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Abstract: Inorganic silica-titania thin films with thicknesses 150 nm—200 nm are deposited on high
purity and polished silicon wafer and silica glass substrates by sol-gel dipping process and are
patterned by capillary force lithography technique. Subsequently grating structure is embossed in
green stage. The patterned gel films are subjected to stepwise heat treatment to 500 'C and above in
pure oxygen atmosphere in order to achieve major conversion of mixed-gel to oxide optical films
which are characterized by Ellipsometry, Fourier transform infrared spectroscopy (FTIR) and atomic
force microscopy (AFM) to optimize the fabrication parameters and to get perfectly matched film.
Removal of organics and formation of perfectly inorganic silica-titania network at optimized heat
treatment in controlled environment are ensured by FTIR spectral study. The difference in refractive
indices between the substrate and coated film as calculated theoretically matches exactly with the
developed waveguides for operating wavelength (632.8 nm) and the measured optical properties
show the planar waveguide behavior of the films.
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1. Introduction Si0,/TiOy/poly(vinylpyrrolidone) composite materials

derived by sol-gel technique. The most extensively

Increasing interest in photonics integrated used optical waveguide is the step index optical fiber,

circuits has stimulated studies on newer optical
materials. Sol-gel derived materials such as SiO,
and TiO, doped with metal nano-particles have been
investigated for various optical devices [1]. Sol-gel
processed organic-inorganic composite materials are
capable of producing thick enough films by single
coating without cracking. For example, Makoto
Yoshida et al. [2] reported an optical propagation
loss of 0.62 dB/cm or lower at 633 nm based on
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but the simplest optical waveguide is the planar
waveguide structure which consists of a thin
dielectric film sandwiched between materials of
slightly lower refractive indices [3]. Light wave
introduced into the high index film or rectangular
core arrives at the boundary at an angle which is
greater than the critical angle of total internal
reflection [4]. Interestingly, with the development of
polymer waveguide devices, gratings have gained
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considerable interest in efficient coupling of light of
particular diffracted mode into these waveguides for
use as precision sensing device [S]. The technique
for developing such devices has also been applied to
inorganic systems as well for better structural
stability and high temperature application. The
synthesis of transparent SiO, based sol-gel coatings
has been of great interest in recent years since this
process of using metal alkoxide solutions can be
applied to various substrates by spin or dip coating
and enables good control of composition and optical
properties [6, 7]. It is capable of coating large
surfaces and does not require high processing
Lukowiak et al. [8]
silica-titania waveguide with a grating coupler, but

temperatures. showed a
they used a polymer photoresist on which the
grating structure was inscripted by holographic
exposure. This is a cumbersome affair whereas the

soft lithographic technique is much easier to process.

Amongst others the sol-gel method is used to obtain
thin film planar waveguides with good optical and
mechanical properties, where in the process of
dip-coating the substrate is withdrawn from the sol
at a constant rate. The entrained film becomes thin
by means of evaporation of solvent and gravitational
draining. Because the shape of the depositing film
remains constant with respect to the reservoir
surface, it is possible to use analytical methods such
as ellipsometry and fluorescence spectroscopy to
situ. The

microstructure and properties of the film depend on

characterize the depositing film in
the size and structure of the inorganic sol species,
the magnitude of the capillary pressure exerted
during drying, and the relative rates of condensation
and drying. By controlling these parameters, it is
possible to reduce the nano-porosity of the
transparent film considerably over a wide range [9].

Recently inscription of grating in bulk glassy
waveguides by ultrafast lasers has created another
possibility of intricate design and fabrication. This
enables nanometer

process patterning  with

resolution, which is of great importance for

manufacturing advanced electronic, optical and
mechanical devices [10, 11]. However, current
research focuses on printing processes other than
conventional photolithography to increase the range
of patterning applications in order to get diffraction
limited output [10]. A number of lithographic
techniques have been developed among which soft
lithography [12, 13], which relies on reusable
stamps, generally fabricated of (by Xia et al.)
poly-dimethyl siloxane (PDMS), is used to fabricate
high quality patterned micro- and nano-structures
directly onto gel-films. Along with soft patterning
process, capillary force lithography (CFL) has
proven to be fruitful [14-16]. It is a simple and
effective tool for patterning, and it employs the
concept of capillarity [17], where a polymer melt is
molded by the use of an elastomeric stamp i.e. the
PDMS stamp. We have used this soft lithographic
technique to emboss grating structures on
as-deposited silica-titania gel films of desired
configurations for targeted operating wavelength of
waveguide. It needs a state of certain visco-elastic
stage of the gel-film suitable for embossing and
structural stability. Subsequent heat treatment in
controlled environment produces transparent oxide
film with expected low optical loss.

