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We report on Raman scattering of VO3 films prepared by radio frequency magnetron sputtering under different

conditions. Our investigations revealed that the dominated Raman peaks shift towards high frequency for both V-rich

and O-rich VO3 films, compared with the stoichiometry VOg films. The experimental evidence is presented and the

cause for nonstoichiometry dependence of Raman spectra of VOg films is discussed.
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1. Introduction

Vanadium dioxide (VOg3) undergoes a semicond-
(SM)

from low-temperature monoclinic phase to high-

uctor-to-metal structure  transformation
temperature tetragonal phase at 68°, and accom-
panied by a dramatic change in electrical and optical
properties.l!! This makes VO, a strong candidate in
the applications to making electrical and optical de-

vices and “smart” windows.[2]

Raman scattering is a useful tool to study the
electron—phonon interactions of VO, for it is believed
that these interactions seem to be the important mech-
anism in the SM transformation. Unfortunately, al-
though researches on Raman scattering of VO3 have
not been very many, different authors gave different
results, including the different spectral feature, peak
position, and mode symmetry assignment. Parker [4]
first gave a systematic research, trying to explain these
difference by annealing stoichiometry VOg or study-
ing natural aging, then comparing the Raman spectra
of the above samples with those of the stoichiometric
one. He found that surface oxidation plays an impor-
tant role in the spectral feature and peak position.
However, he did not present an oxygen deficiency de-

pendence of the Raman spectra of VOy. Therefore,

it is necessary to further study the Raman spectra of
V-rich VOa,.

In this article, we present a series of Raman mea-
surements carried out on VOs thin films. We propose
a physical mechanism that is responsible for the cause
of difference between previously reported Raman spec-

tra of VO3 and the correct Raman signature for VOs.

2.Experimental details

Vanadium dioxide thin films were deposited on
soda-lime glass by radio frequency (RF) magnetron
sputtering. The target was a vanadium metal plate
(purity 99.9%), and the substrates were slides of size
9Immx9mm. The deposition conditions were as fol-
lows: initial pressure was < 1.3 x 10~ 3Pa; pressure
during sputtering, 1.0Pa; distance of target to sub-
strate, 60mm; RF power, 120W. First the substrates
were heated to 580°C. All the films were deposited
for 60min, and after the deposition, the samples were
cooled to room temperature in vacuum without post-
annealing. X-ray diffraction (XRD) measurement was
performed by means of a RINT 2400 diffractometer
with a monochromatized CuKa radiation. The Ra-
man spectra were acquired at room temperature us-
ing RENISHAW 1000 system and SPEX 1403. The

514.5nm line of argon ion laser was used as exciting
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light. The spectra were measured in backscattering

geometry.
3.Results and discussion

Figure 1 shows the XRD patterns of VOg thin
film prepared at oxygen content of 1.0%. Only one
distinguished peak at 26=27.76° is observed in the
diffraction curve, corresponding to the (011) diffrac-
tion of the monoclinic VO5. This is in good agreement
with previous result [’ of our group. The intensity of

the XRD peak indicates a preferred orientation.
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Fig.1. XRD pattern of VOg2 thin film prepared at

oxygen content of 1.0%.

Figure 2 shows the room temperature Raman
spectra of the same VOg film as for the XRD measure-
ment. As can be seen, the spectra are dominated by
two sharp peaks at 192 and 224 cm™! and a boarder

1

peak at 614cm~ . The weaker peaks are identified

in Table 1. The spectral feature, peak positions and

symmetry assignments agree quite well with the re-
sults of Aronov et al,[®l indicating that the VO, thin
film is a stoichiometric one. On the basis of this re-
sult, we can further study the Raman spectra of both
vanadium-rich and oxygen-rich VOs thin films.

In this study, stoichiometric V-rich and O-rich
VO, films were obtained by controlling the oxygen
content. The as-prepared stoichiometric VO film was
obtained at an oxygen content of 1.0%. Although VO,
lattice was still formed as the only stable phase at oxy-
gen content down to 0.8%, it should be assumed that
this material was chemically VOs_,. In contrast, the
VO lattice was still formed as the only stable phase
at oxygen up to 1.2%, and it must be assumed that
this material was chemically VOao, .
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Fig.2. The Raman spectra of VO3 thin film prepared
at oxygen content of 1.0%.

