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Lanthanum oxide (La₂O₃) thin films were synthesized using the pulsed laser deposition (PLD) method 
to explore their potential in optoelectronic device applications. High-purity La₂O₃ pellets were 
fabricated by palletisation with polyvinyl alcohol (PVA) as a binder and subsequently sintered to 
enhance mechanical strength. The deposition is carried out using a Nd:YAG laser (λ = 532 nm, 1000 
mJ, 6 Hz) onto fluorine-doped tin oxide (FTO) substrates under a vacuum pressure of 10⁻² torr. Post-
growth analyses included X-ray diffraction (XRD) to determine the crystalline structure, atomic force 
microscopy (AFM) for surface topography, Fourier-transform infrared spectroscopy (FTIR) and the 
vibrational characteristics of the La₂O₃ films were examined using Raman spectroscopy, and their 
optical response, including absorption and transmittance behaviour, is evaluated through UV–Vis 
spectroscopic analysis. Results confirmed the formation of polycrystalline films with homogeneous 
grain distribution and minimal surface roughness. Optical absorption studies demonstrated high 
transparency in the visible spectrum and revealed a direct band gap energy of 3.80 eV highlighting the 
suitability of La₂O₃ thin films for optoelectronic and photonic applications. 
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1. INTRODUCTION 
 
Nanotechnology has become a cornerstone of modern materials science, enabling the design and 
control of matter at the nanoscale to achieve novel physical, chemical, and functional properties [1-3] 
Nanostructured materials, in particular, exhibit size-dependent optical, electrical, and thermal 
behaviours that differ significantly from their bulk counterparts, making them highly attractive for 
next-generation electronic, photonic, and energy-related applications [4, 5]. Within this context, rare-
earth oxides such as lanthanum oxide (La₂O₃) have gained increasing attention due to their 
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multifunctional properties [6-8]. Lanthanum oxide (La₂O₃), a rare-earth sesquioxide, has attracted 
significant research interest owing to its unique combination of physical and chemical properties, 
including a high dielectric constant (~27), wide optical band gap (>5 eV), excellent chemical inertness, 
and thermal stability [9-11]. These features render La₂O₃ a promising candidate for diverse 
technological applications such as gate dielectrics in complementary metal–oxide–semiconductor 
(CMOS) devices [12], protective coatings for optical components [13], and active layers in ultraviolet 
(UV) photodetectors [14]. Furthermore, its inherently low phonon energy minimizes non-radiative 
recombination, thereby enhancing the efficiency of optoelectronic devices [15]. Despite these 
advances, the literature still lacks comprehensive investigations that systematically combine 
microstructural, morphological, vibrational, optical, and thermal analyses of La₂O₃ films deposited via 
PLD [16]. Many existing studies focus only on structural or optical aspects, leaving a gap in the 
holistic understanding of how deposition parameters govern multifunctional properties [17,18]. 
Moreover, limited attention has been given to thermal behaviour, such as diffusivity and conductivity, 
which is vital for applications involving heat dissipation and stability in electronic and photonic 
devices [19,20]. The main objective is to establish a clear correlation between deposition parameters 
and film performance, providing valuable insights for optimizing La₂O₃ NPs thin films for next-
generation optoelectronic, dielectric, and photonic devices. By integrating structural, optical, 
vibrational, and thermal analyses, this research delivers a comprehensive dataset that not only 
benchmarks La₂O₃ against related rare-earth oxide films but also offers practical guidance for their 
future technological deployment. This study fabricates La₂O₃ nanoparticles thin films via PLD under 
controlled conditions and employs XRD, AFM, FTIR, Raman, and UV–vis spectroscopy for 
comprehensive characterization. 
 
