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Chapter

Glass Thin Films: From Deposition
to Integrated Photonic Applications

José Yitzhak Aaron Chacaliaza Ricaldi,
Victor Anthony Garcia Rivera, José Luis Clabel Huamdn and
Euclydes Marvega Junior

Abstract

This chapter focuses on the science and technology of glass thin films, emphasizing
advanced fabrication techniques such as magnetron sputtering, spin coating, and pulsed
laser deposition. It details how these methods produce films with a uniform distribution of
rare-earth ions that enhance optical and functional properties. The chapter also explores
the underlying mechanisms by which these dopants modify film characteristics to enable
the development of photonic devices, emphasizing practical applications that showcase
the pivotal role of RE-doped glass thin films in advancing next-generation photonics.

Keywords: glasses, thin films, rare-earth ions, optical spectroscopy, photonic devices

1. Introduction

Glass is one of the most fascinating and versatile materials ever developed by
mankind. It has been so essential for the development of modern civilization that
Morse and Evenson propose that we are now living in the Glass Age [1], and the
United Nations General Assembly named 2022 the International Year of Glass [2].

According to the American Society for Testing and Materials (ASTM) standard of
1945, glass is “an inorganic product of fusion that has been cooled to a level of rigidity
without crystallizing” [3]. However, the discovery of organic, polymeric, and metal
alloy glasses in the last century invalidated this definition. Furthermore, natural
glasses such as obsidian existed long before the emergence of life on Earth [4], and
some authors suggest that most of the water in the Universe may be glassy [5].

The conceptual definition of glass remains an open topic of discussion in the
scientific community. Modern definitions vary: Mari [6] describes glass as “an amor-
phous solid obtained by rapid cooling of a molten mass, avoiding crystallization.”
Zarzycki [7] states that glasses “are non-crystalline solids that exhibit the glass transi-
tion phenomenon.” Shelby [8] defines it as “an amorphous solid with a complete
absence of long-range order and periodicity, exhibiting a glass transition region.”

Rao [9] describes it as “a solid obtained by overcooling a liquid that is amorphous to
X-rays.” Varshneya [10] states that glass is “a solid with a noncrystalline structure that
continuously turns into a liquid when heated.”

1 IntechOpen



Glass Science — Innovations and Applications

Finally, Zanotto and Mauro [11] propose two definitions. The first, aimed
at the general public and young researchers, describes glass as “a noncrystalline
and nonequilibrium state of matter, which appears solid on a short time scale
but continuously relaxes toward the liquid state.” The second, more detailed
definition states that glass is “a noncrystalline and nonequilibrium condensed
state of matter that exhibits a glass transition. The structure of glasses is
similar to that of their supercooled liquid (SCL) predecessors, and they
spontaneously relax toward this state. Their final destiny, in the limit of infinite
time, is to crystallize.”

As we move into an era of integrated photonics, where optical systems are
becoming more and more miniaturized every day, and incorporated into tiny chips;
therefore, the need for new materials that can operate at the nanoscale becomes
critical [12-15]. The challenge lies in adapting the remarkable properties of bulk
glasses to this new landscape. How do we create glass-based devices that are not only
thin enough to be seamlessly integrated into lab-on-chip, but also retain the optical
characteristics required for photonic applications? This is where glass thin films come
in. These nanometer-thick glass layers, fabricated using advanced cutting-edge tech-
niques, offer a promising solution. By carefully controlling their composition and
thickness, researchers can create thin films that take advantage of the properties of
RE-doped glasses while also meeting the demands of modern integrated photonic
devices.

The annual number of publications on glass thin films has grown significantly in
the scientific literature. According to the Scopus database (see Figure 1a), the first
recorded study on the subject dates back to 1870 by Boettger [16]. However, there was
a gap in publications until 1920, when authors Becker and Curttis [17], Frehafer [18],
and Curtiss [19] independently published their works in Physical Review. A signifi-
cant inflection point occurred in the 1980s, marking a steady increase in the number
of publications, which peaked at 3000 documents per year in the 2010s. Figure 1b
presents the 20 countries with the highest publication output in this field. The
United States leads with over 9000 published documents, followed by China and
India, each exceeding 8000 publications. Figure 1c categorizes the research output
by field of study, with Materials Science contributing to the largest share (29.3%),
followed by Physics (26.7%), Engineering (19.2%), Chemistry (13.9%), and
Computer Science (2.6%).

