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Abstract 

Epitaxial vanadium dioxide (VO2) films exhibiting an abrupt metal-insulator transition with 

resistivity ratios of five orders of magnitude have been grown on (001)-oriented sapphire 

substrates by reactive magnetron sputtering. The influence of deposition and annealing 

temperature on the structure and morphology of the layers are discussed as well as their impact 

on the films’ electrical properties. Thus, the VO2 layers obtained using the optimal experimental 

conditions have electrical resistivity ratios over 105 and can be obtained on substrates as large 

as three-inch in diameter.  The combination of the scalability of magnetron sputtering and the 

high quality of the films enables the large-scale industrial applications of high quality VO2 

layers. 
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1. Introduction  

Vanadium Dioxide (VO2) is a well-known electron-correlated material that undergoes a 

reversible metal to insulator transition (MIT) as well as a structural phase transition (SPT) at a 

critical temperature (Tc), of 67°C (340 K) [1]. During the SPT, the material’s crystallographic 

structure changes from the insulator monoclinic M1 phase at temperatures lower than Tc, to a 

metallic rutile-type R phase, at temperatures higher than Tc. The transition is volatile, meaning 

that VO2 remains in the metallic phase as long as the temperature is higher than Tc and 

transitions back to the insulator state upon cooling down. Because there is a slight offset of the 

transition temperature between the heating and the cooling steps, the shape of the transition 

takes the form of a typical hysteresis curve. Along with the change in the electrical resistivity, 

the optical characteristics of VO2 change as well, with a transmittance abruptly dropping when 

reaching the metallic state [2]. In addition to the thermal activation, the phase transition in VO2 

films can be triggered by optical [3], mechanical [4], and electrical [5] excitations, making the 

integration of the material very attractive for applications like Mott memories [6], field-effect 

transistors [7], micro- and nano-scale oscillators [8–10], sensors [4], high-speed RF-microwave 
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switches [11,12], THz devices [13,14], or optical switches [15]. The large scale and successful 

integration of VO2 for most of these applications require good control of the MIT characteristics 

(either electrical or optical) in one or more of its specific parameters: transition speed, 

magnitude, hysteresis width, and transition temperature value. These parameters can also be 

modified by doping the vanadium with metal atoms such as tungsten [16], magnesium [17], 

molybdenum [18], chromium [19], niobium [20] which results in a modulation of the Tc or a 

modification in a controlled way of the electrical or optical hysteresis shape. Thus, the 

material’s properties can be adapted to a specific domain of applications requiring lower or 

higher transition temperatures, a precise hysteresis width, or particular electrical/optical 

properties in a specific state. Besides the transition temperature and the hysteresis shape, the 

magnitude of the electrical resistivity change between the two states (also referred to as the 

resistivity ratio) is critical to a large number of applications [21]. 

As often reviewed in the literature, the macroscopic electrical and optical performances of  VO2 

thin films are highly affected by their structural, chemical, and morphological characteristics, 

which are highly dependent on the experimental parameters of the deposition process [22]. It is 

also observed that the electrical resistivity ratio can be as high as 103 and even 105 in some 

instances, although 5 orders of magnitude in a VO2 electrical transition is rarely reported 

[23,24]. The methods employed for obtaining high-quality thin VO2 films include pulsed laser 

deposition [25], magnetron sputtering [26], or e-beam evaporation [27,28], as well as chemical 

methods such as sol-gel deposition [29,30]. Among these methods, magnetron sputtering has 

the advantages of being a very reproducible method resulting in good uniformity and large-area 

film depositions, and it is easily scaled up for industry-oriented applications. High-quality VO2 

films in terms of crystalline structure, resistivity ratios, large area deposition, and phase 

transition reliability, are prerequisites for the material integration in high technology readiness 

level (TRL), commercial-grade devices for electronic and optical communication or sensing 

applications.  