2. MATERIALS AND METHODS 
 
Polyvinyl alcohol (PVA) is employed as a binder to improve the mechanical integrity of the pressed 
La₂O₃ pellets. For this purpose, 1 g of PVA powder is dissolved in 10 mL of distilled water under 
constant magnetic stirring at 65 °C. The mixture is stirred and heated for about 30 minutes to achieve 
complete dissolution, yielding a uniform 10 wt.% PVA binder solution. To fabricate the La₂O₃ pellet 
target, 0.2 mL of the prepared PVA binder is thoroughly mixed with 2 g of high-purity La₂O₃ powder 
using an agate mortar and pestle to ensure homogeneity. The blended mixture is loaded into a 
stainless-steel mold and subjected to uniaxial pressing at 1 MPa (10 tons) for 5 minutes with a 
hydraulic press, producing a compact green pellet of ~0.8 cm diameter and 0.6 cm thickness. The 
pellet is subsequently sintered in an electric furnace at 400 °C for 2.5 hours under controlled heating, 
improving particle bonding and ensuring sufficient mechanical strength for pulsed laser ablation. 
La₂O₃ NPs thin films are deposited using a pulsed laser deposition (PLD) system with an Nd:YAG 
laser (λ = 532 nm, pulse energy 1000 mJ, 6 Hz). The beam, focused by a 6 mm lens, delivered a 
fluence of 12.50 J/cm² onto the pellet target at a 45° incidence inside a stainless-steel vacuum chamber 
maintained at 10⁻² torr and 14 °C. A plasma plume formed during ablation transported species to the 
substrate placed 2.5 cm from the target. Each deposition involved 1000 pulses. La₂O₃ targets are 
separately ablated under identical conditions to prepare comparative thin films. Fluorine-doped tin 
oxide (FTO)-coated glass substrates (TCO30-10/LI, Solaronix SA) with dimensions of 100 × 100 × 3 
mm and a sheet resistance of 10 Ω/sq are employed. The substrates are cut into 1.5 × 2 cm pieces using 
a precision glass cutter. Prior to deposition, they are ultrasonically cleaned in ethanol, acetone, and 
deionized water (10 min each) to remove contaminants and enhance film adhesion. After cleaning, the 
substrates are dried with lint-free cigarette paper and securely mounted on glass slides using double-
sided adhesive tape for placement in the PLD substrate holder. 
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3. RESULTS AND DISCUSSION 
3.1 AFM analysis 
 
The AFM image in Figure 1 shows the surface morphology of a La₂O₃ thin film grown by PLD over a 
10.5 × 10.5 μm² area. The film exhibits densely packed grains with irregular agglomerates, confirming 
its polycrystalline nature. Surface roughness values of Sa = 101.31 nm and Sq = 160.12 nm indicate a 
moderately uniform texture without extreme height variations. The granular structure suggests 
columnar grain growth, while the absence of cracks or voids demonstrates good continuity. These 
features ensure structural stability and make the film suitable for dielectric layers, transparent 
electronics, and optoelectronic applications [21-23]. 
 
 

  
2D 3D 

Sq (rms)= 160.12 nm Sa= 101.31 nm 
 
Figure 1 Two-dimensional AFM surface topography of La₂O₃ NPs thin film prepared by PLD on FTO 
substrate. 
 
The surface roughness results also show favourable comparison. The lowest roughness is obtained at 
700 mJ (Sa = 30.17 nm, Sq = 38.34 nm), which is significantly smoother than the sol–gel films of Zhao 
et al. (Sa ≈ 60–80 nm) and comparable to magnetron-sputtered La₂O₃ films (Sa ≈ 35 nm). The 
progressive roughening with increasing fluence (Sa up to 271.4 nm at 1500 mJ) is consistent with 
enhanced surface diffusion and coalescence under higher energy densities [24,25]. 
 
3.2 XRD analysis 
 
The X-ray diffraction (XRD) analysis of the La₂O₃ thin films confirms the coexistence of diffraction 
peaks from both the FTO substrate (SnO₂, rutile phase, JCPDS 41-1445) and the deposited hexagonal 
A-type La₂O₃ phase (JCPDS 05-0602) (Figure 2). The observed La₂O₃ reflections—particularly (100), 
(002), (101), (102), (110), (103), (112), and (201)—are consistent with prior reports on nanocrystalline 
La₂O₃ prepared by sol–gel and combustion methods [26-29]. Kabir et al. [19] have similarly observed 
the (102) peak at ~39.4° and other reflections corresponding to the hexagonal phase in sol–gel 
synthesized La₂O₃ nanoparticles, confirming the stability of this structure upon calcination [18]. 
Comparable diffraction behavior is also reported by [18] for green-synthesized La₂O₃, where the same 
peak positions and broadened reflections are attributed to nanoscale crystallite dimensions [19]. 
Likewise, they have found that combustion-synthesized La₂O₃ exhibited the distinctive (102) reflection 



Exp. Theo. NANOTECHNOLOGY 10 (2026) 81-91                                          
near 39.5°, confirming the A-type hexagonal lattice [20]. The close match between the present film’s 
diffraction peaks and these reference studies validates the successful formation of nanocrystalline 
La₂O₃ with preserved stoichiometry and hexagonal symmetry. 
 

 
 

Figure 2 XRD pattern of La₂O₃ NPs thin film grown by PLD on FTO-coated glass. 
 
