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Optical properties of silicon oxide thin films deposited by reactive

ion-beam sputtering method
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Abstract : Silicon oxide thin films deposited by reactive ion-beam sputtering (RIBS) of Si targets
in Ar/Q, producer gas mixture were investigated. The refractive index n, extinction coefficient
k, and stoichiometry were dependent on the oxygen concentration in Ar/O, producer gas
mixture and the deposition rate. Silicon oxide films with refractive index of n = 1. 48 and
extinction coefficient of less than 107" were deposited with the RIBS method at the wavelength
of 0.63 pm. An increase in the deposition rate results in the growth of refractive index and
extinction coefficient of the film due to incomplete oxidation of silicon and formation of
suboxides. In the case of deposition rate more than 0.3 nm/s, even if sputtering is performed
in pure oxygen environment, the minimal value of refractive index is more than 1. 5. The ana-
lysis of the IR transmission spectrum proves that all the deposited films have oxygen deficien-
cy, and the stoichiometry of silicon oxide does not exceed 1. 8 based on the investigation of the
position of the main absorption peak. The dependence between IR adsorption peak position and
refractive index of silicon oxide is established. Thus, depositing silicon-oxide thin films with
RIBS without heating the substrates limits the increase of deposition rate.
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Fig.1 The experimental schematics for RIBS

deposition of silicon oxide films
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Fig. 2 Distribution of the refractive index of silicon ox-
ide films deposited by RIBS with different oxy-

gen concentrations

200 600 1 000 1400
I K /mm
B3 TEESET RIBSIMA
SO, BREARB AT
Fig. 3 Distribution of the extinction coefficient of silicon
oxide films deposited by RIBS with different oxy-

gen concentrations

B4 R KA 0. 63 pm B4 5 SR O R %L
O34 - S10, MR n=1.52~1. 6, M R 5K
INTF 107 YR SR E R T 84 %o it IO R AR T
AV A ST R A W0 11 i /N BB 107 5 EAROREE KR
TRA SRR 80 Y0 B 453 3 62 i & 1Y SiO, WM ; 37
SF R B 2 ST B A 3 i TR R R R A T
L F Ry 0. 6 nm B, RIBS R B il & 37 5 2 4

VT HE Rl T (nae 1. 46 ) fR T

WHER

T T T T T T T T T T T

40 50 60 70 80

A%
+ RIBS TR SIO: BB 0. 63 pm A KI5
RIMHKRY

Fig. 4 Refractive index (curve a) and extinction coeffi-

cient (curve b) at the wavelength of 0. 63 pm
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Fig. 5 IR transmission spectrums of silicon oxide
thin films deposited by RIBS with different

oxygen concentrations
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Fig. 6 Refractive index of silicon oxide films as a
function of the oxygen concentrations at

different deposition rates
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Fig. 7 Refractive index on a wavelength 630 nm of
silicon oxide films as a function of the
deposition rate at different oxygen concen-

trations
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Fig. 8 Relationship between refractive index and

the main IR absorption peak position of
silicon oxide films deposited at different

deposition rates
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