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Abstract The Ta,O; optical thin films were deposited on glasses with the Ta,O; as coating material by electron

beam evaporation. The Ta,O; optical thin films were annealed in air and argon atmosphere respectively. Measured
the transmittance by spectrophotometer while the refractive index calculated by the minimum value of the

temperature 300~600 ‘C are amorphous.

5l

increased after 400 C /(2 h, 4 h) annealing in the atmosphere of argon; all the Ta,O; films annealing at the

transmittance. The structure of Ta, s optical thin films were measured by XRD. Optical properties of Ta,O; optical
=]

thin films as a function of holding temperature, holding time and the atmosphere were studied. The results show
that: the transmittances of Ta,O; optical thin films are stable after 300 ~ 600 C /2 h annealing; the ultraviolet
Key words

transmittance peak of Ta,O; optical thin films are decreased. the visible transmittance peak and the refractive index
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of Ta,O; film
M 2 P83 50k vT LA LB K R Ta, O;
WA 5 2R 048 55 L 78 300 C R R 2 h B X v R 1Y
Propf S ma fe K. Bl A IR IR EE 1 4 v R T S
A FBEM 500 C IR K75 31 i) 4T 5 %

& {HJ& 400 CHI 500 CFAYAIZEA K, PR L 7E T st
il 28 58 B - USRI B IR R 300 CaiE L 300 C

2.20 -

2.18 —=— as d(épozsmed

2.16 \ "288 C, Fy

2.14 1 —— 500 °C. Zh

< 2121

2.10 1

2.08 1

2.06

2.04

2.02 ‘
350 400 450 500 550 600 650
Wavelength /nm

B 2 B KR ST Ta, Os T 5 2R (152

Fig. 2 Effect of holding temperature on the refractive
index of Ta,Os film



366 2l 5]

i I i T S N 1 I S I = =7 R )
Ta, O; MR, SRR AT LAG0 25 5 SE AL B
3.2 fRIRATE X AR E AR

M3 Ha] LLBH g b L 7R 3T SR A B 3B G
R (B B o DR T R[] ) 15 328 ¥ BRI e {1 7 A
T 3850 3 A T) 3 [R5 kT S A WAy A8 Ak, FET]
U I8 B i £ Tk BT [ %) 4 o a5 S R 0 2 T R
P LRI 2 h B SR S SR A W Y R AR o LA
Ko FEITLLAMIE B - W {E 19 28 A0 B A 5 0T DL S 9 1Y
A DUORTE 2 h Oyl fE B R AEER . B
KGR AE A B RS A R R Oy O 2 R
872 Ak o B B 110 3R B o B AT R R AR A . IR K
S W S ) 3R B 9 R AR R AT S R A R (AN 4 B R
SRR B 1Y 728 Ak B IR L AT R BE R AR AR AR L
i J5 85 55 7 5 238 ) R RO T AR T D) e e
WAL » B 2Z I o) 698 i VR 5

95
90
551
) 80
8751
=
& 707 —=— as deposited
é 651 — 500°C,2n
£ 60 ] 500 ‘C. 3h
—— 500 C. 4h
55 —— substrate
300 400 500 600 700 800 900 1000

Wavelength /nm

B3 R AR Ta, Or WL B 79 5
Fig. 3 Effect of holding time on the transmittance
of Ta, s film
MIE 4 BT RLE WL 7E 500 C R 4 hil ko, n]
PALE A 25 I Ta, O; BRI 4.2 h 1 3 h
PRLIE JCT I 3 i BB AE BUAREE AS R AR T .
AR PR TR I ] 8 S I A5 I P OB 1O A% T

2.26 1 " As deposited
Ll ~+- 500 C, 2h
2.22 . + 500 °C, 3h
2204 \\\ -v-500 C, 4h
2.18 . \\\

R2169 eI\, T~
2.14 ] ~ \- ~_
2.12 ] e v
210 ~—T—
2.08 ] ™~
2.06 : : : , ——

350 400 450 500 550 600 650
Wavelength /nm

B4 PRI RIAE Ta, Os R 3T 565 22 19 52 i)
Fig. 4 Effect of holding time on the refractive index
of Ta, s film

4 ot 36 #
O3 TR R0 B A 34 5T L i B 4 R AN, AT el AR T
R A MERE .

3.3 RIPSFAXFIRAEFEREH R
SR MAE 400 CHRJR 2 ho4 hiB K
B 32 S A5 SR . 4 hoaR K WA T IOk
XN AR E/NT 2 hiB K. BRRE . AT
L' X358 PR O A B i E B o e i
5 A0 B R B BA R AR R A f . W Al
Ta, O; WEIE A A8 5 18 748 Al X il B2 A 800 2 R4

iDEGEE SN
95 7
90 1
&g 85 1
51 \
Zz 80 1 \
é 75 1 ——Ar, 2h
& —— Ar, 4h
70 as deposited
—— substrate

%360 100 500 600 700 800 960 1000
Wavelength /nm
B 5 AR Ta, O5 MR % 55 50952 )
Fig. 5 Effect of argon atmosphere on the transmittance
of Ta, 0, film

