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In this study, the authors deposited silicon oxynitride films by Radio Frequency Plasma Enhanced Chemical Vapour Depo-
sition (RF PECVD) method. The research explores the relationship between the deposition process parameters and the optical
properties of the deposited SiOxNy films. The optical constants of SiOxNy films were measured and calculated by spectroscopic
ellipsometry method. Additionally, the authors investigated the possibility of controlling the deposited film composition by the
flow ratio of different gaseous precursors: ammonia (NH3), diluted silane (2%SiH4/98%N>), nitrous oxide (N,O) and nitrogen
(N»). The gas mixture introduced to the working chamber during the growth of the film has the influence on the Si—O and Si-N

bonds formation and the ratio between these bonds determines the refractive index of the deposited film.
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1. Introduction

Silicon oxynitride (SiOxNy) films are a non-
stoichiometric material with interesting properties.
The SiOxNy films have diverse parameters, rang-
ing from those of the silicon dioxide (SiO,) to the
silicon nitride (Si3zNy4). The versatile properties of
the films create many possibilities of application in
different fields such as microelectronics [1, 2], op-
toelectronics [3, 4] or in micro-electro-mechanical
systems (MEMS) technology [5].

Silicon compounds such as SiO, and SizNy
are widely applied dielectrics in microelectronics
due to their adequate electrical, thermal and me-
chanical properties. However, SiO, dielectric films
have reached the technological limit as the proper-
ties of silicon dioxide are unsatisfactory for novel
micro- and optoelectronic devices. Additionally,
the silicon oxynitride films have better not only
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dielectric, but also optical properties. The optical
losses in SiOxNy films are significantly lower and
the refractive index of the films can be adjusted
from 1.46 to around 2.1. Therefore, in the future
silicon oxynitride can replace silicon dioxide in the
semiconductor industry.

In an earlier study, the authors have deposited
Si3Ny films by Plasma Enhanced Chemical Vapour
Deposition (PECVD) method and investigated
their optical properties [6].

In this study, the conditions of the PECVD pro-
cess were modified in order to manufacture SiOxNy
films. The influence of the gas precursor flow rate
on the optical parameters of the deposited films was
investigated.

2. Experimental method

The investigated silicon oxynitride films were
deposited in a commercially available Plasmal.ab
80Plus system manufactured by Oxford Instru-
ments. The films were deposited on thermally
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oxidized p-type silicon (1 1 1) substrates 575 : -
(dsio2 = 230 nm) in order to improve the quality :::'iczzp&,m'"cm
of the manufactured SiOxNy films. The films were 60 " ['):;65(;;‘1
deposited using silane diluted in nitrogen (2% N, - 350 scem
SiH4/98 % N,), ammonia (NH3) and nitrous oxide » 12":/“55:::1/98% N, - 425 scem

(N,0) as gaseous precursors. The duration of each
deposition process was set at 5 minutes.

In each deposition process the RF signal
(13.56 MHz) was supplied to the upper electrode
for capacitive plasma coupling and the forward
power of the signal was set to 20 W. The pressure
was controlled by the APC valve and was stabilized
at 86.5 Pa while the temperature of the table with
substrates was stabilized at 350 °C. The flow rates
of 2 % SiH4/98 % N, and N,O were set at 425 sccm
and 350 sccm, respectively. The set value of NHj
flow rate was different for each deposition process,
ranging from 10 to 50 sccm.

The spectroscopic ellipsometry studies give in-
formation about the thickness and refractive index
n value of the deposited SiOxNy film. The measure-
ments were performed on a J. A. Woollam Co. el-
lipsometer that makes posible to carry out the mea-
surements at different incidence angles (65°, 70°,
75°). The parameters were calculated for wave-
length ranging from 300 to 1000 nm with the mea-
surement resolution of 10 nm. The reflection coef-
ficient of the SiO,N,/SiO, bilayer was measured in
a system with integrating sphere.

3. Results

The measurements were carried out in order to
perform calibration of PECVD process and char-
acterization of optical properties of the manufac-
tured SiOxNy films. From the measured thickness
of the deposited film, the growth rate of the film
was calculated. Fig. 1 shows the correlation of the
film growth rate with the flow rate of NH3 during
the deposition process.

From the analysis of the measured data it fol-
lows that the growth rate of the SiOxNy film is
decreasing linearly with the increasing flow rate
of NHj3. The increase of the NHj; flow rate re-
sults in the increase of the nitrogen (ammonia) to
oxygen radicals ratio. The active species (ions and
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Fig. 1. Growth rate of the SiOxNy film deposited by
the PECVD technique as a function of ammo-
nia flow rate.

radicals) are created by electron-impact ionization
and dissociation of precursor gases and they deter-
mine the probability of Si—-N and Si—O bonds for-
mation. During the growth of the SiOxNy films de-
posited utilizing PECVD method, the most proba-
ble reaction is the formation of the Si—O bonds. The
increase of the reactive species containing nitrogen
results in the oxygen deficiency and formation of
Si-N bonds [7].

