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Abstract

Silicon nitride thin films have numerous applications in microelectronics and optoelectronics fields due to their unique properties. In this
work, silicon nitride thin films were produced using radio frequency (R.F.) magnetron sputtering technique at various sputtering powers.
The prepared thin films were characterized with XRD, FE-SEM, FTIR, surface profiler, AFM and spectral reflectance techniques for
structure, surface morphology, chemical bonding information, growth rate, surface roughness and optical properties. The results showed
that silicon nitride thin films were amorphous in nature. The films were smooth and densely packed with no voids or cracks at the surface.
FTIR characterization informed about Si-N bonding existence which confirmed the formation of silicon nitride films. The sputtering
power showed the impetus effect on growth rate, surface roughness and optical properties of produced films.
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1. Introduction

Silicon nitride films are useful in microelectronics applications [1]
such as oxidation masks, protection and passivation barrier layers,
gate dielectrics and interlevel insulations due their remarkable
hardness, high thermal stability, chemical inertness and excellent
insulation capabilities [2]. These films also play important role in
optoelectronic applications such as antireflection coatings and
optimization of optical performance of devices due to its capabil-
ity of providing the refractive index variation from silicon oxide
like (~1.46) to stochiometric silicon nitride (~2.0) and by provid-
ing transparency in ultraviolet (250nm) to infrared (9um) regions
of optical spectrum [3].

Silicon nitride films can be produced through various methods
such as atomic layer deposition [4], chemical vapor deposition and
sputtering [5, 6]. The advantage of sputtering technique over rest
of two techniques is low temperature deposition which enables
sputtering to employ the substrates that can’t tolerate high temper-
atures. Unlike CVD technique, sputtering is safe and environment
friendly process as it doesn’t require any toxic gas which requires
special material handling arrangements.

An extensive literature is available on the deposition of silicon
nitride thin film deposition through reactive sputtering. However
the sputtering in non reactive regime has not been explored com-
pletely. The benefit of non reactive sputtering is the exclusion of
nitrogen gas. This in turns reduces the chance of impurity incorpo-
ration, if the purity level of nitrogen gas is not sufficient. It is well
known that deposition parameters influenced the properties of thin
films significantly [7]. This also holds true for sputtering deposi-
tion technique where variations in parameters such as sputtering
power, sputtering pressure and target to substrate distance and had
significance effects on the properties of deposited films [8-10].
Our previous work focused on influence of sputtering pressure on
the properties of silicon nitride thin films deposited in non-

reactive environment. In current work, the influence of sputtering
power in non-reactive sputtering regime is studied. The effect of
variation on the structure, surface morphology, chemical bonding
information, growth rate, surface roughness and optical properties
has been characterized.

2. Materials and Method

We used a RF magnetron sputtering system (SNTEK, Korea) to
deposit silicon nitride thin films. The system was consisted of a
main deposition chamber (60 cm in diameter and 40 cm in height)
with six view ports. It was consisted of dual sputtering sources,
one was connected to RF and the other was connected to DC pow-
er supply. The sputtering sources were connected with water cool-
ant flow system in order to prevent temperature rise during deposi-
tion process. A stoichiometric Si3N4 circular target (Taewon Sci-
entific, Korea) of 3” diameter and 3mm thickness was used as a
source material. Single sided polished P-type boron doped silicon
oxide coated silicon wafers (with thickness 500 um and orienta-
tion <100>) were used as substrate. A target shield was also ap-
plied to prevent the unnecessary sputtering of target holder and
screws. The angle between sputtering and substrate holder was
300.

All substrates were cleaned through ultrasonic agitation using
acetone, iso propyle alcohol (IPA) and de-ionized (DI) water (18
MQ, Millipore USA) and dried with industrial grade nitrogen gas.
The experiments were carried out in a vacuum chamber evacuated
at 4.5x10-6 Torr to get high purity in thin films. It was achieved
from a vacuum turbo molecular pump which was backed by rotary
mechanical pump. Argon (Ar) gas with 99.99% purity was intro-
duced in the chamber as sputtering gas. Ar flow rate was fixed at
80 sccm and working pressure of the system was kept constant at
5 mTorr. Samples were rotated constantly at 7 rpm to improve the
film homogeneity. Desposition time (t) was kept fixed at 30 min
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for each sample. Experiments were conducted with following
sputtering powers (a) 100 W (b) 150 W (c) 200 W (d) 250 W (e)
300 W. These process parameters are tabulated in Table 1.

Table 1: Process parameters of the experiment.

Process Parameter Value

Sputtering pressure (mtorr) 5

Target to substrate distance (cm) 14

Angle between target and substrate (deg.) 30

Argon flow (sccm) 80

Substrate rotation (rpm) 7

Base pressure (torr) 4 x10°

Deposition time (min) 30

Sputtering power (w) 100,150,200,250,300

The deposited films were characterized with x-ray diffraction
(XRD), field emission scanning electron microscopy (FE-SEM),
Fourier transform infrared (FTIR) spectroscopy, surface profiling,
atomic force microscopy (AFM), and spectral reflectance tech-
niques for the structural, topographical and chemical and optical
properties.