In this paper, we investigate the influence of the synthesis parameters on the structural 

properties directly influencing the electrical performances of VO2 layers obtained on c-cut 

sapphire substrates by reactive DC magnetron sputtering. We demonstrate that under specific 

deposition and annealing conditions, the obtained VO2 layers exhibit highly reproducible and 

stable resistivity variations of more than five orders of magnitude between the insulating and 

metallic states. Usually, in magnetron sputtering experiments, the films are obtained in sub-

stoichiometric vanadate phases (or phase mixtures, including VO2) with poorer electrical 

performances and lower crystalline quality which often need long-time annealing processes in 

order to enhance their electrical and optical properties [31,32].We are showing that, in our 

experimental conditions, the as-obtained layers have structural and electrical characteristics 

similar to the V2O3 phase that can be conveniently transformed into the VO2 phase through an 

oxygen annealing step. Annealing studies of these as-grown, sub-stoichiometric VxOy films 

such as V2O3, films were rarely reported, but they are known to show better results in terms of 

MIT characteristics than as-deposited phase mixtures integrating VO2 [33]. 

2. Experimental details 
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The VO2 layers were typically obtained on 10 × 10 mm2 c-cut sapphire substrates inside a high-

vacuum chamber at an initial base pressure of around 10-6 Pa using reactive DC magnetron 

sputtering with a deposition power of 150 W. Alternatively, the films obtained on two-inch and 

three-inch sapphire wafers showed identical structural and electrical properties as the layers 

obtained on smaller size substrates. The metallic vanadium target (100-mm diameter of 99.5% 

quality) was placed at 20 cm from the rotating substrate holder in an upward configuration. The 

deposition process took place in a reactive Ar and O2 mixture atmosphere. The Ar and O2 flows 

were independently controlled at flows of 70 sccm for Ar and 2.5 sccm for O2 with the total 

deposition pressure kept at 0.53 Pa (corresponding to an oxygen partial pressure of 0.018 Pa or 

3.4% of the total pressure). Except stated otherwise in the article, the substrate temperature was 

fixed at 500°C during deposition process, which lasted 30 minutes. After the deposition process, 

the films were subjected to an in-situ annealing step in a pure O2 atmosphere with a flow of 20 

sccm in order to improve the stoichiometry of the films. Heating rate of the films were 

150°C/min and the annealing took place at different temperatures (450, 550 and 650°C) for 30 

minutes, afterwards they were left to cool naturally down to 300°C in oxygen atmosphere and 

from 300°C to room temperature in vacuum, for a total time of one hour. Within these 

experimental conditions, the average deposition rate evaluated across the different samples 

obtained at an O2 flow rate of 2.5 sccm (3.4% partial pressure) was 7.5 nm/min. 

The electrical properties of the vanadium oxide films were evaluated in the 25-95°C 

temperature domain using a four-point probes set-up (four in-line spring-loaded probes with a 

spacing of 1mm connected to a Keithley 2612B sourcemeter). The heating and cooling of the 

samples were controlled with a Peltier thermoelectric element and monitored by a Pt100 

thermo-couple. Additionally, multiple temperature cycling measurements of the layer’s surface 

resistance were performed using two-probes electrical measurements inside in a Linkam 

LTS350 temperature controlled stage with controlled heating-cooling ramps and resolutions of 

0.1°C. 

X-ray diffraction (XRD) measurements were conducted on a Bruker D8 “Discover” X-ray 

diffractometer. The x-ray beam delivered from a copper target was collimated with a parabolic 

multilayer mirror and a 2-reflections Ge (220) monochromator tuned to select the Kα1 radiation 

of Cu. The diffracted x-rays were collected using a 1D position sensitive detector (“Lynx Eye”) 

covering a 2 degrees 2θ range with a 0.01° 2θ resolution. The orientation of the film with the 

substrate in the direction normal to the surface was determined using θ-2θ scans, while the in-

plane orientation was determined by conducting φ-scans. Rocking curves were also recorded in 

order to qualitatively assess the quality of the films. Finally, the samples could be heated to 

monitor the SPT in-situ using an Anton Paar DHS 1100 heating stage. Typical θ-2θ and φ-scans 