Waveguides thus fabricated are subjected to
different studies like the atomic force microscopy
(AFM)
infrared

scan, Ellipsometry, Fourier transform

spectroscopy (FTIR). Finally optical
characteristics of the waveguide films are analyzed
using polarized He-Ne laser. Grating couplers as
sensor elements were for the first time introduced by
a research team of Lukosz [18, 19]. Later on this
was also thoroughly investigated by Kuntz et al. [20,
21]. The high sensitivity can only be ensured by
sensor structures produced with the application of
homogeneous waveguides of high refractive indices.
In this paper we study the physico-chemical
processes and steps to develop highly transparent
embossed grating waveguide coupler particularly
aiming at the application in precision sensing.
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2. Theory

We have studied theoretically the design of
silica-titania (Si0,-TiO,) waveguides by taking real
fabrication parameters into consideration. A simple
planar waveguide consists of a film (as shown in
Fig. 1) of refractive index nrdeposited on a substrate
of refractive index ng and a cover of refractive index
n.. The confinement of light energy is along one
transverse dimension and the light energy can
diffract in the other transverse dimension.
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Fig. 1 Schematic representation of the grating coupler

b

waveguide sensor.

The thin film waveguides are characterized by a
refractive index variation of the form:
n, x>0, cover

n(x): n,—d<x<0, film . (1)

n., x<0, substrate

The above refractive index variation corresponds
to a thin film of refractive index »; and thickness d
deposited on a transparent substrate of refractive
index ns (ns<ng). The region above the film is

referred to as the cover of refractive index n. (n.< ny).

In most cases, the cover is considered as air (n.=1).
Light guidance in such planar waveguide takes place
on the basis of total internal reflection (TIR), hence
we assume ngn>n.. For such one-dimensional
waveguide, Maxwell’s equations are reduced to two
independent sets of equations. Both the transverse
electric (TE) and transverse magnetic (TM) modes

are equally probable to exist inside the planar
waveguide. We know for guided modes the field
should decay in the cover and substrate so that most
of the energy associated with the mode lies inside
the film. Hence for guided modes, we must have
konl < p* <k;n!. )
Using the conditions and the
continuity of E, and dE,/dx at x=0 and x=—d we

boundary

obtain the transcendental equation for the TE modes
as [3]

b ¥ (b+a)
um[VUbf}—(l_iléj:ﬂf) 3)

where
2 /72 2 2 2
b_ﬂ/ko _ns _neff_ns _ﬁ
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Similarly for TM modes we obtain a similar
transcendental equation as

tan[V(l —b)ﬂ _ ;l[lblij[;ézg;]ﬁ

e (1_b)

)

where

n=(n/n) . r=(n/n) =y -a(l=r). (©

By solving the two transcendental equations for
TE and TM modes successively we are able to
calculate a range of refractive indices and
propagation constants of the guided modes and the
corresponding film thicknesses. These are the main
guidelines to be followed during the fabrication of
the planar waveguide films in our experiment.

By assuming the values of n. (air, 1.0), ns (2.0)
and ny (1.46) we obtain a range of the film
thicknesses where the waveguide would remain a
single moded structure, i.e. propagation of the
fundamental modes only. By varying the value of d

i.e. the film thicknesses (from 110 nm to 200 nm)
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and using above (3), (4), and (5), a variation of the
value of the refractive index of the guided mode can
be obtained. A plot of the variation of the effective
refractive index of the guided mode (n.s) and
propagation constant (f) with film thickness (d) is
shown in Fig.2, which enables us to make a choice
of the film thickness and the value of the film
refractive index at a particular operating wavelength
of light. From this graph we are able to select the
refractive index and film thickness which we desire
to obtain in our fabricated planar waveguides at
632.8 nm operating wavelength of light.
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Fig. 2 Variation of the effective refractive index of the
guided mode (n.) and propagation constant (f) with film
thickness (d).
The coupling of the light as shown in Fig.1 into
a waveguide by means of a grating coupler occurs at
angles according to the following equation [14]:

