Sensors & Transducers, Vol. 259, Issue 5, October 2022, pp. §2-92

s
"

www.sensorsportal.com

Sensors & Transducers

Published by IFSA Publishing, S. L., 2022
http://www.sensorsportal.com

Low-cost Integrated Photonic Platform Developed
via a Sol-gel Dip-coating Method: A Brief Review

! Lukasz KOZELOWSKI, ' Muhammad SHAHBAZ,

L.*Muhammad Ali BUTT, > Cuma TYSZKIEWICZ,

2 Pawel KARASINSKI, ! Andrzej KAZMIERCZAK
and ' Ryszard PIRAMIDOWICZ

"Warsaw University of Technology, Institute of Microelectronics and Optoelectronics,
Koszykowa 75, 00-662 Warszawa, Poland
? Silesian University of Technology, Department of Optoelectronics,
ul. B. Krzywoustego 2, 44-100 Gliwice, Poland
E-mail: ali.butt@pw.edu.pl

Received: 31 August 2022 /Accepted: 3 October 2022 /Published: 31 October 2022

Abstract: Optical devices and circuits are now key elements in a variety of applications, including biotechnology,
automotive, food quality control, chemistry, etc. It is highly desired to find low-cost solutions to the photonics
integrated circuits (PICs). In this paper, a comprehensive review of silica-titania (SiO,:TiO,) materials obtained
by a sol-gel method come together with a dip-coating technique, and the numerical analysis of different optical
devices based on the SiO,:TiO, optical platform are discussed. The sol-gel method is highly effective and does
not require the use of expensive high-tech equipment. We discuss recent progress in our consortium on a cost-
effective Si0,:TiO; optical platform for integrated photonics applications, with a concentration on materials,
devices, and optical sensing principles investigated via numerical simulations.
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1. Introduction

Optical devices and circuits are now essential
components in various applications, including
biotechnology, automotive, food quality control, and
chemistry, to mention a few. The attraction in optical
sensing is supported by the exceptional benefits made
possible by photonic technologies, such as high
sensitivity, low cost, compactness, integration with
electronic devices, and metal-free operation. Since
technology has advanced so quickly in the last decade,
silicon (Si) photonics has become one of the most
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efficient technology platforms for producing a wide
range of functional optical components [1-5].

On the other hand, silica (Si0Oy), titania (TiO2), and
silica-titania (Si0,:TiO,) materials obtained by the
sol-gel technique have received much attention due to
their potential optical applications [6-9]. The
substantial performance of integrated photonic sensors
is supported by technological characteristics and
advances, among  which ring  resonators,
subwavelength gratings (SWG), and one-dimensional
photonic crystals (PhC) have fascinated the attention
of scientists in recent years [6, 10-12]. In the following
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sections, we discuss the recent developments on a low-
cost silica-titania optical platform for integrated
photonics applications, with special consideration to
materials, devices, and optical sensing principles
based on the numerical analysis performed in our
group. Building planar (1D) and ridge (2D)
waveguides for photonic integrated circuits (PICs)
with acceptable optical characteristics and low optical
transmission losses has been processed using SiO»,
TiO,, and Si0,:TiO, compounds obtained by the sol-
gel method [13-15]. The sol-gel method and dip-
coating technique are simple and inexpensive [16].
They allow the coating of large surfaces and do not
require extremely high-temperature processing.
Fabrication of high-quality thin films with exceptional
thermal and mechanical stability using them is
possible [17, 18]. A sufficient refractive index (R.I)
contrast (An) between the substrate and the guiding
layer is required for a functional WG [19].

The refractive indices and thickness of sol-gel
films can be modified by fine-tuning the set-off
precursors and solvents, in addition to the compound
molar ratio and reaction temperature. Rare-earth
elements [20, 21], laser dyes [22], and other organic
compounds [23] can be doped into these WGs,
permitting SiO, and TiO, sol-gel materials to be
utilized in optical amplifiers, laser-active media, and
sensing applications [24, 25]. The sol-gel process is
highly effective and does not necessitate using pricey
high-tech equipment. The sol-gel technique can adjust
the R.I of the waveguide films. The optical losses
sustained by these waveguides are equivalent to
waveguides obtained using the chemical vapor
deposition (CVD)/low-pressure chemical vapor
deposition (LPCVD) method [26, 27]. Several
research groups have developed optical waveguides
based on a silica-titanium platform for different
applications in recent years [28-30].