(recorded from the (220) planes of VO2) are displayed in Figure 1. The θ-2θ scan only exhibits 

the 020 and 040 reflections of VO2 on the one hand, and the 006 and 0012 reflections of sapphire 

on the other hand, which demonstrates that the (010) planes of VO2 are parallel to the (001) 

planes of sapphire. The rocking curve corresponding to the (020) lattice planes of VO2 is 

provided and discussed in section 3.2. In the in-plane direction, we observe a sixfold symmetry 

instead of the twofold symmetry expected for the (220) planes. This discrepancy is well known 

and is due to the existence of three structurally equivalent orientations of the (010) planes with 

respect to the (001) plane of sapphire, hence giving rise to three in-plane epitaxial variants. The 

corresponding epitaxial relationships read: [100]VO2 ||[210]Al2O3 ,[100]VO2||[−110]Al2O3 and 
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[100]VO2 ||[120]Al2O3. We also notice that the (220) peaks from VO2 are split with peaks 

appearing at approximately ±2.6° from the central position. This is due to angle mismatch 

between the β angle of VO2 (122.6°) and the γ angle of Al2O3 (120°), as already observed in 

this system [34]. It should be noted that other structural probes allow to determine the epitaxial 

relationships between a film and a substrate. Among those, transmission electron microscopy 

which has the advantage of providing real space images of the interface. We here preferred to 

use XRD because of its non-destructive character and its ability to provide statistically relevant 

results over macroscopic dimensions of the samples, which is of primary importance for large 

samples as those considered in this work. 

The morphology of the layers was analyzed using a Dimension Icon AFM-Bruker microscope. 

Raman spectroscopy measurements have been performed using a Raman inverted microscope 

(Horiba LabRAM HR Evolution) using the excitation from a continuous HeNe laser (λ= 632.8 

nm) with an incident power of 6 mW and focused on the sample with a 60× objective to a spot 

of ~ 2 µm in diameter. As above, a Peltier thermoelectric element was used to control the 

heating/cooling of the samples. 
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Figure 1. a) θ-2θ scan of a film deposited at 500°C and annealed at 550°C b) typical ϕ-scan 

recorded for the (220) planes of VO2. The dotted lines indicate the position of the (104) peaks 

of sapphire. 

3. Results & Discussion 

In order to obtain high-quality films with a large resistivity ratio between the insulator and 

metallic states, we conducted a systematic investigation of the experimental deposition 

parameters directly influencing the films’ structural and electrical performances.  

3.1. Film growth 

The stability range of vanadium dioxide in the V-O phase diagram is fairly narrow [35], 

implying very steep experimental conditions for the Ar:O2 ratios in the reactive atmosphere in 
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order to obtain the desired VO2 stoichiometry. As such, the first step was determining the 

correct oxygen flow by establishing the target poisoning curve, i.e. the evolution of the 

vanadium target’s oxidation state with increasing oxygen flow (Figure 2) that is related to the 

evolution of the discharged plasma voltage as a function of the specific O2 concentration in the 

Ar:O2 mixture [36].  
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Figure 2. Evolution of plasma voltage and deposition rate during vanadium target sputtering 

for different oxygen flows. Indicated in red is the operation point for obtaining stoichiometric 

VO2 films in our experiments (lines between the operating points are eye-guidance only). 

During reactive DC magnetron sputtering the evolution of the plasma voltage with the oxygen 

flow is nonlinear, creating the aforementioned poisoning curve and defining three distinct areas 

that describe the state of the target (Figure 2). For low oxygen flows, the target operates in a 

metallic mode, where the oxide formation on the target is lower than the sputtering rate of 

metallic vanadium, while for high oxygen flows (“poisoned region” in Figure 2), the rate of 

oxide formation at the target surface is much higher than the sputtering process, leading to the 

formation of over oxidized films on the substrate. In between these areas, the transition region 

leads to optimum oxygen incorporation in the obtained films and is characterized by a very 

steep change of the plasma voltage which can be controlled in some systems through various 

methods [36]. Since the deposition rate varies inversely proportional with the oxidation state of 

the target [37], the oxygen flow was fixed at a value (indicated in red in Figure 2) that allows 

both for enough oxygen incorporation and a high sputtering yield. However, even though the 

films were deposited in a reactive atmosphere, adapted for optimal oxygen incorporation, the 

obtained films are still displaying an oxygen-deficient metallic phase. A post-annealing process 

was therefore required to get the correct V/O stoichiometry in the films. 

