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ABSTRACT: Lanthanum oxide (La-0s) thin films were successfully synthesized by the pulsed laser deposition
(PLD) technique using a sintered La.Os target prepared with a PVA binder. The structural, morphological,
vibrational, and optical characteristics were systematically examined to evaluate their suitability for optoelectronic
applications. X-ray diffraction confirmed a polycrystalline hexagonal A-4ype La.0s stmucture with average
crystallite sizes ranging from 20-30 nm and lattice parameters a = 3.94 A, ¢ = 6.13 A. Atomic force microscopy
revealed a compact granular surface with uniform topography (Sa = 30.17 nm, Sq = 38.34 nm), indicating
homogeneous grain growth. FTIR and Raman spectra identified the fundamental La—O stretching vibrations at
~550-600 cm™, confirming phase purity and the absence of hydroxyl or catbonaceous impurities. Optical
characterization demonstrated high transparency (~74 % in the visible range) and strong UV absorption, with a
direct optical band gap of 3.81 eV. The extinction coefficient decreased from 51073 to 1x107** across the visible
region, highlighting low optical losses. The integration of structural, momhological, and optical analyses
establishes a clear correlation between PLD parameters and film quality. The obtained results underscore the
potential of PLD-grown La.Os films as high-k dielectrics, UV-transparent layers, and thermally stable coatings for
advanced optoelectronic and photonic devices.
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1. INTRODUCTION

Lanthanum oxide (La.0s) is a rare-earth sesquioxide that has drawn significant attention due to its high dielectric
constant (~27), wide optical band gap (>5 eV), and excellent thermal and chemical stability, making it a promising
material for optoelectronic and microelectronic applications [1-3]. These characteristics have led to its utilization as a
high-k dielectric in complementary metal-oxide—semiconductor (CMOS) devices [4], protective coatings for optical
components [5], and active layers in ultraviolet (UV) photodetectors [6]. Its low phonon energy also minimizes non -
radiative losses, which enhances optical emission efficiency in photonic devices [7].

Various deposition techniques, including electron-beam evaporation [8], sol-gel [9], sputtering [10], atomic layer
deposition (ALD) [11], and pulked laser deposition (PLD) [12,13], have been investigated to fabricate La»Os thin films.
Among these, PLD stands out for its ability to preserve target stoichiometry, provide precise control over thickness, and
yield films with excellent adhesion and purity [14]. The process involves focusing high-energy laser pules onto a solid
target to generate a plasma plume that condenses on the substrate, enabling the formation of high-quality oxide films.
Previous studies have shown that deposition parameters such as laser fluence [15], substrate temperature [16], and
ambient gas pressure [17] directly influence the structural, optical, and electrical properties of La.O; films, which
confirms the need for optimized processing routes.

Despite La0s’s promising physical and chemical characteristics, current research still lacks a comprehensive
understanding of how PLD deposition parameters affect its microstmcture, surface morphology, and optical behavior.
Most previous works have been limited to chemically prepared or sputtered films, often analyzing either structural or
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optical aspects in solation. Furthermore, detailed correlations between the crystallographic features, surface roughness,
and optical transparency of PLD-grown La.Os films have rarely been reported. This knowledge gap constrains the
effective design ofLa»0s-based layers for high-performance optoelectronic and dielectric applications.

In this context, the present work focuses on the fabrication and multi-technique characterization of La.Os thin films
deposited on fluorine-doped tin oxide (FTO) substrates using the PLD technique under controlled conditions. The
La.O; target was prepared from high-purity powder using a polyvinyl alcohol (PVA) binder, followed by sintering to
ensure mechanical stability and stoichiometric consistency during ablation. The study systematically investigates the
structural, morphological, vibrational, and optical properties of the resulting films using XRD, AFM, FTIR, Raman,
and UV-Vis spectioscopy, thereby establishing a complete structure—property relationship. The measured optical band
gap, surface roughness, and crystalline parameters are correlated to assess film quality and performance.