This chapter delves into the realm of glass thin films, beginning with an overview
of their advanced fabrication techniques. It then examines methods for precisely
tailoring their optical properties and concludes with a discussion of how these mate-
rials have the potential to revolutionize integrated photonics, enabling the develop-
ment of smaller, faster, and more efficient optical devices for the next generation of
technological innovation.

2. Fabrication techniques

A thin film is a layer that extends widely in two dimensions but has a limited
thickness in the third. Its thickness can range from a few nanometers to several
micrometers [20]. The main advantage of thin film technology lies in miniaturization
while preserving the properties of the original material. The film’s characteristics
depend largely on its structure, while its mechanical and thermal properties are closely
related to the synthesis conditions and deposition method used.
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Figure 1.
a. Number of documents per year; b. Number of documents per country; c. Area of knowledge that they publish on
glass thin films. Source: Scopus database. Revised 01/02/2025.

Glass thin films are at the forefront of materials science, bridging the extraordinary
optical properties of bulk glasses with the demands of integrated photonics at the
nanoscale [21, 22]. They preserve the functionality of traditional glasses (such as
stoichiometry and optical properties) while enabling seamless integration into modern
photonic devices. Their ability to host RE ions and exhibit tailored optical character-
istics makes them indispensable for telecommunications, sensing, and quantum tech-
nologies [23]. To achieve the precision required for advanced applications, researchers
rely on cutting-edge fabrication techniques such as magnetron sputtering, pulsed laser
deposition, and spin coating. These techniques enable thin films to meet the stringent
requirements of integrated and lab-on-chip photonics [24, 25].

2.1 Magnetron sputtering

One of the most effective techniques for fabricating thin films with high precision
and uniformity is radio-frequency magnetron sputtering (RF-MS). This method is
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widely used to deposit thin films of complex materials, including glasses, onto various
substrates. RF-MS enables the deposition of these materials while preserving their
composition, unlocking new functionalities at the nanoscale. Its precise control over
film composition, thickness, and microstructure makes RF-MS particularly valuable
for applications in biomedicine, optics, and microelectronics [20, 26, 27].

2.1.1 Experimental details

Sputtering is a physical process widely used in materials science and nanotechnol-
ogy for thin film deposition. It involves the ejection of atoms from a solid material (the
target) due to high-energy ion collisions. These ions are generated by ionizing an inert
gas, such as argon, under the influence of a strong electric field. Ionization occurs
when a high-intensity electric field strips electrons from gas atoms, creating ions and
free electrons [28]. These charged particles interact with each other and surrounding
gas molecules, forming a plasma—a state of matter consisting of ionized gas with
collective electromagnetic properties [29].

The electric field required for plasma generation is produced using a magnetron, a
specialized device consisting of two cylindrical electrodes. One of these electrodes is
powered by a radio-frequency (RF) source, which establishes an oscillating electric
field between them. Additionally, the magnetron contains an array of toroidal-shaped
permanent magnets that generate a poloidal magnetic field. This field confines elec-
trons and ions close to the target material, enhancing ionization and prolonging
plasma stability, thereby increasing the efficiency of the sputtering process [30].

A schematic of an MS apparatus is shown in Figure 2. Typically, deposition occurs
in a high-purity inert gas atmosphere (e.g., Ar) at a working pressure of 5 x 10
mbar. The targets, which in this case can be glasses, are sputtered using a magnetron
power of approximately 200 W.

N

magnetron

N

¢

7 | gas inlet

vacuum chamber
rotational substrate holder

Figure 2.
Graphical scheme of magnetron sputtering chamber.
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The deposition process follows these steps:

1. A bulk glass sample doped with RE ions serves as the target material [31].

2.0nce the plasma is established, energetic gas ions are accelerated toward the
target.

3.Upon collision with the target surface, these ions transfer energy to the material,
causing atoms to be ejected (a process known as sputtering).

