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1. Introduction 

Investigation of the physical properties of highly 

correlated systems is one of the most difficult subjects in 

physics of condensed matter, which generates 

controversial theoretical and experimental questions. 

Correlated vanadium-oxygen system with a wide variety 

of compounds, namely: VO, V2O3, V2O5, etc., and, 

especially, VO2, is one of the most attractive functional 

materials [1ï9]. This system is characterized by a phase 

transition (PT) from metal to insulator (MIT) with abrupt 

changes in optical, electrical, thermal and magnetic 

properties [3ï8]. Formation of a large number of 

compounds in the vanadium-oxygen system [10, 11] 

leads to ambiguity of their electrophysical parameters. 

Vanadium dioxide (VO2) is the most interesting 

compound in the VïO system, because PT in it takes 

place near the room temperature [12]. 

Although the mechanism of electrical and structural 

phase transition of VO2 is still controversial, 

investigation and application of this effect have made 

significant progress in recent years for new electronic 

and photonic devices such as thermochromic ñsmartò 

glasses [13ï15], microbolometers, etc. 

The main problem in the synthesis process of 

vanadium-based films is simultaneous formation of 

different vanadium oxides (VO, V2O3, V2O5), as well as 

magnetic phases, namely: V4O9, V6O13, etc. Growing  

the stoichiometric VO2 films requires precision control of  

growth parameters during the process [16]. In practice, it 

is observed different defects, non-stoichiometry of 

surface layers and grain boundaries in VO2 films and, as 

a consequence, the instability of their optical and 

electrical parameters [17, 18]. One of low cost growing 

methods of vanadium oxide films is magnetron 

sputtering. Using this method, polycrystalline VO2 layers 

are synthesized at typical substrate temperature about 

400é500 C̄. For obtaining high-quality layers, the 

precision control of technological parameters, for 

example, base pressure of Ar and O2 gases, is required. 

For these films, phase transition is observed without 

additional thermal annealing [19, 20]. If the substrate 

temperature is lower than 400 C̄, good functionality of 

material from the viewpoint of PT cannot be obtained. 

Only further thermal annealing leads to the appearance of 

attractive film properties [21, 22]. 

In the papers [23ï25], the two-stage method for 

low-temperature synthesis of VOx layers was proposed: 

1) magnetron sputtering of V target at the substrate 

temperature 200 C̄ and 2) subsequent thermal annealing 

of these films. Depending on the conditions of sputtering 

and annealing, it is possible to obtain either highly 

efficient thermochromic coatings or films with high 

temperature coefficient of resistance (TCR). This method 

works well for thin 100é200-nm films but with 

increasing of the layersô thickness, the electrical 

parameters deteriorate, and there are problems with films 

adhesion. 
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For microbolometric applications, the problem of 
lowering the PT temperature for films and increasing 

TCR remains relevant. Most of the proposed methods 
(introduction of impurities W [26], P, As, Bi [27], 
oxygen implantation [28, 29] decreases the temperature 
of PT, but this simultaneously decreases the changes in 

resistivity and optical transmittance, too. There is also a 
strong correlation between the width of the hysteresis 
loop and the size of VO2 grains in the vanadium oxide 

systems. Recently, it has been shown that ensembles of 
nanometer particles have a wide hysteresis loop of 
phase transition during cyclic measurements [30]. Thus, 

it is emphasized that not only the component 
composition but also the size of crystallites and the 
stresses in them cause a strong effect on PT. Obviously, 
electrical changes in VO2 films are an evidence of 

current transport through grain boundaries. The increase 
in the temperature resistance during thermal cycling 
corresponds to the increased resistance in the 

percolation systems that have the dominance of grain 
boundaries due to reduction grain sizes.  

In this work, multilayered structures synthesized 

using two-stage growing method (magnetron sputtering 

at the substrate T ~ 235 C̄ and subsequent thermal 

annealing) were investigated. It is shown evolution of 
thin VO2 films structural and electrical parameters during 
step-by-step formation. The mechanism of metal-

insulator transition in VO2 films was investigated.  

2. Experimental  

VO2 thin films were grown on commercial Si (111) 

substrates by magnetron sputtering of VO2 target. Before 
thin film deposition, the chamber was evacuated to a 
background pressure of (1é2)Ŀ10

ï5
 Torr. During the 

sputtering process, the Ar (high purity 99.999%) pressure 
was kept at (2é4)Ŀ10

ï3
 Torr. The power of magnetron 

was kept at 50é70 W, and substrate temperature was 

235 Ñ 15 ʉ̄. After deposition, the samples were annealed 

at 350 C̄ for 30 min in Ar ambient. 