A recent study [9] demonstrated a desirable
waveguide platform based on SiO,:TiO; that is simple
to develop and inexpensive. The material is an
excellent choice for the visible and near-IR
wavelength range due to its broad transparency range.
Another study [10] discussed developing an optical
waveguide system utilizing the sol-gel method and
dip-coating technique. The optical characterization of
the waveguide system is investigated at a visible
wavelength. However, the system can operate from
visible to near-IR wavelength ranges.

The same approach involving the sol-gel method
[11] is used to develop high-quality SiO,:TiO, thin
films on a glass substrate. The coating process
produces thin films with reduced surface roughness
and losses, making them an excellent choice for the
waveguiding purpose. A recent work [6] proposes
numerical modeling of extremely attractive SWG
waveguides for filtering and sensing applications
using the finite element method for modelling and
nano-imprint lithography (NIL) process to develop
low-cost  integrated photonic  devices. The
experimental analyses of these sensor designs are yet
to be performed. However, the development of the

silica-titania platform and its characterization has been
performed at the Silesian University of Technology,
Poland.

2. Materials and Fabrication Process

The coating process involves depositing a thin
layer of materials onto a substrate in either the solid or
liquid phase (solution). According to production needs
for coated layer thickness, coated surface roughness,
rate, and coating product size—which can be
determined by coating velocity, coated film width, and
designing capabilities—coating strategies may be
used. Silica titania (SiO: TiO;) has been widely
researched because of its potential optical properties
and applications [31]. It is a material that constitutes
the new low-cost technological platform for PICs via
the aforementioned combination of the sol-gel method
and dip-coating technique [32]. SiO:TiO; itself is a
very attractive material regarding integrated photonics
because its R.I may vary between 1.6-2.2 and its
spectral range stands from visible to NIR [12].
Moreover, the material combined with this fabrication
technique gives the possibility to create optical
interconnects with minimal transmission losses
[33-36].

First of all, the fabrication process of a single
Si0,:TiO, waveguide film will be discussed. This
process is relatively simple [25, 37] as depicted
in Fig. 1.
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Fig. 1. Sol-gel dip-coating fabrication method.

To carry out the fabrication process the following

components are required:

1. Substrate — which is the material on which
Si0,:TiO, will be deposited will be fully
covered by it, creating a full SiO,:TiOs
waveguide film, e.g., soda-lime glass or BK7
glass. BK7 glass is preferred due to its lower
thermal expansion coefficient and lower
surface roughness.

2. Sol precursor — a previously prepared colloidal
solution that contains the covering material,
e.g., Si02:TiOs.

The preparation of the sol precursor for SiO»:TiO,

consists of adding SiO, and TiO, precursors
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respectively being tetraethyl ortosilicate (TEOS) and
tetracthyl ortotitanate (TET) with a homogenizing
factor which in this case was ethyl alcohol (C;HsOH).
Further to carry out the reaction of hydrolysis and
condensation, hydrochloric acid (HCIl) needs to be
used [13].

After having the BK7 glass covered by SiO,:TiO>
to harden the material it is necessary to carry out heat
treatment. Numerous factors, such as pH and solution
concentration, might have a significant impact on the
efficacy of the dip-coating process by altering, for
instance, its viscosity. Nevertheless, because coating
techniques used in modern studies have been well-
documented in earlier works, pH and solution
viscosity are rarely discussed by writers. Using more
viscous solutions causes more clumping and thicker
coating layers, so fewer dip-coating cycles are
necessary to achieve a specific thickness or amount of
deposited mass. The resulting coating, meanwhile,
may shatter and agglomerate particles in unfavorable
locations. To get around these problems, the dip-
coating technique might offer a more homogeneous
coating by combining a less viscous solution with
numerous repetitions.

As for the dependence of R.I on the variables of the
process, it should be noted that it depends on the
stoichiometric ratio between precursor components as
shown in Fig. 2.

The withdrawal speed of the substrate from the sol
affects predominately the thickness of the deposited
film as presented in Fig. 3.

2,00 —r——— 1

jqol— 0 0w .
0 0.1 02 0.3 0.4 05 08 07

Til(Ti+Si)

Fig. 2. Sol-gel dip-coating fabrication method [10].
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Fig. 3. Sol-gel dip-coating fabrication method [10].
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The main benefit of using this method over other
conventional methods of thin film deposition as
plasma-enhanced  chemical vapor  deposition
(PECVD), low-pressure chemical vapor deposition
(LPCVD), or physical vapor deposition (PVD) is that
it is much easier to conduct, extremely cheaper and
does not require foundries or advanced equipment and
laboratories [38].