Three distinct annealing temperatures, of 450, 550, 650°C were chosen to better assess the 

impact of the annealing process on the films’ structural quality. The results are discussed in the 

following section. 

3.2. Effect of post-deposition annealing 
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The evolution of the θ-2θ XRD scans for films annealed at different temperatures is shown in 

Figure 3 a). The peak located at 41.678° is the 006 reflection from the sapphire substrate. The 

peaks observed in the lower angle range can be attributed to the films. The as-deposited film 

exhibits a single peak that can be attributed to the 006 reflection of V2O3. For a 450°C annealing 

temperature, both the V2O3 and VO2 phases co-exist, as revealed by the appearance of the 020 

peak of VO2. A further increase to 550°C annealing temperature fully oxides the film and only 

the VO2 phase is present. At an even higher annealing temperature of 650°C, no differences can 

be seen in the θ-2θ scans. Figure 3 b) shows the ω scans around the (020) VO2 reflection of the 

films annealed at the different temperatures.  At 450°C annealing the rocking curve exhibits a 

broad peak, with full-width at half-maximum FWHM = 0.8°, indicative of a high level of 

disorder. Upon annealing at 550°C a narrow peak appears in the center of the rocking curve 

(more visible on the 650°C data) together with a significant narrowing of the broader peak 

(FWHM = 0.26°). The presence of two-component peak profiles (with a narrow, coherent 

scattering peak superimposed on a broad, diffuse scattering) is frequently observed in epitaxial 

thin films. For a review on that topic and a detailed theoretical description see [38].In short, the 

presence of a coherent peak is due to the development of long range order, i.e. enhanced 

crystalline quality, whereas the broad peak is due to partially correlated disorder (in the present 

case, rotational disorder, i.e. mosaicity). Finally, at 650°C, although the coherent peak is still 

visible, the diffuse peaks is widening (FWHM = 0.9°) indicating an increased mosaicity, 

probably due to the development of defect-induced strains upon grain growth, as discussed 

below. The 550°C temperature hence appears as an optimum annealing temperature. 

V2O3 and VO2 are the two end-members of the so-called Magnéli phases, VnO2n-1, which only 

differ by minute variations in the oxygen content that are compensated by crystallographic 

shears of [VO6] octahedra layers [39,40]. One can therefore transition from V2O3 to VO2 

continuously upon oxygen enrichment, as also observed elsewhere [41]. Moreover, the partial 

transformation of the films at 450°C has already been noticed [42], although in our case no 

intermediary vanadium oxide phase was observed in XRD measurements.  

 

Figure 3. a) θ-2θ scans of as-deposited films at 500°C and the influence of a post-annealing 

step at different temperatures (450°C, 550°C, 650°C) b) ω scans of films annealed at different 

temperatures 

The four-point probes electrical measurements (Figure 4 a)) reveal that while both the as-de-

posited and 450°C annealed films are metallic, with the latter having a very low, 0.3 orders of 
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magnitude transition due to the coexistence of the VO2 and V2O3 phases, for higher annealing 

temperatures (550°C and 650°C), the obtained films show a high, five orders of magnitude 

change from the room temperature (RT) insulator phase (ρ= 1.5×106 Ω·cm) to the high-tem-

perature metallic phase (ρ = 11.2 Ω·cm), with almost identical resistivity curves. It is worth 

mentioning that the transition width is slightly higher for the film annealing at the highest tem-

perature, possibly due to an increase of structural defects as observed in the rocking curves, and 

further discussed below. The metal insulator transition is accompanied by the M1-R structural 

phase transition as attested by the temperature-resolved XRD measurement shown in Figure 5. 

