 6)

Tr

A o S HL A RO R ], — R 100 fs,
ORI P T A M S5 R 1 R K ome
mesmy, SRR T SCHR24 1om, B B AL T BT .
HRAE SCHRL21 T 25t i 0 R e 2 =X 3 o 15345 31
2 pm PR AL, 2 T T HGR B A e =17 X
107 em B, MR K AE K AMEREIR, W 7T ST
2 pmiE AL SIO, FEJZ (i 3. 25) Fil Ta, Os EJZ (3
5 2. 0) S HE L AR N [ AL G R . NI AT A
B TEM R EOE R T Y Ta, O B2 N S
FHOE NG TR (1. 7 X107 em ™) B, Si0, 2 N
0 S0 PR T 10 em ® L AL T IR & 2R
10k TR ) I At 106 DK 0 T P P IR e e R
A TE AT S R BT AL 1) AE HEBR Ta, Os b1 R 2
M. Bl SiO, BER NS KT Ta, O BEZ MK
S AR AN BEHCIS B Ta, O, 25 45 B ok 1 B (8 1
BN PR B E X T 2 pm KRR EOEAE R ik
10%

1020 80fs
0.076 J/cm?

Electron density /cm=

2 . . .
-100 -50 0 50 100

P 7 BEJZ PR PR B R N R B AL SC R

Fig. 7 Evolution of conduction-band electron density

0107003-4



XA

PR AT B AR 2 pon "CRPROGAE T A 45340 45 1k

RO B 400 B S K AR e AR T A R B i Ak 5 B
5075 B L 2y 2T R R R E
F 1 MR R 6 WAL R 2

Table 1 Parameters of coatings used in theoretical

calculation
Material E,/eV E  m.=my(me) m” Gny)
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