N=nsin(a1)+l(/%1) (7)

where N=effective refractive index, n=refractive
index of air, a/=coupling angle, /=diffraction order,
A=laser wavelength, A=grating constant. For
example, if the light of wavelength 632.8 nm is
made incident on the waveguide at 60° angle and
then using the (7), the effective refractive index (&)
obtained is 1.7098 with second order diffraction
(/=2), which lies well within the range of n.s values
as shown in Fig. 2. In Fig. 1, “d” shows the
diffraction pattern as seen on a screen due to vertical
incidence where the incident angle is o=0
(demarcated by the “b” marked laser beam shown in

Fig. 1). If the incident angle is changed to o=o

(indicated by the “a” marked laser beam shown in
Fig. 1) the diffraction pattern is shown as “c” (in Fig.
1). The second order spot generated due to the
diffraction is made to propagate through the
waveguiding film by changing the incident angle to
some value &g which can be calculated from (7). We
have been able to match this experimentally.
Equation (7) makes the fact quite obvious that the
accurate sensing requires a fine resolution of the
incident angle which is easier if light source with
small spectral line width is used.

3. Fabrication and experimental details

We have adopted sol-gel process in developing
Si0,-TiO, light-guiding layer. In order to emboss
grating structure stamps of PDMS containing the
negative replica of the patterns of a master grating
have been used. For the preparation of the precursor
of PDMS, weighted amounts of Sylgard Silicone
Elastomer 184 and Sylgard 184 Curing Agent are
thoroughly mixed and deaerated in a vacuum
desiccator by exposing it to a low vacuum. After the
solution becomes completely free of air bubbles it is
poured onto the master grating mold and cured at
100 °C for 20 hours. Cross linking takes place by
which the inner surface of the PDMS film develops
the patterns as encrypted on the master mold. After
the completion of curing of PDMS, small pieces are
cut and used to emboss the desired patterns on the
film surface. Each stamp has parallel stripes with
periodicity of 1.5 um and stripe height of about
120 nm. We have used the single step dip-coating
process for the fabrication of the waveguide film on
high purity and highly polished silica glass (Suprasil
grade, Heraeus, Germany) and also on the polished
surface of silicon wafers. The samples are then
heated in step-wise manner at high temperatures
Sol-gel process
combines the advantage of thermal and optical

following a heating schedule.

power stability of inorganic materials for its easy
hybrid
precursor. The mixed oxide films with refractive

formation from the inorganic-organic

indices from 1.2 to 2 can be prepared at ease. The
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mere control of porosity of the matrix will lower the
refractive index. As for example, this has been
created in silica-titania thin films for its important
applications as a component of anti-reflection
coatings but more significantly as active and passive
waveguides. A dispersion graph (b vs V) for one of
the silica-titania waveguides fabricated by us is
shown in Fig. 3, where b is the normalized
propagation constant and V is the waveguide
described
propagating TE and TM modes depicting single

parameter earlier. The curves for
mode propagation are simulated using various
parameters for the silica-titania sample fabricated by
us. A three-layer (consisting of the cover, film and
substrate) planar waveguide is considered. The
cover layer is air of refractive index (n.) 1.0, the
waveguiding film layer is a silica-titania sol-gel film
of refractive index (ny) 1.7264, and the substrate is a
piece of silica glass with refractive index (n) 1.4573
at 632.8nm. The film thickness can be fixed at any
value between 93nm and 434nm in order to obtain
single mode propagation. Figure 3 shows that below
a certain value of V, called the cutoff frequency (V.),
there are no modes in the system. For single mode
propagation to take place the V, values for TE and
TM modes should be

V' =tan™ &' +mzx  for TE modes

V™ =tan™ (a%/}/2 ) +mz  for TM modes

Cc

where m = 0, 1, 2,... For the propagation of the
fundamental mode m=0 the value of V. and
V'™ can be calculated for a particular value of
refractive index of the waveguiding film developed
and for fixed value of refractive indices of the cover
and the substrate. These are the most vital points to
be taken care during the fabrication of the desired
planar waveguide. In Fig. 3 we have shown the b vs
V curve for both TE and TM modes in case of single
mode propagation in the fabricated planar
waveguide. Many such waveguides of identical
design have been developed by us, out of which one

of its kind is presented in Fig. 3.

A=632.8 nm, n.=1.0, n=1.7264, ns=1.4573
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Fig. 3 Variation of the normalized propagation constant b
versus the waveguide parameter J for TE and TM modes with
asymmetry value a=1.3116.

