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ABSTRACT 
 

 In this work the effect of substrate type on structural properties of the Nb2O5 thin films 
deposited on silicon and quartz substrate by spin coating technique is present. The formation 
of Nb2O5 thin films having an obvious polymorphous monocline structure. A significant 
enhanced was observed on the crystalline structure of films prepared on the silicon substrate, 
were more distinguished peaks comparing with quartz substrate was appeared. The structural 
the estimated structural constants reveal an increase in the estimated grain size of the 
prepared films on the silicon substrate. The lattice stress of the deposited films on Quartz and 
silicon was 0.19 and 0.15 respectively. Effect of number of  deposited layers are also studied 
showing an increase in the absorbance, extinction coefficient (k), refractive index (n), optical 
conductivity, real (εr) and imaginary (εi) dielectric constant and decreasing in the band gap 
from (2.69) to (2.51) e.v as a result of increasing in the film number of  layers from (3) to (6) 
layers.  
Keywords: H-Nb2O5; substrate type; structural; optical; morphological properties. 

1. INTRODUCTION 

 

Superior performance of Nb2O5 had caused its intelligence applications such as energy band 
scheme and crystal phases’ identification and alike. In specific, nanostructured Nb2O5 displays high 
surface to volume ratio and quantum confinement influences that allow individual physiochemical 
interactions at the films surface. As a results, morphological and nano doctrinaires meaningfully 
impact the optical and electronic characteristics of Nb2O5 films, leading to singular perceptions that 
are not observed in its bulk shapes.  

 
Correspondingly, the Nb2O5 films characteristics enable as well be adjusted through other ways 

like the strange ions integration, crystal phase modulation and post composition heat treatment [1-
10]. More newly, interest on Nb2O5 has acquired additional activity as a result of implementations 
other than catalysis and electrochromic. Particularly, thin films and nanostructured Nb2O5 have 
been used in solar cells, batteries and sensors [3, 11-13]. 

  
Because of its large band gap, Nb2O5 is a transparent, air-stabilized and water-indissoluble solid 

material with a comparatively complex structure that exhibits spacious polymorphic. There are 
nearly 15 polymorphism shapes of Nb2O5 that have yet been apprised, while, the generality popular 
crystal phases are mostly pseudo-hexagonal, orthorhombic, and monoclinic (H-Nb2O5) structures 
[9, 14-16].                                                     
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Relying on the crystallinity of Nb2O5 films they can effectively absorb light in the UV wavelength 
regions. Tunability of Nb2O5 band gap is conceivable and factors like stoichiometry, heat treatment, 
crystallinity and integrated strange ions can impact dramatically the energy band gap [17-20]. 

 
In this work, effect of substrate type on the structural properties of Nb2O5 thin films, and optical 

properties of films prepared on quartz substrate with different layers Number was investigated.   
   

2. MATERIAL AND METHODS 

Niobium pentoxide chemical solution was obtained by using 0.2 g M-Nb2O5 micro powder 
99.99% ultrahigh-purity, mixing with ((DIW, ethanol, HF, NH3OH) having (1:1:4:8) molar ratio. In 
water bath 100 oC the HF was added to Nb2O5 and stirring for 1 hour until the powder entirely 
disappears leaving a transparent solution. This was followed by the required ammonia NH3OH 
which insure the formation of Nb2O5 colloidal solution according to Eq. (2). Finally a milky like 
colloidal solution was obtained. All above chemical reactions take the following chemical formulas 
[21, 22] 

 
 

 
  OHNbOFHHFONb 25252 3210 

                                                                                               (1) 
          

OHFNHONbOHNHNbOFH 252452 741010][2                                          (2) 

 
A spin coating method was used to prepare the Nb2O5 thin films. A spinning speed of about 2500 

rpm was depended to deposit the chemical solution on both substrates. An 80oC was depended as 
heating temperature for one min to dry the prepared films. No farther heat treatment was used. 

 
Two different number of deposited layers (N1=3, N2=6) resulting in two different films 

thicknesses on the quartz substrate, and (N1=3) for silicon substrate, were similar effect for the 
deposited layer number were observed on both substrate. The structural properties were studied 
using x-ray diffraction instrument from (Shimadzu 6000).  

