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Abstract—In this paper we present silicon oxycarbide (SiOC) as a
potential dielectric platform for integrated photonic applications.
By controlling the amount of carbon and oxygen in the
composition of SiIOC films, which in this work are deposited by
using a reactive RF magnetron sputtering process, the refractive
index of the material can be widely tuned from less than that of
silica 1.40 to almost that of silicon carbide (3.0), while keeping
high transparency in the near-infrared wavelength range. An in-
depth analysis of the structural, morphological and optical
properties of the deposited SiOC thin films is reported, pointing
out the relationship between the change in the film composition
and the tuneability of the refractive index. Single mode optical
waveguides with a refractive index contrast of up to 28% and
propagation loss as low as 2 dB/cm at 1550 nm are demonstrated.
An integrated Mach-Zehnder interferometer is presented as a
first example of PIC realized on high refractive index SiOC
platform. Results show that SiOC is a promising alternative to
conventional dielectric platforms for the realization of PICs.

Index Terms— integrated optics, optical materials, optical
waveguides, silicon oxycarbide.

I. INTRODUCTION

Silicon oxycarbide (SiOC) is a glass compound that has
received significant attention from the scientific
community and has already found applications in several
fields of technologies, such as ion batteries and low-k
interlayer dielectrics [1-10]. Recently, we demonstrated that
SiOC has also promising optical characteristics to become an
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enabling material for photonic integrated circuits [11], because
of its widely tuneable refractive index and high thermo-optic
coefficient, the latter being one order of magnitude larger than
glass-based materials and almost twice that of silicon [12]. A
high thermo-optic coefficient enables to reduce the electrical
power consumption of thermal actuators employed in optical
waveguides to counteract fabrication tolerances and to tune
reconfigurable architectures. Furthermore, SiOC exhibits low
loss at telecom wavelengths and can be integrated in most
photonic platforms [12].

SiOC thin films can be deposited by using different
deposition techniques [13-17]. Chemical vapor deposition
(CVD) and sol-gel pyrolysis were used to achieve SiOC films
with different compositions. Gallis et al. [5,17] employed
thermal CVD to prepare Si-rich through stoichiometric to C-
rich hydrogenated SiOC thin films on Si substrates and
demonstrated strong photoluminescence in the visible and
near-infrared wavelength ranges. Karakuscu and Guider [6]
observed white luminescence from sol-gel derived SiOC thin
films produced from triethoxysilane and methyldiethoxysilane
precursors. The reported characterizations of the various SiOC
films indicate large differences in composition, absorption and
refractive index as a function of carbon concentration, post-
thermal annealing, and deposition techniques. Ryan and
Pantano [18,19] reported on the chemical and structural
properties of SiO@-2xCx films deposited by sputtering a SiC
target, across a continuous range 0 < x < 1 attained by
changing the oxygen partial pressure in the sputtering
chamber. The synthesized SiOC films were amorphous and
appeared to possess no impurities. However, no information of
the optical properties of sputter deposited SiOC films were
provided. More recently, Mandracci et. al. [20] exploited
SiOC to realize multi-layer structures for the coupling of
Bloch Surface Waves, yet not giving information on the
absorption coefficient of SiOC in the optical spectral range.

In this work, we present an experimental study on SiOC
integrated optical waveguides and we demonstrate the
possibility of realizing photonic integrated circuits (PICs) on a
SiOC platform. To this aim, reactive RF magnetron sputtering
was employed to deposit SiOC thin films over a wide range of
material composition, from silica to amorphous silicon carbide
(SiC). We anticipate here that, even though sputtering is not
the best suited technique to achieve the highest quality films
for integrated optical applications, it provides a unique
flexibility on material preparation, allowing fast and cheap
investigation of the optical properties of the deposited films
versus composition.
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TABLE 1: PARAMETERS OF SPUTTERING PROCESS AND SIOC PROPERTIES

Sputter Parameter Space of SiOC Films
Sample ID | RF Power | Arflow | O,flow | Deposition rate n Morphology Phase
[W] [sccm] [sccm] [nm/min] @1550nm
Sl 50 60 1.5 5.3 1.40 Columnar Amorp.
S2 150 60 1.5 304 1.46 Columnar Amorp.
S3 200 60 1.5 42.7 1.48 Columnar Amorp.
S4 300 60 1.5 100 1.60 Columnar Amorp.
S5 350 60 1.5 126.7 1.71 Columnar Amorp.
S6 450 60 1.5 146 1.86 Columnar Amorp.
S7 350 10 1.5 30 1.50 Compact Amorp.
S8 350 10 0.75 25 2.2 Compact Amorp.