Table 1. Comparison of Raman peak positions measured in this work and

1

the results of Aronov et all®] All the data are in cm™! units.
Aronov 142 191 222 259 308 335 389 497 611
This work 141 192 224 263 308 339 391 443 497 614

Figure 3 shows Raman spectra of VO4 films pre-
pared under different oxygen contents at room temper-
ature. The thickness of all the films is about 120nm.
For stoichiometric VOg film, three dominant peaks are
observed at 192, 224, and 614 cm—!. For O-rich VO,
films, with the decrease of the ratio of vanadium to
oxygen, the above three peaks shift to higher frequen-
cies. In the end, the first two sharp peaks become
very weak, and the broader peak shifts to 642cm~!. In
Parker’s paper [, the trend of oxidation tends to shift

the major spectral peaks at 191, 223, and 613cm ™! to

higher frequencies of 202, 232 and 640cm ™!, respec-
tively. Our trend is almost the same as his. For this,
his explanation is that surface oxidation makes stoi-
chiometry VOg films become O-rich, which leads the
Raman spectral peaks shifting to higher frequencies.
But he did not further explicate this result. For V-
rich VOs films, with the increase of the ratio of vana-
dium to oxygen, the major spectral peaks at 192, 224
and 614cm ™! shift to higher frequencies. In the end,
the first two sharp peaks become very weak, and the
broader peak shift to 644cm™1.
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Fig.3. The Raman spectra of VO3 thin films prepared
by RF magnetron sputtering under different oxygen
contents of a: 0.8%, b: 0.9%, ¢: 1.0%, d: 1.1%, e:
1.2%, f: 1.3%.

Previous studies[”) on VO, films suggested that
in the lattice with very small amount of cations V3*,
oxygen deficiency can be accommodated by the intro-
duction of interstitial cations rather than anion O2%~
vacancies. This situation may result in the presence of
sufficient V3t ions in the lattice to preserve electrical
neutrality and cause the lattice expansion which is ob-
served in oxygen-deficient films. Excess oxygen cannot
go into the lattice interstitially due to the large size
of O%~ ions, and this condition is therefore accommo-
dated by cation vacancies. The decreasing screening
of the O?~ ions results in the increase of Coulomb
repulsion and a corresponding increase in cell vol-

ume. Although the cell volume of nonstoichiometry

became larger than that of stoichiometric VOg, the
interaction between atoms increases as seen from Ra-
man spectra analysis of the above samples. We know
that a large amount of V31 in the lattice will result
in noncrystalline VO; and the dramatic decrease of
its resistivity,[8] but fewer V3* ions in the lattice will
produce compressive stress. Therefore, it is reason-
able that the Raman spectra of V-rich VO5 will shift
to higher frequency due to the compressive stress. As
for O-rich VO3, we consider that the Coulomb repul-
sion many generate internal stress/strain or simply al-
ter the interatomic force constant, both of which will

cause the present observations.

4. Conclusion

In summary, we have described the Raman sig-
nature for both stoichiometric and nonstoichiometric
VO, films and demonstrated the influence of nonsto-
ichiometry on the feature of Raman spectra of these
materials. From these results we suggest that the non-
stoichiometry influence has been an important contri-
bution to the difference we have seen in previously

reported Raman spectra of VOs.

Acknowledgments

The authors would like to thank Professor P R
Zhu for helpful discussions.

References

[1] Zhu P R, Yamaoto S, Miyashita A, Wu Z P, Narumi K
and Naramoto H 1999 Philos. Mag. Lett. 79 603

[2] Granqvist C G 1991 Matertals Science for Solar Energy
Conversation Systems (Oxford: Pergamon)

[3] Granqvist C G 1990 Thin Solid Films 193/194 730
[4] Parker J C 1990 Phys. Rev. B 42 3164

[5] Wang X J, XuJ J,Fei Y J, Li D H, Nie Y X, Feng K A
and Wu N J 2002 Japan. J. Appl. Phys. 41 312

[6] Aronov A G, Mirlin D N, Reshna I I and Chudnovskii
F A 1977 Tala Fiz Tverd (Leningard) 19 193 [1977 Sow.
Phys.—Solid State 19 110]

[7] Griffiths C H and Eastwood H K 1974 J. Appl. Phys. 45
2201

[8] Kusano E et al 1989 J. Vac. Sci. Technol. A 7 1314



