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Improvement of Femtosecond laser induced damage threshold of TiO, optical films by using controlled
annealing process

Ali Reza Bananej*, Mahdieh Khatiri*, Zohreh Parsa?

! Laser & Optics Research School, P.O. Box 14155-1339, Tehran, Iran
2Kharazmi university, Tehran, Iran

Abstract: Tio, optical films with 200nm thickness were deposited by using electron beam evaporation technique
on BK7 optical glass and post annealed at different time-temperature gradient. As a consequence of measured
transmission spectrum and using envelope method, refractive index and absorption coefficient of three samples
have been determined. Then, Tauce method has been used for determining the energy bandgap of samples.
Finally laser induced damage threshold (LIDT) of the samples at 1030nm and pulse duration 20-500fs have been
obtained numerically. The results show that as a result of increasing the bandgap energy by using slowly varying
time temperature gradient annealing, LIDT can be enhanced considerably.

Keywords: Femtosecond laser induced damage, laser damage of optical thin films, induced damage threshold of TiO,

yevAa
ASb g yiawd BB WWW.OPSILIT Colu o 4 cuwl jliel gl)ls a0 0 dlin )


http://www.opsi.ir/
http://www.opsi.ir/article-1-509-fa.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

&5 BB (e bl = Sye 55 00900 3 (500
Lylg, 4o g5l BB 5l onel casss polde ol dcwlxe
5 0 G e bl e Glp sg2ge
SboaY coss alie] g we S eolatwl asibgied
Lol Cawdy

ol wldes olxil g TIO, 36 4y anys
b9y & BKT slo Y 55 (55, » TIO; S3L slo a2Y
Sl Y Sy K ) ool b Sy s
Josz 0 glas ¥ aul g a4 by e Oledbl .l oals
L o wiges lis Y pladl 5l el oad @)l (V)
Glsn JLid) phaasl Sy i 4o dilide les o
Joguzr ;o oad S5 Ol b cele ¥ coe 4 (Jyere
WS 13 S Slles 550 (V)

TiO; 4 s slis ¥ 4 by yo oledlbl 1\ Jgo

10°° (TOMM)odls alaisme 4yl Lz

6x107° (TOrr) oSt 5z ,Lad

01 (nm/s) gles 4y &5
200°C Shas 4y sl

400 nm Ko sl

b aiged (59, 22 (ol Slles Jloel (S8 iV oo

eles Ol s Sl Oldes Wy, Bgod awlid

“us ol Kl a0 VIV adds j2 0,65 (sl
ol Sl azye Fre by gSlas b SRate

FOW PUE P |

S e R T ROt
azys fee g Yoo Ve Glabes Sstep
ool ot e ol Sl

oy e ol il az o Fre ol slos jo 058

el o elas ol ¥ S & Sfix

9 oMRlS - (Jye e 0dguze j3 Hee b
@ oolawl 9,90 (Hitachi:U3410) e caubs oSiws
25 patia |y b aY (5 g b pudins joue b,
ol oa ools lidad JSG j0 g e b S
#2055 &5 ol (o050 i b (mie 4 a2 L
vk Sl o Sl Sl Cepu a5 L
3 cadlas I35l Sl oS col il I3 S5
Slles 2alS b 00,35 il ail e 4ol ol
boye a¥ Lale (Koo Sl @ (lye |, S
2 b digel CanSl oo o D USE o il
aodee las loged culal odd sy e Job con
215 e Jsb Gl b digmi Sl cayd oS

.

St S e olKisls VA YAY ols ©o YOLYY

doddo —)

2 60k Coenl SleelisS ully (2 b (sl 054l
Adlos Hlo)e5 e 5 oDl e lis ( Sy Oladod
Sga ;3 ) sl g5 (nl olsS Ll oy 4 azg L
S )5 g68 ul STl 50 95290 SHU slo 4
059yl 50 50 lakad (ol 55 el g bl VL
oS b layid cole sl Cudgame o yiage
Ol o polie SIU sl Y g SCbl Dladad 5L
Al YU 2ol g

sl Y o 5wy ol Jele iy LJL L slasd o
bug 655 0> b as ailas u;gLo)f sl oy S5
T3l o 51 %008, b Leig U1 355 5 5 536 Y
A& onay oS ol sl b sloyid 3,50 0 L
i b Lgg iUl ol 5o a8 sl (el cuslig b
oy ey Wb 4 (G5 Bg b g S wiz