We identified the sputtering process parameters suitable to

produce SiOC films with a different composition (i.e. carbon-
oxygen ratio), providing refractive index tuning from 1.40 to
almost 3.0 in the wavelength range around 1550 nm; this wide
tuneability enables to meet most of the requirements in the
design of PICs, from low index contrast to highly confined
waveguides for high-integration-scale applications.
The paper is structured as follows. In Sec. II we describe the
sputtering technique employed for the deposition of the SiOC
films, pointing out the most relevant process parameters and
their impact on the structural and morphological properties of
the deposited films. Section III illustrates the optical properties
of the SiOC films, focusing on the tuneability of the refractive
index and on its dependence on the material composition.
Several examples of waveguide structures with different
refractive index contrast are discussed in Sec. IV, while in
Sec. V an integrated Mach-Zehnder interferometer (MZI)
based on multimode interference (MMI) coupler is presented
as a first example of PIC in SiOC technology. A concluding
section summarizes the main achievements of this work.

II. DEPOSITION AND MORPHOLOGY

Thin films of SiOC were deposited by reactive radio
frequency (RF) magnetron sputtering (Leybold LH Z400)
from a 3-inch diameter SiC target (99.9% purity) using argon
and oxygen as plasma and reactive gases, respectively.
Depositions were performed at room temperature on p-type
silicon (100) and thermally oxidized boron doped p-type Si
(100) substrates. The Ar flow rate was optimized to achieve
the best tradeoff between quality of the films, in terms of
morphology and deposition rate; the O: flow is instead
responsible for material composition and hence it determines
the refractive index and the energy gap of the material. RF
power between 50 W and 450 W was used, a higher RF power
leading to higher deposition rate and higher refractive index.
Bare Si substrates were used to optimize the sputter process
and measure SiOC film properties while thermally oxidized Si
substrates, with 6 um thick silica layer, were used to fabricate
photonic waveguides and PICs.

The multi-dimensional space of parameters of the sputtering
process and the impact on the optical properties of the
deposited SiOC films were analyzed by depositing several
samples, as listed in Table 1. In order to cover the composition
range from SiC-like to silica-like compounds, in some samples

(samples S1-S6) the RF power was increased while keeping
the oxygen flux at 1.5 sccm and the Ar flux at 60 sccm; in
other samples (S7-S8) the O flux was varied between 0.75
sccm and 1.5 sccm while keeping the Ar flux at 10 sccm and
350 W RF power. Samples deposited at larger Ar flux and
with RF power between 50 and 450 W showed rough, porous
and columnar structure with increase in the deposition rate and
refractive index (n, measured at a wavelength of 1550 nm)
from 5.3 nm/min to 127 nm/min and 1.40 to 1.86,
respectively. Reducing the Ar flux from 60 sccm to 10 sccm
provided trade-off between porous structure and the deposition
rate. Sample S7 exhibited compact structure and smooth
surface and showed higher refractive index value compared to
S2 that has a similar deposition rate. Further reducing O flow,
SiOC sample S8 with an increased refractive index of 2.2
similar to SizN4 is obtained. At 1550 nm all the films of Tab. 1
exhibit a loss lower than the accuracy of the ellipsometric
technique used for the optical characterization (see Sec. III).

All the samples exhibited amorphous microstructure
irrespective of columnar or compact morphology. The
adhesion between sputtered SiOC film and Si or thermally
oxidized Si substrates was excellent showing no pin holes or
delamination during ultrasonic bath for 30 minutes and
successive processes. The residual stress in SiOC films was
measured with profilometer following Stoney equation
[21,22]. The SiOC film with refractive index of about 2.2
showed low residual compressive stress of around 200 MPa, a
value reported also in other publications [23].