HE 6 AfLLEW, 2@ AR BAZE,
Ta, O; WERLAPT A TR AR LEKRE 2 h
54 h R BT R A 25 R KL 2 h AR RS AR AR Y
BEPT 4 b 4 b RIR JE SR A RS I & (0. 1), 5K
B S T Y Ar B KO N iy s SRR RS
TREFTE 0.4 MPa Ar @ LAY T . 7EHCAE 0 T IB K
PO, MEEEARNE, MHRARB AP
S EARGT R P9 B SR B AR LR AN A
AE = 1Y 2SS4 . A LAY BT 384, 7E4 Ar
PR AR O, A TENE X A48 T 25
2.18

2.16 4 —=— as deposited
1 —e— Ar, 2h
2.14 AT dh

£2.10
2.08 | .
2.06 T

2.04 -

2.02 . : . : T T
350 400 450 500 550 600 650
Wavelength /nm

Bl 6 AR Ta, Os HEMEST I 22 19 52 M)
Fig. 6 Efect of argon atmosphere on the refractive index

of Ta, s film



LAl ARG

B X HL TR ZE R 4 Ta, O5 Sl IR 24 BE 19 52 i) 367

Hi O, 55 IR S il RLAEWT 400 C Ar f
P A B N 2 R A RO, HIRIR k&
BOME IR P S B 1 AR AT 2 T BONE RO 2 1 g
s . Ll B 2 M A R ORL A T RE R
S B RORL T IE RS o T LA R B 23 1 5 L
/U B 114 ke o S 2 o 4 [ R 2 S B0 B R D
PERER AL

Ar AHUT He U T B KOS 0 [ B R
WEAE 3 AT R I LR BR G . A 1 Ry LI 2 AR
— B RS T kM B A 7 A R R D R A A R
9 e o SR PR TR R R 3T A R b s AR R
R R IR & O IR A B R . fE Ar
HB K 2 h Hea AR K 2 h e IR AT O R T
. XHHEANASETPEMNT EERBARK
TR F B MR ) PR S A A R RO TR
1713375 5 25 A0 e BEL P A8 AR TE A T S e B . 458 3
MkL20 Jrp A3 BEWT . BT RLAE Ar “UR 4738 A,
AR B DAY 1Y o e R R A T A R A T
VIR (o ) A B vy L R ) 2 A
9 25 S R AT I R

4 e

PL Ta, Os w1 Ih BEORL, R L7 28 ik, 2
RN DU 2R 0.5 nm/s, il %5 1 Ta, O; 7 i
A RAFR G ERE  Bb B T2 0 R A M RE A B
M 40

1) Ta,O; W4T 300~600 C T 2 h iR
KOAb B X6 375 T 2R R K A5 B ) R R A A A
F RAAELE 300 CrH R 2 bR kS 3T 9 iR K

2) Ta, O, WEAE 500 C N 2~4 hiB k ik
B i LR B T ) 800 3T 58 A ke BB DA ) S I 2R 0
BEEAIG S AT I D B A W {47 B W B it A8 K, 500 C R
PRI 4 b 3B b AR AR 1) AT 5 e d K

3) Ta,O; i HEAT W AR 400 C TR
2 hod bR kAR B, 3T 5 AN B N I B S R I R
5 AT UL i B 1 3 St R WA T AT S R R . S
2SS 400 CTRARIR 2 h iR Joab BEAS 2 1 R A L
B R PR KA B R 1 0B SO Rk R A AT
B, T 5 R 0] 4 e

4) Ta,O; HEAE<600 C FALRIE k Ta, O, i
BEATS g AR b 2

2 % x #

1J. Y. Kim, A. Garg, E. J. Rymaszewskier al.. High frequency

response of amorphous tantalum oxide thin film []J]. IEEE
Trans. Components and Packaging Technologies, 2001, 24(3) .
526~533

Dai Wuling, Dai Guoguang, Jin Hui. Ta;O; coating materials
[J]. Optical Instrument, 2001, 23(5): 221~225

R, REDE. & M. WA MR ELT]. AENE,
2001, 23(5): 221~225

Yang Shenghai, Liu Yinyuan, Qiu Guanzhou et al.. Recent

5]

38}

progress in preparation of Ta;Os film by CVD using Ta(OC; Hs)5
as precursor[ J]. Rare Metal Materials and Engineering , 2007,
36(12): 2075~2059

b7 XA T, IR e SR 4. R A S TUAR T 48 Taz Os
JRBF e ELT]. # A & B M4 T4, 2007, 36(12): 2075~
2059

Zhang Guangyong, Xue Yiyu, Guo Peitaoet al.. The research of

o~

electron beam evaporation deposits the Ta, s optical thin-film
[J7]. Piezoelectrics & Acoustooptics, 2008, 30(1). 12~15
TKOGT L EEIR Y SR REVE GE. B F IR R TUR Ta, O e MYy
BoE[I]. Edw b %k, 2008, 30(1): 12~15

