358 10
2008 4 10 H

i Moo
CHINESE JOURNAL OF LASERS

Vol. 35, No. 10
October, 2008

XEHE: 0258-7025(2008)10-1595-05

A5 3145 10 Ta, 05 I E2ATE Rk
D JE 103 105 I AL R o B2 B

OB ERA

BHRC OREES EEE

CE 2%

C P ER B B B AUMBTIE AT . B 2018005% vh E A2 BEWFFE A Be - JEaT 100039)

ME R T R L (EBE) M B 7 AR ABSY i 4 T AR Y Tap O WERR ., 7] B XS o T 0 A8 22 1l 4 A 3 B8 2 A7
TR KRR, W T A 0 Tay Os WA 622 1 RE 30O 151 05 B (8 CLIDT) (Wi 8O RLRE JE2 | Bl B o 2 32 0 2%
B A . AR IB AT H R A A A IR Y Ol 2 1 RE AT B B L B W T RO S A IR 0 O 2 PR E
P T 2 R T o ) 9IS 4540 1 L AR Yy DR R A T R AT RS o ke R R R e B R T I % S R
R 2 56 RN o A8 2 IR A 0 R ARk o e 8 R ) S AR 48 0 (AR B R 0r o 1B K I TR A8 73 9 7S 4R
ST A5 ) A 9 AR 3 R {2 PR A 3B K AN B AR T N A 2 i PR OB 30 D e R ) 2 R TR R OB A HL T R

3 R A A AT RE I — A5k R v R 4 1
KR W ORI BIE s IR ok
FESES 0484 XERFRIRAS A

doi: 10.3788/CJ120083510. 1595

Optical Properties and Laser-Induced Damage Threshold of
Ta, s Films Deposited by Different Methods

Xu Cheng'**

Ma Jianyong'*, Jin Yunxia'

Dong Hongcheng'**

Xiao Qiling'**
Shao Jianda!

('Shang‘hai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China)

*Graduate University of Chinese Academy of Sciences, Beijing 100039, China

Abstract Ta,O; films were prepared on BK7 substrates using electron-beam evaporation (EBE) and ion-beam

sputtering (IBS), and the films deposited by EBE were also annealed. The optical properties, laser-induced damage

threshold (LIDT), absorption, scattering and root-mean square (RMS) roughness, microdefect density and

impurity content of the prepared films were investigated. The results show that the optical properties of the annealed
Ta, O;s films deposited by EBE can be improved near to that by IBS. The LIDT of Ta,O; films deposited by EBE is
lower than that by IBS, which is due to the larger absorption, microdefect density and impurity content and has

nothing with the scattering and RMS roughness. The films prepared by EBE after being annealed show lower

absorption and microdefect density, and improved LIDT. The LIDT after being annealed is still lower than that by

IBS, which can be attributed to that the annealing cannot decrease the impurity content of the films. Therefore, the

higher LIDT would be achieved by using high purity starting material and reducing the contaminant in the

evaporation course.

Key words thin films; laser induced damage threshold; absorption; annealing

L 50 5

Ta, Os BB 3 8 1 13T 5 R ML 58 1) 6 15 2
HYEH (300 nm~10 pm) Kt Ta, O, HIE 12
O 2 G i g Ta, Os B ¥ 07 15 AR

I #5 B H#3:2008-01-07; Y E| & 205 H #1:2008-01-28

Z A TR ZE K (EBED | S0 47 W T 25 i 1)
FIES 5 R S (IBS) 45 . WL 1 R 28 K AR D 4%
7 M AR B T AR R ORE T Bl RE A (0. 01~
0.1 eV . il £ fy vt JE 52 B AL IR 45 4 AN 68 B8O L 37

EER T AT B TR AR A, EENFOE =R OB 5T . E-mail: xucheng@siom. ac. cn
SUBE A AR IR (1964—) 53 LWV AL R B3 L 18 A S0 L 5 B A S5Ot WA 5 1 A9 5E . E-mail:jdshao@opfilm. com



1596 i

i it 35 &

SPRBAR O R E R 2 . iR SO B ) il
PR R B e W APERE R H . R B T R
ST T UUBURL T S BB R () H TR AR K
PN B0 & fhl 8 110 5 A g ) O AR L AT
S5 A A R RO A M RE AR S TR A

PO 2 G X IR G SO 0 19 A 1Y 2SR
O R VRS ) SO 408475 1] A R A B o O 1l v
Iy S RE BT 1) R R R B D iy
B v VB 114 RO 1247 B 2 4 Dl 2 W R 40— >
RO URA . 5 O 10 17 B 1R Y R A
ME A KRELREY, B T HOCA S B rE o, i
90 14 e A 5 R 1 B o R A RS RS BE L ik
B 8 R % Ak o i B A — i A

AR SO AN TR] J5 3 il £ B9 T, Os IR Y 6 27 1
REFIPOC A7 BE BEAT 1 AT BE 5« I 38 i o) 3 i
MR MAC RIS RS B2 Aol it I A0 4% Jo 5 4 45 78 o 1)
B WF5E T 520 Ta, O WM OG0 B E N R .