The novelty of this work lies in its integrated analytical approach and its focus on high-purity PLD-deposited
La-0:s films, bridging the gap between fundamental material characterization and practical optoelectronic applications.
By combining detailed microstructural, vibrational, and optical analyses, this study contributes new insight into how
PLD parameters govern film uniformity, crystallinity, and transparency. The findings offer valuable guidance for
optimizing La-0Os-based thin films in transparent electronics, UVphotonics, and dielectric device architectures.

limitations and future research directions: Although the pulsed laser deposition (PLD) technique successfully
produced high-quality La-Os thin films with uniform morphology and excellent optical transparency, several limitations
were identified in the present study. First, the deposition was carried out at room temperature without substrate heating,
which can restrict crystalline ordering and lead to partial amorphous content. Enhanced crystallinity could be achieved
through substrate heating or post-annealing treatments in controlled oxygen environments. Second, the work focused
mainly on structural, morphological, and optical characterization, while electrical and dielectric measurements—
essential for evaluating the material’s performance in microelectronic devices—were not performed. Including such
analyses would provide deeper insight into charge transport, dielectric constant, and leakage behavior. Third, PLD,
although advantageous for stoichiometric transfer and purity, is limited in scalability compared with industrial
deposition routes such as sputtering or atomic layer deposition, which can handle large-area substrates. Furthermore,
only one set of deposition parameters (700 mJ laser fluence, 2.5 cmtarget-substrate distance, 6 Hz repetition rate) was
used, andno systematic optimization was conducted to explore parameter effects on film properties.

Future research should therefore focus on optimizing key deposition variables—such as laser fluence, repetition
rate, and ambient oxygen pressure—to achieve superior crystallinity and smoother surfaces. Introducing substrate
heating or performing post-annealing could further improve phase stability and reduce lattice defects. Complementary
electrical and dielectric studies are also recommended to evaluate the films for high-k and transparent electronic
applications. In addition, controlled doping with transition-metal or rare-earth elements (e.g., Cu, Co, or Ce) may allow
fine-tuning of the optical band gap and dielectric behavior. Finally, comparative studies between PLD and scalable
deposition techniques could help establish the most effective route for integrating La.Os thin films into next-generation
optoelectronic and photonic devices.

In this paper, La.0s thin films were deposited via pulsed laser deposition under optimized conditions and
characterized.

2. Materials and methods
2.1 Preparation of PVA Binder

Polyvinyl alcohol (PVA) was used as a binder to enhance the mechanical stability of the pressed La.Os pellets.
Specifically, 1 g of PVA resin powder (Fig. 1) was dissolved in 10 mL of distilled water under continuous magnetic
stirring at 65 °C (Fig. 2). The heating and stirring were maintained for approximately 30 minutes to ensure complete
dissolution of the polymer, resulting in a homogenous 10 wt.% PVA resin binder solution. This work addresses such
challenges by carefully selecting laser fluence (700 mJ), pulse count (700 pulses), and target-substrate distance (2.5
cm) to ensure uniformand adherent La.O:; film deposition.

FIGURE 1 Polyvinylalcohol (PVA) resin powder used for binder preparation
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FIGURE 2Magnetic stirrer utilized for dissolving PVA at 65 °C

2.2 Pelletization of La;Os Target

To prepare the La.Os pellet target, 0.2 mL of the previously prepared PVA binder was mixed with 2 g of high-
purity lanthanum oxide (La0s) powder using an agate mortar and pestle. The manual mixing process ensured uniform
distribution of the binder and facilitated better bonding between the powder particles during pressing. The
honogenized mixture was then placed into a stainless-steel mold and pressed at a uniaxial pressure of 1 MPa
(equivalent to 10 tons) for 5 minutes using a hydraulic press (Fig. 3). This process yielded a green body pellet with a
diameter of approximately 0.8 cm and a thickness of 0.6 cm (Fig. 4). The pellets were subsequently sitered in an
electric fumace at 400 °C for 2 hours and 30 minutes, ensuring gradual heating to reach steady temperature conditions
and achievemechanical integrity.

FIGURE 3 Hydraulic press applying 1 MPa (10 ton) pressure for pellet formation

FIGURE 4 Prepared La:Ospelletbefore deposition
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2.3 PulsedLaser Deposition (PLD) of La:O: Films

Thin films of La-0s were deposited using a pulsed laser deposition (PLD) system equipped with an Nd:YAG laser
operating at a wavelength of 532 nm, pulse energy of 700 mJ, and a repetition rate of 6 Hz. The laser beam was focused
through a 6 mm focal length lens, achieving a fluence of 12.50 J/cm?. The beam was directed at the pellet target
positioned inside a stainless-steel vacuum chamber at a 45° incidence angle (Fig. 5). The chamber was maintained at a
base pressure of 102 torrand a room temperature of 14 °C.