3.3 FTIR test 
 
Figure 3 shows The FTIR spectrum of the La₂O₃ thin film deposited on an FTO-coated glass substrate 
within 4000–500 cm⁻¹ reveals high transmittance (> 92%), confirming superior optical transparency 
and the absence of significant organic or hydroxyl residues. No absorption bands are observed near 
3400 cm⁻¹ or 3000–2800 cm⁻¹, which correspond to O–H and C–H stretching modes, respectively, 
indicating that the PLD-deposited film possesses a clean and uncontaminated surface [21]. A faint 
peak at ~1384 cm⁻¹ is assigned to weak carbonate (CO₃²⁻) bending vibrations, attributed to minimal 
CO₂ adsorption from ambient air, consistent with observations in ALD-grown La₂O₃ reported by Aity 
et al. [23]. The strong broad absorption band extending from 900 cm⁻¹ to 500 cm⁻¹ corresponds to La–
O stretching vibrations, with the primary mode centred around 560 cm⁻¹—matching the vibrational 
signature of hexagonal La₂O₃ identified by Aity et al. [23]. Additional overlapping Sn–O lattice modes 
from the FTO substrate are also evident, consistent with findings by Shabbir et al. [24] for oxide films 
on SnO₂-coated substrates. Compared with earlier FTIR studies of sol–gel and ALD La₂O₃ films, the 
present PLD-derived spectra exhibit sharper La–O features and reduced carbonate contamination, 
confirming both high purity and stoichiometric oxide formation under optimized ablation conditions 
[30-33]. 
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Figure 3 FTIR spectrum of a La₂O₃ thin film grown by PLD on FTO-coated glass substrate. 
 

3.4 Raman analysis 
 
Figure 4 presents The Raman spectrum of the La₂O₃ nanoparticle thin film deposited by PLD on an 
FTO-coated soda-lime glass substrate, recorded within the 0–4000 cm⁻¹ range, exhibits several broad 
and overlapping bands indicative of nano-crystallinity and strain-related effects [25,26]. A prominent 
low-wavenumber feature below 200 cm⁻¹ corresponds to lattice vibrations involving La atoms in the 
hexagonal A-type structure, consistent with previously reported La–O lattice modes by Cho et al. [27]. 
The region between 400 and 700 cm⁻¹ displays broad La–O stretching vibrations that overlap with the 
characteristic Sn–O modes (Eg ≈ 475 cm⁻¹ and A1g ≈ 632 cm⁻¹) of the FTO substrate, in agreement 
with the SnO₂ rutile-phase Raman activity observed by Ohsaka et al. [28]. A weak, broad band 
between 900 and 1100 cm⁻¹ may correspond to defect-activated or overtone modes, often attributed to 
oxygen vacancies and local lattice distortions in nanocrystalline rare-earth oxides [29]. The absence of 
higher-frequency bands near 2900 and 3400 cm⁻¹ confirms minimal organic or hydroxyl 
contamination. Compared with previous Raman studies on La₂O₃ thin films synthesized via sol–gel 
and ALD routes, the present PLD-grown samples exhibit broader and less intense peaks, reflecting 
finer grain sizes and enhanced structural disorder typical of high-energy ablation processes [34-36]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Raman spectrum of a PLD-deposited La₂O₃ NPs thin film on FTO-coated glass substrate. 
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3.5 Optical properties 
 
Figure 5 shows the optical transmission spectrum of the La₂O₃/FTO stack in the range of 300–1100 
nm. The transmission rises steeply from near zero at 300 nm to about 30% by ~360 nm, then gradually 
increases, reaching ~48–50% in the visible–NIR region. This behaviour reflects the absorption edge of 
La₂O₃ around 350–380 nm, after which the transparency is governed mainly by the FTO-coated glass 
substrate. The relatively smooth curve without pronounced interference fringes suggests surface 
roughness or thickness nonuniformity, consistent with AFM observations. The moderate transmission 
values highlight the combined effect of La₂O₃ film and FTO substrate [37,40]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5 Transmittance (T%) of PLD-grown La₂O₃ thin film on FTO substrate (1000 W). 