Slge ;0 B 4 g &S () CaSg
elpzinaze Jlo yo 5d asiile; sl wgiae S 2SIl g0
wlow! ol éﬁ‘s A9 Oyg0 (wy Do A KW
S el atls 5 Gl Sl )5 eSS 8
Sy b aibl 55 B lp 225 MelS e
odb e Tp ) T, >10ps sl a4 o)l vex
2 ) b Gl Ll [2] Frp o ([T, ools (ails
o> ‘_g)/u.l WJJU AJL»...JL Tp < 10p5 00giote
Ol el ool 5 gl azgs BB glas (ol sl
s Y o o5 pple IS sk 4 L [Blanas
odgaze ;o .ol ol jid b oye 4 S SiL
bl o 5 @55 @iz b (n)ady Gl b sl s
Sl aY o cel oS w4 bos g ed
‘_;LQ ol ol.':'55 u,.Jl; l; (_ng)).J 00gdZe 4O .Oglas
2 Al ey e Delisn 9 Geeeliingsd
Loy 655 Qi b oplple wblae o598 angy
5 oiley b4 sl Jel 5 oyl wil slds S
b 50 1071 em™3 sgam b Lis pSUl S il
Geios ol 5o [A5] waone £ 655 P s,
wied 9,y S9N e Sh9, L TIO2 S3L sla 4Y
Slong &l Slles coxi g il ouls Sl Y BKY
b b Sldbl sl eolatwl b e 08,5 18


http://www.opsi.ir/article-1-509-fa.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

T,
1 (n—l)(n—ns)(%+1)0'5
min

Tt 2
t n(n+1)(n+ns)(;ma’C_1)0.5 )

Lol s 5wl oY culist o] 4o oS
= T ®

Sl o po N Y ClS oo Yol ol o
Trin 9 Tmax ol 5 40 dieS 5 dldion joue Mg Y 55
5 adn b ,Blie lezge Jsb Ay 5 Ay 5 aiilos
Ll b ,blite (slo CanSds o po N2 9 Np g jgue dinaS
ey b onlple T e Coss O a3 5 il
L 65l S Glge MV s (@hV)? Jloges
Dgdae 0aud ¥ S 40 al e ol Jloged 0,5 awle
S0t
AN |

a0 | e

" SRate

——Sgy

250E+011 4

200E+0114

1.50E+011 4

(cwy(em®eV?)

I
=

15 40 45
(€V)gir

hv e (@hV)? Sl s e Y USCS

a5 jghailen Sgdue 00s0 ¥ Joaz ;0 BB 5550 polie
EP oRIPIL BB 55l el aslan 6551 nolis
$ipl BB as Sl Gl cal oea )l olles
s S adly b cos TIO, S le 4
S Sy b a5 gl Aiges caS ol ([B]loil o
e S 9, 0K )8 Sl Slles cod
yoS yaBlel 15,5 dils o3l b a0 g sl ails
b cnl ooy oo Gal3l 650 B 5 0T o 2525
alo ol asSl Jdo a4y a5 ol messi lgie aigSl
50 g el a8l pals b wils; e JBs aly oo ioliél
@ e g oolidl plo & xil o S L slpel> ams
Vi ghre 4 o5 a5 5L OfiT (glo Jal> jlace (28
odd sl Jloamas 0 g cwl Sasle, 8
odil, ¢l olyl slo Jel> ol;3l Bursetein-Moss
&5 BB g o5t YL o (65, 4 colas il ol

e L3S

\

-

(it S oKasls AYAY oo (g0 YO LYY

CanSl ol po (omy 0 0550 sl Aiged (gl g Wb (e
Ol Sygo a4 S gldd (pl g Wls Sim ogles
Diloe (Gl Oldes 75 Gl b caSs o o

100 4
80+
60

04 3

204

400 600 800 1000 1200
(M) z 5+ Jsh

(M) = 5 Jsle

Jsb P S b g (S ygee b mie s} S
TIO2 3L slo 4Y @ bgype zse

TiO, SHb s Y 5, SE vy
&b Sl 505l cansy sl (Bg) 551 BB css
Gy dlan ) Syee 4 a5 Tauce alkl,
” QD)
0598 &5 MV (SO cols h weols goae By ] j0 a5
5wl&ly&?@7)éowuaxucso%b
ORI b g 1) Y S ol 00 Sib

o Jglae g, Sl eslatul g (g 0 il logad

__ Bi(w-Eg)°

Cewds  (Method envelope )
Wged dwlid] it BB (g5, B
.laa‘lj) )I oolaw! (ev) Ls 9 0)3‘
4y e SRatd  v/vA Ry R
Sstep| Y/vY
a =
Sfix| Y/oy



http://www.opsi.ir/article-1-509-fa.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