Once the platform is prepared, the next step is the
fabrication of waveguide interconnects and other
waveguide structures. There are several methods of
fabrication of such structures. Some approaches are
shown in Fig. 4. All the following three methods are
currently being explored in our consortium.

Fabrication methods

v N

Nano-imprint

ICRRIE litography

Wet chemical
etching

Fig. 4. WG structure fabrication processes.

An exemplary rib WG fabrication process via
reactive ion etching (RIE) [39] is shown in Fig. 5.

mask deposition

substrate — substrate
reactive ion etching /
mask removal
CoosioTies . E . B . .
substrate — substrate — substrate

Fig. 5. Si02:TiO2 ridge WG fabrication on a glass
substrate.

The main design variables of a basic WG are its
width w and its height 4. Nevertheless, the crucial
parameters for a WG to operate properly are the
refractive indices of the WG, substrate, and ambient
medium. In Fig. 4 the refractive indices are n,,=1.7,
nsub=1.5, and namb=1.

Another interesting WG fabrication process [40] is
shown in Fig. 6 which involves the wet-chemical
etching of substrate and later on depositing a thin-film
of Si0,:TiO, material via the dip-coating method. This



Sensors & Transducers, Vol. 259, Issue 5, October 2022, pp. §2-92

WG structure can provide a low-cost solution
to the PICs.

Both WGs shown in Fig. 5 and Fig. 6 are layouts
that can be fabricated on Si0,:TiO» with the use of the
previously mentioned fabrication method.

wet chemical etching
mask

substrate

mask
substrate

mask removal

sol-gel dip-coating

substrate - substrate

Fig. 6. Inverted rib waveguide fabrication
on a glass substrate.

The most convenient method of fabricating
waveguide interconnects and structures consist of
lithography and etching. The mainstream technologies
are electron beam lithography (EBL) or conventional
UV lithography combined with RIE or inductively
coupled plasma (ICP) RIE.

Those technologies are well-researched and
applied for a long time which gives them the
advantage of being reliable. However, those are
technologies that require advanced and expensive
laboratory equipment making them inaccessible
and not cost-effective. To fabricate an integrated
photonic chip, it is necessary to use the services of
foundries.

The approach of using different methods that are
not as expensive and do not require sophisticated
equipment could be a game changer regarding
integrated photonics. One of the technologies that
could open a lot of new fabrication possibilities for
integrated  photonics could be nano-imprint
lithography (NIL). The simplicity and cost-
effectiveness of NIL are its biggest advantages over
the previously mentioned conventional methods [11].
Nevertheless, this technology is not as well developed
and well researched concerning other methods so it
needs more time and attention to match other more
well-known technologies.

The simplicity of NIL lies in the fact that it is easily
reproducible and the fabrication of waveguide
structures is etch-less. However, there are several
variables such as force applied during imprinting,
amount of sol-gel, and post-annealing temperature that
should be properly optimized to avoid cracks and
guarantee reproducibility. It is shown in Fig. 7. If some
automatization would be added to the process, then it
could revolutionize the whole integrated photonics
industry.
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Fig. 7. NIL process.

3. Devices and Applications

The main and most interesting applications for PIC
platforms based on SiO,:TiO, materials would be
sensing and biosensing. Of course, it can find many
other functions same as other conventional materials
used for integrated photonics [26, 41].

Three investigated structures for sensing
involving: ring resonators, subwavelength gratings
(SWQ), and 1-D photonic crystals (1-D PhC) are
discussed below.

3.1. Ring Resonators

The SiO,:TiO, optical waveguide's R.I sensing
capabilities were investigated using the ring resonator
device [10]. Sensitivity (S), a figure of merit (FOM),
and the Q-factor are three crucial factors that should
be wisely considered while creating sensing devices.
The following expression is used to determine the
sensitivity of the ring resonator.

Alres
S=—= 1
T M

where 44, is the change in resonance wavelength and
An represents the shift in ambient R.1.

