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1.   INTRODUCTION 

Lanthanum oxide (La₂O₃) 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 pulsed laser deposition (PLD) [12,13], have been investigated to fabricate La₂O₃ 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 pulses 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 La₂O₃ films, which 
confirms the need for optimized processing routes. 

ABSTRACT: Lanthanum oxide (La₂O₃) thin films were successfully synthesized by the pulsed laser deposition 

(PLD) technique using a sintered La₂O₃ 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-type La₂O₃ structure with average 

crystallite sizes ranging from 20–30 nm and lattice parameters a = 3.94 Å, c = 6.13 Å. 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⁻¹, confirming phase purity and the absence of hydroxyl or carbonaceous 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 5×10⁻¹³ to 1×10⁻¹³ across the visible 
region, highlighting low optical losses. The integration of structural, morphological, and optical analyses 
establishes a clear correlation between PLD parameters and film quality. The obtained results underscore the 

potential of PLD-grown La₂O₃ films as high-k dielectrics, UV-transparent layers, and thermally stable coatings for 
advanced optoelectronic and photonic devices. 
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conditions and 
characterized. 

 

2.   Materials and methods 

2.1  Preparation of PVA Binder 

FIGURE 1 
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FIGURE 2 

2.2  Pelletization of La₂O₃ Target 

 FIGURE 3  

 

 

 

 
 
 

 
 
 

FIGURE 4 Prepared La₂O ₃ pellet before deposition 
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2.3   Pulsed Laser Deposition (PLD) of La₂O₃ Films 

Thin films of La₂O₃ 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/cm². 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 10⁻² torr and a room temperature of 14 °C. 
During ablation, a visible plasma plume containing ablated atoms and ions was generated and deposited onto the 

substrate positioned at a distance of 2.5 cm from the target. The deposition process consisted of 700 laser pulses.   

 

FIGURE 5 Pulsed laser deposition (PLD) system showing target and substrate configuration in the vacuum chamber  

 

2.4  Substrate Preparation 

Fluorine-doped tin oxide (FTO)-coated glass substrates (TCO30-10/LI, Solaronix SA) with dimensions 100 × 100 

× 3 mm and sheet resistance of 10 Ω/sq were used. The FTO glass was cut into 1.5 × 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). 

 

 

 

SOLARONIX, 43610 / 43672 / 43675, TCO30-10/L1 10*10  

 

 

FIGURE 6 Cleaned 
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3.   Results 

3.1  AFM analysis 

  
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 La₂O ₃ thin 

film deposited by PLD 

 
3.2  XRD 

The XRD profile for the X-ray peaks of the La₂O₃ and FTO in Fig. 8 reveals diffraction peaks arising from both the 
La₂O₃ thin film and the underlying FTO substrate. The FTO layer, composed of fluorine-doped SnO₂ in a rutile 
tetragonal phase (JCPDS 41-1445, space group P4₂/mnm), exhibits its most intense peaks at 2θ ≈ 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 evident in 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 La₂O₃ phase (JCPDS 05-0602, space 
group P-3m1) with characteristic reflections at 2θ ≈ 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 
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peaks, for example: La₂O₃ (002) with FTO (110) near 26–27°, La₂O₃ (103) with FTO (220) near 54–55°, and La₂O₃ 
(112) with FTO (112) near 64–65°. The strong La₂O₃-specific peak at ~39.5° (102) is well resolved from substrate 

peaks and is a reliable indicator of the film phase. 
The lattice parameters of the hexagonal La₂O₃ were calculated from Bragg’s law, and the hexagonal plane spacing 

equation [18-21]: 
1

dhkl
2 =

4

3

h2+hk+k2

a2 +
l2

c2                                                                                                                                                       (1) 

The refined parameters are approximately a≈3.94 Å, c≈6.13 Å, with axial angles 𝛼=𝛽=90o  and 𝛾=120o. 

The sharpness of the La₂O₃ peaks confirms high crystallinity and phase purity, while the coexistence of substrate 
peaks indicates strong adhesion and epitaxial compatibility. 