Relative Counts

2-0 (degrees)
Figure 1: XRD spectra measured over 20 Range from 20 to 50
degrees confirms amorphous phase of SiOC films as no peak
is detected except Si at 35 degrees
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The phase structure of the SiOC films deposited at RF
power levels between SOW and 450 W (60 sccm Ar, columnar
structure) was investigated with X-ray diffraction (XRD).
Figure 1 shows the XRD spectra of SiOC samples (S1 to S5)
measured at a grazing angle of incidence 26 from 20 to 50
degrees. The measured spectra show no sharp peaks which
implies that SiOC films possess an amorphous structure. The
sharp peak at 35° corresponds to Si substrate and the broad
peaks in S1 and S2 samples show the presence of silica
substructure in SiOC as these samples have more oxygen
content.

Cross-sectional images of the deposited SiOC films were
taken with a scanning electron microscope (SEM) to evaluate
the film compactness and adhesion. To quantify the surface
roughness, atomic force microscopy (AFM) was performed
scanning the surface of the SiOC films over an area of 100
um? in tapping mode. Figure 2(a) shows the SEM image of a
400 nm thick SiOC film deposited at 60 sccm Ar flow rate and
RF power of 350 W (deposition rate 130 nm/min). The
material exhibits a porous structure with vertical pillars on the
scale of tens of nanometers. Such columnar structure was
already observed in previous publications [18,19,23], showing
that sputtered SiOC films deposited at high Ar flow has a
pronounced porosity.
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F ige 2: SEM ad AF images of (a)-(b) columnar and (c)-
(d) compact SiOC films sharing a same thickness of 400 nm.

To achieve a more compact structure, the Ar flow was
reduced down to 10sccm, this leading to a reduction of the
deposition pressure in the chamber from 8x102 mbar to
3% 102 mbar. In this case, the sputtered atoms experience less
collisions with other atoms and energetic ions reflected from
target surface and arrive more smoothly at the substrate
surface [24,25], thus resulting in a reduced deposition rate. As
shown in Fig. 2(c), in a 400-nm thick SiOC film deposited at
10 sccm Ar flow (deposition rate 30 nm/min) no columnar
features can be seen. The higher compactness of the film
results also in a smoother surface. From the 2D AFM
acquisitions of Fig. 2 (b) and (d), a surface roughness
reduction from 1 nm to less than 0.25 nm (rms) is observed,
the latter being comparable with the roughness of the silica
substrate. If porous films can be effectively exploited in
applications such as sensing [26], photonic waveguides

require indeed compact and uniform films to have low
propagation loss.
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Figure 3: (a) refractive index and (b) extinction coefficient
spectra of SiOC films deposited under varying O: flow and
setting RF power at 350 W and Ar flow at 10 sccm as obtained
from ellipsometric measurements. The quantitative relation
between the increase of the refractive index and the O: gas
flow is reported in Fig. 4(a).

REFRACTIVE INDEX TUNING
The material composition and hence the optical properties of
Si0C films strictly depend on the O2/Ar gas flow ratio and the
RF sputtering power. In this section this relation is studied in
details for both columnar and compact films. Several films
were deposited by varying the RF power from 50 W to 450 W
and the Oz flow from 0 sccm to 3 sccm, the Argon flux being
kept at either 60 sccm or 10 sccm. The refractive index (n) and
extinction coefficient (k) of each film were measured by
spectroscopic ellipsometry in the visible and near-IR range
(300 nm-1600 nm). Measurements were performed at three
angles of incidence 65°, 70° and 75° and were fitted using a
layer stack model including surface roughness for the SiOC
film, SiO2 layer, and Si substrate [11]. The SiOC film was
modelled using Cody-Lorentz model [27,28], providing
physical based values of n and k reported in Fig. 3(a) and (b),
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respectively. Results show that as the O: gas flow rate
decreases with respect to Ar flow set at 10 sccm (RF power
kept at 350 W), the refractive index increases across the entire
visible and near-IR wavelength range.
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Figure 4: (a) Increase in refractive index of SiOC films as a
function of O: gas flow when Ar gas flow and RF power are
constant at 10 sccm and 350 W, (b) increase in refractive
index of SiOC films as a function of RF power (50 to 450 W)
when Ar and O: gas flow are constant at 60 sccm and 1.5
scem