The technological parameters of samples under 

investigation are shown in Table 1. The numbering of the 
sample n(n ï 1) means that the technological procedure 
was performed on the sample n ï 1, i.e. the sample 6(5) 

passed three successive stages of sputtering and annealing. 
The sample 7 served as reference one, when a thick film 
was formed in one stage of sputtering and annealing.  

 
Table 1. Technological parameters of film deposition. 

 

Sample  Deposition 
time, min 

Layer thickness, 
nm  

Annealing  

1 10 136  

2 (1)  135 + 

3 (2) 15 370  

4 (3)  361 + 

5 (4) 15 576  

6 (5)  570 + 

7 40 595  

8(7)  580 + 
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Fig. 1. X-ray diffraction patterns of the samples 1 to 7. 

 

 

The crystal structure and structure-phase transitions 

(SPT) of the films were investigated using an X'Pert 

ProMPD X-ray diffractometer with the CuKŬ wavelength 

(ɚ = 0.15418 nm). The film thickness was determined 

using a profilometer.  

The surface nanorelief of annealed vanadium 

dioxide films was studied using atomic force microscopy 

(AFM) with a scanning probe microscope NanoScope 

IIIa Dimension 3000TM. Measurements were performed 

in the tapping mode by using the ultrasharp silicon 

probes with the nominal tip radius of 8 nm. 

The resistances and TCR values of the films were 

measured using a two-point probe system with a heating 

unit within the range 25 C̄ to 90 C̄. 

3. Results and discussion 

In Fig. 1, diffraction patterns of the samples 1ï7 are 

shown. After depositing the first layer, the film has an 

amorphous structure, as evidenced by the presence of a 

halo in the region of the 2ɗ angle near 28 angle degrees 

(curve 1). Subsequent annealing leads to partial 

crystallization of the samples (curve 2). The dominant 

crystalline phase is V4O9 ï 97% and VO2(M) ï 3%. After 

deposition of the following VO2 layer, crystallinity of 

film decreases (curve 3). Formed two layers also contain 

an amorphous phase. The following annealing leads to a 

further increase in crystallinity of this film (curve 4). The 

intensity of existing peaks increases (reflection 001 of the 

VO2 phase) and other reflections that belong to the 

monoclinic phase of VO2 appear. The content of phase 

VO2 is 42%, and V4O9 ï 58%. Deposition of the next  

3-rd layer almost do not effect on structure crystallinity 

(curve 5) in contrast to sputtering the second layer 

(sample 3). 

Further annealing of this structure leads to better 

crystallization, as evidenced by an increase in the 

intensity of reflections and their half-widths (curve 6). 

The content of crystalline phase VO2 in the samples 5 

and 6 is close to 40%, and the content of the phase V4O9 

is 60%. The diffraction pattern from the sample 8(7) 

(annealed  thick  layer)  shows  a  weak  crystallization  
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(Fig. 1, curve 7) after annealing. Predominantly the V2O3 

and VO2 phases begin to crystallize. Because this sample 

contained a small amount of VO2 phase, there was no 

structural transition or metal-insulator transition; 

therefore, the sample 8 was not studied further. 

Moreover, there is bad adhesion of film to substrate 

in the annealed sample 8, which is due to different 

thermal expansion coefficients in the layer and substrate. 

The small strain changes during formation of multilayer 

structure are observed in Fig. 1 as peak position shift. 

The most intensive peak 004 from V4O9 has angle 

position 21.427Á and 21.43Á for the samples 2 and 3, 

respectively. After annealing (sample 4), this peak 

position shifts to 21.413Á, which indicates that strain state 

in film changes. After subsequent deposition and 

annealing (samples 5 and 6), peak position almost donôt 

changes and are 21.418Á and 21.408Á for the samples 5 

and 6, respectively. Thus, the method of sequential 

sputtering-annealing allows us to obtain thick layers 

through relaxation of strains at each deposition process, 

especially when overall structure thickness is small. 

In Fig. 2, the structural-phase transition in the 

sample 4 was shown. Two diffraction patterns were 

measured: at room temperature and after heating up to 

85 C̄. It is observed peaks position shifts and intensity 

changes due to structural transformation from monoclinic 

structure to the tetragonal one. SPT occurs completely. 