The theoretical values thus have guided us to
fabricate the desired planar waveguides. In Fig. 3,
a (calculated value of a =1.3116) is known as the
asymmetry parameter and it may vary from zero to
very large values for highly asymmetric waveguides.

Inorganic oxides based silica-titania planar
waveguides can be produced with easy tunability of
the refractive index and a loss lower than 1dB/cm
[22]. We used Si (IV) and Ti (IV) alkoxides based
composite sol layer on the substrate which turns to
gel layer in  due course of time.
Tetra-isopropyl-orthotitanate (TIOT, purum grade,
Fluka Chemika) and tetracthoxysilane (TEOS,
>98% purity, Fluka Chemika) were used as the
starting precursor materials of titania and silica
respectively during the preparation of the
silica-titania sol. The detailed preparation can be
found elsewhere [23]. The solvents used for the
preparation of precursor sols were 2-butanol (>99%,
E Merck India Ltd., for synthesis), 1-propanol
(>99%, E Merck India Ltd., for synthesis) and
2-propanol (E Merck India Ltd., for synthesis). Very
dilute HCI (E Merck India Ltd., GR grade) was used
as catalyst for the hydrolysis of TEOS, and
acetylacetone (>98%, E Merck India Ltd., for
synthesis) was used as the complexing agent for
controlling the fast hydrolysis rate of TIOT alkoxide.
Double distilled water was used for the hydrolysis of

TEOS. The substrates used for the dip coating were
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highly polished pure silica glass and silicon wafer.
All the substrates were cleaned following the steps
[24]. After 3 hours of
preparation of the silica-titania sol, the substrates

as reported elsewhere

were coated by single step dip coating technique,
with a lifting speed of 16 cm/min.

Patterning of the sol gel films is done by
embossing small pieces of the elastomeric stamp of
PDMS on the dip coated film to obtain required
pattern on the film surface. We have adopted the
process of solvent assisted capillary force
lithography instead of direct CFL. Here the PDMS
stamps have been presoaked in a diluted solution of
the silica-titania sol for a minute prior to patterning.
This subsequently leads to the retention of solvent in
the PDMS surface. When the swollen PDMS comes
into conformal contact with the dip coated thin film
surface the solvent held up in the PDMS rises up
along the vertical walls of the stamp due to capillary
action and such stamps are then pressed against the
gel film of silica-titania without allowing much time
lapse between the coating process and the patterning
process. The conformal contact between the PDMS
stamp and the gel film is maintained for a couple of
hours after which the stamp is peeled off. Once the
PDMS stamp is removed the sample is shifted to a
controlled furnace where it is heat-treated in pure
oxygen atmosphere at temperatures ranging from
100 'C to 500 ‘C and in some cases above 500 C.

Reproducibility of making exact patterns onto
the gel film by means of elastomeric stamps of
PDMS having encrypted the desired grating
structure at room temperature is ensured without
application of external pressure. The critical aspect
of the technique is to optimize the proper
visco-elastic properties of the mixed sol where the
capillary rise of the liquid sol under the confining
stamp takes place. The films are kept in conformal
contact with the stamp under certain conditions for a
defined time period. We have noticed from the
experiments performed so far that although the
variation of the refractive index is nearly constant

when the film is heated above 450 C the film
thickness continues to shrink. Experiments are
carried out in order to study the extent of shrinkage
of the waveguide film as a function of the increasing
temperature. The process is repeated to get good
quality films. In each step the oxide films are
characterized by FTIR spectra, ellipsometry, AFM
and later optical measurement ensures the desired
performance.

The AFM is done using the AFM Multiview
3000, Nanonics Israel, AFM machine at different
heating cycles, and the thickness and refractive
index of the samples are measured using an
Ellipsometer equipped with He-Ne red laser of
wavelength 632.8 nm (Gaertner Auto-Gain
Ellipsometer, L-116 B). The FTIR spectra are
recorded using a FTIR instrument (Nicloet 5700,
USA) while the optical measurement is set up in our
laboratory.