The measurements were recorded in the range of 44°C-90°C for a typical VO2 film (deposited 

at 500°C and annealed at 550°C). The 2D diffraction angles-temperature intensity mapping in 

Figure 5 show a clear phase transition from the low-temperature monoclinic M1 VO2 phase to 

the rutile R one, this last one being stabilized for temperature higher than 68°C.  
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Figure 4. a) Hysteresis curves of the electrical sheet resistance evolution with temperature 

increase for VO2 films annealed at different temperatures. b) Raman scattering results for VO2 

films annealed at different temperatures 

Raman spectroscopy measurements (Figure 4 b)) show that all the investigated films, except 

the as-deposited ones (without the annealing step), present similar vibrational modes typical to 

VO2 films [43]. We have identified a total of 13 peaks for the VO2 phase. Thus, the peaks at 

~144, 193, 223, 260, 308, 339, 389, 440, 497, 588, 612, 661 and 830 cm-1 are typical of the 

VO2 M1 phase [43,44]. All of the peaks, except the ones at 193 and 223 which are related to 

the lattice motion involving V-V bonds, were assigned to vibrational modes of V-O bonds [43]. 

The wide peak at around ~220 cm-1 on the Raman spectra corresponding to the non-annealed 

sample (black, lowest curve on Figure 4 b)) corresponds to an overlap of an A1g and an Eg 

symmetry modes, and, associated with the peak at ~500 cm-1 related to the A1g phonon mode, 

are indicative of the V2O3 phase [45], confirming the XRD analysis. The lower peak intensities 

of the 450°C-annealed sample could be due to the under-oxidation and phase mixing.  
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Figure 5. XRD intensity- temperature mapping and extracted θ-2θ scans showing the M1-to-R 

phase evolution of the (020) peak of VO2 with increasing temperature  

 

3.3. Effect of deposition temperature 

In addition to the annealing temperature we also investigated the effect of deposition 

temperature, while keeping a constant 550°C annealing temperature. The XRD results for 

deposition temperatures RT, 150, 400, 500 and 600°C are shown in Figure 6. Deposition 

performed at 400°C and higher show a single oriented VO2 phase. For depositions at room 

temperature a phase mixture is observed (despite the post deposition annealing). In the case of 

films obtained at 150°C, only the M1 phase of VO2 is present, but the XRD θ-2θ scans reveal 

two peaks, one corresponding to the (011) lattice planes and the other to the (020) lattice planes. 

Even if the (011) orientation has been noticed in films with a high level of strain, additional 

investigations need to be done in order to draw a clear correlation between this orientation and 

the strain developed in the films [46]. Grazing incidence XRD scans (not shown here) 

performed on the room temperature and 150°C deposited thin films reveal that all peaks of VO2 

are present, i.e. the films are largely polycrystalline. Conversely, no peaks are detected in the 

grazing incidence scans corresponding to samples annealed at 400°C and above, confirming the 

complete epitaxial nature of the films.  
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Figure 6. θ-2θ scans of films fabricated at RT, 150, 400, 500 and 600 °C and annealed at 

550°C (the peak labeled “*” is the forbidden 003 reflection of Al2O3 which is excited by 

multiple diffraction in the high quality Al2O3 crystals.) 

 

The associated four-point probes electrical measurements of the samples obtained at different 

deposition temperatures are shown in Figure 7. They are clearly showing that the increase of 

the temperature during deposition (while keeping the annealing temperature constant at 550°C) 

not only improves the crystallinity of the samples, as evidenced by XRD, but also results in 

increasing their electrical resistivity ratios by one order of magnitude. Thus, the sample ob-

tained at RT shows ratios of 104 (from ρ = 2.28×106 Ω·cm to ρ = 1.56×102 Ω·cm) while the 

ones obtained at deposition temperatures higher than 500°C present electrical resistivity ratios 

higher than 105 (as mentioned in the annealing section discussions), which are among the high-

est currently reported in literature. 

The resistivity curves for all deposition temperatures higher than 150°C superimpose perfectly, 

which shows the reproducibility and the stability of the deposition process. 

