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Introduction

ü   Nanosandwich technique is a method based on inserting nano metallic 
layer of  some material between two semiconducting or insulating  layers 
of other material.

 

ü This technique gets a lot of interest as it reveals novel features presented 
by improving light absorption and photoresponse in the field of 
photovoltaic and solar cell fabrication.


 

3 



ü  On the other hand, Molybdenum oxide (MoO3) is transition metal 
oxides display unique structural and optical behavior. It have excellent 
chromogentic properties make it an attractive optical electrochromic 
material.

 

ü  Three crystal structures can be presented in the MoO3, orthorhombic, 
hexagonal and monoclinic structure.



ü  Many important applications use MoO3 such as : Gas sensor , memory 
devices, light emitting diodes, organic solar cells,  and electrochromic 
devices.        
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ü  This work highlights some physical investigations on the changes of the 
microstructure and the optical properties of MoO3 thin films when it is 
designed through the nanosandwich technique. 


 

ü   Indium (In) slap of thickness ranging from 25 nm to 200 nm is selected 

        to be sandwiched between two layers of 500-nm thick MoO3. 
 

ü   Indium is silvery metal with high crystallite nature and great resistance 
to corrosion . 
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Experimental  
Details
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q  The thin films are deposited onto ultrasonically cleaned glass by the  
physical vapor deposition technique using a Norm 600 physical vapor 
deposition device. 

Fig.1: The Norm 600 physical vapor deposition system.

First
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q By the evaporation process.

Fig. 2: The geometrical design steps of MoO3/In/MoO3 thin films.
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500 nm  MoO3



ü The obtained samples are characterized by means of x-Ray diffraction 
(XRD) and ultraviolet –visible (UV-VIS) light spectroscopy techniques.



ü  XRD characterization is carried out using Miniflex 600 x-ray 
diffractometer
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Fig. 3:The Miniflex 600 X-ray diffractometer



ü After that, The optical transmittance and reflectance are recorded in the 
incident light wavelength range of 190-1100 nm, with the help of a 
Thermoscientific Evolution 300 UV-VIS light spectrophotometer.

Fig. 4: UV-VIS light spectrophotometer.

ü To determine the conductivity type of MoO3, hot probe technique is 
      employed and investigated that MoO3 is n-type semiconductor.

Fig. 5: The set-up of the hot-probe 
technique. 10 



ü The sandwiched thin films with 100 and 200 nm Indium are subjected to 
heat treatment process for one hour in vacuum at temperature of 250 oC 
using Thermo scientific Heratherm IGS180 device.

     
ü Then XRD characterization is 
     repeated for these two films.  

Fig.6: Thermo scientific Heratherm IGS180. 

last procedure
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Results and Discussion
v  Structural Analysis.
v  Optical Analysis.
v  Dielectric Analysis.
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Structural Analysis
Ø The XRD patterns for the as grown MIM films are displayed in the 

presented Figure. 

Fig. 7: The XRD patterns for as grown MoO3/In/MoO3 films.
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ü   It is observable from the figure, that the sandwiched films with low  
thickness of Indium display no diffraction peaks.

ü  this refers to the amorphous nature of the MoO3.


ü However, One peak is observed for MIM-100 nm.

ü When the thickness of Indium increased to 200 nm, Two additional peaks 

appeared and the intensity of the main peak has been greatly raised, this 
intensive peak indicates that crystalline nature of the sample is high.


ü   In summary, Crystallization of the films after inserting Indium  

corresponds to the metal induces crystallization phenomena.
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Ø When the sandwiched films with 200 nm Indium (MIM-200 nm) is heat 
treated, more peaks appeared in the spectrum as seen in the figure . 

Fig. 8: The XRD patterns for MIM-200 nm films..
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ü We can see  that the peaks are shifted to the left under heating , this 
means that the lattice parameter is changing.

ü The peaks positions reveal an orthorhombic structure of MoO3. 


ü However, Hexagonal structure of MoO3 is observed in one peak This 

suggests the capability of the annealing process at higher temperature 
to transform the MoO3 from orthorhombic to hexagonal structure. 

 
ü In addition, One of the minor peaks  with orintation (200) can be 

related to tetragonal Indium. 
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ü In order to understand the structural characteristic of MIM films,

 

§  The grain size (D), 

§  stacking fault (SF), 

§  dislocation density (δ), 

§  and micro-strain (ɛ),


 are calculated. The values are illustrated in Table 1.
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Spectrum 
 

MIM-100 nm 
(As grown) 

 

MIM-200 nm 
(as grown) 

 

MIM-200 nm 
(annealed) 

 
2θ (o) 33.7 33.8 33.55 

Intensity (a.u.) 2268 13935 12519 

β(rad) 0.007 0.00351 0.00349 

(hkl) (111) (111) (111) 

d (nm) 0.266 0.265 0.267 

D (nm) 20.42 40.64 40.82 

SF (× 10-3%) 321 161 160.8 

ε (× 10-3) 5.76 2.89 2.90 

Table. 1:The structural parameters for MIM -100 nm and MIM-200 nm 
interfaces. 
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ü From the second and third columns in the table, we can see that
     Increasing the thickness of  the sandwich leads to: 

§    A decline in the interplanar distance, stacking fault and micro-strain.
§   In contrast, a significant increase in the grain size.


ü On the other hand, the annealing process leads to:

§ An  increase in  the grain size, inter-planer distance, and the micro strain. 

§ A decline in stacking fault. 



Optical Analysis

q Optical measurement constitutes the most-important means of 
determining the band structure of semiconductors.



q Photon-induced electronic transitions can occur between different 
bands, which lead to the determination of the energy band gap.
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q The measured optical transmittance and reflectance for the 
unsandwiched film and sandwiched films with 25, 50, 100 and 200 nm 
of Indium slab are presented in the following Figures.