During ablation, a visible plasma plume containing ablated atorms and ions was generated and deposited onto the
substrate positioned at a distance of 2.5 cm from the target. Thedeposition process consisted of 700 laser pulses.

FIGURE 5 Pulsed laser deposition (PLD) system showingtarget and substrate configurationin the vacuum chamber

2.4 Substrate Preparation

Fluorine-doped tin oxide (FTO)-coated glass substrates (TCO30-10/LI, Solaronix SA) with dimensions 100 x 100
x 3 mm and sheet resistance of 10 Q/sq were used. The FTO glass was cut into 1.5 X 2 cm pieces using a precision
glass cutter. To ensure optimal film adhesion and surface cleanliness, the substrates were ultrasonically cleaned
sequentially in ethanol (10 minutes), acetone (10 minutes), and deionized water (10 minutes). The cleaned substrates
were dried using lint-free cigarette paper and then fixed to glass slides with double-sided adhesive tape for mounting in
the PLD substrate holder (Fig. 6).

FIGURE 6 Cleaned FTO substrates fixed on glassslides and positioned in the PLD vacuum chamber
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The thickness of the La-Os thin films was determined using cross-sectional atomic force microscopy (AFM). A
fine scratch was made on the film surface to expose the underlying FTO substrate, and the AFM tip scanned
pemendicularly across the step edge. The height difference between the exposed substrate and the film surface in the
topographic profile represented the film thickness. This approach also enabled simultaneous evaluation of surface
roughness and uniformity with nanometer-scale precision, confirming homogeneous deposition. The measured La.Os
layerthickness was 126.4 nm, while the underlying FTO layer thickness was approximately 300 nm.

3. Results
3.1 AFM analysis

The atomic force microscopy (AFM) image in Fig. 7 presents the surface morphology of the La.Os thin film
fabricated via pulsed laser deposition (PLD) overa 10.5 % 10.5 un? scan area. The surface features exhibit a densely
packed grain structure with irregularly shaped agglomerates, indicating a polycrystalline nature. The grains appear as
bright regions in the topographic map, corresponding to higher elevations, while darker areas represent lower surface
valleys. This granular texture reflects the nucleation and growth mechanisms during PLD, where adatons arriving at
the substrate surface formislands thatcoalesce into continuous films.

The surface oughness analysis yields an arithmetic average oughness (Sa) of 30.17 nm and a ot mean square
roughness (Sq)of 38.34 nm. The relatively close values of Sa and Sq suggest a uniform roughness distribution without
extreme height outliers. Such moderate roughness can enhance surface-substrate adhesion in multilayer device
architectures, while still maintaining acceptable optical quality for applications requiring transparency. The observed
surface topography suggests columnar grain growth, which is common in oxide films deposited under vacuum without
additional surface smoothing treatments.

The uniform distribution of grain clusters and the absence of large voids or cracks indicate good film continuity, a
key factor for electrical insulation and dielectric applications. The surface momhology could ako influence light
scattering and, consequently, the optical transmittance of the films. The presence of nanoscale peaks and valleys can
increase surfacearea, which is beneficial in certain catalytic or sensing applications.

The AFM analysis confirms that the PLD-grown La.Os; thin film possesses a homogenous and well-packed
granular structure with moderate surface roughness, making it potentially suitable for applications in dielectric layers,
transparent electronics, and optoelectronic devices where both structural stability and contolled surface morphology
are essential.

Z-Axis - Scan forward _Polynomial fit
-

Polynomial i 175nm

ZAxis range

2D ' 3D

Sq (rms)= 38.34 nm Sa=30.17 nm

FIGURE 7 (a) Two-dimensional, and (b) three-dimensional atomic force microscopy topographic images of La-O s thin
film deposited by PLD

3.2 XRD

The XRD profile for the X-ray peaks of the La.Os and FTO in Fig. 8 reveak diffraction peaks arising from both the
La;0s thin film and the underlying FTO substrate. The FTO layer, composed of fluorine-doped SnO: in a wtile
tetragonal phase (JCPDS 41-1445, space group P4./mnm), exhibits its most intense peaks at 20 = 26.61° (110), 33.89°
(101), 37.95° (200), 51.78° (211), 54.78° (220), 57.77° (002), 61.98° (310), 64.77° (112), and 78.65° (321). These
reflections are evidentin the pattern, particularly the sharp substrate-related peaks at ~26.6°, ~38°, ~51.8°, and ~54.8°.