 

20 30 40 50 60 70 80 90

101

102

103

104

105

106

107

108

109

1010

1011

1012

In
te

n
s
it

y
 (

a
rb

.u
n

it
s
)

2q (deg.)

 600°C

 500°C

 400°C

 150°C

 Room Temperature(0
2

0
) 

V
O

2

(0
1

1
) 

V
O

2

(0
1

0
) 

V
2
O

5

(0
2

0
) 

V
2
O

5

(0
1

2
) 

V
2
O

3

*

(0
4

0
) 

V
O

2

(0
3

1
) 

V
O

2

 



 10 
 

20 30 40 50 60 70 80 90 100

101

102

103

104

105

106

107

lo
g

 R
s
q
 (

W
) 

Temperature (°C)

 Room temperature

 150°C

 400°C

 500°C

 600°C

 
Figure 7. Electrical hysteresis curve of sheet resistance (Rsq) with temperature evolution for 

VO2 films deposited at different temperatures 

 

3.4. Discussion 

In order to get more insight into the electrical resistivity data, we extracted the following 

parameters from the resistivity vs. temperature curves: (i) the hysteresis width (ΔH), given by 

the difference between the peaks of the first derivatives of log(resistivity) versus temperature, 

(ii) the transition width (or transition spread, ΔT), given by the difference between the peaks of 

the second derivatives, and (iii) the MIT temperature, TMIT, calculated by averaging the 

temperature peaks of the first derivative (i.e. the heating, Tup, and cooling, Tdown, transition 

temperatures). Differentiating experimental (stepped and noisy) data leads to wild oscillations 

in the derivatives which prevents any reliable analysis. To overcome this issue the data was 

interpolated and smoothed before taking the derivative (see Figure 8). 
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Figure 8. Sheet resistance hysteresis curve and associated 1st and 2nd order derivative of a 

typical high-quality VO2 sample (deposited at 500°C and annealed at 550°C) allowing to 

extract the MIT transition temperature, hysteresis and transition widths (black line -

interpolated and smoothed experimental curve). 

 

The evolution of these parameters reported in Table 1 indicates that when the deposition 

temperature is increasing from RT to 600°C (for identical annealing temperatures of 550°C), 

both the hysteresis and transition widths are decreasing from 10.7° and 15°C down to values as 

low as 4° and 5°C, respectively. At the same time, the TMIT at which the MIT occurs is 

stabilizing at values close to the theoretical 67°C. AFM measurements (Figure 9) reveal that 

for higher deposition temperatures the roughness of the layers is decreasing (from 9.8 nm for 

RT deposition to 8.9 nm for 500°C deposition temperature) while the average grain size is 

increasing (from 145 nm at RT deposition to 207 nm at 500°C deposition).  

Table 1. Hysteresis curves parameters from samples deposited at different temperatures  

Deposition 

temperature (°C) 

Annealing 

temperature (°C) 

Hysteresis 

width (°C) 

Transition 

width (°C) 

TMIT (°C) Electrical 

switch ratio 

RT 550 10.7 15 66.6 1.7×104 

150 550 6.3 8.0 65.9 1.4×104 

400 550 3.5 6.0 68.0 1.7×105 

500 550 4.0 5.2 67.6 1.3×105 

600 550 4.0 5.0 67.6 1.5×105 

500 650 4.9 6.0 68.8 1.4×105 

 

The values of the transition spread and hysteresis width are controlled by the density of defects 

and the crystalline nature of the films [24,47]. A higher density of defects (vacancies, clusters, 

impurities, grain boundaries, etc.) will decrease the amplitude of the transition and affect the 
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ΔH and ΔT: the transition width is proportional to the density of defects while the hysteresis 

width is also related to the grain size. In our case, as the films’ quality increases with the 

deposition temperature and the grains are growing, i.e. the defects associated with grain 

boundaries lessen and so does the transition width. It can nonetheless be observed that for films 

deposited at a fixed 550°C temperature, increasing the annealing temperature from 550°C to 

