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Abstract. This This Al,O3, SiO,, Ta,0s, Nb,Os, TiO; single layer oxide thin film are prepared by
using ion beam sputtering deposition technology. The oxide films infrared optical constants are fitted
by infrared variable elliptic polarization Angle spectrum instrument (IR - VASE), the results show
that the fitting optical constants n, k in line with the material properties. The oxide thin film surface
roughness are analyzed by AFM (Nanosurf Easysc -2), and research findings show the compact
structure of oxide film and RMS of surface roughness in 0.1 nm, which scattering is smaller.

1. Introduction

The main working band of infrared detector and chemical laser are in the infrared 2-6 pum band.
The application of the optical thin film material is mainly fluoride, sulfide and selenite soft membrane
materials in infrared wavelengths. Oxide has been widely used in visible near infrared wave band
with the superior mechanical properties and environmental stability, and prepared for high
performance optical thin film. But research and application of infrared wavelengths in oxide are
rarely reported. It is of great significant to widen the application range of the oxide film, and solve
the traditional infrared thin film material environmental stability and poor adhesion.

2. Experimental

Experiment coating equipment of ion beam sputtering coating machine produced by United States
Veeco company .Coating target materials and the purity are respectively: SiO; (99.999%), Al
(99.999%), Ta (99.99%), Nb (99.95%), TiO, (99.99%), target size is about 35.5 cm (14 inches).
Experimental background of vacuum are under 5 x 10™ pa, the pressure in the process of coating
remain at around 4.2 x 107 pa.

3. Results and Discussion

3.1 Thin film optical propertiesin IR
The optical constant dispersion curve of Liquid water is shown in Figure 1.
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Figure. 1 optical constant dispersion curve of liquid water
It can be seen from the diagram, the water, there are two large absorption peak in the 2.94 um and
6.15um [1]. The film absorb moisture can lead to a dramatic absorption band in HF laser and be
unavailable. Therefore, it is the key to effectively reduce the water absorption while preparation of
infrared film.
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The oxide thin film infrared transmittance curves are tested by Spectrum GX Optical Fourier
transform infrared spectrometer produced by PE Company. And results are shown in Figure. 2.
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Figure. 2 oxide thin film infrared transmittance curves

From the figure, we can found that AI203 and SiO2 as low refractive index material film shows
obviously the water absorption near 2.9 um, which cause its spectral curve concave [2]. For high
refractive index materials, Ta205 also shows certain water absorption in 2.9um and 6.2um spectrum
curve of the sag. But Nb205 and TiO2 do not appear obvious water absorption [3]. Analyzing the
reasons of the water absorption may have the followings: 1. when the vacuum pump to a certain
extent, the H20 is the residual gas in the vacuum chamber molecules and H20 can be deposited on
the substrate surface with thin film molecules while thin film deposition process; 2. After completion
of coating, the process of exhaust gas into the vacuum chamber, because of the film density less than
1, it lead to the adsorption of water molecules within a small space [4]. 3. The target material itself
may contain traces of OH-, which were splashed and deposited in the substrate in the process of
coating with target atoms.

The infrared optical constants of several oxide film are tested by infrared variable elliptic
polarization Angle spectrum instrument (IR-VASE), and use a single Gaussian absorption model to
fit the water absorption peak. The dispersion curves as shown in Figure. 3.
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Figure. 3 n & k dispersion curves of oxide film

Table2 Thin film preparation process parameters
n(2.7um)  k(2.7um) n(3.8um)  k(3.8um)

Al203 1.29 9x10-3 1.574 0.015
Ta205 2.05 3.5%10-3 2.03 5%10-3
Nb205 2.17 0 2.13 0
TiO2 2.22 0 2.18 0
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From the refractive index of dispersion curve, the refractive index size order:
TiO2 >Nb205 >Ta205> Al203 [5]. From extinction coefficient curve, AlI203 and Ta205 film both
shows the emergence of a large absorption peak near the 3um, so it proves the water absorption
existed. Nb205 and TiO2 do not appear absorption in the absorption peak, which means the water
absorption is small and hard to fit by elliptic partial instrument [6]. Thin film optical constants are
presented in table 2 at 2.7um and 3.8um.

3.2 Thin film of the surface roughness and scattering

Adopt the Nanosurf company Easysc - 2 AFM measured thin film surface roughness .The results

shows in Figure. 4.
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Figure. 4 Thin film of the AFM surface micro topography

According to the test data, we calculating the root mean square roughness by equation of the total
single surface scattering (TIS) and root mean square (RMS) roughness on the surface [7]

T|5=R0(4”jn°)2+T0[2”T”(nf —no)z} (1)

In equation 1, parameter RO, TO mean the reflectivity and transmittance of film surface. n0 and nf
mean the refractive index for incident medium and thin film, and the o for RMS roughness of the
interface[8]. To calculate the TIS of Al203, Ta205 and Nb205 films in 2.7um and 3.8um, and the
consequences list in Table 3 below:

Table 3 Thin films root mean square roughness scattering and total integral value

A|203 Ta,05 NbZOS

RMS/nm 0.175 0.200 0.121
TIS(A=2.7um)  8.9x10° 2.97x107  1.25x107

TIS(A=3.8um)  4.5x10® 1.5x107 6.3x10°
As we can see from the Table, The preparation of ion beam sputtering oxide films have a low RMS
and are in order of magnitude 0.1 nm. The corresponding total integral scattering is very small, which
to the point of can be ignored [9].

4, Summary

The preparation of single layer Al203, SiO2, Ta205, Nb205 and TiO2 thin film with the ion
beam sputtering method. Using infrared spectrometer and infrared elliptic partial instrument measure
the thin film spectrum and optical constants respectively, And contrast analyze water absorption with
different thin film materials, the results showed Nb205 and TiO2 thin films with smaller water
absorption. Study Al203, Ta205, Nb205 three kinds of thin film surface microstructure, roughness
and environmental stability. The results showed that ion beam sputtering in preparation of the
characteristics of thin film surface was smooth and had low roughness. The basic research had a
significance guiding for the future design of the Multilayer films [10].
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