The interplanar spacing was determined from Bragg’s law, [22]  

nλ = 2dsinθ ⇒ d =
λ

2sinθ
                                                                                                                                                (2) 

where n = 1, λ = 0.15406 nm for Cu Kα radiation, and θ is the Bragg angle. The crystallite size was estimated 
using the Scherrer equation, [23] 

D =
Kλ

βcosθ 
                                                                                                                                                                          (3) 

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

β = √βmeans
2 − βinst

2                                                                                                                                                          (4) 

where βmeans is the measured peak width and βinst is the instrumental broadening. The dislocation density was 

obtained from, [25] 

δ =
1

D2                                                                                                                                                                                (5) 

and the microstrain was evaluated using, [26] 

ε =
β

4tanθ
                                                                                                                                                                            (6) 

Reference standards JCPDS card No. 41-1445 for FTO and No. 05-0602 for La₂O₃ were used to identify the crystal 

phases. 

 

 

 

 

 

 

 

 

FIGURE 8 X-ray diffraction (XRD) pattern of La₂O ₃ thin film deposited by PLD onto an FTO -coated glass substrate, 

showing Bragg reflections corresponding to both the film and the substrate 

 
Table 1 summarizes the structural properties of the La₂O₃ thin film deposited by PLD on an FTO-coated glass 

substrate, as derived from the XRD analysis. The data include the measured diffraction angles (2θ), full width at half 

maximum (FWHM), corresponding Miller indices (hkl), calculated interplanar spacing (d), crystallite size (D), 
dislocation density (δ), and microstrain (ε) for each identified Bragg reflection of both the substrate and the thin film. 

For the FTO substrate, the intense peaks at 2θ ≈ 26.61°, 33.89°, 37.95°, and 51.78° correspond to the (110), (101), 
(200), and (211) planes of tetragonal SnO₂, 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 1.45×1015 m−2, and a low average 
microstrain of 1.12×10−3 (dimensionless). 

For the PLD-deposited La₂O₃ film, the diffraction peaks at 2θ ≈ 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 La₂O₃ phase (JCPDS card No. 05-0602). The calculated lattice parameters are approximately a=3.94 Å, and 
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c=6.13 Å, with space group P3ˉm1, and the axial angles α = β = 90°, γ = 120°, confirming the trigonal symmetry of the 
structure. The La₂O₃ peaks are generally broader (FWHM 0.28–0.50°) than those of the substrate, corresponding to 

smaller crystallite sizes (16–23 nm), higher dislocation densities (≈3.0×1015 m−2, and slightly higher microstrain levels 
(≈1.85×10−3). 

The reduced crystallite size and higher microstrain in La₂O₃ 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 La₂O₃ 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 La₂O₃ layer on the 
conductive FTO substrate. 

 
Table 1 Structural parameters of La₂O₃ thin film deposited by PLD on an FTO-coated glass substrate, 

including diffraction angles (2θ), full width at half maximum (FWHM), Miller indices (hkl), interplanar spacing 

(d), crystallite size (D), dislocation density (δ), and microstrain (ε) for both substrate and film phases  

Samples 2Theata FWHM hkl d-Spacing (A) D (nm) 𝜹 (m)-2 
𝛆 

 

FTO  thin film 

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 -211 1.7641 27.17 1.35E+15 2.92E-03 

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 

La2O3 thin film 

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 

39.52 0.35 -102 2.2784 25.17 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 21.4 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 

 

3.3  FTIR 
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of La₂O₃. Bands related to the Sn–O vibrations of the FTO 
layer and the Si–O–Si stretching of the glass substrate are also identified, reflecting the multilayered structure of the 

sample. 
Table 2 FTIR band assignments for La₂O₃ thin film on FTO-coated soda-lime glass 

Wavenumber (cm⁻¹) Assignment (vibrational mode) Origin (material) Notes 

~3400 (weak/absent) O–H stretching (adsorbed H₂O / 
surface –OH) 

La₂O₃ surface / 
ambient 

Largely absent → low hydroxylation 

~1630 (very 

weak/absent) 