4.The ejected atoms travel toward a nearby substrate, where they condense to form
a uniform thin film.

RF-MS is a fundamental technique in thin film deposition, enabling precise thick-
ness control and high uniformity. It is widely used in the manufacturing of optical
coatings, semiconductor devices, and protective layers for various technological
applications [32].

2.1.2 Applications

For photonic applications, the literature reports various waveguides based on thin
films fabricated by RF-MS. Del Cacho et al. [33] described PbO-GeO, rib waveguides
deposited via RF-MS, followed by plasma etching and lithography. They reported low
propagation losses of 0.6 dB/cm for 10 ym rib widths and 2.2 dB/cm for 3-5 ym rib
widths.

PbO-GeO, glasses have also been used as a matrix for metallic nanoparticles to
modify their physical properties. Santos Filho et al. [34] investigated the effects of
thermal annealing on the semi-insulating properties of PbO-GeO; thin films produced
by RF-MS, specifically focusing on PbO-GeO, films containing AgNOs. The films
were annealed at 420 °C for varying durations, leading to structural changes and the
formation of crystalline Ag nanoparticles, which influenced their electrical properties.
Key findings included an increase in leakage current, a decrease in the dielectric
constant due to nanoparticle incorporation, and the films’ potential as passivating
materials for power devices. Characterization methods included electron diffraction
and electrical measurements (C-V and G-V).

Regarding pedestal waveguides deposited by RF-MS using the glassy PbO-GeO,
system as a target, studies have explored co-doping with RE ions to enhance optical
amplification in the near-infrared (NIR) region [35]. de Assumpgdo et al. [36] investi-
gated the fabrication and optical characterization of Tm3*/Yb*" co-doped PbO-GeO,
pedestal waveguides obtained via RF-MS. Infrared and infrared-to-visible frequency
upconversion luminescence of Tm3" ions was measured under 980-nm continuous
wave laser excitation. The waveguides exhibited propagation losses of approximately
11 dB/cm at 630 nm and 9 dB/cm at 1050 nm for widths ranging from 20 to 100 ym.

Further developments were reported by Bomfim et al. [37], who studied the
fabrication and optical properties of Yb*'/Er** co-doped PbO-GeO, pedestal wave-
guides. By optimizing deposition parameters and increasing pedestal height, radiation
leakage was minimized, leading to lower propagation losses of around 2.5 dB/cm at
632 nm and 1.0 dB/cm at 1068 nm for waveguides with widths between 12 and 100
pum. These improvements in fabrication also contributed to enhanced internal gain,
demonstrating the potential of these waveguides as optical amplifiers in the NIR.
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Later, Bomfim et al. [38] incorporated Au nanoparticles into these waveguides
using conventional photolithography and plasma etching, avoiding metallic masks
that typically introduce roughness. The inclusion of Au nanoparticles resulted in a
180% enhancement in relative gain due to local field amplification near the
nanoparticles, increasing the excitation density of RE ions. Additionally, propagation
losses were further reduced, and light guiding was achieved in smaller core widths
(6 ym) compared to previous studies. These results highlight the advantages of
pedestal waveguide amplifiers fabricated via RF-MS and emphasize the critical role
of deposition parameters in optimizing optical performance.

Beyond PbO-GeO,, other glassy systems in thin-film form, such as TeO,-ZnO [39]
and TeO,~WO3-Bi,0; [40], have been deposited using RF-MS. The effects of RE-ion
doping [41] and metallic nanoparticle incorporation [42] have been studied, demon-
strating promising results for integrated photonics applications.

Research on thin films fabricated via RF-MS from glasses has also shown potential
in biomedicine, particularly with bioactive glasses (BGs) as targets. BGs can form
strong bonds with tissues and release therapeutic ions. However, their biomechanical
compatibility for load-bearing applications remains suboptimal, which may be
improved through coatings developed using RF-MS [43]. Stan et al. [44] reviewed the
development and application of BG coatings for load-bearing endosseous implants.
Several deposition methods, including RF-MS, have been explored to enhance the
properties of BG coatings. Studies indicate that BG coatings exhibit good biocompat-
ibility, bioactivity, and antibacterial properties, making them suitable for orthopedic
and dental implants.