As it is known, the deposition rate of the SiO;
films manufactured by PECVD method is few
times higher comparing to the deposition rate of
SizNy films. Therefore, it could be expected that
the increase of the NH3 flow rate will result in the
lower growth rate of the SiOxNy film and higher
concentration of nitrogen in the composition of the
deposited film. The changes of the composition
and bonding configuration of the deposited SiOxNy
films should be verified by the X-ray photoelectron
spectroscopy investigation.

The changes in the composition of SiOxNy have
an influence on the optical properties of the de-
posited film. The ellipsometric studies showed that
the refractive index of the SiOxNy films was in-
creasing with the flow rate of NHs. In the in-
vestigated range of the set NH3 flow rates val-
ues, the refractive index of the films was changing
from 1.51 to 1.55. The values of the refractive in-
dex of the investigated SiOxNy films, measured for
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the spectral wavelength of 300 to 1000 nm, are pre-
sented in Fig. 2.
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Fig. 2. Refractive index as a function of wavelength for
SiOxNy films deposited at different NH3 flow
rates.

The values of the refractive indexes of the inves-
tigated SiOxNy films are close to the value specific
for silicon dioxide. Therefore, it means that in the
bonding configuration of the deposited films, the
Si—O bonds are dominant. From the analysis of the
acquired measured data it follows that the refractive
index of the deposited SiOxNy films can be pre-
cisely controlled by the NH3 flow rate. The refrac-
tive index and composition of the SiOxNy films are
mainly influenced by the ratio between SiH4/N,O
flow rates. Reduction of the N,O flow rate should
result in growth of the films with higher refractive
index.

The refractive index of silicon oxynitride can
be modified in a wide range from 1.46 to 2.1. The
possibility creates many application solutions of
the films in the technology of micro- and opto-
electronic devices. The investigated films also have
very low extinction coefficient value (k), lower than
the sensitivity of the ellipsometer applied for the
measurements (k <10~7).

To investigate the applicability of the SiOxNy
films for antireflective coatings, the reflection co-
efficient of the SiOxNy films deposited on SiO,
buffer layer was measured. The value of the re-
flection coefficient from the SiOxNy/SiO, bilayer
was measured for wavelengths ranging from 250
to 1000 nm (Fig. 3). The measurements were car-
ried out in a system with the integrating sphere in
order to improve the detectability of the light that

was scattered or reflected by the surface roughness,
SiOxNy/SiO; interface or material inhomogeneity.
Therefore, the measured value of the reflection co-

efficient is more accurate.
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Fig. 3. Comparison of reflection coefficients of the Si
substrate, Si0; buffer and SiO,/SiON bilayer.

In the measured spectra, oscillation of the re-
flection coefficient value is observed. The oscilla-
tions are present due to the interference of the inci-
dent radiation and the radiation reflected from the
interfaces of different materials. The number and
locations of the peaks are dependent on the num-
ber of interfaces, thickness of the layers and con-
struction of the antireflection coating. The inves-
tigated bilayers of SiOxN,/SiO; (~250/230 nm)
films are thicker comparing with the SizN4 and
Nb,Os (~60 nm) or TiO,/SiO; (~10-130/40-
60 nm) multilayer antireflection coatings [8—10].
Due to the fact, the number of oscillations in the
measured spectra is higher than normally and can
be reduced by the decrease and optimization of the
thickness of the deposited films.

From the measured data it follows that the in-
vestigated SiOxNy films can be applied as antire-
flective coatings. It is possible to precisely control
the value of the refractive index of the SiOxNy in
a wide range of values by the deposition process
parameters. The mentioned advantage of the inves-
tigated films makes them interesting in the design
of optical layers, because it is possible to adjust
the refractive index of the film to a specific mate-
rial system (i.e. silicon or AIIIBV semiconductor
compounds).
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4. Conclusions

The silicon oxynitride films were deposited by
PECVD method on oxidized silicon substrates. The
flow rate of the NH3 during the growth of the film
was modified in each deposition process in order
to obtain films with different Si—O and Si—-N bond-
ing fractions. The optical properties of the SiOxNy
films were investigated using spectroscopic ellip-
sometry. Additionally, the bilayer consisting of
SiOxNy and SiO, was measured as an antireflective
coating.

The study showed that the properties of the
deposited SiOxNy film can be modified and con-
trolled by the flow rates of the gaseous precursors.
The value of the refractive index of the deposited
film can be controlled, so it is possible to obtain
films with specified optical properties. Moreover,
the deposited films have been found to be of very
good optical quality. The value of the extinction co-
efficient of the investigated films was lower than
the sensitivity of the applied ellipsometer. There-
fore, the SiOxNy films manufactured by PECVD
technique can be successfully used for optoelec-
tronic and photonic applications such as antireflec-
tive coatings, optical filters or waveguide layers.

The future works will concern the application
of silicon dioxide, silicon nitride and silicon oxyni-
tride in the technology of micro- and optoelectronic
structures (Bragg reflectors, optical filters and an-
tireflective layers for photovoltaic cells, LEDs and
photodetectors).
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