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a b s t r a c t

Thin silicon oxynitride (SiOxNy) films were deposited by low temperature (∼300 ◦C) plasma enhanced
chemical vapour deposition (PECVD), using SiH4, N2O, NH3 precursor of the flow rate 25, 100, 30 sccm
and subjected to the post deposition annealing (PDA) treatment at 400 ◦C and 600 ◦C for nano opti-
cal/photonics on chip interconnects applications. AFM result reveals the variation of roughness from
60.9 Å to 23.4 Å after PDA treatment with respect to the as-deposited films, favourable surface topogra-
phy for integrated waveguide applications. A model of decrease in island height with the effect of PDA
treatment is proposed in support of AFM results. Raman spectroscopy and FTIR measurements are per-
formed in order to define the change in crystallite and chemical bonding of as-deposited as well as PDA
treated samples. These outcomes endorsed to the densification of SiOxNy thin films, due to decrease in
Si N and Si O bonds strain, as well the O H, N H bonds with in oxynitride network. The increase in

◦
refractive index and PL intensity of as deposited SiOxNy thin films to the PDA treated films at 400 C and
600 ◦C are observed. The significant shift of PL spectra peak positions indicate the change in cluster size
as the result of PDA treatment, which influence the optical properties of thin films. It might be due to out
diffusion of hydrogen containing species from silicon oxynitride films after PDA treatment. In this way,
the structural and optical, feasibility of SiOxNy films are demonstrated in order to obtain high quality thin

tonic
films for nano optical/pho

. Introduction

Recently, in the prospect of developing on-chip interconnects
or nano optical/photonics technology to attain the higher perfor-

ance and low power consumption has captured the attention
f process engineers and scientific community towards its appli-
ation for microelectronics, nanoelectronics, optoelectronics and
iomedical applications (Melloni et al., 2003; David et al., 2001;
ona et al., 2003). Thus, the scaling of application oriented technol-
gy, interconnect concerns begin to play a major roles to a greater
xtent in the nano metric regime realm. Thus, the miniaturization

f device feature sizes in nano metric regime, the higher clock fre-
uencies, and complexity in processing all are negative factors to
he extent of switching charges on metallic interconnect. Therefore,

∗ Corresponding author. Fax: +91 512 259 0104; mobile: +91 9936336682.
E-mail address: satinder08@gmail.com (S.K. Sharma).

968-4328/$ – see front matter © 2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.micron.2012.08.006
s on chip interconnects applications.
© 2012 Elsevier Ltd. All rights reserved.

as the technology approaches to 45 nm node, traditional copper
wire interconnect faces various reliability and performance related
issues such as on/off chip communication bandwidth, clock fre-
quency bottleneck, large power dissipation and serious cross-talk
noise. Consequently, to the present supercomputing era, various
alternatives interconnect materials (Chang et al., 2008; Saraswat
et al., 2008; Srivastava et al., 2005) have been explored as an appro-
priate candidate for aforementioned bottlenecks. Among these
issues, nano optical/photonic interconnect paradigm prompts fren-
zied investigations and is judged as a potential quantum leap
towards next generation on-chip interconnect for nano technology
(Biberman et al., 2009; Lee et al., 2009). It could result in con-
siderable benefits, including shorter interconnects delays, higher
bandwidth and smaller power consumption, in the signal trans-

mission for the ultra large scale integration (ULSI) technology. Thus,
the amorphous silicon based thin films might be a superior selec-
tion for the use of nano optical/photonics on chip interconnects
(Netti et al., 2000). Currently, silicon oxynitride (SiOxNy) based nano

dx.doi.org/10.1016/j.micron.2012.08.006
http://www.sciencedirect.com/science/journal/09684328
http://www.elsevier.com/locate/micron
mailto:satinder08@gmail.com
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etric regime thin films has been considered as a possible inter-
onnect material due to its several advantages, among these one
f them is a low absorption loses in the wide spectral region, over
ilicon dioxide and silicon nitride for optical/photonics on chip inte-
rated device applications. While, in case of CMOS technology, it
erves as a gate oxide with extended scalability; improved device
eliability and other performance related critical issues (Green et al.,
001; Hung et al., 2002; Hajji et al., 1999; Torrison et al., 2003;
ogo et al., 2002). Additionally, for the nano optical/photonics on
hip interconnects applications, tuneable refractive index made
he nano metric regime silicon oxynitride films as a favoured
hoice of material (Hung et al., 2002) for next generation. Com-
ared to the conventional silica materials, silicon oxynitride thin
lms offer much larger refractive index for the core of optical
aveguide and allow to lowering minimum bending radius for
aveguide designs. Furthermore, the high transparency and the