2.2 Pulsed laser deposition

The nanostructuring of optical devices has driven the rapid advancement of inte-
grated photonics, where compact and efficient light sources, amplifiers, and sensors
play a crucial role [45]. In applications such as lab-on-chip technologies, optical
communication, and quantum photonics, high-quality thin films with the tailored
optical properties are essential [46]. One promising technique for fabricating these
films is pulsed laser deposition (PLD), a versatile method capable of transferring
complex materials, such as rare-earth-doped glasses, onto various substrates while
preserving their composition. These glasses can be transformed through PLD into
high-quality thin films, enabling researchers to explore new functionalities at micro-
and nanoscale dimensions [47].

PLD emerged as a thin-film synthesis technique shortly after the invention of the
pulsed ruby laser in the 1960s. However, it gained significant traction in the late
1980s, particularly for fabricating high-temperature superconducting thin films.
While conceptually straightforward, PLD involves highly complex and interrelated
physical ablation processes. This method employs a pulsed laser to ablate material
from a target, generating a plasma plume that deposits a thin film onto a substrate
[48]. The plume, composed of atoms, ions, and clusters, travels toward a substrate
positioned 5-10 cm away, where condensation and film growth occur. An image of the
plasma plume inside a PLD apparatus during operation is shown in Figure 3.

The versatility of PLD offers several advantages, including stoichiometric transfer of
the target material, high deposition rates, and the ability to synthesize a wide range of
materials. In particular, rare-earth-doped glasses benefit from PLD due to their unique
optical properties, making this technique highly relevant for photonic applications.
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Figure 3.
Plume generated during PLD deposition.

2.2.1 Experimental details

PLD is a physical vapor deposition technique that relies on the interaction between
a high-power laser and a solid target material. The general working principle involves
the following steps:

1. A bulk glass sample doped with RE ions serves as the target material.

2. A high-energy pulsed laser, typically an excimer laser (KrF, 248 nm; ArF,
193 nm) or a Nd:YAG laser (1064, 532 nm), is directed onto the target surface
inside a vacuum chamber.

3.The laser pulse ablates the material, generating a highly energetic plasma plume
composed of atoms, ions, and molecular fragments.

4.The ejected species travel through the chamber and condense onto a substrate
(e.g., Si, quartz, or sapphire), forming a thin film.

5.By tuning parameters such as laser fluence, repetition rate, ambient gas pressure
(e.g., oxygen or argon), and substrate temperature, the properties of the
deposited film can be precisely controlled. A schematic representation is
presented in Figure 4.

By adjusting parameters such as laser energy, pulse duration, and substrate tem-
perature, researchers can fine-tune the structural and optical properties of the
resulting films. PLD is particularly advantageous for fabricating films from complex
materials, as it preserves the stoichiometry of the target, which is crucial for
maintaining the optical characteristics of RE-doped glasses. Moreover, PLD enables
the deposition of multilayer structures and the integration of different materials on a
single substrate, facilitating the development of advanced photonic devices.
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Figure 4.
Schematic representation of the PLD process.

2.2.2 Applications

PLD has emerged as a versatile and powerful technique for fabricating high-quality
glass thin films, enabling precise control over composition, structure, and functional-
ity [49].

Recent advancements in PLD have broadened its applications to bioactive glass-
ceramics for medical implants [50], transparent conductive oxides for optoelectronics
[51], and radiation-sensitive materials for imaging technologies [52]. By optimizing
parameters such as laser fluence, background gas pressure, and substrate
temperature, researchers have achieved films with the tailored optical properties [53].
The technique’s ability to preserve target stoichiometry while accommodating com-
plex multilayer architectures establishes it as a critical tool in advancing glass-based
technologies [54].

