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Abstract: The electrical properties of Vanadium Oxide thin films have long been a study because of Vanadium oxide’s 

unique properties. Vanadium Dioxide, when heated, exhibits a sharp change in conductivity; changing from an insulating 

medium to a conducting or semiconductor one. This has led to its use in a number of industries, especially in the 

engineering fields (smart windows, heat sensors). Measurements have been made to characterize this unusual change in 

electrical properties, including electrical resistance, as well as XRD measurements, Surface topography by FESEM 

measurements. To help better understand the metal-insulator transition we have been making electrical measurements with 

both different Reduction time, and reduction temperature by physical vapor deposition (thermal decomposition),. The 

grown thin films have been deposited on glass substrate. 
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1 Introduction 

The building sector is one of the largest consumers of 
energy, especially in regions with high cooling needs such 
as North America, the Middle East, and Southern Europe. It 
is known that the cooling of buildings accounts for a large 
portion of the total energy consumption. Furthermore, even 
relatively cold regions such as that of Northern Europe 
experience rising needs for cooling of buildings, especially 
commercial buildings, largely due to the increased 
utilization of computers. Thermochromics (TCr) materials 
are of great technological interest for a variety of 
applications, for example in the highly interesting energy-
efficient "smart windows". TCr smart windows have the 
potential to increase indoor comfort and save large amounts 
of energy for buildings and vehicles. [2,3] 

The focus of this research is on VO2-based 
thermochromics materials. VO2 has a switchable infrared 
optical property when the temperature is changed across a 
critical temperature Tcr. It has a great potential for energy 
efficient fenestration, especially in hot climates. The issues 
that have hindered the practical applications of VO2 in 
windows are the low luminous transmittance and modest 
solar transmittance modulation. In works covered by this 
thesis, a proposal for nano-thermochromics is made based 
on computation results which showed that VO2-based 
nanoparticles can have very much improved luminous 
properties and solar modulation. [4] 

 

  It is well-known that VO2 undergoes a reversible metal-to-

insulator structural transition at a critical temperature Tcr = 

68 C◦ in the bulk. At T > Tcr VO2 is tetragonal metallic 

and infrared reflecting; at T < Tcr, it is monoclinic 

insulating and infrared transparent. [5] This phenomenon, 

namely thermochromics in VO2 was first discovered by 

Morin et al. To take advantage of interesting functions 

due to temperature-dependent switching, VO2 has been 

used in various applications for sensing, and in optical 

communication such as in IR bolometers, photonic 

crystals etc., and its application as a passive switchable 

window glazing for energy efficient applications has also 

been discussed for decades. In this chapter I look into the 

band structure of VO2, and discuss the advantages and 

problems of conventional VO2-based films for energy 

efficient window applications. Finally I address the great 

opportunities that VO2 nanoparticles can offer. [6, 7] 

2 Experimental 

Thin films of V2O5 have been deposited by thermal 

evaporation in a vacuum deposition chamber on top of 

Corning glass substrates. The source material (99.5% pure 

V2O5 powder RIEDEL- HAEN Ag SEELZE- 

HANNOVER) has been evaporated from a Molybdenum 

boat. The deposition pressure in the chamber has been 

maintained between 4 × 10−6 and 9 × 10−6 mbar and the 

source–substrate distance has been kept at approximately 

25cm. The thermal evaporation, and post reduction has 

been performed using furnace (Edward 306A PVD) with a 
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ramp up of 15 K/min and a holding time of 10 min , 

varying the temperature between 200 ᵒC and 300 ᵒC (with 

steps of 10/min), under low pressure 10-3 millibar in 

hydrogen gas  conditions. In order to control the effect of 

post-reduction temperature, each deposition has been 

performed over a batch of ten substrates from which seven 

samples were selected for post-reduction. The thicknesses 

of the films and each layer are measured by quartz crystal 

monitor built in the evaporation system. The structural 

properties of the deposited films have been diagnosed by 

X-ray diffractometer, Shimadzu XRD-6000, with Cu 

radiation λ=1.54056 Å. The X-ray tube was operated at 40 

kV and 30 mA anode current throughout the measurements. 

XRD patterns were collected with a scanning step of 0.02◦ 

over the angular 2 range 10–90◦, with a total acquisition 

time of 15 min. The surface microstructural properties have 

been analyzed using scanning electron microscopy with 

(HRSEM) – Qunta-FEG250 system, and manufactured by 

Bruker. Model:  MLCT-MT-A. 
The electrical conductivity versus temperature has been 
measured in samples homemade measurement system. 
Critical Temperature has been determined by differentiation 
of the thermo-resistance hysteresis.  

 

3 Results and discussion 

3.1 X ray Diffraction 

Fig.(1) show the XRD phase identification of the used 
substrate, which is the amorphous glass structure which are 
distinguished by the hump presented without any 
diffraction beaks. The substrates XRD chart approximately 
the same as in most references using glass substrate. 

shows the diffraction patterns for 1st sample with 
thickness 80 nm, which is determined of is redacted at 
temperature T=200ᵒc by quartz crystal monitor time t=10 
min. there is not diffraction pattern indicate about the 
presence crystals of any order Vanadium oxides, this mean 
either still amorphous structure, the intensity of peaks are 
very low, due to the reduction time, and temperature. 