ndex of refraction for silicon based oxynitride thin layer can eas-
ly be adjusted over the wide range between 1.45 (SiO2) and 2.0
Si3N4). The major advantages of the application of oxynitride as
interconnect thin layers in the nano optical/photonics integrated
n chip technology is the compatibility of the material with the
tandard silicon technology, high temperature stability and eas-
ly to grow or deposited on the substrate that allows fabrication
f wave guide with desire characteristic and compactness (Rand
nd Standley, 1972; Mattsson, 1995). Silicon oxynitride (SiOxNy)
nterconnect thin film can be formed by growing on the surface
f silicon or by chemical deposition or by ion implantation pro-
ess. Growth refers to thermal nitridation or oxynitridation of Si
nd deposition refers to low-pressure chemical vapour deposi-
ion (LPCVD), electron cyclotron resonance PECVD (ECR-PECVD)
nd plasma-enhanced CVD (PECVD). All these various deposition
ethods the quality of deposit depends upon processing tempera-

ure. Low pressure chemical vapour deposition methods typically
equire high temperatures in the region of >400 ◦C whereas the use
f plasma enhanced chemical vapour deposition PECVD) typically
equires deposition temperatures of <400 ◦C. Additionally, these
bove said techniques different species are used as gas precur-
ors, but in particular, NH3 and N2O are the most widely employed
ases for the silicon oxynitride nano metric regime thin film depo-
ition (Hernandez et al., 1997; Orfert and Richter, 1999; Vogt and
auptmann, 1995; Husein et al., 2000). The PECVD is a low temper-
ture process (150–350 ◦C) and does not degrade the performance
f the integrated optical/photonics on chip interconnects devices
Chang and Sze, 1996; Vossen and Kern, 1991).

In the present work, we have explored the processing effect on
he surface topography, structural, optical and chemical properties
f the thin oxynitride films deposited by low temperature PECVD
echnique and the effect of PDA treatment subsequent issues for the
se in nano optical/photonics on chip interconnects device appli-
ations.

. Experimental

P-type silicon wafers cleaned with the standard RCA cleaning
echnique were used for deposition of silicon oxynitride inter-
onnect thin films. Moreover, PECVD based low temperature
epositions are typically attained by using plasma in which the
ases react in a glow discharge. This discharge ionizes the gases,
reating active species that react at the RCA cleaned wafer surface.
hus, after drying in the nitrogen ambient, wafers were loaded into
he parallel-plate PECVD (Plasmalab 8510C) reactor as shown in

ig. 1.

These parallel plates create a glow discharge and the gases
ow radically through the discharge. The radio frequency gener-
ted through the electrodes having diameter 240 mm and distance
Fig. 1. Schematic diagram of a PECVD reactor used for deposition of SiOxNy thin
films.

between electrode and substrate was 20 mm. RF power applied to
the upper electrode while the samples were placed on the bottom
grounded electrode, which can be heated up to 400 ◦C. The sys-
tem was operated at a pressure range of 0.1–10 Torr. RF frequency
was 13.56 MHz and the applied RF power tuned up to 300 W. The
available gases used as precursors for film growth were silane (2%
SiH4/N2: diluted in nitrogen because of silane being highly unstable
at room temperature and it has tendency to burn in air), ammonia
(NH3), and nitrous oxide (N2O).

The RF plasma power, deposition temperature and precur-
sors used for the deposition of silicon oxynitride interconnect
films were 80 W, 300 ◦C and NH3, SiH4, N2O of flow rate 30,
25,100 sccm, respectively. A series of silicon oxynitride samples
were deposited by PECVD technique and process parameters were
optimized precisely by number of individual experiments to obtain
a high eminence performance and reliable interconnect thin film
for on chip optical/photonics applications. These films were sub-
jected to the post-deposition annealing (PDA) at temperature of
400 ◦C and 600 ◦C for 30 min in vacuum (3.2 × 10−6 Torr). The thick-
nesses and refractive index of the as deposited silicon oxynitride
and PDA treated thin films were measured using an imaging ellip-
someter (EP3, Nanofilm Germany). The computed film thickness
of as deposited silicon oxynitride thin film is (80 ± 0.5 nm). AFM
measurements of silicon oxynitride as deposited and PDA treated
thin films were conducted using Molecular Imaging (MI), USA sys-
tem. All measurements carried out for the topography study of
the samples by the AFM in non-contact, acoustic AC (AAC) mode.
Cantilevers used for AAC mode NSC 12 (c) were from MikroMasch
having force constant ∼4.5 N/m and frequency ∼150 kHz.

