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Abstract: The Ta,O; thin film is one of the most important high refractive materials in the range from
visible to near infrared. This paper researched the optical band gap of the Ta,O; thin film which was
deposited by the Ion Beam Sputtering (IBS). The optical band gap was characterized by the Cody-
Lorentz dispersion model. Particularly, the correlations of the band gap and the Urbach with
technological parameters were studied respectively. The results show that when the confidence
probability is over 95% , the technological parameters are ranked due to their influence coefficients on
the band gap as follows: oxygen flow, substrate temperature, and ion beam voltage. Accordingly due
to those on the Urbach, the technological parameters are ranked as substrate temperature and oxygen

flow. The result provides a method for choosing the key technological parameters to increase the band
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gap width and reduce the Urbach energy width simultaneously of the Ta,Os thin film used in the areas

of the ultra-low loss thin film and high laser-induced damage threshold thin film.

Key words: Ta,O; thin film;band gap; Urbach energy; preparative parameters; influence coefficient
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Fig. 1 Scheme of triple ion beam sputtering system
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Tab.1 Factor and level of preparative parameters
T/ C BYALE/V  BFARR/mA  HRE/ sem
KTE M5 KTFH M5 KTH A5 KTHE AS
12 Al 600 Bl 300 Cl 20 Dl
212 A2 950 B2 450 (2 30 D2
3200 A3 1300 B3 650 3 40 D3
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Tab. 2 Design of orthogonal experiments for Ta,O;s films

deposited by ion beam sputtering

Substrate  lon beam  lon beam  Oxygen

Number Experiment . ,
temperature/ C voltage/V current/mA  flow/sccm

1 AIBICID1 25 600 300 20
2 A1B2C2D2 25 950 450 30
3 A1B3C3D3 25 1300 650 40
4 A2B1C2D3 125 600 300 40
b] A2B2C3D1 125 950 450 20
6 A2B3C1D2 125 1300 650 30
7 A3B1C3D2 200 600 300 30
8 A3B2C1D3 200 950 450 40
9 A3B3C2D1 200 1300 650 20
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Tab. 3 Optical band properties of tantalum oxide films deposited by ion beam sputtering
Experiment number 1 2 4 5 6 7 8 9
AU T B/ eV 4. 32 4. 37 4.32 4.33 3.95 4.01 4.26 4.25 3. 89
Urbach 7 BB 56 & /e V 0.244 0.243 0.233 0. 256 0.290 0.235 0. 303 0. 288 0.334
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Tab. 4 Variance analysis of band gap of Ta,O; thin film

HE HTR BTR a5

Gt

HE/C HE/V B /mA A/ seem
K, 13.00560 1290630  12.58610  12.160 70
K, 12.29270 1257130 12.58500  12.633 00
Ks 12.39860 1221930 12.52580  12.903 20
b 433520 430210 419537 405357
ks 409757 419043 419500  4.21100
ks 413287 407310 417527 430107
R 0.23763  0.22900  0.02010  0.247 50
WP 0.27228  0.27228  0.21228 0,272 28
Q 0.098 654  0.078678  0.000794 0,094 154
FE 2 2 2 2
TEMHE 0.049 3 0.039 3 0,000 4 0.047 1
FE 124,306 99.1465 — 118,648 7
Fo.on 99 99 RED 99
Fo. o5 19 19 19
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Tab.5 Variance analysis of Urbach of Ta,Os thin film
it R BTH BTH B
i/ HE/V M /mA i/ seem
K 072007 0.80313  0.76557 0,867 46
K, 0.7815  0.82095  0.83353  0.78144
Ks 092392  0.80147  0.82645 0,776 65
3 0.24002  0.26771 025519 0.28915
ky 0.26052  0.27365  0.21784  0,26048
ks 0.30797  0.26716  0.27548  0.258 88
R 0.06795  0.00649  0.02265  0.03027
W-p 0.0004  0.01004 001004  0.01004
Q 0007289 0.000078  0.000931 0,001 741
A 2 2 2 2
JiEAbHE 0.00364  3.9E05 0.00047 0,000 87
FiE 93,7471 119682 — 22,3911
Eo.on 99 REN 99 99

Fo. o 19 19 19
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