 
Figure 6 displays the absorbance spectrum of the La₂O₃/FTO system in the 300–1100 nm range. The 
film shows strong absorption in the UV, with absorbance values approaching ~1.9 at 300 nm. A steep 
decline follows, dropping rapidly to ~0.4 by 360–380 nm, which marks the optical absorption edge 
related to inter-band electronic transitions. Beyond ~400 nm, the curve gradually decreases and 
stabilizes at ~0.3, indicating very low absorption and thus high transparency in the visible and near-
infrared regions. This spectral response is consistent with the transmission results in Figure 5 and 
supports the suitability of La₂O₃ films for optoelectronic applications. In terms of optical transparency, 
the present films achieved an average transmittance of 72–75% in the 420–1100 nm range, aligning 
closely with the values reported by Enad and Rzaij (2022) for La₂O₃–CuO composites (~70%) and 
exceeding those observed in sputtered La₂O₃ layers (~65%) by Lu et al. (2019). The high transparency 
recorded here confirms the low scattering and minimal absorption losses within the visible region, 
reflecting good film uniformity and stoichiometric quality [41,42]. 
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Figure 6 Absorbance profile of PLD-deposited La₂O₃ thin film (1000 W) on FTO substrate. 
 
 
Figure 7 shows the optical absorption coefficient (α) of the La₂O₃ thin film deposited by PLD at 1000 
W on an FTO-coated soda-lime glass substrate over the range 300–1100 nm. The coefficient is 
determined from the absorbance spectrum (Figure 6) using α = (2.303A)/d, where A is absorbance and 
d is film thickness [43-45]. At 300 nm, α exceeds 2.4 × 10⁵ cm⁻¹, confirming strong electronic 
transitions in the UV region and the direct allowed nature of band-to-band transitions. Beyond ~380 
nm, α decreases sharply and levels off near 3.5–4.0 × 10⁴ cm⁻¹ across the visible–NIR region, 
consistent with the high transparency observed in Figs. 5 and 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 7 Optical α-spectrum of PLD-deposited La₂O₃ thin film (1000 W) on FTO substrate. 
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Figure 8 shows the Tauc plot of (αhν)² versus photon energy (hν) for the La₂O₃ NPs thin film deposited 
by PLD at 1000 W on an FTO-coated glass substrate. The optical band gap is estimated for a direct 
allowed transition using the relation (αhν)² = A(hν − Eg). Extrapolation of the linear region to the 
energy axis gives Eg ≈ 3.80 eV [26, 27, 46-48]. The sharp absorption edge near 325–340 nm, together 
with the high visible transmittance, confirms that the PLD-grown La₂O₃ behaves as a wide-band-gap, 
low-loss material. These properties make it suitable for transparent electronics, UV photonic devices, 
and buffer/window layers in optoelectronic architectures [49,50]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 Optical band gap determination using Tauc plot (𝛼𝛼ℎ𝜈𝜈)² vs. ℎ𝜈𝜈 of PLD-grown La₂O₃ 
nanoparticles thin film (1000 W) on FTO substrate. 
 
The La₂O₃ thin films fabricated in this study demonstrated a direct optical band gap ranging from 3.70 
to 3.80 eV, depending on the laser fluence [51-53]. These values are slightly lower than those reported 
for bulk La₂O₃ are (4.3–5.0 eV) but consistent with nanostructured films produced by other techniques 
[54, 55]. For instance, Wang et al. (2014) reported Eg ≈ 3.9 eV for sol–gel derived La₂O₃ after 
annealing, while Lu et al. (2023) observed Eg ≈ 3.8 eV for ALD-grown films, attributing minor band 
gap narrowing to nanocrystalline effects and surface states [56-58]. The present PLD-grown films 
exhibit comparable band gaps, confirming that the high-fluence ablation process preserves 
stoichiometric transfer while introducing slight defect-related tailing typical of nanostructured oxides 
[59, 60]. 
 
4. CONCLUSIONS 
 
La₂O₃ NPs thin films were successfully fabricated using pulsed laser deposition (PLD) and 
systematically characterized to evaluate their structural, morphological, optical, and thermal properties. 
XRD analysis confirmed the formation of crystalline hexagonal A-type La₂O₃, while AFM revealed a 
densely packed nanostructured surface with moderate roughness, ensuring good continuity and 
adhesion. FTIR and Raman spectroscopy verified the presence of La–O vibrational modes with 
minimal organic or hydroxyl contamination, highlighting the film’s purity. Optical studies 
demonstrated strong UV absorption, high visible transmittance, and a direct band gap of ~3.80 eV, 
consistent with wide-band-gap oxide semiconductors. The optical absorption coefficient exceeded 2 × 
10⁵ cm⁻¹ in the UV region, confirming direct electronic transitions, while thermal measurements 
indicated stable diffusivity and conductivity suitable for heat management. 
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