Superimposed on these are the peaks corresponding to the hexagonal A-type La.Os phase (JCPDS 05-0602, space
group P-3ml) with characteristic reflections at 26 = 15.72° (100), 27.39° (002), 29.32° (101), 39.52° (102), 48.23°
(110), 54.62° (103), 64.43° (112), and 76.98° (201). Several of these film peaks partially overlap with FTO substrate

21



Hussian Fakhry et al., Al-Salam Journal for Engineering and Technology Vol. 5, No.1, (2026), p. 17-30

peaks, for example: La-0s (002) with FTO (110) near 26-27°, La20s (103) with FTO (220) near 54-55°, and La-0s
(112) with FTO (112) near 64-65°. The strong La.Osspecific peak at ~39.5° (102) is well resolved from substrate
peaks and is areliable indicator ofthe filmphase.
The lattice parameters of the hexagonal La.Os were calculated from Bragg’s law, and the hexagonal plane spacing
equation [18-21]:
1 4h2+hk+k? = 12
B3 2 e @
The refined parameters are approximately a=~3.94 A, ¢=6.13 A, with axial angles a==90° and y=120".
The sharpness of the La-0s peaks confirms high crystallinity and phase purity, while the coexistence of substrate
peaks indicates strong adhesionand epitaxial compatibility.

The interplanar spacing was determined fromBragg’s law, [22]
nA =2dsinf=d = Py )
where n = 1, L = 0.15406 nm for Cu Ka radiation, and 0 i the Bragg angle. The crystallite size was estimated
using Ege Scherrer equation, [23]

Do ©)

- BcosO
with K =0.9, and 3 being the corrected FWHM in radians, calculated as [24]

B =+ rzneans - Bizns_t ] . ] ] . . ) (4)
where fmeans is the measured peak width and Binst is the instrumental broadening. The dislocation density was
obtaiPed from, [25]

and the microstrain was evaluated using, [26]
e= ©)
4tan6

Reference standards JCPDS card No. 41-1445 for FTO and No. 05-0602 for La-Os were used to identify the crystal
phases.
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FIGURE 8 X-ray diffraction (XRD) pattern of La-O s thin film deposited by PLD onto an FTO -coated glasssubstrate,
showingBragg reflections corresponding to both the filmand the substrate

Table 1 summarizes the structural properties of the La.Os thin film deposited by PLD on an FTO-coated glass
substrate, as derived from the XRD analysis. The data include the measured diffraction angles (20), full width at half
maximum (FWHM), corresponding Miller indices (hkl), calculated interplanar spacing (d), crystallite size (D),
dislocationdensity (8), and microstrain (g) for each identified Bragg reflection ofboth the substrate and the thin film.

For the FTO substrate, the intense peaks at 20 = 26.61°, 33.89°, 37.95°, and 51.78° correspond to the (110), (101),
(200), and (211) planes of tetragonal SnOz, consistent with the JCPDS card No. 41-1445. These peaks exhibit relatively
narrow FWHM values (0.22-0.34°), indicating large crystallite sizes (21-31 nm) and low dislocation densities,
reflecting the high crystallinity of the commercial FTO coating. The average crystallite size for the FTO substrate is
approximately 26.21 nm, with a mean dislocation density on the order of 1.45x1015 m—2, and a low average
microstrain 0f 1.12x10* (dimensionless).

For the PLD-deposited La:Os film, the diffraction peaks at 20 ~ 15.72°, 27.39°, 29.32°, 39.52°, 48.23°, 54.62°,
64.43°, and 76.98° are indexed to the (100), (002), (101), (102), (110), (103), (112), and (201) planes of the hexagonal
A-type La.0; phase (JCPDS card No. 05-0602). The calculated lattice parameters are approximately a=3.94 A, and
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¢=6.13 A, with space group P3'ml, and the axial angles o = B = 90°, y = 120°, confirming the trigonal symmetry of the
structure. The La2Os peaks are generally broader (FWHM 0.28-0.50°) than those of the substrate, corresponding to
smaller crygtallite sizes (16-23 nm), higher dislocation densities (=3.0x1015 m 2, and slightly higher microstrain levek
(=1.85x107%).

