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Abstract— Alpha-phase molybdenum trioxide (-MoO3) has 

recently attracted much attention in the nanophotonics 

community because of its strong ability to excite surface phonon 

polaritons (SPhPs), exploitable in many applications ranging from 

the sensing of biomolecules to the realization of polarizers and 

filters in the mid-infrared. In this paper, we report on fabrication, 

characterization and optimization of alpha-phase MoO3 thin films 

grown by pulsed laser deposition.  Different process conditions 

were tested through structural and optical characterization to 

obtain the most suitable films for mid-infrared photonic 

applications.  

Keywords—MoO3, mid-infrared photonics, surface phonon 

polaritons, hyperbolic materials, pulsed laser deposition 

I. INTRODUCTION 

Molybdenum trioxide (MoO3) and more specifically its 

thermodynamically stable orthorhombic alpha phase (-MoO3) 
has drawn much interest in recent years due to its ability to 
support surface phonon polaritons (SPhPs) in the mid-infrared 
spectral range [1-4]. Due to its crystal structure, consisting of 

unique double layers of distorted MoO6 octahedral units [5], -
MoO3 exhibits strong in-plane anisotropy which is responsible 

for its unique polaritonic behavior. Consequently, -MoO3 is 

characterized by a natural in-plane hyperbolicity with the real 
part of the dielectric permittivity displaying opposite sign in 
different crystallographic directions [2, 6]. This makes MoO3 a 
promising candidate for the next generation of nanophotonic 
devices usable for sensing, light manipulation at subwavelength 
scales, infrared polarizing elements, and thermal management. 

The orthorhombic crystallization of -MoO3, normally achieved 
at temperature larger than 400 °C, is characterized by MoO3 
layers interacting with each other through both electrostatic and 
weak van der Waals forces. This means that it is very easy to 
exfoliate MoO3 into very thin flakes, which are however difficult 

to handle afterwards for practical applications. Besides -MoO3, 
molybdenum trioxide can exist also in other two metastable 

crystalline forms, namely the monoclinic -MoO3 phase and the 
hexagonal h-MoO3 phase [7]. These crystalline polymorphs are, 
however, not useful for polaritonic applications. 

MoO3 has been synthetized over the last years with different 
techniques, including thermal evaporation [8], hydrothermal 
growth [9], sputtering [10], and pulsed laser deposition (PLD) 
[11]. The latter has proven to be a very good technique for 

obtaining large area -MoO3 thin films onto stable and easily 
handled substrates [3, 12]. Moreover, PLD is a technique 
compatible with semiconductor fabrication, allowing, for 
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example, the integration of MoO3 films into a multilayer 
structure. Deposition conditions, such as oxygen pressure and 
temperature, address very clearly films growth, therefore for 

obtaining -MoO3 thin films suitable for polaritonic 
applications it is important to employ appropriate process 
parameters. These can be obtained by comparing different 
deposition conditions with the structural and optical properties 
of the corresponding deposited films. In this work, MoO3 films 
fabricated by PLD at different conditions are structurally 

characterized to identify -phase MoO3 films and then optically 
characterized to check polaritonic behavior in the mid-infrared. 

II. SAMPLES FABRICATION 

All MoO3 thin films were deposited onto fused silica 
substrates by PLD using a pulsed Nd:YAG laser (Q-SMART 
850 model, λ = 355 nm, pulse width 6 ns, energy per pulse 230 
mJ). The density of energy was 7.4 J cm−2 with a repetition rate 
of 5 Hz. Films deposition was carried out by using a 99.9% pure 
MoO3 target (1 inch diameter, 0.25-inch thickness). Before 
deposition, substrates were sonicated in acetone, then rinsed 
with isopropanol, and dried with compressed air. Five different 

MoO3 films were deposited at different oxygen pressures and 
temperatures, as reported in Table I. 

TABLE I. DEPOSITION CONDITIONS FOR THE MOO3 FILMS 

Sample 
Deposition temperature 

(°C) 

Oxygen pressure 

(mbar) 

A 200 °C 10-1 

B 400 °C 10-2 

C 400 °C 10-1 

D 450 °C 10-1 

E 500 °C 10-1 

 

III. RESULTS AND DISCUSSION 

A. Structural characterization 

X-ray diffraction (XRD) analysis was carried out to assess 
the crystalline phase of the deposited MoO3 films by using a 
D5005 diffractometer (Bruker AXS, Karlsruhe, Germany) 
equipped with a Cu Kα (1.5406 Å) source. All measurements 

were performed with a 0.05° step, in a 10° - 80° 2 angular 
range. All XRD patterns are reported in Fig. 1. 