The fraction of the sensitivity and full width at half
maximum (FWHM) of the resonance dip is known as

a FOM. FOM is calculated by using the following
expression:

S
FWHM

FOM =

)

For a variety of functions, integrated resonators
with superior Q-factors are mostly needed. The
Q-factor is calculated as follows:

res
— Ares 3
Q — Factor v 3)

The ring resonators are particularly sensitive to
changes in the ambient medium, resulting in the
redshift of the resonance wavelength. The value of
shift in the resonance wavelength depends on the
device's geometric variables [10]. A schematic
diagram of a ring resonator based on a SiO,:TiO,
optical waveguide is shown in Fig. 8.

The radius of the ring (R) was selected to be 15 pm.
The distance of coupling between the bus waveguide
and ring is symbolized as g. The surrounding medium
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was filled with a dielectric material with an R.I of 1.33.
The height of the device was set at 200 nm [10].

substrate

Fig. 8. A schematic view of a ring resonator based
on Si02:TiOz optical waveguide [10].

3.1.1. Geometric Variables of the Ring
Structure

Fig. 9a shows the ring resonator's transmission
spectrum. It is worth mentioning that six resonance
dips (Agip) with an FSR of ~6.4 nm and the FWHM of
Adgip ~0.44 nm were achieved, as illustrated in Fig. 9b.
The coupling efficiency (CE) was calculated for each
Adip, as illustrated in Fig. 9c. CE was calculated by
estimating the ER of the bus waveguide and obtaining
the ER for g in the 50-350 nm range. The max. value
ER of ~2.5-2.6 dB was achieved for g = 250 nm to
300 nm [10].

3.1.2. Sensing Analysis and Device
Performance

The R.I of the ambient medium was varied from
1.33 to 1.365 with 0.005 step size to test the sensing
abilities of the sensor [10].

As the R.I of the ambient medium increased, the
Adip executed a redshift, as shown in Fig. 10a. For this
analysis, Wius = Wiing = 800 nm was used, which
resulted in substantial light confinement in the ring
structure and a low evanescent field. As a result, light-
matter interaction is low, with S = ~90 nm/RIU, FOM
= ~204.5 RIU1, and Q-factor = 2239. Fig. 10b and
Fig. 10c shows normalized electric field distributions
at A = 985.3 nm and = 987 nm, which correspond to
the on-resonance and off-resonance states,
respectively [10].

As we know, boosting the evanescent field ratio
(EFR) can improve sensitivity. It is possible to get
higher EFR by shrinking the width of the ring
waveguide (W.ing). Reducing W,i,e = 500 nm improved
the S, FOM, and Q-factor of the device, as shown in
Fig. 11.

86

1).85
n=1.33, R=15pun, g=100 nm, WM=WW=800 nm
.80 /\ m /\
5 0754
@
.z
g .70
§ f
h .65
0.60- a)
1 L] 1 T L] L] T
960 965 970 973 980 985 GO 995 1000
Wavelength (nm)
| n=1.33, R=15 pm, g=100 nm, WM=H’W=M nm
1.0
-1.24
- <144
[=-=] 4
T 16+
A
184 Iy s
204
224 '
FSR=6.4 nm
244 FWHM=~0.44 nm b)
. L} v L v L) . L hd T M T . L hd
9260 265 970 975 980 985 N w5 100
Wavelength (nm)
1.0 -
== A1=965.9 nm
124 —35=972.3 nm
-1.44 —o—}3=978 8 nm
o~ 1.6 74=985 3 nm °o°D°
= F2=09] ¢ o
= .18 —o=—#5=991 .9 nm o° p
& 1o 2. =998 Tnm  °° F &
;E 205 %00, ° o° : dﬂf
Cbocﬁc ,-nﬂcaon
224 O°GBongon £
24+
2.6+
a8 n=1.33, R=15 pm, g=100 nm, ¥, =W =800 nm
0 100 150 200 250 300 320
g (nm)

Fig. 9. Spectral properties of the ring resonator
configuration: (a) transmission spectrum, (b) FSR vs ER,
(c) optimization of g [10].

O n-resonance

Ambient index=1.33

#) W, =, =500 nm, g=225 nm. R=15 pm

T LU P B S B |
W 981 9K A3 R4 985 986 ORT  ORR ORD

Wavelength (nm)

Fig. 10. (a) Transmission spectrum of the ring resonator with
various ambient refractive indices. Distribution of norm. The
electric field in the ring resonator structure in the (b) on-
resonance state and (c) off-resonance state [10].
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Fig. 11. Analysis of S and FOM depending on Wring. The
other geometric variables for instance Wpus, R , and g were
set at 800 nm, 15 pm, and 225 nm, respectively [10].