 
The optical properties were measured using Uv-visible spectrophotometer from (T60 UV-Vis). 

Morphological properties of prepared sample at higher thickness were achieved employing SEM of 
(AA-3000) type.  

 
In this work, substrate type effect on structural properties of the mono-clink (H- Nb2O5) thin film 

prepared using colloidal solution at room temperature was studied. Also, the effect of the deposited 
layer number on the optical and morphological properties of films prepared on Quartz substrate 
was investigated. 
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3. RESULT AND DISCUSSION  

3.1. Structural Studies 

Figure (1) presents the XRD diffraction peaks of the sample before adding ammonia showing its 
crystal structure and orientation. 

 

 

Figure 1. XRD results of prepared film before adding ammonia. 
 
These results ensure the complete desolation of the raw material.  The obtained diffraction 

peaks were related to different niobium oxide phases. It's also presence the existence of niobium 
metal as well as higher order niobium oxidation in different phases (Nb, NbO, NbO2, Nb2O5, Nb3O7). 
However, NbO phase was the dominated one. 

 
The diffraction peaks found to be at (21.80, 28.60, 30.80, 37.80, 43.80, 57.60) which directly 

related to the (-705), (-11 05), (12 11), (111), (-531) and (113) diffraction plains respectively.  
 
A dramatic change in the structure was achieved when the ammonia was added as shown in 

figure (2). In the last figure, the obtained results prove the formation of polymorphous Nb2O5 
structure. A clear enhanced in the crystalline structure was achieved with distinct peaks for the film 
deposited on the silicon substrate in comparison with quartz substrate. The dominated diffraction 
peaks on both substrates were corresponding to (301) and (111) diffraction plain; this means that 
the formatted structure was monoclinic crystalline (H- phase) at both substrates. 

 
A diffraction plane belongs to (NbO) diffraction peak was observed for films prepared on both 

substrates. Diffraction peaks at (101) and (011) diffraction planes were recognized for films 
prepared on both substrates respectively, with lower intensity at quartz substrate. 
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Figure 2. XRD results of the prepared films (a) quartz substrate (b) Si substrate 
 

 The constant parameters that distinguish the structural properties of the deposited films were 
characterized by analyzing of XRD results using the following equations, were listed in the table (1): 

 

 
.
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                                                                                                                                                 (3) 
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Where D (nm) represents the grain size, K is constant depended on the wave length used, β is 
the full FWHM of the peak, Ɵ is the Bragg angle, δ is the density of dislocation, and ε is the stress 
[23-25]. 

 

The parameters extracted from X- Ray diffraction analysis listed in table 1 shows that the film 
deposited on quartz substrate has a smaller grain size compared to deposited films on silicon, while 
the dislocation density found to have a larger, which give an indication that films prepared on 
silicon have higher quality and show an improved structure. In addition, the average value of stress 
found to have lower value for film deposited on quartz substrate (0.15) compared with the films 
deposited on silicon substrate which found to be about (0.19). These results may be related to the 
presence of a preferred orientation at the Si substrate similar results could be found else were [26]. 

 
 

3.2. Optical studies 

By using the UV-visible spectrophotometer, the optical absorption of the prepared films on the 
quartz substrate as a function of wavelength was characterized. From figure (3) it is obvious that 
the absorbance intensity directly related to the number of a deposited layer. This behavior may 
attribute to the increase of Nb2O5 micro particles per unit volume of the films; this has the good 
agreement with other work [27]. By using Tauc equation [28], the energy gap of the deposited film 
can be measured depending on the absorption spectrum. 

2)( gh EhA                                                                                                                                         (6) 
 

where α is the absorption coefficient, A is a constant,  h  is  the Planck’s constant,   µ is the photon 
frequency , Eg is the optical energy gap and r is a constant, its value chosen depending on the 
transition type, due to the direct allowed transition in [29] Nb2O5 the power value is (1/2). 