The reduced crystallite size and higher microstrain in La.0s compared to FTO are typical for PLD-grown oxide
films due to rapid quenching and high nucleation rates in the plasma plume. The results confirm that the film is
polycrystalline with well-defined hexagonal La.0s peaks, and the overlap with substrate peaks does not obscure the
identification of the film phase. This high degree of crystallinity, combined with nanoscale grain size, suggests that the
PLD process parameters used were effective in producing a uniform and structurally coherent La.Os layer on the
conductive FTOsubstrate.

Table 1 Structural parameters of La:Os thin film deposited by PLD on an FTO-coated glasssubstrate,
including diffraction angles (20), full width at half maximum (FWHM), Miller indices (hkl), interplanar spacing
(d), crystallitesize (D), dislocation density (6), and microstrain (¢) for both substrate and filmphases

Samples 2Theata FWHM hkl d-Spacing (A) D (nm) 6 (m)-2 £
26.61 0.22 -110 3.3472 41.66 5.76E+14 3.62E-03
33.89 0.26 -101 2.643 34.6 8.35E+14 3.44E-03
37.95 0.28 -200 2.369 32.12 9.69E+14 3.32E-03
51.78 0.34 2211 1.7641 27.17 1.35E+15 2.92E-03
FTO thin film 54.78 0.36 -220 1.6744 25.87 1.49E+15 2.91E-03
57.77 0.38 -2 1.5946 24.75 1.63E+15 2.90E-03
61.98 0.40 -310 1.4961 23.93 1.75E+15 2.81E-03
64.77 0.42 -112 1.4382 23.06 1.88E+15 2.81E-03
78.65 0.50 -321 1.2155 20.96 2.28E+15 2.61E-03
26.61 0.22 -110 3.3472 41.66 1.42E+15 3.04E-03
average 28.24 5.97E+14 6.19E-03
15.72 0.22 -100 5.6328 40.93 1.02E+15 4.68E-03
27.39 0.28 -2 3.2536 31.26 1.19E+15 4.72E-03
29.32 0.30 -101 3.0437 29.03 1.58E+15 4.07E-03
L0 thin film 39.52 0.35 -102 22784 2517 1.98E+15 3.78E-03
48.23 0.40 -110 1.8854 22.47 2.08E+15 3.45E-03
54.62 0.42 -103 1.6789 21.92 2.18E+15 3.04E-03
64.43 0.45 -112 1.445 214 2.33E+15 2.69E-03
76.98 0.50 -201 1.2377 20.72 1.62E+15 4.08E-03
average 26.61 5.76E+14 3.62E-03

Based on the current structural and optical results, transition-metal and rare-earth dopants would be most suitable
for La20s becausethey cantune electronic and optical properties without compromising film stability.

- Transition-metal dopants (e.g., Cu, Co, Ni, Fe, or Mn): These elements introduce localized d-states near the
conduction or valence bands, effectively narrowing the optical band gap and enhancing visible-light absorption. For
instance, Cu or Co doping can shift the absomption edge toward longer wavelengths, useful for UV-visible
photodetector or photocatalytic applications.

- Rare-earth dopants (eg., Ce, Y, or Gd): Iso-valent substitution at the La** site can reduce lattice strain while
improving dielectric properties and thermal stability. Such doping could enhance charge storage and high-k dielectric
performance by modifyingthe local polarization environment.

Therefore, Cu- or Co-doped La-Os would be ideal to tailor optical absomption, whereas Ce- or Y-doped La.0s
would benefit electronic and dielectric applications. The choice depends on theintended device function.

3.3 FTIR

Fig. 9 presents the Fourier Trans form Infrared (FTIR) spectrum of the La-Os thin film deposited on an FTO-coated
glass substrate in the wavenumber range of 4000-500 cm™. The spectrum exhibits high transmittance (> 92 %) across
most of the mid-infrared region, indicating the optical transparency of the film and the low absomption from organic
residues.