Fig. 9: The transition (T) spectra for MIM thin films .
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ü Increasing  the Indium thickness leads to a decreases in the 

transmittance as expected.
 
 
ü   At the near IR regions, Interference fringes for transmittance spectra 

can be observed.
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q In transmittance spectra:



Fig. 10: Reflection spectra of the MoO3/In/MoO3 thin films at 
different Indium slap thicknesses.
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ü Three peaks are apparent for each film except for sample of 200 nm 
thick of Indium. 

ü The maximum and minimum reflectivities indicate to local dipole 
resonance-antiresonance of the oscillating atoms.
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q In reflectance spectra:



q The measured Transmittance and Reflectance values are used to 
calculate  absorption coefficient (α) to determine energy band gabs 
and energy band tails of the films.

Fig. 11: The absorption coefficient  for MoO3/In/MoO3 films. 25 



ü  It is observed that the sandwiched films have high α compared to the pure 
films, this mean that the Indium layer improves the absorbability of the 
films.


ü   Red shift in the spectra also is observed, such that a shifts to the left as  In 

thickness increasing.

ü The bsorption coefficient doesn’t reach zero even at low energies in the 
transparent region. this is due to the presence of the interbands or band 
tails.


ü The energy band tail usually indicates the presence of defects in the 

structure.
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Fig.12: (α E)1/p versus the 
incident photon energy for 
MIM films.
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Ø Analysis of  absorption 
coefficient using Tauc 
relation reveales a direct 
allowed transitions energy 
band gap for the films.

     as shown in the figure.

Ø  Such that, the best linear fit  
covers most data appeared 
for (α E)2 spectrum. which 
returns to the direct 
allowed transition type .



Ø (α E)2 spectra intercept the energy-axis give the energy band gab values 
of the films.

28 

Fig.13: Energy band gap investigation for the MoO3/In/MoO3 films.



ü We can see that insertion of Indium decreases the band gap significantly.

200 nm 100 nm 50 nm 25 nm 0 nm   
1.4 2.97 3.02 3.04 3.21 Eg (eV) 

_ 0.67 0.57 0.67 0.59 Ee (eV) 

ü  Such that,The energy gaps for the unsandwich film is 3.21 eV, but for the 
sandwich film with 200 nm  is 1.4 eV.

ü The decrease in the energy band gap with increasing Indium thickness could be 
assigned to reasons like the band bending due to energy barrier height 
formation and the potential decrease due image charges forces and due to the 
recombination processes at the In/MoO3 interfaces. 

ü The energy band gabs and energy band tail values are presented in this table.
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Dielectric Analysis
Ø To investigate the practical applicability of the MIM films, the optical 

reflectance data are used to determine the effective dielectric constant 
(εeff)  using Fresnels equation.

Fig. 14: real parts of the dielectric spectra. 30 



ü In general, the values of the dielectric constant shows positive 
responsivity to the sandwiching of the Indium into the MoO3 structure.



ü Resonance frequency values which represent the positions of     
maximum reflectivity are in the near infrared and visible regions.



ü The similar behavior of R spectra appears on εreal. This behavior is 
attributed to the plasmon interactions on the surface of the MIM films.
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Fig. 10: Reflection spectra of the MIM thin films at different Indium 
slap thicknesses.
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ü  Imaginary part of dielectric constant also increases with increasing Indium 
slab thickness.

ü The increase in the εim value indicates to higher optical conductivity.
     which may be explained by the availability of more free electrons (n) when  
     Indium thickness increasing.

Fig.15 : Imaginary parts of the dielecric constant fitted using Lorentz-
Drude model.



MIM-200 MIM-100 nm MIM-50 nm MIM-25 nm   

4 1 4 1 4 1 4 1 i* 

 0.26 0.45   0.40 0.39  0.60 1.00 1.40 0.55 τi (fs) 

   200 300   19.0  29.5 14.0 3.45 6.10 11.1 n (x 1017 cm-3) 

 6.40  2.00   6.10  2.85 6.10 1.90 5.34 2.25 Wei (x 1015 Hz) 

 8.86  1.08   2.73  3.40 2.34 1.16 1.55 2.09 Wpei (GHz) 

  4.94 8.55   7.60  7.41 11.4 19.0 26.6 10.5 µ (cm2 /Vs)   

i* refer to the number of linear oscillators.

q The fitting between the experimental and theoretical data of εim is 
obtained through the parameters which are displayed in the presented 
table .
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q From the oscillation number 4 of the electron, we can see that 

increasing the thickness of Indium  leads to an increase in the:
§  free electron density. 
§  damping force coefficient (τi

-1).
§  plasmon frequency. 

q But a decrease in the:
§  scattering time
§  Drift mobility
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Conclusions
ü An Improvement of structural properties of MoO3 films is achieved by 

nanosandwich technique and annealing process.

ü Remarkable enhancement in the absorbability of the films associated 
with redshift in the energy band gap is achieved.


ü Engineering the MoO3 films by Indium sandwiching, decreases the 

energy band gab significantly.

ü With the broader absorption region and reduction energy band gap a 
higher photocatalytic can be reached.
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ü The Drude –Lorentz modeling of the imaginary part of the dielectric 
spectra has shown that the insertion of thin layer of Indium could 
increase the number of free carriers available for optoelectronic 
conduction.



ü These various properties are promising for using the MoO3 , and 
indicate the applicability of these sandwiched in optoelectronics 
devices.
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ü The resonance frequencies in the visible and near infrared regions.

     make our design attractive for use as resonators in optical

     receivers and telecommunication.
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