Substrate heating during deposition enhances surface diffusion, promoting the for-
mation of crystalline phases within otherwise amorphous glass matrices [55]. For
instance, in fluorochlorozirconate films deposited on fused silica, substrate temperatures
below 300 °C resulted in amorphous layers, whereas post-deposition annealing at 870 °C
induced the crystallization of barium chloride nanocrystals within the glass network [56].
The interplay between thermal energy and the glass transition temperature (T,) dictates
whether the films retain their amorphous structure or develop controlled crystallinity
[57]. Adhesion mechanisms vary significantly between metallic and dielectric substrates
—titanium implants require surface pre-treatment with HNO3/HF solutions to create
micromechanical interlocking sites for bioactive glass coatings [58], whereas oxide sub-
strates such as silica rely on chemical bonding through oxygen bridges [59].

Several glassy systems have been explored in thin-film form using PLD, including
fluoride [55], sulfide [60], fluorozirconate [56], and chalcogenide glasses [61], all
demonstrating promising results for integrated photonics applications.

PLD has also been extensively used to fabricate high-quality RE-doped glass thin
films. Morea et al. [62] reported the production of Er*"-doped fluorotellurite (TeO,-
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ZnO-ZnF,) thin films with high refractive index, low absorption, and broad optical
transmission, focusing on the effects of processing parameters. Their findings indicate
that oxygen pressure (5-10 Pa), laser energy density (~2 J/cm?), and substrate-target
distance are crucial for achieving transparent films with #~2 at 630 nm. In a subse-
quent study on the same glass system, Morea et al. [63] investigated the Er*" emis-
sions in the NIR region (1530 nm). Their results demonstrated that thermal annealing
at 300-315 °C significantly enhanced photoluminescence (PL) performance, increas-
ing emission intensity by over an order of magnitude and extending the PL lifetime to
approximately 3.3 ms. This improvement was attributed to a reduction in OH™ con-
centration during annealing. However, residual OH™ content still contributed to non-
negligible nonradiative relaxation. The study concluded that PLD is an effective
method for producing high-quality Er**-doped glass thin films suitable for optical
applications, such as integrated lasers and amplifiers, while suggesting further opti-
mization of the PLD process and thermal treatments to improve film properties.

An intriguing application of PLD was reported by Barimah et al. [64], who
explored the fabrication and characterization of Er**-doped sodium zinc
tellurite glass nanoparticles embedded in polymeric siloxane thin films. Their study
demonstrated the successful integration of glass nanoparticles into polymer layers,
with an average size of 12-21 nm and broad PL emission at 1530 nm. These findings
highlight the potential of PLD for creating hybrid polymer-glass waveguide ampli-
fiers, opening new possibilities for the development of low-cost integrated optical
amplifiers.

2.3 Spin coating

One of the primary limitations of thin-film deposition via high-vacuum methods is
the high production cost [65]. However, spin coating offers significant advantages,
including simplicity, lower equipment costs, and reduced material waste compared to
vapor deposition techniques [66]. This method enables the rapid and efficient fabri-
cation of thin films while yielding novel and reproducible results. Spin coating
involves depositing a liquid solution onto a substrate that is rapidly rotating at a high
angular velocity. As the substrate spins, centrifugal forces distribute the solution
evenly across its surface while counteracting adhesive interactions between the liquid
and the substrate [67]. The final film thickness is primarily governed by the solution’s
viscosity, rotation speed, and the acceleration of the spinning platform [68].

Despite its advantages, spin coating presents challenges, such as controlling film
uniformity on larger substrates and limitations regarding substrate compatibility.
Variations in process parameters can significantly affect the film’s final quality,
potentially leading to issues with thickness consistency and surface defects [70, 71].
Furthermore, while the method is highly reproducible under controlled conditions,
scaling up the process or adapting it to different material systems may require careful
optimization.

Building on the general overview of the spin-coating process presented above, the
following section focuses on the key parameters that govern film formation.

2.3.1 Key parameters in the film formation process

Spin coating differentiates itself from drop-casting and dip-coating by incorporat-
ing a stage where the substrate undergoes radial acceleration. Initially, the precursor
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solution is deposited at the center of the substrate, either while the substrate is
stationary (static deposition) or rotating slowly (dynamic deposition). Once the sub-
strate rotates, the increasing centrifugal force eventually overcomes the liquid’s sur-
face tension, causing the material to spread uniformly across the surface and expelling
the excess liquid [72-75]. Key parameters include the following:

o Centrifugal force vs. surface tension: The balance between these forces is crucial.
The centrifugal force, which depends on the angular speed of the substrate, must
exceed the liquid’s surface tension, determined by its viscosity and molecular
interactions, to achieve uniform spreading.