4. Results and discussion

The values of the thicknesses and refractive
indices of some of the representative silica-titania
planar waveguide samples are listed in Table 1.
The high index contrast between the silica substrate
and the film layer can be maintained by the use of
the silica-titania mixed system. By varying the silica
and titania alkoxide concentrations in the mixed sol
greater tunability of index contrast can be obtained
[8]. The thicknesses of the silica-titania films are
measured precisely after subsequent heat treatment.
As described a number of samples of silica-titania
films are deposited on highly polished pure silica
glass and silicon wafer substrates. At lower
temperatures the films are porous in nature and
therefore due to scattering we did not obtain
consistent ellipsometry data. With progression of
heating more compactness i.e., film shrinkage is
observed and the wvariation of thickness is
comparatively lessened. The shrinkage is about 33 nm
by heat treatment in the temperature ranging from

150 'C to 450 ‘Cas obtained from ellipsometric
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measurement which is in agreement with the results
studied by AFM.

Table 1 Thicknesses and refractive indices of the samples

coated with 10 wt% 50:50 silica-titania mixed sol at 16 cm/min

lifting speed.
Heating Physical thickness Refractive index range
temperature ('C) range (£3) (A) (£0.003) (R.T)
150 1960 1.698
250 1915 1.693
350 1710 1.700
450 1630 1.703

Brusatin et al. [25] reported that silica-titania
films prepared by single step sol-gel dip coating
process were heat-treated at 500 ‘C and were found
to be homogeneous with desired waveguide loss. On
the other hand,
heat-treated in air at different temperatures between
300 °C and 900 °C for 60 minutes in each step were
not sintered properly

spin-coated silica-titania films

since  micro-structural
reconstruction depended on the heat time as reported
by Martins et al. [26]. In our case the silica-titania
films were heat-treated for maximum 12 hours in
each temperature setting (in steps of 6 hours+6 hours)
in oxygen atmosphere and the waveguide appeared
to be sintered properly with the formation of
proportionate oxides to get the desired refractive
index value and retained the embossed grating
structure. Szendro et al. [27] studied the
visco-elastic properties of the films for their
suitability for embossing grating structure. After
preparation of the sol we gave certain gelation time
to get appropriate condition for stamping and
subsequently, as described the PDMS stamp [28] as
shown in Fig.4, exactly replicated the patterns of the
master grating on to the gel film.

The AFM images of the patterned silica-titania
films heat-treated at different temperatures are
shown in Fig.5.

The line scan images clearly indicate that the
height of the grating structure in ambient condition,
which is 60 nm, shrinks when heat-treated at 100 C

Fig. 4 AFM image of the PDMS stamp (Sylgard 184

stamp)(inset shows the cross sectional line profile).

Fig. 5 (a) and (d) 3D AFM image of the grating in an

as-coated (ambient) and patterned silica titania film and its
corresponding line scan image, (b) and (e) AFM image of the
grating in a patterned silica titania film and its corresponding
line scan image cured at 100 “C, (¢) and (f) 3D AFM image of
the grating in a patterned silica titania film cured at 450 'C and

its corresponding line scan.

and shrinks further when heated subsequently at
higher temperatures. The height of the embossed
grating sample does not decrease considerably upon
heating at 100 ‘C, and the height obtained by AFM
is about 50 nm. The major shrinkage takes place
when the film is heated to 450 ‘C. We have
heat-treated the samples at 500 ‘C and observed that
the shrinkage is not significant and almost saturated
when the samples are heated beyond 500 C. At
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450 C the height is about 27 nm which implies that
shrinkage of about 55% has taken place. While there
is shrinkage in the height of the grating patterns the
peak to peak distance (pitch) remains almost
unaltered with a separation of 1.5 um. The film
appears to be perfect for desired optical and
waveguide properties.
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Fig. 6 FTIR spectra of the embossed silica titania films taken
after curing at various temperatures (inset shows the FTIR
spectra of the as-deposited (ambient film).

Figure 6 shows the substrate corrected FTIR
spectra in the wavenumber region of 2000cm ' to
700cm " of the silica-titania films on silicon wafer
heat-treated at different temperatures in order to
study the formation of inorganic oxide state.
As-prepared (i.e. ambient) film shows prominent
absorption peaks at 739 cm’, 818 cm™’, 934 cm’,
1020 cm™', 1105 cm™', 1260 cm', 1364 cm,
1430cm™, 1530cm ™’ and 1590 cm’! (inset, Fig. 6).
The spectra evolve due to the molecular vibrations
in the region of 1600cm '~1300cm ', which are the
characteristic vibrations of actylacetonate complex
of Ti(IV) [29]. The formation of this complex
ensures the stability of Ti-alkoxide in the mixed sol
system. It is known that asymmetric stretching
vibrations of Si-O-Si bridging sequences appear in
the range of 1300cm '—1000cm ' [30], hence all the
vibrations in this region are assigned to Si-O-Si
asymmetric stretching vibrations [31]. It appears
from the spectral curves that the short-wave