The quantitative relation between the refractive index
measured at a wavelength of 1550 nm and the O: gas flow is
reported in Fig. 4(a). Further, when the Ar flux is set at 60
sccm, the refractive index increases from 1.40 to 1.86 as a
function of RF power in the power range from 50 W to 450
W, as given in Fig. 4(b). This effect is associated with a
change in the composition of the material, that is in relative
amount of silicon (Si), oxygen (O) and carbon (C) in the film.

X-ray photoelectron spectroscopy (XPS) measurements
reported in Fig. 5(a) show the composition of the SiOC films
versus the refractive index. Data are reported for columnar
SIOC films with a refractive index comprised between 1.41
and 1.86, and for a compact film with a refractive index of 2.2.
Cls, Ols and Si2p core levels were excited by standard Al Ka
X-ray source and recorded using a a Hemispherical Energy
Analyzer (HEA) Phoibos 150 (SPECS™), yielding an

acceptance angle of £2.5°, a field view of ~1.4 mm? and an
energy resolution of 0.95 eV. In the columnar films, the
increase of refractive index can be related to the increase of
carbon content (orange dots), which replaces oxygen atoms
(blue squares) in the SiOC compound when the RF power is
increased, while the amount of Si (gray stars) is almost
unchanged. Such increase of the C content induced by the
decrease of the Oz gas flow is indeed in line with observations
reported in the literature [17,18]. In contrast, the higher
refractive index of the compact film is associated to an
increase of the Si ratio. Fitting the XPS spectra by different
components (SiO and CO for Ols; SiC, SiO and SiSi for Si2p;
SiC, CC and CO for Cls) allows to identify Si-C and C-O as
the predominant chemical bonds in the SiOC samples [29].
The accuracy in determining the material composition is +
2.5%. XPS also reveals no trace of impurity in the deposited
films, within our accuracy of about 3%. Further comparison
between this work and [18] is given in Fig. 5(b) that are in
good agreement to each other.
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Figure 5: (a) XPS elemental analysis plotted as a function of
refractive index of SiOC films, (b) comparison between carbon
content v/s refractive index of SiOC films deposited in this
work and [18]
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TABLE 2: PROPERTIES AND PARAMETERS OF FABRICATED SIOC WAVEGUIDES

Core Index | Morphology | Index Contrast | Dimensions Propagation Loss Group index
An [wm] [dB/cm]
1.578 [11] Columnar 8% 44 % 0.4 4+0.5 1.495
1.819 Columnar 19% 1.8 x 0.4 8£0.6 1.722
2.20 Compact 28% 1.3 x 0.175 2+0.5 1.995

Figure 3(a) shows that by increasing the C content the
refractive index of SiOC can be tailored from less than that of
silica, that is #» = 1.40 at a wavelength of 1550 nm, to that of a-
SiC, that is about 2.93. The absolute accuracy of the measured
refractive index is in the order of +102, as confirmed by
measurements carried out on the same samples by using prism
coupling technique at 633 nm and 1550 nm. The low
refractive index of 1.40 of SiOC is attributed to high porosity
of the material structure, which is exploited as interlayer
dielectrics in microelectronics [4,30]. In the films with
compact structure, no evidence of material anisotropy was
observed in the ellipsometric measurements as reported in Fig.
3(a), while SiOC films with columnar structures exhibited a
refractive indices difference as large as 10 between in-plane
and off-plane axes [11].