No significant peaks are observed in the 3500-3000 cm™* range, suggesting the absence of strong O—H stretching
modes from adsorbed water or hydroxyl groups, which typically appear around ~3400 cm™. Similarly, the 3000—-2800
cm!' C-H stretching bands from organic contaminants are not evident, confirming the cleanliness of the film surface
afterdeposition.
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A small feature is observed near ~1384 cm™, which can be attrbuted to weak catbonate (COs*") bending
vibrations, possibly due to minimal atmospheric CO: adsorption during sample handling. The broad, intense absorption
band beginning around 900 cm™ and extending to 500 cm™ is characteristic of metal-oxygen stretching vibrations. For
La»0s, the dominant La—O stretching mode generally appears i the range of 500-700 cm™, with a strong band
centerednear~560 cm™, indicating the formationofLa—Obonds in the hexagonal A-type La.Os crystal lattice.

In addition, contributions from the underlying FTO substrate are expected i this low-wavenumber region. Sn—O
and Sn—O-Sn lattice vibrations of SnO: appear in the 500750 cm™ range, often overlapping with La—O modes,
leading to a composite absorption band. The absence of pronounced mid-IR absoiption features confirms that the film
is largely free of hydroxylated or carbonaceous species, and the strong metal-oxygen stretching region supports the
successful formation of'stoichiometric La20s on the conductive FTO surface.

Table 2 presents the main infrared absoption features detected in the FTIR spectrum of the La.O; thin film and
attributes each band to aspecific vibrational mode and material phase. The high transmittance values and the absence
of strong O—H and C—H bands confirm the chemical purity of the film, while the prominent La—O stretching modes
between 600-520 cm™* confirm the successful formation of La.Os. Bands related to the Sn—O vibrations of the FTO
layer and the Si—O-Si stretching of the glass substrate are ako identified, reflecting the multilayered structure of the

sample.

Table 2 FTIR band assignments for La.O; thin film on FTO-coated soda-lime glass

Wavenumber (cm™)

Assignment (vibrational mode)

Origin (material)

Notes

~3400 (weak/absent) O—H stretching (adsorbed H-O/ La20s surface/ Largely absent — low hydroxylation
surface —OH) ambient
~1630 (very H-O-Hbending (6 (H20)) Adsorbed moisture Consistent with minimal water uptake
weak/absent)
~1384 (very weak) v3( COs?" ) asymmetric bending Adventitious From light CO: adsorption during handling
carbonates
1100-1000 (broad Si—0-Si asymmetric stretching Soda-lime glass Dominant substrate band; drives the strong
dropinT) substrate transmittancedecrease
810-780 Si—O-Si symmetric stretching / ring Soda-lime glass Often appearsasashoulderon glass
(shoulder/weak) breathing substrate

750-700 (weak to

Sn—0-Sn/Sn-0 lattice modes

FTO (SnOg, rutile)

Overlaps with glass/La—O tail; intensity depends

moderate) on FTOthickness
650-600 (moderate) Sn—O lattice vibration (Eu/A.uIR- FTO (SnO, rutile) Frequently merges with La—O envelope below
active modes) 650 cm™!
600-520 (strong La—O stretchingin La—O-Lanetwork | La.0s (hexagonal | Signature ofLa.Os; main film-related absorption
composite band) A-type) in this region
~560 (local minimum La—O stretching (fundamental) La20s Oftenused as a fingerprint for La.Os formation
inT)
520-480 (talil) La—O lattice / bending modes La>0s Lower-frequencytail of La—O envelope
<480 (edge ofrange) External modes / multi-phonon La-0s +substrate | Typically outside measured window; appears as
background mixture baseline roll-off
929
98
?g 96
E 94
E 93
92
QOAOUD 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm!)

FIGURE 9 FTIR spectrum of La:Osthin film deposited by PLD on an FTO -coated soda-lime glasssubstrate
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3.4 Raman

Fig. 10 shows the Raman spectrum of the La»O; thin film deposited by pulsed laser deposition (PLD) on an FTO-
coated soda-lime glass substrate, measured in the range of 0-4000 cm'. The spectrum displays several broad and
overlapping features, characteristic of polycrystalline thin films and compounded by the presence of both the La:0s
layerand the underlying FTO.