Sample was reduced at T=300 ᵒc for 10 min. show the 
strong appearance and presence of the exclusive formation 
of phase at V3O5(202) Monoclinic indicated by JCPDS 
file# 72-0977 standard card films is realized at2 ϑ =38.362ᵒ 
with cell parameters (a=9.859,b=5.0416 ,c=6.991), and 
week existence of monoclinic VO2. By increasing reduction 
time up to 20 min. at reduction temperature T=300 ᵒc the 
intensity of diffraction pattern for V3O5 start to decrease, 
the existence of VO2 (100,011,110) monoclinic increases  
[JCPDS file# 71-0290], Monoclinic with cell parameters 
(a=9.65,b=5.8 ,c=4.5217)  

Moreover, the Bragg peaks from planes with different 
Miller indexes and their intensity ratio correlated with those 
measured in reference.[10], 

nλ =2d Sin( )   (1) 

By considering that the broadening of Bragg peaks results 

from pure size effects, the crystal sizes were directly 

deduced from the full width at half maximum (βhkl) of the 

peaks. [8,9] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Electrical resistance 

The variation in the electrical resistance of the three films 
as a function of temperature and its differentiate is shown in 
Fig (2, 3, 4).Each plot displays a sharp change in resistance, 
characteristic of the insulator or semiconductor-to-metal 
phase transition in V3O5 that occurs at about 177ᵒC , at 
fig(2-B) there are to transition temperature Tcr=184,215 ᵒc, 
The change in resistance, while reversible, is accompanied 
by a temperature hysteresis, DTh, which is defined as the 
difference between the Tcr values measured during the 
heating and cooling cycles; the size of DTh varies from 
sample to sample. 

Upon heating above room temperature, a rather sharp S–M 
transition occurs at 184, 215 ᵒC, while an equally sharp M–
S transition occurs upon cooling at 172,205ᵒC with DTh= 
10 ᵒC. Such hysteretic behavior is characteristic of normal 
order phase transitions for sample reduced at temperature 
T=200ᵒC for 10 min. with the increasing of Reduction 
temperature up to 300ᵒC for 10 min as at fig(3-A,B) S–M 
transition occurs at 185ᵒC, while an equally sharp M–S 
transition occurs upon cooling at 184ᵒC with DTh= 1 ᵒC. 

Fig (1) diffraction pattern for layer 1 with thickness 80 

nm, reduction temperature and time via written on each 

temperature 
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Such hysteretic behavior is characteristic of first order 
phase transitions for sample reduced. [11] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(4) represent the transition to the metallic phase, the 
resistance decreases exponentially with increasing 
temperature in the semiconducting low temperature 
(monoclinicVO2, V3O5) mixed phase, reflecting activation 
energy for conduction (Ea)  0.0175 eV for the films VO2 
Monoclinic, which will be tetragonal phase after transition 
temperature for sample reduced at T=300ᵒC for 20 min. it is 
obvious that the existence of Monoclinic VO2 reduced the 
metal- semiconductor transition temperature in 
compression with the previous two cases at fig(2,3). The 
critical temperature Tcr decreased to 92ᵒC by increasing 
reduction time and temperature up to 300ᵒC for 10 min as 
in fig (4-b). 

3.3 surface morphology 

To further detect the microstructure, and nanostructure of 

the composite film, high resolution scanning electron 

microscopy (HRSEM). As shown in Fig. 5 (A), the film is 

randomly oriented with small amount of film primary 

composed of at the wright positioning at reduction 

temperature T=200ᵒC for 10 min, Fig. 5 (B) micrographs of 

the film, , indicate that crystallites are well formed with the 

increasing of Reduction temperature up to 300ᵒC for 10 min.  

From these micrographs, the distribution of grain sizes of 

V3O5 film deposited has been oriented and composed as 

Nano sphere like with average diameter 95 nm measured. 

By increasing reduction time up to 20 min. at reduction 

temperature T=300ᵒC the compositions of high 

homogenously fine structure of Nano sphere like at fig (5-

C). 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

200 300 400

-5.0x10
7

0.0

5.0x10
7

1.0x10
8

1.5x10
8

2.0x10
8

2.5x10
8

 

 heating up

 cooling down

A

R
(o

h
m

)

T

C

150 175 200 225 250 275 300

B

T
cr2

=172

c

T
cr1

=205

c

T
cr2

=215

c

Tc


 heating up

 cooling down

d
(R

)/
d

(T
)

T
cr1

=184

c

Fig (2) Reduction temperature T=200 ᵒc for 10 min A electrical 

resistance, B differentiate of electrical resistance 
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4 Conclusions 

By increasing the reduction time, and temperature the 

existence and the crystallization of VO2 increase and its 

existence increases, which are decreasing the metal 

semiconductor transition temperature Tcr. Also Nano 

compositions start to appear, with high homogenously 

surface morphology, at the reduction in hydrogen gas at low 

pressure. 
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