The change of the refractive index is associated with a
modification of the energy gap of the material E,, which
moves to lower energy when the C content increases, as
shown in Fig. 3(b). The value of the energy bandgap was
extracted from the absorption spectra by using Tauc relation
(ahw)? = how — Eg, where o is absorption coefficient and ho is
photon energy [31]. As the refractive index increases from 1.6
to almost 3.0, E; decreases from 3.8 eV to 1.81 eV and is
responsible for the increase of the extinction coefficient at
longer wavelengths. However, at 1550 nm & is below the
accuracy of the ellipsometric measurement (103) as long as
the refractive index is lower than 2.5. Below 800 nm, the
photon energy exceeds the energy gap of the material
(especially for higher refractive index SiOC) and the deposited
films exhibit higher losses.

A remarkable advantage of SiOC is the extended achievable
range of refractive index, much wider than that of silicon
oxynitride (SiON) [32-35] and comparable to silicon-rich
nitride (SRN) [28]. Moreover, the absence of any absorption
peak around the 1500 nm wavelength range makes this
material an excellent candidate for applications in the telecom
wavelength range, especially with respect to SION.

III. PHOTONIC WAVEGUIDES FABRICATION

The tuneability of the refractive index of SiOC films has been
investigated to realize photonic waveguides with different
refractive index contrast. The index contrast is defined as An
= (n - na)/n, where n is the refractive index of the SiOC core
material and na is the refractive index of the cladding, which
in all the examples reported in this work is made of SiO2 (na =
1.444). Namely, waveguides with an index contrast An = 8.2%
(n=1.578), An = 19% (n = 1.819) and An = 28% (n = 2.20)
were fabricated. In the first two cases, SiOC films deposited
with 60 sscm Ar flow rate and exhibiting a columnar structure

were employed, while the third one, which was deposited with
10 sscm Ar flow rate, has a compact SiOC film.
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Figure 6: (a)-(c) SEM images and (d)-(f) propagation loss
plots of fabricated SiOC waveguides with refractive indices of
n=1578 n= 1819 and n = 2.20, respectively

To define the waveguide structures, AZ 5214 E photoresist
was spin coated on the SiOC layer and soft baked on a hot
plate at 110 °C; the photoresist was patterned by direct-laser
writing photolithography (365 nm) followed by inductively
coupled plasma reactive ion etching (ICP-RIE) in CHF3 (100
sccm) and Oz (5 sccm). The etch rate of the SiOC films is
strongly dependent on the refractive index, being 20 nm/min
for n = 1.578 and 9 nm/min for n = 2.20. The fabricated
channel waveguides show vertical sidewall profile with angle
of about 85°. A common core thickness of 400 nm is used for
An = 82% (n=1.578) and An = 19% (n = 1.819) while 175
nm for An = 28% (n = 2.20) SiOC waveguides. The thickness
and width were adjusted to operate in single mode regime. A
strip waveguide cross section has been used in order to reduce
the etching depth and consequently radiation losses induced
by sidewall backscatter. Finally, a 4 pum-thick SiO2 upper
cladding layer was deposited by plasma enhanced chemical
vapor deposition (PECVD). Waveguides characteristics and
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other data are reported in Table 2. SEM photographs of the
fabricated waveguide before the deposition of the silica upper
cladding are shown in Figs. 6 a)-c).

The propagation loss of the fabricated waveguides was
measured by standard cut-back technique. Lensed optical
fibers were used to couple the light into the waveguide from a
tunable laser source operating in the 1500 nm — 1600 nm
wavelength range and the output light was measured by an
optical spectrum analyzer. The polarization state of the light at
the input facet of the waveguide was selected with a
polarization controller guaranteeing at least -30 dB crosstalk
between transverse electric (TE) and transverse magnetic
(TM) polarizations.

v 160 nm
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Figure 7: (a) SEM image of an etchless SiOC waveguide (n =

2.2) with a thickness = 160 nm and (b) propagation loss
plotted against waveguide length

Figures 6 (d)-(f) show the transmission of the three
waveguides (a)-(c) versus the waveguide length. For the
waveguides with core refractive index n = 1.578 and n = 1.819
a propagation loss of about 4 dB/cm [11] and 8 dB/cm have
been measured. In contrast, the SiOC waveguide with higher
index n = 2.20 exhibits propagation losses of only 2 dB/cm.
We attribute such loss improvements to the reduction of the
volume scattering, which in the lower index waveguides 6 (a)
and 6 (b) is induced by the columnar structure of SiOC film
that is the main origin of loss. Absorption loss is likely to give
a marginal contribution because SiOC absorption in the near-
IR range is expected to increase with the refractive index as a
consequence of the bandgap energy lowering [see Fig. 3(b)].