Table 3 presents the Raman band assignments for La,Os thin film deposited by PLD on an FTO-coated soda-lime
glass substrate. The table lists the observed Raman shifts, their corresponding vibrational modes, and the material
origins, distinguishing between contributions fromthe La20s film and the FTO conductive layer.

In the low-wavenumber region (< 200 cm), a strong band is observed, corresponding to lattice vibrations
involving heavy La atoms in the hexagonal A-type La.Os structure. Peaks in this range are typically assigned to Eg and
Alg modes associated with La—O stretchingand bending vibrations in the rare-earth oxide lattice.

A broader feature around ~400-700 cn1! is attributed to La—O stretching modes in La.0s, overlapping with Sn—O
vibrational modes from the FTO substrate (SnO: in rutile structure). SnO: is known to exhibit Raman -active modes
such as Eg (~475 cm™), Alg (~632 cm™), and B2g (~774 cm). The convolution of these modes with La—O vibrations
produces a broad composite bandin this region.

The weak feature between 9001100 cm™ may arise from overtones or defect-induced modes, while the gradually
decreasing intensity beyond 1200 cm™ indicates minimal contribution from high-frequency vibrations. No significant
C-H (~2900 cm™) or O—H (~3400 cm™) stretches are observed, consistent with FTIR results that showed minimal
contamination by hydroxyl or organic species.

The broad nature of the observed peaks suggests nanocrystalline domains and possible strain-induced peak
broadening, consistent with the XRD and AFM findings.

Intensity (a.u.)

0 500 1000 1500 2000 2500 3000 3500 4000
Raman Shift (cmr!')

FIGURE 10 Raman spectrum of La:Os thin film de posited by PLD on an FTO -coated soda-lime glasssubstrate,
recordedin the range 0—-4000 cm™

Table 3 Raman band assignments for La:Os thin film on FTO-coated soda-lime glass

Raman Shift(cm™) Assignment (Mode) Origin (Material) Notes
<200 Ey, Alg lattice modes (La—O bending) La:0;s Heavy La atomvibrations
~475 Eg mode (Sn—O stretching) FTO (Sn0Oz) Overlaps with La—Omodes
~632 Alg mode (Sn—0O symmetric stretching) FTO (Sn0Oz) Strong Raman-active mode
650-700 La—O stretching in La.Os lattice La>0s May merge with Sn—Oband
900-1100 Overtone/defect-related modes La>0;s (possible) Weak intensity
>3000 Broad background, possible multi-phononscattering | La20Os + substrate No sharp OH/CH peaks

3.5 Optical Properties

Fig. 11 shows that the La,O0s/FTO stack is highly transparent in the visible—NIR, with a broad plateau of ~72—75%
between ~420 and 1100 nm. The steep rise in T from ~2-5 % at 300 nm to ~65-70 % by ~380-400 nm reflects the
fundamental absorption edge of the La.Os layer; beyond this edge, extinction is minimal and the spectrum is dominated
by transmission through the FTO-coated glass. The absence of pronounced interference fringes suggests an optically
rough or thickness-nonuniform surface (consistent with AFM, Sa ~ 30 nm), and/or a film thickness outside the strong-
fringe regime for this wavelength window. A weak shoulder near ~700 nm likely arises from the substrate/overlayer
optical stack rather than intrinsic electronic transitions.
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FIGURE 11 Optical transmittance (T%) of the La:Os thin film deposited by PLD on FTO (700 mJ), recorded over 300—
1100 nm
The spectrum in Fig. 12 reveals that the La.0s/FTO system exhibits strong absorption in the UV region with a
sharmp decrease in absorbance from ~1.9 at 300 nmto below 0.3 by ~360-380 nm. This sharp decline corresponds to the
optical absomption edge, which reflects the onset of interband electronic transitions in La20s. Beyond ~400 nm, the
absorbance stabilizes at a very low value (~0.15), indicating high transparency in the visible and near-infrared regions,
consistentwith the transmittance results in Fig. 5.