H–O–H bending (δ(H₂O)) Adsorbed moisture Consistent with minimal water uptake 

~1384 (very weak) ν₃( CO₃²⁻ ) asymmetric bending Adventitious 
carbonates 

From light CO₂ adsorption during handling 

1100–1000 (broad 
drop in T) 

Si–O–Si asymmetric stretching Soda-lime glass 
substrate 

Dominant substrate band; drives the strong 
transmittance decrease 

810–780 

(shoulder/weak) 

Si–O–Si symmetric stretching / ring 

breathing 

Soda-lime glass 

substrate 

Often appears as a shoulder on glass 

750–700 (weak to 
moderate) 

Sn–O–Sn / Sn–O lattice modes FTO (SnO₂, rutile) Overlaps with glass/La–O tail; intensity depends 
on FTO thickness 

650–600 (moderate) Sn–O lattice vibration (Eu/A₂u IR-

active modes) 

FTO (SnO₂, rutile) Frequently merges with La–O envelope below 

650 cm⁻¹ 

600–520 (strong 
composite band) 

La–O stretching in La–O–La network La₂O₃ (hexagonal 
A-type) 

Signature of La₂O₃; main film-related absorption 
in this region 

~560 (local minimum 
in T) 

La–O stretching (fundamental) La₂O₃ Often used as a fingerprint for La₂O₃ formation 

520–480 (tail) La–O lattice / bending modes La₂O₃ Lower-frequency tail of La–O envelope 

<480 (edge of range) External modes / multi-phonon 

background 

La₂O₃ + substrate 

mixture 

Typically outside measured window; appears as 

baseline roll-off 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

FIGURE 9 FTIR spectrum of La₂O ₃ thin film deposited by PLD on an FTO -coated soda-lime glass substrate 
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3.4  Raman 

Fig. 10 shows the Raman spectrum of the La₂O₃ thin film deposited by pulsed laser deposition (PLD) on an FTO-

coated soda-lime glass substrate, measured in the range of 0–4000 cm⁻¹. The spectrum displays several broad and 
overlapping features, characteristic of polycrystalline thin films and compounded by the presence of both the La₂O₃ 
layer and the underlying FTO. 

Table 3 presents the Raman band assignments for La₂O₃ 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 from the La₂O₃ film and the FTO conductive layer. 
In the low-wavenumber region (< 200 cm⁻¹), a strong band is observed, corresponding to lattice vibrations 

involving heavy La atoms in the hexagonal A-type La₂O₃ structure. Peaks in this range are typically assigned to Eg and 

A1g modes associated with La–O stretching and bending vibrations in the rare-earth oxide lattice. 
A broader feature around ~400–700 cm⁻¹ is attributed to La–O stretching modes in La₂O₃, overlapping with Sn–O 

vibrational modes from the FTO substrate (SnO₂ in rutile structure). SnO₂ is known to exhibit Raman -active modes 

such as Eg (~475 cm⁻¹), A1g (~632 cm⁻¹), and B2g (~774 cm⁻¹). The convolution of these modes with La–O vibrations 
produces a broad composite band in this region. 

The weak feature between 900–1100 cm⁻¹ may arise from overtones or defect-induced modes, while the gradually 
decreasing intensity beyond 1200 cm⁻¹ indicates minimal contribution from high-frequency vibrations. No significant 
C–H (~2900 cm⁻¹) or O–H (~3400 cm⁻¹) 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. 

 

 

 

 

 

FIGURE 10 Raman spectrum of La₂O ₃ thin film deposited by PLD on an FTO -coated soda-lime glass substrate, 

recorded in the range 0–4000 cm⁻¹ 
 

 

Table 3 Raman band assignments for La₂O₃ thin film on FTO-coated soda-lime glass 

Raman Shift (cm⁻¹) Assignment (Mode) Origin (Material) Notes 

<200 Eg, A1g lattice modes (La–O bending) La₂O₃ Heavy La atom vibrations 

~475 Eg mode (Sn–O stretching) FTO (SnO₂) Overlaps with La–O modes 

~632 A1g mode (Sn–O symmetric stretching) FTO (SnO₂) Strong Raman-active mode 

650–700 La–O stretching in La₂O₃ lattice La₂O₃ May merge with Sn–O band 

900–1100 Overtone/defect-related modes La₂O₃ (possible) Weak intensity 

>3000 Broad background, possible multi-phonon scattering La₂O₃ + substrate No sharp OH/CH peaks 