The structural analysis of silicon oxynitride thin films for inter-
connects optical/photonics applications were carried out by the
WiTec CRM 200 Raman spectrometer coupled with a high reso-
lution Confocal optical microscope. Excitation was provided by the
514.5 nm line of an argon ionized laser. The microscope objective
used was Nikon 100×, with working distance 0.26. Thus, the laser
beam diameter at the focus is approximately in submicron regime.
All the measurements were carried out at room temperature to

avoid heating effects. All the measured spectra were systemati-
cally compared with those obtained on cover slip under the same
experimental conditions.
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Fig. 2. AFM topography of PECVD based as-deposited SiOxNy thin films (a) 2D

Photoluminescence (PL) measurements were recorded on a
luoroMax-3 (Jobin-Yvon, Edison, NJ, USA) equipped with photo-
ultiplier tube and a xenon lamp.
The characterization of the silicon oxynitride thin films dis-

rderness, film stress and composition were carried out by
TIR ABB BOMAN system for as-deposited and PDA treated. The
canned range, resolution, scan number used for measurements
ere 6000–250 cm−1, 4 cm−1 and 1024 cm−1, respectively. Before

btaining the infrared spectrum of the samples, a background scan-
ing was obtained using the same substrate.

. Results and discussion

The surface roughness of PECVD based silicon oxynitride
SiOxNy) thin films, play an important role in determining the
uality of thin films for the optical/photonic on chip interconnect
pplications. The surface topography of thin film is a prime require-
ent of a typical oxynitride based waveguide as well as on chip

nterconnects device applications (Yu et al., 2008; Yang et al., 1998;

iroyuki et al., 2000). Therefore, the endeavour always made by
arious researchers to tune the processing precursors and pre/post
eposition of thin films treatment parameter. The variations in
urface morphology of as deposited silicon oxynitride thin films

ig. 3. AFM topography of PECVD based SiOxNy thin films after PDA treatment at 400 ◦C (
MS (47.0 Å).
(b) 3D images. The surface roughness of as-deposited film was RMS (60.9 Å).

upon post deposition annealing (PDA) treatment were analyzed
by means of AFM technique. As shown in Fig. 2(a) and (b) repre-
sents the 2D and 3D, AFM topography images of the PECVD based
as-deposited silicon oxynitride thin films. The root mean square
(RMS) magnitude of surface roughness ∼60.9 Å was computed for
the as-deposited silicon oxynitride thin films.

Figs. 3 and 4 show the AFM topographical images of the oxyni-
tride thin films after post deposition annealing (PDA) treatment
at 400 ◦C and 600 ◦C, respectively for 30 min. The measured RMS
roughnesses were 47.0 Å and 23.4 Å, respectively. Though, PECVD
is a well established technique for the deposition of a uniform thick-
ness and smooth interconnect thin films at low temperature in
the presence of the specific environment and reacting precursor
for the optical/photonic on chip interconnects applications. These
results indicate that the roughness of the as deposited oxynitride
film ∼60.9 Å is in the order of the typical dimension of waveguide
cross-section as well as optical/photonics on chip interconnects
device applications. Although, it could decreases with the effect
of the post deposition annealing treatment to tune precisely for

the various dimension of waveguide cross-section as shown in
Figs. 3 and 4. Moreover, by this significant variation in surface
roughness as deposited to the PDA treated thin films could resolve
the major concern of optical loss for nano optical/photonics on chip

a) 2D and (b) 3D images. The surface roughness after PDA treatment at 400 ◦C was
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ig. 4. AFM topography of PECVD based SiOxNy thin films after PDA treatment at 6
MS (23.4 Å).

nterconnects. However, the major sources of optical losses are
he presence of hydrogen-related absorption bond in the silicon
xynitride thin films network. Therefore, the decrease in surface
oughness of as deposited silicon oxynitride thin films after PDA
reatment, attribute to the out diffusion of hydrogen and densifica-
ion of the silicon oxynitride nano metric regime thin films (Mathad
t al., 1999).