3. Results and discussions

The deposited films were first characterized for structural proper-
ties through Xpert3 PANalytical, xray diffraction system. The
samples were scanned for 2 theta and intensity was measured.
Figure 1 shows the XRD scan for the deposited films at various
sputtering powers. The only peak appeared at around 520 which
corresponds to 311 planes in silicon substrate. This proved that all
deposited films were amorphous. It is consistent with literature
that at room temperature the formation of silicon nitride is amor-
phous and the crystalline features appear at higher temperatures
starting from 4000C.
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Figurel: XRD spectra of thin films deposited at various sputtering powers

Figure 2 shows the surface images acquired by the FE-SEM. All
the deposited films are featureless confirming the formation of
thin films. All films were found smooth and homogenous. There
were no cracks and voids.

Fig. 2: Surface images of deposited films at various sputtering powers

The chemical composition of deposited films was investigated
with FTIR spectroscopy system (Perkin Elmer, USA). Figure 3
shows the FTIR scan obtained from the sample deposited at vari-
ous sputtering powers. It is found that the decrease in reflectance
at wave number range 700 cm-1 to 850 cm-1 correspond to infra-
red absorption by Si-N stretching bonds.
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Fig. 3: FTIR spectra of silicon nitride thin films at various sputtering pow-
ers

This confirms the formation of silicon nitride as expected from the
exploitation of stoichiometric silicon nitride sputtering target as a
source material. However, the decrease in reflectance at 1000cm-1
and 1140 cm-1 reveals the absorption by Si-O bonding. The FTIR
scan shows the formation of SiO and SiO2 within the deposited
films. The Silicon oxide signal is believed to come from substrate
which is coated with SiO2.

The average thicknesses of deposited films were measured with an
Alpha Tencor, USA surface profiler. A portion of substrate was
covered using kapton tape prior to deposition process. Due to this,
a step was created when the tape was removed after the deposition.
The thickness of film was found by carefully measuring the differ-
ence between heights of covered and exposed surfaces of substrate.
The average growth rate (G) was found by dividing measured
thickness (d) with the deposition time (t).

G= dh. 1)

Table 2 shows the average growth rates of silicon nitride films as a
function of various sputtering powers. The average growth rate
increased with increase in sputtering power.
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Table 2: Average growth rate of silicon nitride thin films at various sput-
tering powers

Sputtering Power Average growth rate (G) (nm/min)
(W)
100 25
150 3.6
200 4.4
250 5.7
300 6.5

In sputtering technique, the mean free path of sputtered atoms
plays an important role. The sputtered atoms lose energy during
their travel to substrates due to collisions with Ar molecules.
These collisions increased the probability for these atoms to be
scattered away before reaching the substrates. At high sputtering
powers the deposition rates are higher. This is because as the sput-
tering power increases, the kinetic energy of sputtered atoms in-
creases. These energetic atoms have large tendency to reach the
substrate.

The surface morphology of silicon nitride thin films is shown in
Figure 4. The scan size for thin films deposited at various sputter-
ing powers was kept fixed at 1um x 1 um. The values of several
roughness parameters are tabulated in Table 3. The effect of sput-
tering power is significant on surface roughness as arrangement of
sputtered atoms is also a function of sputtering power. The sput-
tered atoms with low energy have fewer tendencies to diffuse on
substrate. Therefore, the growth is expected to follow Volmer
Weber model in its initial stages with high surface roughness. As
the sputtering power was increased, the sputtered atoms got more
energy which helped them to travel more on substrate and they
diffused properly. This showed that the growth started to follow
the Stranski-Krastanov model and surface roughness was reduced
due to initially layer by layer formation until the sputtering power
of 250W. The surface roughness was found increase at 300W
which can be explained as the formation of islands after layer
formation as happens in Stranski Krastanov growth model.
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Fig. 4: Surface topographic scan of silicon nitride thin films at various
sputtering powers

The refractive index as function of sputtering power was measured
using spectral reflectance technique. The refractive index of films
at wavelength (A) 638nm are shown in Table 3.

Table 3: The refractive index of deposited thin films at various sputtering
powers

Power (W) Refractive index
100 147
150 1.50
200 1.69
250 1.63
300 1.78

4. Conclusion

Silicon nitride thin films were deposited using RF Magnetron
sputtering technique in non reactive environment. The effect of
sputtering power on film properties was investigated. The pro-
duced films were characterized using XRD, FE-SEM, FTIR, sur-

face profiler, AFM and spectral reflectance techniques for struc-
ture, surface morphology, chemical bonding information, growth
rate, surface roughness and optical properties. The xrd spectra for
the silicon nitride films contain no diffraction peaks and hence
were amorphous in nature. The surface morphology characteriza-
tion confirmed the formation of smooth and dense films. The
FTIR spectra confirmed the existence of silicon and nitrogen
bonding as a evidence of silicon nitride film formation. The
growth rate of films was deduced by measuring the thickness
through surface profiling technique. It was found that growth rate
of sputtered films increased with the increase in sputtering power.
The surface roughness studies informed about the optimized val-
ues of sputtering power. The spectral reflectance characterization
for refractive index at 638nm of wavelength showed the increase
in refractive index with the increase in sputtering power. The tun-
ing of refractive index made the silicon nitride thin films a promis-
ing candidate for optoelectronics applications.
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