Fig. 1. X-ray diffraction patterns of all deposited MoO3 films: sample A (a), sample B (b), sample C (c), sample D (d), and sample E (e). XRD peaks were assigned 

by using ICDD 01-078-4612 and 01-085-9501 cards. Where not specifically indicated, XRD peaks are assigned to the -phase of MoO3.  

. 

XRD analysis shows that the stable orthorhombic -phase of 
MoO3 is obtained only for higher O2 pressure (10-1 mbar) and 
deposition temperature starting from 400 °C (Figs. 1 (c), (d), 
(e)). Low temperature (200 °C) and low O2 pressure (10-2 mbar) 

lead instead to the monoclinic metastable -phase of MoO3 (Fig. 

1(a)) and to a mixed  and  phase (Fig. 1(b)), respectively. It is 

noteworthy that, unlike results reported in [11], where -MoO3 

films were obtained only at 500 °C and 10-1 mbar O2 pressure, 

here we achieve -MoO3 films already at 400 °C and same O2 

pressure. 

B. Morphological characterization 

Morphological characterization of -MoO3 films was 

performed with a FEI Versa 3D scanning electron microscope 



(SEM). In Fig. 2 the top view of samples C, D, and E are 

reported. All films are crack free and reveal a sort of nano 

structuration, with average grain sizes increasing from 450 nm 

(sample C) to 550 nm (sample D), up to 700 nm (sample E), 

which reveals an improvement of the material’s quality. The 

latter is corroborated by the preferential (110) orientation 

indicated by XRD measurements (Fig. 1 (e)). 
 

 

Fig. 2. SEM top view images of sample C (a), sample D (b), and sample E (c). 
All SEM images were taken at 20000X magnification. 

 

C. Polarization-dependent reflectance measurements 

IR reflectance measurements were carried out at θ = 45° 

incidence angle, for different linear polarization angles (ϕ) of 

the light by using a FTIR interferometer (Invenio-R, Bruker) 

equipped with an IR source constituted by a glow-bar, and a 

deuterated triglycine sulfate (DTGS) pyroelectric detector. All 

the measurements were performed in the 6000–400 cm−1 

spectral range. Mid-infrared reflectance measurements, 

reported in Fig. 3, confirm the polaritonic response of the α-

MoO₃ films and allow us to identify the most suitable 

deposition conditions for photonic applications. Sample A,  

 

Fig. 3. Polarization-dependent reflectance FT-IR spectra recorded at 45° 
incidence angle from sample A (a), sample C (b), sample D (c), and sample E 

(d). 

 

belonging to the -phase, shows a spectrum completely 

different than the -phase films. In particular, peaks in the 1070 

– 1300 cm-1 range correspond to the Reststrahlen band of the 

fused silica substrate while no phonon resonances can be 

attributed to the MoO3 film. On the contrary, all the single -

phase films (C, D, and E) exhibit specific features in the 800 – 

1100 cm-1 frequency range. In particular, sample C, grown at 

400 °C, shows a well-defined resonance at about 1006 cm-1 

indicating a high-quality polaritonic response. Furthermore, its 

deposition temperature is lower compared to sample E, thus 

enabling cost-effective and scalable processing. Notably, 

sample E shows a stronger polarization-dependent modulation 

around 818 cm⁻¹, which could be beneficial for applications 

requiring polarization sensitivity. This pronounced peak, 

corresponding to x-phonon frequency, may have strengthened 

due to the higher deposition temperature (500 °C) which 

promoted a preferential growth direction (Fig. 1(e)), as well as 

an increase of the MoO3 film’s crystalline grain sizes (Fig. 

2(c)). In particular, larger crystallites could have enhanced the 

anisotropic phonon response by reducing the contribution of 

grain boundaries and defects, which tend to broaden or suppress 

vibrational features. Thus, the enhanced peak at 818 cm⁻¹ likely 

reflects a stronger phonon mode activity along the x-direction 

due to the improved structural coherence at the microscopic 

scale. 

Overall, sample C offers the best compromise between material 

quality, well-defined phonon resonances and moderate 

fabrication temperature, making it the most promising 

candidate for scalable α-MoO₃-based mid-infrared photonic 

devices. 

IV. CONCLUSIONS 

We have demonstrated the successful fabrication of α-phase 

MoO₃ thin films by PLD at different temperature and oxygen 

pressure conditions. Structural characterization via XRD 

confirms that single α-MoO₃ is obtained for deposition 

temperatures of 400 °C and above, at an oxygen pressure of 

10⁻¹ mbar. SEM images reveal an increase in grain size with 

temperature, consistent with previous reports. 
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