Furthermore, Figs. 2–4 show successive AFM images of as-
eposited and after PDA treated SiOxNy thin films. As shown in
ig. 2(b) topography image reveals that the islands are formed
electively along the domain boundary of PECVD based as-
eposited silicon oxynitride thin films. While, Figs. 3(b) and 4(b)
emonstrate that the reduction in islands formed selectively along
he domain boundary of SiOxNy films after PDA treatment at 400 ◦C
nd 600 ◦C, respectively. Therefore, it could be due to the immediate
ut diffusion of the hydrogen related species, incorporated within
he as deposited silicon oxynitride thin films. Hence, it altered the
ubsequent surface migration of domain boundaries and result the
eduction in surface roughness, because of densification of silicon

xynitride thin films (Mao et al., 2005; Perera et al., 2003).

Thus in order to the support of these AFM results a model is
roposed as shown in the schematic of Fig. 5, to the verification
f alteration surface roughness of as deposited silicon oxynitride

ig. 5. Schematic of proposed model for higher roughness of PECVD based as deposited S
DA treatment (b). The radius R* and R of curvature is proportional to w and inversely p
sland dimension with radius of curvature.
a) 2D and (b) 3D images. The surface roughness after PDA treatment at 600 ◦C was

thin films and as a result of after PDA treatment. This significant
gradually variation in surface roughness of SiOxNy thin film is a
consequence of structural variation in thin film island formation,
which can be understood by the Kelvin equation (Adamson, 1967):

�G = 2V�
[

1
R∗ − 1

R

]
(1)

where V is the molar volume, � is the surface energy, and R is the
radius of curvature. The reduction of free energy according to the
Kelvin equation presents the driving fore for the change of the sur-
face roughness magnitude (RMS) of SiOxNy thin films after PDA
treatment. Therefore the curvature of the roughness features must
decrease (R increases).

As shown in Fig. 2 of as-deposited PECVD SiOxNy films had
higher rough surfaces with protrusions closely packed island fea-
ture width. Moreover, the island features height of as deposited
SiOxNy thin film is inversely proportional radius (R) of curvature
and directly proportional to the width (W) of curvature, which
attributes to the higher surface roughness of as deposited SiOxNy
thin films as shown in Fig. 5(a). While surface free energy (�G)
of SiOxNy thin films reduced as per Kelvin relation in Eq. (1) after
PDA treatment 400 ◦C and 600 ◦C and resulted the smoothening of
SiOxNy thin films by decreasing the island feature height owing

iOxNy thin films (a) and smoothing of rough PECVD based thin films surfaces after
roportional to h. The arrows indicate the change of the protrusions or variation in
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(PDA) treatment at 400 C and 600 C. The measurement system has
been calibrated to the well known peak associated to the mono-
crystalline silicon, located at 520 cm−1.
ig. 6. Micro Raman spectrum of crystalline Si, as deposited SiOxNy film and after PD
morphous band at 320 cm−1 and 920–1060 cm−1, respectively, which becomes b
lms].

o the increase in radius of island curvature as shown in Fig. 5(b),
hich introduced a smooth SiOxNy thin films surface (small RMS
agnitude) as shown in Figs. 2–4 (Lee et al., 2004; Singh et al., 2012;

ingh and Nahar, 2010; Konofaos et al., 2004).
In addition to this, if PECVD based SiOxNy thin films subjected

o the higher PDA treatment then the alteration of the curvature
ehaved in another way. At the temperature higher than 600 ◦C,
ome atoms or clusters at the surface could obtain enough energy
o become diffusive, and the protrusions could grow in an increase
n height of island manner (Adamson, 1967; Lee et al., 2004; Singh
t al., 2012; Singh and Nahar, 2010; Konofaos et al., 2004; Zhu et al.,
005), by absorbing the activated atoms or clusters diffusing from
djacent protrusions and results the increase in surface roughness
RMS, which increase the optical losses for nano optical/photonic
nterconnect applications.