AFM measurements show that the surface of the 

films is an array of tightly packed grains of nanometer 

and sub-micrometer sizes (Fig. 3). At the micrometer 

level, the characteristic inhomogeneities caused by 

relaxation processes in films at annealing are shown. 

Thus, in the sample 2 there is a network of microcracks 

(Fig. 3a), in the vicinity of which the film is likely to peel 

off from the substrate and rises above the general level of 

the surface to the height approximately 4é8 nm (Fig. 4, 

curve a). Microcracks are distinguished by cells (blocks) 

of arbitrary shape with transverse dimensions of the order 

of 2é6 ɛm. 

The samples 4 and 6 show a two-layer structure of 

the  film,  where there  are  recesses  in  the  upper  layers  

 
 

 
 
Fig. 3. AFM top-view of surfaces for the samples 2, 4, 6, 

(a, aǋ), (b, bǋ), (c, cǋ), respectively. Scanning field is 10Ĭ10 and 
3Ĭ3 Õm. Values of mean square roughness RMS of the surface 

are given in the figures. 

 

 
(dark polygons in Figs 3b and 3c). The bottom of these 

recesses is flat, and the depth is close to 45é40 and 

35é40 nm for the samples 4 and 6, respectively (Fig. 4, 

curves b, c). The transverse dimensions of the recesses 

vary from a few hundred nanometers to two micrometers. 

It can be assumed that the recesses are formed in the 

upper layers of the sputtered VO2 film and their depth 

corresponds to the thickness of the upper layers. 

It should be noted that in addition to recesses with 

the depths 35é50 nm, on films 4, 6 (especially 4) there 

are also recesses of the same planar configuration, but up 

to 10 nm deeper (lighter polygons in Fig. 3b). 

The results of the analysis of annealed VO2 films 

fine structure are shown in Fig. 5. The sample 2 is 

characterized by the presence of a bimodal granular 

structure. Dispersed grains with the sizes 30é100 nm 

cover the substrate that consists of the tightly-packed 

ones with the sizes 12é30 nm (Fig. 5a and box-diagram 

at the bottom of this figure). 

 
 

Fig. 2. Fragments of diffraction pattern from the sample 4 at different temperatures: before SPT ï at 27 C̄ (black curve) and  

after SPT ï at 85 C̄ (red curve). The main changes are shown for different angular intervals. (Color online.) 

 

(a) 

(a') 

(b) (c) 

(b') (c') 
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Fig. 4. Typical surface profile of the samples 2 (a), 4 (b) and 

6 (c). Curves are shifted along the vertical direction for a better 

visualization.  
 

 

These grains make up to 50% of the most common 

grains on the diagram as marked by the corresponding 

rectangular. The sample 6 has similar surface 

granularity, although the predominant quantity of grains 

has the sizes of 26 to 60 nm, and there are individual 

grains up to 150 nm. 

In the sample 4, the most common size of grains is 

40é70 nm; however, simultaneously there are grains 

with significantly larger sizes, mostly in the upper layer 

of the film. The transverse dimensions of these grains can 

reach 500 nm. 

The power spectral density distribution (PSD) 

functions used for correlation analysis of surface 

heights, and the corresponding planar frequency 

characteristics of the relief elements (horizontal 

dimensions) are shown in Fig. 6. 

 
 

Fig. 6. Power spectral density of the relief spatial frequencies 

for the studied samples 2, 4 and 6. 

 

 

In general, the low frequency plateau is 

characterized by aperiodic relief details and overall 

roughness. The roughness of the samples 4, 6 is an order 

of magnitude higher than the roughness of the sample 2 

(RMS are 2.7, 12.2 and 14.4, respectively, for the 

samples 2, 4 and 6). In this case, the effective area of the 

surface is larger than that of the corresponding projection 

by 0.3% for the sample 2; 2.1% and 3.8% for the samples 

4 and 6. 

The inflection point (plateau completion) 

characterizes the correlation length of the relief elements, 

which for the sample 2 is close to 400 nm and about 

220 nm for the samples 4 and 6. 

 

 
 

 

Fig. 5. Magnified AFM top-view of the samples 2, 4 and 6 surfaces, which are shown in Fig. 4, and box-diagrams of grains sizes, 
respectively. 
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Fig. 7. Resistance dependence on temperature of vanadium 

oxide films deposited at Ts = 235 Ñ 15 ÁC and annealed at 

350 ÁC in Ar for 30 min for the samples 2, 4 and 6. 