Likewise, scattering induced by sidewall roughness has a
significant contribution. This analysis confirm that SiOC is an
excellent candidate for integrated optical applications and a
lower attenuation is expected with a careful reduction of the
sidewall roughness, possibly by using PECVD deposition of
the film [20] and even annealing, in addition to an
optimization of the RIE process, all technological
improvements left to future studies. Measured waveguide
attenuations of TE and TM modes are comparable within the
uncertainty of the characterization technique.

The group index of the waveguides was measured too, by
using an optical frequency domain reflectometry technique
(OFDR) [36-38] and reported in Table 2. Since SiOC films
with n = 1.578 and n = 1.819 show columnar structure, the
waveguides exhibited group birefringence on the order of 10
that further confirmed anisotropy measured with ellipsometry.
The details can be found in our previous published work [11].

To better understand the origin of the propagation loss we
fabricated etch-less waveguides with the geometry shown in
Fig 7(a). A 160-nm thick layer of SiOC (n = 2.20) is deposited
on top of a patterned SiOz substrate ridge 3.1 pm wide and 3.3
pum high. At the vertical sidewalls of the SiO: substrate, the
thickness of the SiOC film is about 60 nm and the optical
mode is almost completely confined in the top horizontal
SiOC layer as shown in the inset of Fig. 7 (a). The SiOC film
has been highlighted in false color. A propagation loss of 2 +
0.5 dB/cm was measured [see Fig. 7(b)], which is comparable
to that of the etched waveguide of Fig. 6(c). Since we observe
the same propagation loss in etched and etchless waveguide,
we can exclude light scattering due to sidewall roughness as
the main source of the loss. We estimate that loss is mainly
due to volume scattering because of residual material
inhomogeneity related to the sputtering process, even though
the material looks compact.

Progagation Loss [dB/cm]

n=22 PO, b

L L 1 1 1 L L L L

1510 1520 1530 1540 1550 1560 1570 1580 1590 1600
Wavelength [nm]

Figure 8: Transmission spectrum of SiOC waveguides with
core refractive index n = 1.578, n=1.819 and n = 2.20

Figure 8 shows the transmission spectra of the three
waveguides of Fig. 6 over a wavelength window from 1500 to
1600 nm. Noteworthy, not only the SiOC waveguide with
compact morphology (n = 2.20) shows the lowest propagation
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loss, but the transmission spectrum is also maximally flat. In
contrast, in the waveguides with a lower SiOC refractive
index, where the propagation loss is higher and volume
scattering is more pronounced, some spectral ripples appears
in the loss profile. Furthermore, the propagation loss increases
at shorter wavelengths where the contribution of the scattering
induced by the columnar structure becomes more relevant.
The flat transmission of the high index SiOC waveguide
makes it a promising candidate for broadband applications.

IV. PHOTONIC DEVICES

To further demonstrate the suitability of the SiOC
technology to realize photonic integrated circuits we designed,
fabricated and tested Mach-Zehnder interferometers (MZI).
The SiOC channel waveguide has a core refractive index of
2.20, thickness of 175 nm and width of 1.3 um, in order to
operate in single-mode regime. The integrated power splitters
were realized by using 2x2 multimode interference (MMI)
couplers, which were designed according to a paired
interference approach [39] for 50/50 splitting ratio at the
wavelength of 1550 nm. The multimode waveguide of both
MMIs has a length Zyvr = 100 pm and a width Wywr = 12 pm,
and the position of access waveguides is located in +Wmmi/6
so as to provide a center-to-center gap of 4 pm, which is large
enough to avoid an evanescent coupling between them. An
SEM image of the MMI coupler is shown in Fig. 9(a) with
inset showing access waveguides and Fig. 9(b) shows the
optical micrograph of the fabricated MZI in SiOC.