Therefore, the silicon oxynitride thin films in this work is treated
t the optimum temperature to reduced the surface roughness,
hile the islands beyond the critical size do not completely disap-
eared even after low temperature PDA treatment. The variation for
he as deposited silicon oxynitride (80 ± 0.5 nm) and PDA treated at
00 ◦C and 600 ◦C thin films refractive index computed by an imag-

ng ellipsometer (EP3, Nanofilm Germany) are 1.46, 1.52 and 1.59,
espectively.

Raman spectroscopy is one of the established and precise
ethods for materials characterization related to the crystalline

tructure, disorderness and amorphization. Thus in the present
ork the Micro-Raman investigation was carried out to estimate

tress, deformation and compositional analysis with in bulk sili-
on and silicon oxynitride thin films by observing the band shift

n Raman spectrum (Krishnan, 1989; Zi et al., 1996; Cheng and
en, 2002; Fu et al., 2006; Ficcadenti et al., 2011). Fig. 6 shows the
aman spectrum of bare crystalline silicon along with the PECVD
ased as deposited silicon oxynitride thin film and after PDA treated
00 ◦C and 600 ◦C, respectively [Inset 1 and Inset 2 show the third and second order
efined after the PDA treatment at 400 ◦C and 600 ◦C as compared to as deposited

at 400 ◦C and 600 ◦C. The Raman spectrum of crystalline silicon
shows the band centred at 520 cm−1 (Szekeres et al., 2005). Fur-
ther, the investigation has been accomplished on PECVD based
silicon oxynitride thin films samples suitably deposited on a sili-
con substrate and then treated with the post deposition annealing

◦ ◦
Fig. 7. Photoluminescence spectrum of as-deposited and after PDA treated silicon
oxynitride films at 400 ◦C and 600 ◦C for 30 min.
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Fig. 8. FTIR spectra of as-deposited (A) and after PDA treatm

The fraction of variation in strain Si OH, Si NH, O H and N H
onds and the number density of silicon oxynitride thin films has
een estimated by means of the integrated area calculated by the
econvolution of the Raman spectra. These Raman spectrum have
een fitted by Gaussian and Lorentzian peak functions, ascribed
o the disparity in chemical composition from the as deposited
iOxNy thin films to the PDA treated SiOxNy films, respectively (Fu
t al., 2006; Ficcadenti et al., 2011). The spectrum of as deposited
ilicon oxynitride and PDA treated samples show the increase in
WHM of band centred at 520 cm−1 as compared to the crys-
alline silicon peak. There was a significant widening perceived in
he position of Raman peak associated to the silicon oxynitride,
ith respect to the crystalline value located at 520 cm−1 and after

DA treatment as shown in Fig. 6. This shift has been attributed
o the alteration in the Si NH and Si OH strain after PDA treat-

ent due to the breaking of old bonds and formation newer one.
t results the reduction in Si OH bonds and increase the Si N
onds. This behaviour shows the densification of silicon oxyni-
ride film after PDA treatment because of reduction in O H and
H bonds in silicon oxynitride network. Similar trend of peak
hift have been observed several other research groups also (Cheng
nd Ren, 2002; Fu et al., 2006; Ficcadenti et al., 2011; Zi et al.,
996).
t 400 ◦C (B) and 600 ◦C (C) PECVD based silicon oxynitride.

The brooding of amorphous band in the region 920–1060 cm−1

corresponding to oxygen-rich silicon oxynitride thin films as shown
in Inset 2 (Pan et al., 2001; Ray et al., 2001; Ay and Aydinli, 2004).
The enhancement of the band in 920–1060 cm−1 region is observed
with increasing PDA temperature, due to increase in bond concen-
tration. These results indicate that the concentration of Si O bonds
is more than the Si N with in SiOxNy films after PDA treatment.

Similarly, as-deposited sample as well as PDA treated silicon
oxynitride films shows the brooding of the third order band at
320 cm−1, which becomes better defined after the PDA treatment
at 400 ◦C and 600 ◦C as shown in Inset 1. The increase in peak inten-
sity for the sample treated at 600 ◦C shows significant shift towards
amorphous nature of thin films. This significant shift in the amor-
phous component might be attributed to an increase in cluster size
after PDA treatment and reduction in surface roughness.

Photoluminescence (PL) spectra for the as-deposited and PDA
treated silicon oxynitride thin films for interconnects applications
are shown in Fig. 7. As-deposited, silicon oxynitride thin film
exhibits a broad PL emission band in the 0.5–1.1 eV spectral region.