 

 
The slope of the curves in the high-frequency region 

characterizes the long-range correlation between the 

elements of the relief. For the samples 4 and 6, the slope 

is close (with a slightly better correlation for the  

sample 4). For the sample 2, there are two correlation 

dependences (two areas with different slopes). For relief 

elements from 400 down to 23 nm, the slope is much 

smaller, and the height of these surface relief elements is 

significantly smaller than in the samples 4, 6. 

The correlation dependences of the surface elements 

less than 20 nm are similar to those in the samples 4, 6 

with lower amplitude characteristics of the heights. 

The temperature dependences of resistance during 

heating/cooling for the samples 2, 4 and 6 are shown in 

Fig. 7. The sharp metal-insulator transition (MIT) in the 

temperature range 50é60 ÁC is observed (Fig. 7). At the 

same time, the resistivity of the films decreases by almost 

two orders. Data on the values of the resistivity of the 

films before and after the phase transition are given in 

Table 2. 
 

 

Table 2. Resistance before and after MIT. 
 

Sample Resistance at 

30 Áʉ (Ohm) 

Resistance at 

90 Áʉ (Ohm) 
ȹR, times 

1 11 490 2 250 5.1 

2 468 000 115 000 4.06 

3 111 000 31 000 3.58 

4 145 800 600 243 

5 Initial resistance ~300 000 Ohm 

6 75 600 534 141 

7 Initial resistance ~750 000 Ohm 

8 Initial resistance 500ï700 Ohm 

 

The temperature change rate was 0.5 ÁC/s. When 
the speed decreases to 0.025 ÁC/s, the width of the 

hysteresis in the MIT region increases, namely, the 
location of the heating branches changes. The cooling 
branch does not change significantly. This effect needs to 
be further investigated.  

The largest change in resistance by two orders of 
magnitude is observed in the samples 4 and 6. The 
hysteresis loop is located within the range from 40 up to 
80 Áʉ, the width of the hysteresis loop is ȹT å 1é10 Áʉ. 
The analysis of the MIT parameters was performed 
according to the nature of the first derivative dependence 
of the resistivity on temperature during the heating-
cooling cycles for the samples deposited on the substrate 
after additional annealing in argon (350 ÁC, 30 min). 
According to the method described in [19], the maximum 
of the derivative corresponds to the transition 
temperature, the FWHM of the peak characterizes the 
transition speed, and the area under the curve 
characterizes the transition intensity (i.e., shows how 
many orders of magnitude the film resistance decreases). 

Considering sufficiently large value of FWHM, it is 
difficult to state unambiguously that there is a correlation 
between this value and the size of the crystallites. It is 
possible that during annealing two processes occur: 
oxidation of small crystallites and formation of additional 
crystallites due to crystallization of amorphous 
inclusions. For a more detailed study of physical 
processes in VO2 film during thermal annealing, its 
elemental composition must be analyzed. 

In Fig. 8, the dependence of temperature coefficient 
of resistance (TCR) from the temperature in the scale 
log (|TCR|) for the samples: 2 ï black curve, 4 ï red 
curve, 6 ï blue curve are shown. Mark H ï heating curve 
(solid line), C ï cooling curve of the sample (dashed line). 

As can be seen from the figure in the case of the 
sample 2, there is no extremum on the curves, which 
indicates the absence of MIT. For the samples 4 and 6 on 
the heating curves (4H and 6H) there are maximums of 
TCR at 62.5 and 58.1 ÁC, respectively, which indicates 
the temperature of MIT. The temperature of MIT during 
cooling is 55.1 ÁC (4C) and 54.3 ÁC (6C). The hysteresis 
was 7.4 ÁC and 3.8 ÁC, respectively. Thereof, we can 
conclude that the deposition of the second layer leads to 
formation of a structure with a high content of VO2 
phase. The deposition of the third layer leads to a 
decrease in the hysteresis and temperature of MIT, but it 
also decreases the value of resistance change. This is 
related with formation of more homogeneous crystallites 
of the VO2 phase in the film and an increase in tensile 
stresses. The decrease in the magnitude of resistance 
change, as well as the decrease in the resistance of the 
film at room temperature may be associated with 
formation of conductive phases of vanadium oxide. 

In addition to estimating the parameters of the phase 
transition, namely TCR, numerical simulations of 
resistivity changes were performed. As the analysis of 
the experimental results shows, the resistance on both 
sides of MIT varies according to the exponential 
dependence of R(T) (Figs 7 and 9). The insulating state 

often   shows    activated    transport,    R  ́exp(E/2kBT). 
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Fig. 8. Dependence of TCR from temperature. 