650°C slightly degrades the MIT parameters with a hysteresis width and transition width 

increasing from 4° and 5.2° to 4.9° and 6°. This is consistent with the rocking curve data 

discussed in section 3.2. 

a) b) 

c) d) 

Figure 9. Atomic force microscopy analysis of  a) an as-obtained sample at 500°C showing 

roughness of Sq – 0.5 nm b) of a film obtained at RT and annealed at 500°C (Sq – 9.8 nm, 

average grain length – 145 nm), c) a layer obtained at 500°C and annealed at 550°C (Sq – 

8.94, average grain length – 207 nm) and d) a film obtained at 500°C and annealed at 650°C 

(Sq – 11.2 nm, average grain size – 218 nm) 

 

In order to test the stability in time that would reflect systematic use of the VO2 layers, we have 

applied repeated thermal heating-cooling cycles on a VO2 film obtained in typical conditions 

(500°C deposition and 550°C annealing temperatures) and measured their electrical resistance 

using a two-probe configuration. The measurements were performed by periodically ramping 

up and down the temperature in the 30-100°C range with heating/cooling rates of 10°C/min (25 
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cycles) and with rates of 20°C/min for more than 60 cycles. Figure 10 shows the evolution of 

the film’s surface resistance with time, and reveals no degradation of the electrical properties 

of the layer throughout the temperature cycling and an excellent stability for repeated thermal 

activation between the two states of the VO2. 
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Figure 10. VO2 layer surface resistance evolution with time for multiple thermal cycles with 

10°C/min and 20°C/min rates  

Table 2 lists our electrical performances results and relevant experimental parameters compared 

with previously reported VO2 layers fabricated by RF, DC and reactive DC magnetron 

sputtering techniques. From this data it can be concluded that our films, grown using a rather 

flexible methodology and convenient deposition rates, outperform most of the available 

published reports, in particular in terms of the electrical MIT magnitude. 

Table 2. Comparison of relevant experimental parameters and electrical performances of 

previously reported VO2 films obtained using magnetron sputtering techniques 

Ref. Deposition 

method 

Resistiv-

ity change  

Substrate Target  Deposition 

temp. (°C) 

Annealing 

temp. (°C) 

Anneal-

ing time 

(min) 

Thickness 

(nm) 

[48] Reactive DC 

Sputtering 

~103 glass V 99.9% 500 No  No  *N.P. 

[49] Reactive DC 

Sputtering 

104 glass and sil-

icon 

V 99.9% 200-220 300 30 100-150 

[50] DC Sputtering 3x 103 c-sapphire *N.P. *N.P. 425 240 200 

[51] DC Sputtering 2x 104 c-sapphire V 99.9% *N.P. 470°C *N.P. ~100 

[52] RF Sputtering 1.19x 105 c-sapphire VO2 500 500 40  110 

[33] RF Sputtering 104 c-sapphire V 99.9% 400 450 40  280 

This 

work 

Reactive DC 

Sputtering  

1.67x 105 c-sapphire V 99.5% 400 550 30 280 

*N.P. – Not provided 

 

4. Conclusion 
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High-quality VO2 films were grown on c-cut sapphire substrates by means of reactive 

magnetron sputtering from a metallic vanadium target under Ar and O2 atmosphere. The as-

deposited films exhibit under-oxidized metallic phases requiring an additional post-annealing 

of 550°C or higher, in order to obtain high-quality films that display electrical resistivity ratios 

as high as 1.67×105 between the insulating and metallic states. It was found that besides post-

annealing, the gradual increase of the deposition temperature is highly improving the structural 

and electrical quality of the obtained layers. The VO2 films’ electrical characteristics obtained 

in the optimal experimental conditions are very stable during thermal cycling inducing MIT, 

which implies that no changes in films’ crystalline structure or stoichiometry during cycling. 

The high electrical performances of the fabricated VO2 films and their stability, combined with 

the ability of magnetron sputtering to perform large area deposition, hold a strong potential for 

large-scale VO2 integration in electrical and optical devices. 
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