(b)

EHT = 10.00 kv
WD =105mm

Signal A= InLens

20 pm
Photo No. = 1465

e
Figure 9: (a) SEM image of MMI with Ly = 100 um and

Wi = 12 um, inset shows access waveguides. (b) Optical
micrograph of the MMI based MZI

The MZI was designed to have an unbalance of 243.3 pm
using a waveguide bending radius of 474 um to prevent
additional bending losses. This unbalance corresponds to an
FSR = 4.95 nm, as verified experimentally in Fig. 10. The
end-to-end length of the MZI is about 5 mm.

Figure 10 shows the transmission spectrum measured at bar
and cross output ports of the MZI device. The peak intensity at
the cross and bar outputs differ by a fraction of dB, confirming
the low attenuation of the waveguides. As a comparison, the
solid black line shows the transmission of a straight
waveguide with the same length of the MZI. The excess loss
of the MZI, amounting to less than 1 dB over the entire
wavelength range, is mainly caused by two MMI splitters,
which is estimated to be of about 0.4 dB each. The extinction
ratio (>15 dB at the cross port, >10 dB at the bar port) is
limited by some unequal splitting in the MMIs (about 10%),
which is due to fabrication tolerances.
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Figure 10: Transmission spectrum measured at Bar and Cross

ports of SiOC MZI, showing cross talk less than -10dB. The

Transmission has been normalized to that of a straight

waveguide with identical width placed on the same chip

1530 1580

V. CONCLUSION

We presented an experimental study on SiOC thin films and
optical waveguides, demonstrating the possibility of realizing
PICs on a SiOC platform.

The structural, morphological and optical properties of SiOC
thin films deposited by reactive RF-magnetron sputtering were
deeply investigated, showing low level of impurities, low
stress, good compactness and homogeneity. By changing the
process parameters during the sputtering process (Ar and O:
flux, RF power), the carbon-to-oxygen ratio in the deposited
film can be finely controlled, this composition change being
associated with a wide tuneability of the SiOC refractive
index. We achieved SiOC films with a refractive index
ranging from less than that of silica (about 1.40) to almost that
of amorphous SiC (almost 3.0), this tuning range widely
exceeding the one provided by SiON and being comparable to
that covered by SRN [28]. Therefore, SiOC enables to cover a
tunable refractive index range that is significantly higher than
that provided by other low loss photonic platforms, such as
SisN4 (n = 1.99) [40] and Ta20s (n = 2.05) [41]. Our results
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also show that, as long as the refractive index is lower than
2.5, the material loss is very low in the near-IR range. The
absence of absorption peaks around 1500 nm wavelength
makes this material an excellent candidate for telecom
applications.

Several waveguide structures were realized and tested to
assess their potential for PICs at telecom wavelengths. Single
mode waveguides exhibit propagation losses as low as 2
dB/cm across the full telecom window from 1500 — 1600 nm.
The propagation loss is mainly caused by volume scattering
due to residual material inhomogeneity related to the
sputtering process, which also limits the maximum thickness
of the film that can be deposited with a compact structure to
less than 500 nm. We expect that thicker waveguides with
lower loss can be achieved by using a CVD process for the
deposition of the SiOC film. As a consequence of the CVD
process, some residual hydrogen could be present in the
deposited material, which could cause losses from vibrational
overtones;, however, with respect to SiON, where the
absorption peak of the N-H bond overtone is located at 1510
nm, in the case of SiOC the first C-H bond overtone is
expected to appear above 1650 nm, so well outside the main
wavelength range of telecom applications.

We also reported on a first simple example of PIC realized
on high refractive index SiOC platform (n = 2.2), consisting of
a MMI based unbalanced MZIL.

The high tuneability of the refractive index, from low index
contrast to highly confined waveguides, together with the high
thermo-optic coefficient reported in a previous contribution
[12], make SiOC a promising alternative to conventional
dielectric platforms for the realization of PICs.
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