 
3.5  Optical Properties 

Fig. 11 shows that the La₂O₃/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 La₂O₃ 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 O ptical transmittance (T%) of the La₂O ₃ thin film deposited by PLD on FTO  (700 mJ), recorded over 300–

1100 nm  
The spectrum in Fig. 12 reveals that the La₂O₃/FTO system exhibits strong absorption in the UV region with a 

sharp decrease in absorbance from ~1.9 at 300 nm to below 0.3 by ~360–380 nm. This sharp decline corresponds to the 
optical absorption edge, which reflects the onset of interband electronic transitions in La₂O₃. Beyond ~400 nm, the 
absorbance stabilizes at a very low value (~0.15), indicating high transparency in the visible and near-infrared regions, 

consistent with the transmittance results in Fig. 5. 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 
FIGURE 12 O ptical absorbance spectrum of La₂O ₃ 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 (α) of the La₂O₃ 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 α was calculated from the absorbance spectrum using the relation [27]: 

α =
2.303 A

d
                                                                                                                                                                          (7) 

where A is the absorbance and d is the film thickness. The spectrum shows a very high α value exceeding 

2.1×105 cm−1 at 300 nm, indicative of strong electronic transitions in the UV range. This high absorption in the short-
wavelength region confirms the direct allowed nature of the band-to-band transitions in La₂O₃. 

As the wavelength increases beyond ~380 nm, α decreases sharply and stabilizes  at ~1.5×104 cm−1 across the 
visible and near-infrared regions. Such low absorption values in the visible range are consistent with the high 
transmittance (Fig. 11) and low absorbance (Fig. 13), demonstrating the optical transparency of the film. 
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FIGURE 13 O ptical absorption coefficient (α) spectrum of La₂O ₃ thin film deposited by PLD at 700 mJ on an FTO -

coated soda-lime glass substrate, measured in the wavelength range of 300–1100 nm 
 
The extinction coefficient (k) for the thin film can be found from the absorption coefficient (α) via this equation 

k=αλ/4π                                                                                                                                                                              (8) 
Fig. 14 presents the spectral dependence of the extinction coefficient (k) for the La₂O₃ 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 5.0×10⁻¹³ at 300 nm, corresponding to strong photon absorption near 
the fundamental edge. As the wavelength increases, k rapidly decreases and stabilizes at about 1.0×10⁻¹³ in the visible 

region, confirming low optical losses and high transparency. 
 

 
 

FIGURE 14 Extinction coefficient (k) of the La₂O ₃ thi n film deposited by PLD at 700 mJ on an FTO -coated glass 

substrate as a function of wavelength (300–1100 nm), showing high UV absorption with low attenuation in the visible region, 

indicative of good optical transparency 
 

Fig. 15 presents the Tauc plot (αhν)2 as a function of photon energy (hν) for the La₂O₃ thin film deposited by 
pulsed laser deposition (PLD) at 700 mJ on an FTO-coated glass substrate. The optical band gap can then be obtained 
from a Tauc analysis for a direct allowed transition, [28] 

(αhν)2 = A (hν − Eg)                                                                                                                                                     (9) 
by extrapolating the linear portion of (αhν)2 versus hν 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 La₂O₃ acts as a wide-band-
gap, low-loss overlayer on FTO, suitable for transparent electronics, UV photonics, and window/buffer roles in 

optoelectronic stacks. 
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FIGURE 15 

 

4.   Conclusions 

This study successfully demonstrated the fabrication of high-quality La₂O₃ thin films using the pulsed laser 
deposition (PLD) technique 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 La₂O₃ 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 La₂O₃ 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 systems. Nevertheless, the study also 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 
optical and electronic properties, alongside post-annealing treatments to improve phase stability. 
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