SialS oy cuy bl Fodolee b ass

b e

&l
[1]. Tien, An-Chun, Sterling Backus, Henry
Kapteyn, Margaret Murnane, and Gerard Mourou.
"Short-pulse laser damage in transparent materials
as a function of pulse duration." Physical Review
Letters 82, no. 19 (1999): 3883.
[2]. Du, D., X. Liu, G. Korn, J. Squier, and G.
Mourou. "Laser-induced breakdown by impact
ionization in SiO2 with pulse widths from 7 ns to
150 fs." Applied physics letters 64, no. 23 (1994):
3071-3073.
[3] Jing, Xufeng, Jianda Shao, Junchao Zhang,
Yunxia Jin, Hongbo He, and Zhengxiu Fan.
"Calculation of femtosecond pulse laser induced
damage threshold for broadband antireflective
microstructure arrays." Optics express 17, no. 26
(2009): 24137-24152.
[4]. Lenzner, Matthias. "Femtosecond laser-
induced damage of dielectrics.” International
Journal of Modern Physics B 13, no. 13 (1999):
1559-1578.
[5]. Sanner, Nicolas, Olivier Utéza, Benoit
Bussiere, G. Coustillier, A. Leray, Tatiana Itina,
and Marc Sentis. "Measurement of femtosecond
laser-induced damage and ablation thresholds in
dielectrics." Applied Physics A 94, no. 4 (2009):
889-897.

[6]. Sreemany, Monjoy, and Suchitra Sen. "A
simple spectrophotometric method for
determination of the optical constants and band gap
energy of multiple layer TiO< sub> 2</sub> thin
films." Materials Chemistry and Physics 83, no. 1
(2004): 169-177.

[7]. Caglar, M., Y. Caglar, and S. llican. "The
determination of the thickness and optical constants
of the ZnO crystalline thin film by using envelope
method." Journal of optoelectronics and advanced
materials 8, no. 4 (2006): 1410.

[8]. Yang, Chen, Huiging Fan, Yingxue Xi, Jin
Chen, and Zhuo Li. "Effects of depositing
temperatures on structure and optical properties of
TiO< sub> 2</sub> film deposited by ion beam
assisted electron beam evaporation." Applied
Surface Science 254, no. 9 (2008): 2685-2689.

[9]. Mangote, Benoit, Laurent Gallais, Mireille
Commandré, Mathias Mende, Lars Jensen, Henrik
Ehlers, Marco Jupé et al. "Femtosecond laser
damage resistance of oxide and mixture oxide
optical coatings." Optics letters 37, no. 9 (2012):
1478-1480.

Y

St S e olKisls VA YAY ols ©o YOLYY

TiO, 3L slo Y (55,51 S : ¥ Jgur
asligiod b, oogua ;3 TIO,
Loy yogli VoY zse Jsb)yo (65 uyms aibi]
2y & abl, 3l agligied O --Ve LJb sl
9] wf 0 Sy
LIDT = 0.63(i0.031]cm'2eV)Eg

—1.61(40.14/cm™2)
(4)

55! e B (gl onal sy polie 4 4z L
&l LIDT polae waiae 00ud ¥ oo,leds Jgaz 0 oS
Wil ad $ 18 Sl Olles couv a5 TIO, o 4Y
o3 ¥ Jgux ;o polae cpl aiil oo dinlxe LB

:d}j) <°
wiges anlis | Gl g3, | LIDT(Jem™2)
iies(@V) | V0V Ese b e
SRate 3/78 VYA
Sstep 373 LIy
Sfix 3/53 IEAY
APERES

6‘)-.' 63)-” J@Wﬁoﬁ dcolne LS)}.:J e ) aslew]
TiO; o 56 Y

Er ORIBIL 2 oo o Joux po o5 jshiles
5k o0 R ) s aliol ()l Sliles
GV W] b TIO, 536 aY sl sl azts ,o

o9 plil S e Les rali8
S gle Y gl esel Cussy 4 polie 4 axg L
Sldes gy Gl b a5 o5 ledl ol TIO,
u.v)..a 9 03 J.~o.5 > :u}/ ‘5%&)\.\? > A.vy u.“ (5’)‘)}
Sldas F5 Gial3El b b et 3950 YU bl oSy
30 9 a8 oo oy el b4y g5, B8 o)l


http://www.opsi.ir/article-1-509-fa.html
http://www.tcpdf.org