2 % R
2.1 HEHE

K0 BK7 BEREAE AT 40 3R i 28 &
S F AW 09 77 i 4 T Ta, O Wi, 7R
il £ R FH 40 B2 99.99% 1Y Ta, O B R, A K B %8
2X10° Pa, JaE I B2 300 C, fE45 Ik E K2 h, PLH
IE AR R TR] A o DR A A AR A — s R
Gy R SEEAY . SEE A AT R A HY9940C B
A FE 5 45 A B AT D0 A 4R L FE & EBEL AN
EBE2 1y % 4% JE 4 % h 1.2X10 * Pa A
2.2X10°% Pa, £ i EBE3 F1 EBE4 J2& 4% 5| % iX
Fir 2440 F il 2 1 WS ZE 400 C R IR k12 hig 21,
B AR S )RR SR B OSLS B (RF) B 5l S5 9%
FRAIL 1) 4 0 S 9050 R 5 Bl U 43 1 oA 16 e AT 12 em,
Ar L O, {45 56500 5 7 U50RT B0 B4, I S0 U5 9 Ar 3
iy 48 mL/min, JF 8 b A B Ar Wi A
5 mL/min, 5§ BIE R Ar F1 O, BFEL LN 1:4, K
SFER R O 4l B 99.999% 9 Ta, A JE H =
4.0X107° Pa, L ¥ I8 & S~ 136 C, ¥ 5 IBS1 F
IBS2 7E i £ 3o % 19 58 %043 511 24 3. 6 X102 PaFll
4.8X107* Pa,

2.2 EWEKEBERSHY

i Perkin Elmer 2 @ 4 77 ) Lambda900 435
BT (3038 35 5 3600 H RS B2 0. 08 Y0) Tl it 1 %% b
(33 5 35 K 28 BN 1T nm, AR 483 B S LA
TR BT S RN O R A, R A K 1064 nmy

Nd: YAG HOGTH Q B X v I 1 38O i 43
EEATIN & . 3 A S, B 0 1 He, ik o 58 B2
12 ns, FE R THOCHER ST 0. 467 mm, JHOGTERE i
T 1) 8 FRRT B 4 1. 5 mm, SR 1-on-1 19 J7 X i
A, AL 10 X 10 . SLE A CCD & i
FEAR S Xt 404495 155 D0 1 A7 S IS 0, I A T S AL
WOt RE R B 3R A AR 5 AL A W] R 5% BE R A9 0
it SR FH M6 1 J7 145 1B 28 400 403 MR 36 5 1Y)
AR L ME N M M OL B 5 B E Y . R
AT 37 A B AR Ko B A s I s A T L s
HIFS0 WL P K 1064 nmf) 3L HOGHR . % 4 5
AR R OEHE AR L N 60 pm  BEIHE A Th &
20 mWi) He Ne . BEL L BEH SR EMME
17, JGBE EL AR 20 400 pm, SR FH BB 80 A
TV R S 2 T 1 B R B CTIS) 4 A, AR 4
b o O RO AR B T ORE Y 2 T O AR (RMS) L
BEJE . 7E Leica- DMRXE I 855 85 3% F 4 4k ¥ AT 5
A dits 22 TE TRl ST o % B R AT I L A A il 3R T B
BLI & 10 5. M A DL E AR K FS pm B 8FGE M HE
K VG000 #EGTHH BT X (GDMS) X A [] 75 2
Tl 1) THE S PN 1 2% O R R AT T A

3 SEEREN R N

P13 00 o B i 1) 3 5k 238 il 2L 3T S R N O
FEh . e TR K &1 EBE2 47 % 1
EBE1 XJf HIHOG R UK . R W] 542, 2 X102 Palif
PAT TR BN B W . B T RS SR AT
IBS1 1 IBS2 47 5 258 5 5 iy o 33X 4 g T 0k 5 o A o
BF s K 2B EUE . A, M R
fIC, 2B IBS il & 1 W 4 e Re fe Mt 5. LT
TR A5 1 T RRGR KIS 3 A AR B R B T S %R
BRI B R BOEAR 12 30 25— AW S 38 7 Ot

2 78 T A FRRE B BOG A B R LR
RN N 7 S O R A 7 O 1 2 (3 o
4.2 J/em® Ml 5.3 J/em®, B Kk 5 4 W R w E
8.5 J/em® 8. 7 J/em® , B~ oLk S5 il £ Ay v JEE AR
18T B G G, K15, 2 T/ em? 116, 8 J/em”,

MR LRI LLE R B 078 & 45 1 7 e
TGS L S RO AR AL AR AN B L O FLAR K S AR AT
JIT 4R R o TR B SR S o 1 TR WS RO
SRy NS T 1B R U S N S e
(136 Ok T ML+ W Z& & &1 T 19 4t 45 i R
(300 'C), i JIE 2 DKL 1 1 ™ BIORO 98 55 1 5 3L



10 39 VR AF RTR) D5 A Tap Os IR 27 14 B8 AN #0645 47 30 {5 A X bE 20 1597

100
901 /A
801 ..
701 A
60
50
100 1
901
801 A\
70
601 o
50 ++ T T T T
300 400 500 600 700 800
Wavelength /nm

Transmittance /%

241
2344
221\4

2.1

Refractive index

2.0

1.9
100

200

Extinction index

400 600 800 1000 1200
Wavelength /nm

1 RE AL Y3 2 Rl 2R () 3T 59 3R (b) FINE D6 R % (o)

Fig. 1 Transmittance spectra (a), refractive index (b)

and extinction coefficient (¢) of the samples
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Table 1 Scattering, RMS roughness and microdefect

density of the samples

Samples EBE1 EBE2 EBE3 EBE4 IBS1 1BS2
Scattering /X107* 1.9 1.8 2.2 2.1 6.9 12.8
RMS roughness /nm 1.7 1.4 1.8 1.6 2.6 3.7

Microdefect

density /mm™* 12.0 11.7 5.0 5.5 5.7 5.3
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Table 2 Primary impurity content of the samples

(mass fraction)

Elements /107" Ni ~ Fe Mo Ti Nb W
EBE2 12.2 30.0 15.6 18.9 19.2 15.1
1BS2 <1 <1 2.5 <1 2.4 <1
%2 4 T EBE2 R IBS2 B A A5 b i
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