* Solvent evaporation: The solvents vapor pressure, combined with environmental
conditions such as temperature, humidity, and gas flow, directly impacts the
drying rate and, ultimately, the film quality. A rotation period of 30-90 seconds
is a good starting point for many solvents, whereas higher boiling-point solvents
may require longer drying times or additional drying steps.

* Solution properties: The concentration and viscosity of the polymer solution are
essential factors, as they determine the final film thickness and uniformity. These
properties depend on the polymer’s chain length and the nature of intermolecular
interactions.

o Additional parameter—substrate surface energy: The substrates surface energy
affects wetting behavior and adhesion. A substrate with higher surface energy
can improve film uniformity and durability by promoting better adhesion
between the film and the substrate.

By carefully controlling these parameters, the spin-coating process can be opti-
mized to produce high-quality films with desired structural and functional properties.

2.3.2 Er**-doped nanoglasses embedded in polymeric matrix

This section presents unpublished results on glass thin films deposited via spin
coating, using a solution of Er*"-doped tellurite nanoglass embedded in a polymethyl
methacrylate (PMMA) matrix. The films were deposited on a pure silicon (Si (001))
substrate, selected for its non-luminescent properties under 980-nm excitation. The
deposition methodology was adapted from previous studies on nanoceramic-based
thin films [76-78].

Thin film deposition was conducted in a cleanroom under controlled airflow,
temperature, and humidity conditions. The fabrication process consisted of the fol-
lowing steps:

1.Er’*-doped tellurite glass was initially ground in an agate mortar to obtain a fine
powder, which was further nanostructured using rotational mechanical milling
with yttrium-stabilized zirconia grinding spheres. Figure 5a provides a
schematic representation of the mechanical milling equipment.

2.The resulting nanoglass powder was dispersed in a PMMA matrix dissolved in
anisole.
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Figure 5.
Graphical vepresentation of (a) rotational mechanical grinding and (b) spin-coating deposition. Adapted from
Ref. [69].

3.The solution was deposited onto the Si substrate using a micropipette (60 uL)
and spin-coated in two sequential steps:

a. 1000 rpm for 10 s to spread the solution,

b. 2000 rpm for 60 s to homogenize the film and achieve the desired thickness.

Figure 5b illustrates the spin coating process.

The thin film morphology was analyzed using scanning electron microscopy
(SEM) (see Figure 6a. The embedded nanoglass particles within the PMMA matrix
exhibited an average size of approximately 218 nm (see Figure 6b). Additionally,
Figure 6¢ shows the surface profile obtained via atomic force microscopy (AFM)
along the indicated black solid line. Based on this analysis, the PMMA film thickness
was determined to be approximately 140 nm (see Figure 6d).

Figure 7a presents hyperspectral confocal microscopy measurements of the thin
film across different regions, revealing the embedded nanoglasses within the PMMA
matrix. The corresponding luminescence hyperspectra, shown in Figure 7b, exhibit
the characteristic transitions of Er’*, confirming the optical activity of the thin films.
Moreover, the hyperspectral images demonstrate a nanoglass distribution and homo-
geneity consistent with the SEM and AFM results discussed in the previous section.