Du Jifu, Zhan Changyong, Huang Ningkang. Microanalysis of

o

tantalum oxide films deposited by dynamic ion beam mixing[]J].
J. Functional Material and Devices, 2007, 13(6): 512~516
el JRKE, HTHE. AT AR & DU S AL B 1 %
WAATLT]. st A4t 5 B4 4R, 2007.13(6) : 512~516

0. Banakha, T. Heulin, P. E. Schmid e al.. Influence of

process parameters on the properties of the tantalum oxynitride

o

thin films deposited by pulsing reactive gas sputtering[J]. J.
Vac. Sci. Technol. ., 2006, 24. 328~333

S. G. Yoona, Y. T. Kima, H. K. Kimb et al.. Comparision of
residual stress and optical properties in Ta;Os thin films deposited

-

by single and dual ion beam sputtering[ J 1. Materials Science and
Engineering B, 2005, 118(1~3) . 234~237

8 Z. Todorova, N. Donkov, Z. Risticet al.. Electrical and optical
characteristics of Ta;Os thin films deposited by electron-beam
vapor deposition[]J]. Plasma Processes and Polymers, 2006, 3.
174~178

9 Xu Cheng., Dong Hongcheng, Xiao Qiling et al.. Optical
properties and laser-induced damage threshold of Ta,Os films
deposited by different methods[J]. Chinese J. Lasers, 2008,
35(10): 1595~1599
VF ORI, AR AL IR 5 R A 1 Tap Os WA G 2 1
REFIROGI 45 ) (8 9 X e 2 A LT . Bk, 2008, 35(10):
1595~1599

10 Gao Weidong, Huang Jianbing, Xu Xueke et al.. Laser-induced
damage of Ta,Os/ SiO; two-cavity narrow-band interference
filters[J]. Chinese J. Lasers, 2005, 32(3): 384~388
B B RSB S, Tay O /SiO. B KBRS 38 6 H #0045
Vi tEBrse)]. gk, 2005.32(3): 384~388

11 Shao Shuying, Tian Guangle, Fan Zhengxiu et al. . Influences of
the deposition parameters and aging time on the residual stress of
SiO; films[J]. Acta Optica Sinica, 2005, 25(1); 126~130
BRI , G JEIEE 55, UIFR S &t K i 8t (B] % SiO, 38 5 5%
ARSI ] k%R, 2005, 25(1): 126~130

12 Wang Congjuan, Jin Yunxia, Shao Jianda e al.. Influence of
three post-treatment methods on properties of ZrO, thin films
[J1. Chinese J. Lasers, 2008, 35(10): 1601~1604
FRIH . B B . =M TG 3 0 ZrO, HHE M
RERI ML), Bk, 2008,35(10): 1601~1604

13 J. P. Masse, H. Szymanowski, O. Zabeida et al.. Stability and
effect of annealing on the optical properties of plasma deposited
Tap Os and Nby Os films[J]. Thin Solid Films, 2006, 515(4):
1674~1682

14 R. M. Todi, K. B. Sundaram, A. P. Warren e« al..
Investigation of oxygen annealing effects on RF sputter deposited
SiC thin films[J]. Solid-State Electronics, 2006, 50 (7 ~8)



368 h 3| # ot 36 &

1189~1193 18 Lai Fachun, Zhai Yan, Zhan Renhuie al. . Effect of annealing on
15 M. Schmidt, M. C. Lemme, H. Kurz et al.. Impact of Hy/N, the structure and optical properties of TiO; and Ta,Os films[J].

annealing on interface defect densities in Si(100)/SiO,/H{O,/ Fujian Normal University J. (Natural Sciences), 2006, 22(1):

TiN gate stacks[J]. Microelectronic Engineering , 2005, 80(1) ; 53~36

70~73 WA AT S B A TiO; Ml Tap Os 562 MR Y
16 Guo Peitao, Xue Yiyu, Zhang Guangyong et al.. Influence of ZERGFIGEPERE S (1], B EFERFFRARB ¥R,

Ta;Os thin-film surface appearance and optical property [ J]. 2006,22(1): 53~56

Vaccum , 2007, 44(5) . 32~35 19 S. G. Yoon, S. M. Kang, D. H. Yoon. Post-annealing effects

TR B ORIE L TR T 2. AR A S T 2 T TR A0 RO o PR R IR on the structural properties and residual stress of Ta;O; thin

S]], A, 2007, 44(5): 32~35 films deposited by ion beam sputtering[ J]. J. Optoelectronics
17 Hu Xiaofeng, Xue Yiyu, Guo Aiyun. Effect of annealing on the and Advanced Materials, 2007, 9(5): 1246~1249

optical properties of Ti3Os films prepared by vacuum evaporation
[J]. Optical Equipment , 2006, 28(2); 80~83
/NG BRI . B . IR KO LS 2R Tis Os il £ 0 2 it
ML) B FALE, 2006, 28(2): 80~83

20

T. Neubert, F. Neumann, K. Schiffmann et al.. Investigations
on oxygen diffusion in annealing processes of non-stoichiometric
amorphous indium tin oxide thin films[J]. Thin Solid Films .
2006, 513. 319~324