 

 

The peculiarity of this behavior R(T) in the samples has 

already been observed in [31], where the hypothesis 

about the absence of truly metallic state was proposed. 

Besides, as shown in the paper [32], annealing of dif-

ferent duration (0é1000 s) of deposited VO2 films on the 

r- and a-plane sapphire in air ambient leads to a decrease 

in the change of R(T) near MIT. The exponential 

dependence of R(T) appears on the metal side (at the 

temperature higher than the MIT one). Longer annealing 

leads to the disappearance of the phase transition (like 

that in our sample 2 (Fig. 7)). 

The main reason for this change of R(T) is oxidation 

of VO2 and accumulation of other phases (including di-

electric V2O5) at the intergranular boundaries in the film 

[32]. Thus, the presence in the films of some variable 

amount of dielectric phase inactive from the viewpoint of 

MIT (like to that in V2O5) is the main reason for the 

observed phenomena, as it follows from this paper and 

the works [31, 32], moreover, the appearance of this 

phase is closely related to the introduction of additional 

oxygen into the sample. XRD analysis of our samples 

showed that this phase corresponds to V4O9 known from 

the literature [33]. Although V4O9 stoichiometrically 

close to monoclinic VO2, excess oxygen (9/4 = 2.25) 

leads to the appearance of a wide range of various near- 

and middle-ordered atomic configurations [34]. 

One of the goals of this simulation was to check the 

influence of residual dielectric phase (for example, V4O9 

or V2O5) that can impose (at least partially) its R(T) 

dependence to the metal side of MIT in VO2 film. 

Another aim was to test how the structural imperfection 

of the metal phase can be revealed from the nature of the 

R(T) curve. 

In modeling, three types of film morphology were 

considered: 1) dielectric insulated metal grains, 2) random 

mixture of both phases with interpenetration and 3) dielec-

tric grains in a metal frame. For the cases (1) and (3), the 

Odelevskii model was used for simulation [35ï37], for 

the case (2) ï effective environment model [36, 37].  

When a random mixture of both phases with 

interpenetration is present, the residual dielectric inside 

the metal phase is actively shunted by the latter and 

cannot impose its activation temperature dependence on 

R(T) on metal side of MIT. However, if the resistance 

difference for MIT is only 2-3 orders of magnitude, the 

ñbadò metal with high resistivity (~1 kOhm) is present, in 

which the mean free path of carrier is small, either 

because of the structural imperfection in the metal itself, 

or because of the strong localization of electrons, which 

is typical for this material (VO2) [2, 38]. 

In the case of ñgoodò metal with low resistivity 

(~1 Ohm), the resistance difference for MIT significantly 

depends on the fraction of the residual dielectric phase, if 

the dielectric phase is concentrated at the boundaries of 

metal inclusions. This resistance difference can 

noticeably decrease from five orders of magnitude to one 

order with an increase in the fraction of the residual 

dielectric phase to 25%. In this case, the slope of the 

temperature dependences log R(T) on both sides of MIT 

is the same, which is demonstrated in the paper [31]. For 

ñaverageò and ñbadò metal (with resistivity 0.5 and 

1 kOhm, respectively), the resistance difference for MIT 

can be even greater than in the previous case. The slope 

of dependence log R(T) at the metal side of PT gradually 

decreases with an increasing in the proportion of the 

metal phase and in common case is different than slope at 

the insulator side of MIT. 

For other type of film morphology structures, when 

the metal phase either randomly bends around dielectric 

inclusions or encloses them in a more or less regular 

frame, the resistance at the metal side of MIT is 

independent on the temperature, which is observed in 

most cases described in the literature for pure metal. 

Calculations also showed that the phase inactive with 

respect to PT can significantly reduce the amplitude of 

the hysteresis loop, which was observed in [33]. 

Fig. 9 shows the results of numerical simulation of 

R(T) dependence (curve 3 (cooling), curve 4 (heating)) 

for the samples 4 (a) and 6 (b) and its comparison with 

experimental results (curve 1 (cooling), 2 (heating)), 

which is in good agreement.  