3. The effect of production methods on glass thin film properties

As presented in the previous sections, glass thin films play a crucial role in various
integrated photonics applications, and their properties are strongly influenced by the
deposition technique employed. Factors such as surface roughness, stoichiometry
retention, amorphousness, and optical characteristics relative to the bulk can vary
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(a) SEM image, (b) nanoglass size distribution, (c) AFM surface profile, and (d) thin film thickness
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(a) Hyperspectral image and (b) normalized luminescence spectra of the nanoglass thin film.
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Property RF-MS PLD Spin coating
Roughness Low, but depends on working Low, precisely Can be high if the solution
pressure and atom energy during  controlled by laser is not well dispersed or if
deposition energy and oxygen aggregates are present
pressure
Stoichiometry May vary due to preferential High, as it faithfully May vary due to
retention sputtering of lighter elements transfers the bulk differential solvent
material composition evaporation or phase
segregation
Amorphicity ~ Depends on substrate Can remain amorphous, Generally amorphous if
temperature and working but high temperatures  dried properly without
pressure; at low temperatures, may induce partial inducing crystallization
amorphous films can be obtained  crystallization
Optical May differ from bulk glass due to  Similar to bulk material = Refractive index and
properties changes in density and lattice if deposition is optical dispersion may
defects homogeneous and free  change due to porosity or
of optical defects non-uniformity
Table 1.

Influence of the type of deposition on physical properties.

significantly depending on the deposition technique used (see Table 1). Understand-
ing these differences is essential for optimizing the fabrication of thin films for
specific applications. The following table summarizes the key characteristics of glass
thin films deposited using these three methods. The information presented is based on
the literature review presented in Section 2.

The selection of the appropriate technique depends on the intended application,
whether prioritizing smooth surfaces, precise retention of stoichiometry, or ease of
fabrication.

4, Conclusions

This study explores the fabrication of glass thin films using three complementary
deposition techniques: pulsed laser deposition, magnetron sputtering, and spin coat-
ing. Each method presents unique advantages in terms of film quality, processing
conditions, and potential applications in integrated photonics.

Magnetron sputtering, in contrast, provides a scalable and uniform
deposition method suitable for producing high-quality dielectric films with controlled
thickness and surface morphology. The technique allows for the precise tuning of film
composition and microstructure by adjusting the sputtering power, gas pressure, and
substrate temperature. While it is typically employed for depositing oxide-based opti-
cal coatings, its potential in RE-doped glass films is promising, particularly for appli-
cations requiring highly homogeneous layers with the excellent adhesion properties.

PLD has demonstrated its ability to produce high-quality thin films while preserving
the stoichiometry of complex glass compositions. By optimizing deposition parameters
such as laser fluence, background gas pressure, and substrate temperature, researchers
have achieved films with tailored optical properties. Studies on glass thin films have
shown that post-deposition thermal annealing significantly enhances PL by reducing
OH™ impurities, leading to improved emission intensity and prolonged lifetimes. Fur-
thermore, the ability of PLD to integrate multilayer structures opens new possibilities
for optical amplifiers and photonic devices.

13
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Spin coating offers a cost-effective and straightforward alternative for thin film
fabrication, particularly for polymer-based hybrid materials. In this study, Er**-doped
tellurite nanoglass thin films embedded in a PMMA matrix were successfully depos-
ited on Si (001) substrates. SEM and AFM analyses confirmed a uniform nanoglass
distribution within the PMMA matrix, with an average nanoparticle size of approxi-
mately 218 nm and a film thickness of 140 nm. Hyperspectral confocal microscopy
validated the optical activity of the embedded nanoglass, revealing the characteristic
luminescence emissions of Er3'.

Overall, these three deposition techniques offer complementary advantages: PLD
ensures precise compositional control and enables multilayer integration, magnetron
sputtering provides scalability, uniformity, and excellent control over film micro-
structure, and spin coating presents a cost-effective and efficient method for fabri-
cating polymer-based hybrid films.

Each method is highly relevant for different photonic applications, including inte-
grated optics, optical amplifiers, and hybrid waveguide structures. Finally, the versa-
tility of glass thin films, especially when doped with rare-earth ions, positions them as
key materials in this evolving field. Future research directions include the develop-
ment of hybrid integration platforms combining glass thin films with semiconductor
and polymer photonics, advanced patterning techniques for precise light confine-
ment, and the incorporation of plasmonic nanostructures to enhance light-matter
interactions at the nanoscale. More broadly, integrated photonics is poised to revolu-
tionize optical technologies by enabling compact, energy-efficient, and high-speed
devices for telecommunications, quantum information processing, sensing, and bio-
medical diagnostics. Continued progress in deposition control, materials engineering,
and device architecture will be crucial to fully realize the potential of glass thin films
in next-generation integrated photonic systems.
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