 

Table 1. The estimated structural constants of the prepared films 

                  

                  

               

Peaks 
(deg) 

d-spacing 
(A) 

hkl 
B 
(deg) 

D 
(nm) 

(δ) *10-3 
(line/m2) 

ε 

Silicon 

21.2 4.11 011 0.44 19.2 2.71 0.28 

26.0 3.42 111 0.40 21.3 2.20 0.21 

30.6 2.9 311 0.44 19.5 2.61 0.13 

33.4 2.6 002 0.70 12.3 6.52 0.21 

37.4 2.39 601 0.52 16.7 3.55 0.17 

43.6 2.07 017 0.50 17.8 3.13 0.13 

57.4 1.6 526 0.45 21.0 2.26 0.21 

average      18.3 3.28 0.19 

Quartz 

14.0  203 0.60 13.9 5.14 0.15 

17.0 5.2 301 0.70 11.9 6.95 0.18 

18.4 4.8 403 0.40 21.0 2.26 0.11 
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Figure (4) shows that the energy gap value decreased with increasing of the number of layer 

from (2.69) to (2.51) e.v when the number of layers increased from 3 to 6 layers, this reduction due 
to the enhancement in the crystals, changing in the surface morphology of the deposited film and 
changing in the atomic distances finally due to defects existing in the films [27].    

 

 
 

Figure 3. The absorbance Vs. wavelength at two different layers number. 

 
 The relation between (αh)2 versus (h) ( Tauc plot), the extrapolation of the linear parts with 

photon energy would give the value of Eg  as shown in figure (4).  
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Figure 4. Energy gap of Nb2O5 films with two different deposited layer number. 
 

Extinction coefficient (k), refractive index (n), optical conductivity, real (εr) imaginary (εi) 
dielectric constant are also measured depending on the optical properties resulted from analysis 
using the following formulas and represented in figure (5). 
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where λ is the wave length of the incident photon [30-33]. 

 

The relation between the photon wave length and the extinction coefficient and the refractive 
index is shown in figure 5(A&B). It is obvious there value decreased with wave length increasing 
and increased with the increasing of the number of layers. There decreasing may attribute to the 
increase of the absorption showing a normal dispersion of the film. While the increase of extinction 
coefficient is due to the changing of the polarization of the thin films, also, the increase in the 
refractive index as the number of the layers increasing is due to particles compactness and 
aggregation [34-35].  
         

The variation of optical conductivity with the photon wave length is shown in figure 5 (C). From 
this figure, it is clear that the optical conductivity increased with the increase of the wave length for 
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a different number of layers. This increasing may attribute to the increase in the density of state in 
the band gap. 

 
The relation of both εr and εi with λ for thin films under consideration is shown in Figure 5 

(D&E) for thin films at different layer number. It was clear that real and imaginary parts of the 
dielectric constant were increases with the increase of the photon wave length and this is 
associated with how much the velocity of the photon retard inside the material and gives the 
indication about the losing of energy of a charged particle which passed through the material [37].  

 
 

  

  

 

Figure 5. Relation between the photon wave length and refractive index (A), extinction coefficient 
(B), optical conductivity (C), real (D) and imaginary (E) dielectric coefficient. 
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3.3. Morphological studies 

 
The morphological properties of the Nb2O5 films prepared on the quartz substrate is shown in 

figure 6 (a & b). The formation of homogeneous microstructure thin film could be recognize with 
presents of   rock like structures  along the surface of the film, the obtained structure is a normal 
formatted on films deposited by chemical method [38-40]. 

 

 

Figure 6.  SEM micrograph of films film prepared on quartz substrate 
 
4. CONCLUSION 

 

As a raw niobic acid based colloidal solution was successfully used to prepare Nb2O5 thin films at 
room temperature with no further heat treatment. This was ensured by the X- Ray diffraction peaks 
which related to H (mono-clink) structure.  The structural parameters show that quartz substrate 
gives Nb2O5 film with smaller grain size and lower stress, but higher dislocation density. The 
number of deposited layers effect is likewise studied showing growth in the absorbance and 
reduction in the band gap as a result of the increase in the deposited layers.   
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