After PDA treatment at 400 ◦C induces a red shift associated with an
increase in PL intensity. While, after further PDA treatment at 600 ◦C
enhanced PL intensity and shift the peak towards longer wave-
length (red shift) as compared to as-deposited and 400 ◦C treated
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Table 1
Infrared vibration observed in the silicon oxynitride samples (Szekeres et al., 2005; Vogt and Hauptmann, 1995; Vossen and Kern, 1991).

Vibration type As-deposited After PDA at 400 ◦C After PDA at 400 ◦C

Peak frequency, ω (cm−1) FWHM Peak frequency, ω (cm−1) FWHM Peak frequency, ω (cm−1) FWHM

Si O bending 815 82 810 84 808 87
Si N stretching 923 95 940 93 970 91
Si O symmetric stretching 1018 107 1025 97 1061 82

1145
3380
3370
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Si O asymmetric stretching 1140 111
N H stretching 3388 118
Si O H stretching 3571 124

amples. These results reveal that the silicon oxynitride intercon-
ects layers have a strong dependence of the PL emission with post
eposition annealing treatment. It endorsed that the size of sil-

con oxynitride clusters increases after PDA treatment at 400 ◦C
nd 600 ◦C (Kenyon et al., 1996; Ribeiro et al., 2003). However,
he PECVD based as-deposited silicon oxynitride thin films did not
how crystallite formation. These results were also correlated with
he above reported AFM and Raman data.

Fig. 8 shows the FTIR absorption spectra of the as-deposited and
DA treated silicon oxynitride thin films. The characteristic of Si O
nd Si N vibration bonds are shown in Fig. 8, while the assignment
f the whole spectra are summarized in Table 1. The FTIR stud-
es of silicon oxynitride as-deposited and PDA treated films have
hown that Si O and Si N strong adsorption bonds are closer to
ach other and therefore they could overlap in the spectrums. The
trongest peak in all FTIR spectra corresponds to Si N, Si O sym-
etric as well as asymmetric stretching vibration mode observed

n the range of 923–1151 cm−1 indicating that the film consist pre-
ominately of Si O N.

The FWHM result from Table 1 reveals that the FWHM of
i N, Si O symmetric as well as asymmetric vibration decreases
fter PDA treatment with respect to as-deposited silicon oxyni-
ride samples. It attributes that after PDA treatment consequence
o the release bonds strain and disorderness between Si O and
i N bonds within the silicon-oxynitride films for on chip pho-
onic interconnect applications. The vibration modes observed at
388–3372 cm−1 and 3571–3574 cm−1 are related to the stretch-

ng of N H and Si O H. The reduction in FWHM in this region
fter PDA treatment with respect to as-deposited thin film indi-
ates the out-diffusion of hydrogen containing species from the
iOxNy network and formation of oxygen and nitrogen rich oxyni-
ride films after PDA treatment (Ay and Aydinli, 2004), which alter
he refractive index as well as optical properties of silicon oxyni-
ride thin films for nano optical/photonics on chip interconnects
evice applications.

. Conclusions

The SiOxNy thin films were successfully deposited on the sil-
con wafers using the PECVD technique at low temperature for
ano optical/photonics on chip interconnects applications. The sur-

ace topography analysis composition and the bonding structure
nd optical property of the oxynitride films were investigated with
FM, Raman spectroscopy, Fourier transform infrared spectroscopy

FTIR) and Photoluminance study of as deposited thin films and
fter PDA treatment. The AFM and Raman techniques have demon-
trated that PECVD grown as-deposited silicon oxynitride based
hin films show the presence of fairly high surface roughness and
tructural disorderness. However, after PDA of optimum tempera-
ure at 400 ◦C and 600 ◦C, the surface roughness and Si O & Si N

oncentrations have been found to be significantly varied, proba-
ly due to the decrease in island height by increasing the radius
f island, which results the densification of as-deposited silicon
xynitride films after PDA. The PL and FTIR result demonstrated
105 1151 103
99 3572 96
93 3574 90

that the variation in cluster and Si O and Si N bond strain after
PDA treatment w.r.t. as-deposited samples and result the variation
in refractive index. Therefore, PDA treated at optimum tempera-
ture as-deposited SiOxNy films can be successfully used for nano
optical/photonics on chip interconnects device applications as the
process integration complexity increases onto the state of art tech-
nology.
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