The resistance dependences far from MIT were 

approximated by exponential function (lines 7, 8 in 

Fig. 9). Taking into account the multiplicity, randomness 

and (in the first approximation) the independence of 

temperatures of MIT in each crystallite, the distribution 

of local MIT temperatures was proposed to describe as 

the Gaussian distribution. This distribution of MIT 

temperature in the samples during phase transition was 

presented by curves 5, 6 in Fig. 9 ï cooling and heating, 

respectively. For the sample 4, Gaussian was centered at 

60 ʉ̄ (cooling) and 65 ʉ̄ (heating) with a deviation of 

temperature sT = 10 ʉ̄. To the left of MIT, the resistance 

changes exponentially (activation energy is 0.46 eV), to 

the right ï it is almost constant. In the sample 4,  

the conductive phase  is  more pronounced  like to  metal.  
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The difference in resistance at MIT is 166 times. The 

heating-cooling hysteresis is approximately 5 C̄. For the 

sample 6, TMIT was centered at T = 57 C̄ (cooling) and 

61 C̄ (heating). The deviation sT was 9é10 ʉ̄. For the 

sample 6, the heating-cooling hysteresis is close to 4 C̄. 

The difference in resistance at the transition is 62 times. 

On both sides of the phase transition, the resistance 

changes exponentially. The effective activation energies 

are 0.493 and 0.307 eV. A slight lag of the calculated 

data from the experimental at T = 40 C̄ indicates 

percolation effects, when the experimental conductivity 

increases earlier than the calculated one due to the 

appearance of an infinite cluster. The values of hysteresis 

5 C̄ and 4 C̄ obtained from simulation are close for 

experimental values 7.4 C̄ and 3.8 C̄ for the samples 4 

and 6, respectively. 

Hence, the simulation results show that, in our case, 

VO2 crystallites enclosed in a thin dielectric framework 

V4O9 (exponential temperature dependence of resistance 

far from MIT) and are structurally disordered. As a 

result, due to disordering, the mean free path of electrons 

in such a metal is very small. After the phase transition, 

the metallic phase of VO2 is a ñbadò metal, since: 1) the 

resistance drop at the phase transition metal-insulator is 

close to two orders of magnitude, and 2) the effective 

activation energy from the dependence R(T) on the metal 

side of MIT is half or more times less than on the 

dielectric side. Structural disorder is more pronounced in 

the 3-layer sample 6, because, as mentioned above, in the 

sample 4 the high-temperature phase is an ñaverageò 

metal. 

Based on these phenomenological calculations, it 

was obtained the criteria which made it possible, based 

only on the temperature dependence of the resistance, to 

judge the quality of the atomic structure of the metallic 

phase itself (value of structural disordering) and estimate 

type of the film morphology.  

If the relief of the surface in the samples 4 and 6 

(Figs 3b and 3c, respectively) is compared, then some 

similarities in the block structure of the films surface 

became   obvious,   therefore,   the  parameters  of   the  

 

 

temperature hysteresis loops of the resistance are close. 

The main difference between the samples 4 and 6 

textures is the presence of singular needle relief at the 

surface of sample 6. But the influence of this relief on 

MIT parameters is obviously negligible.  

The simulation results indicate that the phase V4O9 

observed on XRD spectra concentrates at the grain 

boundaries and, most likely, on the film interfaces, where 

oxygen can accrue. However, according to AFM data, the 

sample 4 has a larger grain size than the sample 6. Due to 

larger grain sizes in the sample 4, the influence of grain 

boundaries on electrical parameters is sufficiently weaker 

than in the sample 6, which explains the better value of 

TCR and resistivity changes in the sample 4.  

The method of sequential two-stage deposition of 

VOx films is proposed. This method allows us to create 

thick (>500 nm) VOx films with good adhesion, high 

content of VO2 nanocrystallites and low content of other 

vanadium oxides phases. Simulation showed that the film 

consists of VO2 crystallites enclosed in a thin dielectric 

framework V4O9. The high value of TCR in these films 

makes them promising to be used as functional layers in 

uncooled microbolometers. 
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Анотація. ɼʦʩʣʽʜʞʝʥʦ ʧʣʽʚʢʠ VOx, ʥʘʥʝʩʝʥʽ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʠʤ ʤʝʪʦʜʦʤ. ʎʽ ʧʣʽʚʢʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʤʝʪʦʜʦʤ 

ʜʚʦʝʪʘʧʥʦʛʦ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʥʘʩʪʫʧʥʠʤ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ ʚʽʜʧʘʣʦʤ. ɼʦʩʣʽʜʞʝʥʦ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʥʢʠʭ ʧʣʽʚʦʢ VOx. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʭʦʜʫ ʤʝʪʘʣ-ʽʟʦʣʷʪʦʨ. 
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