3.1.3. Summary of the Performance
of the Device at Different Values
Of Wring

The device performance at various Wring values is
summarized in Table 1. We can observe that by
lowering Wring from 800 nm to 500 nm, the
sensitivity (S), a Figure of Merit, and Q-factor of the
device were improved to 230 nm/RIU, 418.2 RIU-1,
and 2247.5, respectively.

Table 1. Ring resonator performance for different values

of Wring [10]

Wring (nm) S (nm/RIU) FOM (RIU™) Q-Factor
500 ~230 ~418.2 2247.5
600 ~165 ~375 2240
700 ~120 ~272.7 2227.5
800 ~90 ~204.5 2239

The findings in this study are incredibly attractive
and competitive with those of Si photonics and optical
fiber-based sensors. A semiconductor waveguide R.I
sensor with S = 235 nm/RIU was tested for a bio-
sensing application [42]. According to Carlborg et al.,
who achieved an experimental sensitivity of 246
nm/RIU with a far more complicated ring resonator
layout structure [43], the resulting sensitivity value is
similar to silicon nitride slot waveguide ring resonator’s
Sensors.

3.2. Subwavelength Grating Waveguide
(SWG Waveguide)

Another investigated structure is an SWG
waveguide. It is a structure that may be used to
implement a waveguide NIR filter [12, 44-45] or a
waveguide Fabry—Pérot (FP)-sensor [12] as shown in
Fig. 12 (top) and Fig. 12 (bottom), respectively.

SWG filter substrate

L
l"/'ﬂ"
W

SWG FP-sensor

SI0CTIO
substrate

biocheracal ‘_
&g
] i
/ -- uw)-

Fig. 12. SWG NIR-filter and FP-sensor structures
design [12].

As shown in the schematic representation, an SWG
is a structure that relies on many different variables,
which if changed affect the response of the whole
structure. The main variables of an SWG are
W —width of the waveguide, H — the height of the WG,
A — period of the grating being the sum of L — length
of a WG segment, and d — the distance between the
segments, N — number of periods. There is also a

parameter named duty cycle which is the ratio of %

3.2.1. NIR-filter

A NIR-filter is one of the SWG applications. It
works based on cutting a certain wavelength window.
Light after passing through an SWG in the
transmission spectrum is observed as the input
spectrum minus a specific range of wavelengths [44].
As a result, SWG WGs can work as bandstop filters.
In Fig. 13 the response of the SWG depending on the
duty cycle is shown. The change in the duty cycle
affects the range of the wavelengths that are blocked
by the SWG. The lower the duty cycle, the wider the
stopband gets, and the wavelength range shifts
towards slightly longer wavelengths.

204

—— Duiy cycle=80 %
—— Duty cycle=76.2 %
Duty cycle=72.7 %
—— Duty cycle=69.6 %
Duty cycle=66.7 %
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Transmission (dB)

40+

W=800 nm, L=400 nm, N=10

T T T T T T T
600 650 700 750 8§00 850 900 950 1000

Wavelength (nm)

Fig. 13. Transmission spectrum of an SWG NIR filter
depending on duty cycle [12].
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In Fig. 14 the distribution of the electric field for
two different wavelengths is shown, which depicts the
operation of an SWG in a very understandable way.
For the wavelength in the stopband, the electric field
stops propagating through the SWG because of the
Bragg reflection [46], and for a wavelength not
included in the stopband, the electric field mapping is
ordinary.

Duty cycle=80%,
N=20

Duty cycle=8

2=750 nm

Fig. 14. Electric field mapping in the stopband region (left)
and above the stopband region (right) [12].

3.2.2. FP-sensor

A slightly more interesting and more complex
photonic structure containing an SWG is an FP-sensor
[47]. The sensor is shown in Fig. 12. It is very similar
to a regular SWG but instead of being uniform, it has
a cavity of 2L size from the waveguide material in the
middle of the structure. This results in the formation
of a cavity sandwiched between two DBRs. Thus, it
creates an FP-sensor. The response of an FP-sensor is
shown in Fig. 15.

Y W( | J\ M@jj\&%\k
= LJ *

s n =
1

Transmission (dB)

—N=8
254 N=I0
—N=12
-30+ N=l4 W=800 nm, Duty cycle=80 %
650 7EIII ?.:vﬂ 8IIN] 3.;0 950 950

Wavelength (nm)

Fig. 15. Transmission spectrum of an SWG FP-sensor [12].