2

ABSORBANCE

t t t t t t
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FIGURE 12 Optical absorbance spectrum of La:O s thin film deposited by PLD at 700 mJ on an FTO -coated soda-lime
glass substrate, measured over 300-1100 nm

Fig. 13 presents the variation of the optical absorption coefficient (o) of the La-Os thin film deposited by PLD at
700 mJ on an FTO-coated soda-lime glass substrate, across the wavelength range of 300-1100 nm. The absorption

coefficient o was calculated fromthe absorbance spectrumusing therelation [27]:
2.303 A

oa=22 )
where A is the absotbance and d s the film thickness. The spectum shows a very high a value exceeding
2.1x10° cm* at 300 nm, indicative of strong electronic transitions in the UV range. This high absoption in the short-
wavelength region confirms the directallowed nature ofthe band-to-band transitions in La>Os.
As the wavelength increases beyond ~380 nm, o decreases shamply and stabilizes at ~1.5x10% cm* across the
visible and near-infrared regions. Such low absorption values in the visible range are consistent with the high
transmittance (Fig. 11) and lowabsorbance (Fig. 13), demonstrating the optical transparency of the film.
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FIGURE 13 Optical absorption coefficient (o) spectrum of LaO s thin film deposited by PLD at 700 mJ on an FTO -
coated soda-lime glasssubstrate, measuredinthe wavelength range of 300-1100nm

The extinction coefficient (k) for the thin film can be found fromthe absorption coefficient (o) via this equation
k=aA/4n 8

Fig. 14 presents the spectral dependence of the extinction coefficient (k) for the La-O; thin film deposited by PLD
at 700 mJ on an FTO-coated soda-lime glass substrate, over the wavelength range of 300-1100 nm. The extinction
coefficient exhibits a maximum of approximately 5.0x107'* at 300 nm, corresponding to strong photon absorption near
the fundamental edge. As the wavelength increases, k rapidly decreases and stabilizes at about 1.0x107' in the visible
region, confirming low optical losses and high transparency.
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FIGURE 14 Extinction coefficient (k) of the La-Osthin film deposited by PLD at 700 mJ on an FTO -coated glass
substrate as a function of wavelength (300-1100nm),showing high UV absorption with low attenuationin the visible region,
indicative of good optical transparency

Fig. 15 presents the Tauc plot (chv)? as a function of photon energy (hv) for the La.Os thin film deposited by
puled laser deposition (PLD) at 700 mJ on an FTO-coated glass substrate. The optical band gap can then be obtained
froma Tauc analysis fora direct allowed transition, [28]
(ahv)? = A (hv — Eg) 9)

by extrapolating the linear portion of (ahv)? versus hv to zero, yielding Eg=3.81 eV for this film. The relatively
high visible transmittance with a UV-edge near ~325-340 nm indicates that the PLD-grown La.Os acts as a wide-band-
gap, low-loss overlayer on FTO, suitable for transparent electronics, UV photonics, and windowbuffer roles in
optoelectronic stacks.
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coated glasssubstrate, showinga direct allowed optical transition

4. Conclusions

This study successfully demonstrated the fabrication of high-quality La.Os thin films using the pulsed laser
deposition (PLD) technigue under controlled conditions, achieving films with excellent crystallinity, uniform surface
morphology, and high optical transparency. By integrating XRD, AFM, FTIR, Raman, and UV-Vis analyses, the work
provided a comprehensive understanding of the structural and optical behavior of La>Os films on FTO substrates. The
identification of a hexagonal crystalline phase, uniform nanograin distribution, and a wide direct band gap of 3.81 eV
confirms that the films possess the necessary attributes for ultraviolet (UV) and transparent electronic applications.

Beyond confirming film quality, this investigation emphasizes the versatility of PLD in producing stoichiometric,
adherent, and optically efficient La-0Os layers suitable for integration into optoelectronic devices. The correlation
established between morphology, crystallinity, and optical performance offers valuable insight into how deposition
parameters influence film quality — an important foundation for tailoring material functionality in high-k dielectric and
UV photonic systens. Nevertheless, the study ako highlights current limitations, particularly the absence of electrical
characterization and the lack of parameter optimization. Addressing these aspects through systematic variation of laser
fluence, substrate temperature, and ambient oxygen pressure could further enhance film performance. Future work
should also explore doping strategies with transition metals or rare-earth elements (such as Cu, Co, or Ce) to tune
opticaland electronic properties, alongside post-annealing treatments to improve phase stability.
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