1080 cm’'
pronounced with the increase of heating temperature.

shoulder around becomes more
The absorption bands that appear at 818 cm ' and
934 cm™' are attributed to the presence of Ti-O-Ti
and [u(C-C) + v(C-0)]
complex and isolated silanol groups of hydrolyzed
Si-alkoxide respectively [32]. With the increase of

the baking temperature, intensity of the bands

of Ti-actylacetonate

responsible for the Ti(IV)-actylacetonate complex
becomes weak. When the baking temperature rises
to 450 C, all
Ti-actylacetonate complex disappear and a new band
appears at 965cm ' due to the formation of Ti-O-Si
[32] which is needed for homogeneous silica-titania

the characteristic bands of

oxide layer. On being heat-treated above 450 C, this
band is much widened, indicating completion of
of SiO, and TiO,
Moreover, when the composite films are subjected

oxide states significantly.
to further annealing at higher temperatures it is
found that the structure gets stabilized with little
distortion in embossed structure which does not
affect the optical properties. It is also evident
from Fig. 6 that the wavenumber region of
1300 cm '~1000 cm ™' is broadened, indicating the
Si-O-Si network enhancement in the film. Thus,
temperature  leads to the
disappearance of the CH bands in the FTIR spectra
and thus the removal of the Si-CH; bonds, as well as

increasing  the

the reduction in the porosity of the film. This result
confirms the densification of the film [6]. It is also
observed that the films with embossed gratings
which are heat-treated for a long period at 450 'C in
a controlled environment have retained the desired
structures required for optical properties. It is
therefore inferred from the experimental study that
controlled heating over a long time yield good
structural stability and less porosity since less
scattering is observed in ellipsometry study.

An optical setup with polarized He-Ne laser
source has been used to view the diffraction patterns
produced by the silica-titania embossed grating
planar waveguides as shown in Fig.7. We are in a



Rimlee DEB ROY et al.: Experimental Study of Perfectly Patterned Silica-Titania Optical Waveguide 89

state to make reproducible waveguides of desired
configurations. With the help of a helium-neon laser
of 632.8 nm wavelength at normal incidence, we
obtain the diffraction pattern produced due to the
gratings of one of the representative samples as
shown in Fig.7.

Figure 7 shows the experimental setup along

Helium-neon
laser source of

632.8 nm Laser beam Prism

Control unit
Fine aperture

of laser
source @ adjustment setup
(on/off)

Planar waveguide with Y
embossed grating —>
b

Rotate table stage ———} . ]

with calibration
Diffraction pattern as
seen on a white screen

Fig. 7 Schematic of the experimental setup for optical

To a detector
for sensing
application

characterization showing the diffraction pattern obtained from a

silica-titania planar waveguide film at normal incidence.

with the second order diffraction pattern at normal
incidence as seen on a screen from the waveguide
sample. We have shown the coupling of the second
order into the waveguide which propagates through
the guiding film. Coupling of different diffraction
orders into the waveguide can be studied by (7). We
have calculated theoretically the incident angle by
using (7) at which the second order propagates
through the guiding film (as shown in Fig.1). This
result has been verified experimentally by placing
the fabricated planar waveguide in the experimental
setup. Figure 7 not only assesses the optical quality
of the sol-gel embossed film [21], it also confirms
that the
666.67mm ' of the embossed grating is preserved

fundamental spatial frequency of

during the drying and heat treatment of the sol-gel

hybrid
The planar optical waveguide thus

film derived from inorganic-organic
precursor.

fabricated can be used suitably in sensing device.

5. Conclusions

Grating  embossed  silica-titania  planar
waveguide has been developed with good optical
transparency and mechanical properties. The process
of embossing of grating on the silica-titania sol-gel
films in a controlled oxygen atmosphere and their
subsequent heating to obtain perfect oxide sample,
expands the field of application in optoelectronics
and bio-sensing. The master grating used is low cost
and easily available. The combination of fabricated
PDMS and soft lithographic technique used has
proved to be a successful process in such
fabrications. But this is extremely dependent on
visco-elastic property of the composite sol before
stamping in order to maintain the grating structure
after subsequent heat treatment for a long time and
perhaps reported for the first time. The results
obtained so far are promising and measures are
being taken to obtain perfect waveguides so that

they can be used as optical sensors.
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