As can be observed, the response also contains a
filtered band of light, but it has a specific wavelength
within the stopband that is transmitted. It can be called
the FP-wavelength. The FP-wavelength changes with
the change of the duty cycle as shown in Fig. 16.

It is also affected by the change in the width of the
waveguide W. The transmission characteristic
depending on the change of width is shown in Fig. 17.
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Fig. 16. FP-wavelength on duty cycle dependence [12].
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Fig. 17. FP-sensor operation dependance on the width
of the waveguide [12].

A shift of the FP-wavelength is observed in the
transmitted spectrum. Reading and comparing the
shift of the FP-wavelength is the basic principle of
operation of an SWG FP-sensor.

By changing the nams it is also possible to observe
the shift of the FP-wavelength. Therefore, by
disposing of a biochemical sample on the SWG, the
sample can be characterized [48-50].

3.3. 1-D Photonic Crystals

A sensing structure that is somehow similar to an
SWG is a 1-D photonic crystal (1-D PhC). The
fundamental design structure of a 1-D PhC [51] is
shown in Fig. 18. It is a simple waveguide that has a
set of identical air holes evenly distributed along the
waveguide.

The structure looks similar to an SWG and also has
some basic variables that define it, being a — lattice
constant, » — radius of air holes, W — width of the
waveguide, and N — total number of air holes.

This basic 1-D PhC structure performs as a
waveguide filter and by changing its variables, for
example, the n., 7, or a, slight changes in the
transmission spectrum are achievable which enables
the use of this type of filter for different specific
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applications [52]. Some transmission spectra for
different variables are shown in Fig. 19. The most
important visible effect of the manipulation of 7., 7,
or a is the shift of the stopband region. For lower 7.,

and a the stopband appears for shorter wavelengths.
However, for lower » the stopbands shifts towards
longer wavelengths.

substrate

air holes

SiOzTiO:

Fig. 18. Schematic 1-D PhC design with basic
variables [11].
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Fig. 19. 1-D PhC filter operation for different variables (a-f) [11].

Another approach to the application of a 1-D PhC
would be to design an FP-sensor by adding a cavity in
the middle of the periodic structure of the 1-D PhC.
The presence of the cavity adds to the transmission
spectrum a certain wavelength within the stopband
region.

Fig. 20 shows the operation of a 1-D PhC. In a) the
schematic diagram of the structure can be observed,
showing the cavity and the air holes, b) the

transmission spectrum with the visible peak
wavelength in the stopband region and ¢) the Electric
field pattern for the resonance peak.

The principle of operation of a 1-D PhC lies in the
fact of changing the 7,5 just as in the SWG FP-sensor.
After changing ambient R.1, a shift in the transmission
spectrum is visible, therefore the structure can operate

as a sensor [53]. An exemplary response is shown in
Fig. 21.
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Fig. 20. a) Schematic FP-filter design, b) transmission
spectrum, c¢) Electric field pattern in the resonance
peak [11].

&

—n=1.33 :
| —— =135 e ] v
n=1.37 Wavelength (nm)

Transmission (dB)

1 —n=1.39

150 1550 1600 165M 1700 17D 1800 IRSO 1900

Wavelength (nm)

Fig. 21. Sensor operation of a 1-D PhC depending
on the change of nams [11].

The sensitivity of the device can be easily
calculated by the formula (1) previously mentioned.

The sensitivity of the device is also affected by the
width of the waveguide as in Table 2. The device
becomes more sensitive if narrower waveguides
are used.

Table 2. Sensitivity dependence of the structure on
waveguide width [11].

W (nm) N a (nm) r 8§ (nm/RIU)
1000 20 425 0.3a 75

800 20 425 0.3a 100-108
600 20 425 0.3a 175

4. Conclusions

The numerical analyses and performances of
different devices such as ring resonators,
subwavelength grating, and photonic crystal
waveguides show promising results and the Si0,:TiO»
platform can be utilized in several applications due to
its exceptional physical, chemical, and optical
properties. This platform has great potential when
paired with nano-imprint lithography for the
fabrication of integrated photonic devices in a single
step. We believe that the studies presented in this mini-
review will be useful for the researchers working on
the topic of silica-titania sol-gel deposited via the dip-
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coating method and the realization of photonic devices
based on this interesting platform.
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