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Amorphous vanadium pentoxide thin films were prepared by CVD of VOC13 with H20 
at room temperature and by vacuum deposition. The stoichiometry was estimated from 
quantitative EPR measurements. The amorphous to crystaUine transition temperatures, 
453--463 K for vacuum deposited films and 523 • 10 K for films prepared by CVD, were 
determined by DTA, polarization microscopy and electrical conductivity measurements. The 
structural changes were monitored by electron microscopy and EPR. 

Introduction 

Two methods  are known to obta in  pure amorphous  v an ad iu m  pent- 
oxide (V~O5), splat-cooling [1, 2] and vacuum deposition [3--6] .  Both  methods 
involve the melt ing of the material .  At  high tempera tures  the  melted V20 5 
loses oxygen resul t ing in a non-stoichiometr ie  oxide. The deviat ion f rom the 
s to ichiometry  depends on the t empera tu re .  Ah a t t em p t  to prepare  amorphous 
V~O 5 thin films of p robab ly  lower V 4+ content  (sub-melt ing-point  vacuum 
evaporat ion)  was repor ted  by  COLTON [7]. 

Al though re la t ively  high t empera tu res  ate needed to obta in  single crys- 
tals of good qual i ty  chemical vapour  deposit ion proved to be a convenient  
method  for growing crystall ine vanad ium oxides [8--10].  The great advan- 
tage of this me thod  is t ha t  the s to ichiometry  can easily be controlled.  Since 
the decomposi t ion of vanad ium oxychlor ide  (VOCI3) vapour  with H20 
vapour  is a s t rongly  exothermic  process, the react ion takes place even at 
room t empera tu re  according to the equat ion 

2VOC13 + 3H20 ~ V20 s -~ 6HCI, (1) 

which suggests t ha t  CVD at room t empera tu re  might  yield non-crystal l ine 
V205 of possibly ve ry  low V 4+ content .  

In  this paper  we repor t  the successful prepara t ion  of amorphous  vana- 
dium pentoxide  th in  s by  CVD and compare  the propert ies  of the  fiIms 
prepared  by  this method  and vacuum deposition. 
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Experimental 

The starting material for vacuum deposition was V205 powder (REANAL, 
I-Iungary, purum grade). The temperature of the electrically heated molyb- 
denum boats, as determined by an optical pyrometer, was 1670 K. The sub- 
strates were held at room temperature under high vacuum ( <  1 X 10 _3 Pa). 
Film thickness varied between 0.2--0.8 #m at deposition rates of 3--5 nm/s 
a n d a  boat to substrate distanee of 0.1 m. 

To apply the CVD method VOCI 3 vapour (FLUKA, Switzerland) and 
H20 both thermostated at 303--333 K and 295--298 K, respectively, were 
introduced into the quartz reaction tube by high purity N._, of O 2 carrier gas, 
dried in an LN 2 cooled baffle. 

Quartz and optical glass plates, polyethylene and mylar films were 
used as substrate materials. For electron microscopic studies the films were 
deposited onto platinum grids covered by a collodion and a vapour deposited 
SiO x layer. 

The electron micrographs were taken with a JEM 100-U (JEOL) mic- 
roscope; for EPR measurements a J E S - - P E - - 1 X  (JEOL) X-band spectro- 
meter was used; the IR spectra were recorded with an UNICAM SP 200 spec- 
trophotometer. Electrical resistivity was measured by two point teehnique 
using evaporated platinum electrodes. Den,~ity data were calculated from 
measured weight/volume ratios. The thicknesses of the films were determined 
by optical intelfcrence method. 

Results and discussion 

Thin films prepared by Loth methods were oiiginally yellow and uni- 
forro in appearance. With optical microscopy we were unable to distinguish 
them, but TEM pictures clearly showed tha t  vacuum deposited samples were 
more homogeneous than those prepared by CVD. 

LIVAGE and his coworkers proposed a very simple method to distinguish 
between crystalline and amorphous V205. They pointed out that  the crystal- 
line forro cannot be dissolved in water while the amorphous form readily dis- 
solves [1, 2]. Our films easily dissolved in water yielding a yellow solution 
with pH ~-~ 2. The electron mieroscopic studies proved unambiguously tha t  
the films were amorphous (Fig. la). 

The density of the samples varied from 2.7 gcm -3 to 3.1 gcm -3. The 
large spread is possibly due to uncertainties in weight and thickness measure- 
ments. 

The variation of electrical conductivity with temperature of ah initially 
amorphous film prepared by vacuum evaporation is shown in Fig. 2. The 
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a) b) 
Fig. 1. Seleeted area electron diffraction pattern of an as-deposited film (a), and of the same 

film after heat treatment (b) 
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Fig. 2. Temperature dependence of the conduetivity, measured on a vacuum 
deposited film 

tempera ture  dependence of conduct iv i ty  in the amorphous phase (curve a) 

is consistent with the polaron model for conduct ion [11]. Conduct iv i ty  
values (measured on 7 different samples at  25 ~ ranged f rom 2 • 10 -4 to 
1 X 10 -a o h m - l m - 1  with a mean value of  6 • 10 -4 o h m - l m - 1 .  The high tempera-  

tu te  act ivat ion energies were determined in the 300--450 K range. The mean 

value of 0.62 eV is surprisingly high as compared  to data  reported by  ALLERSMA 
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et al (0.29--0.39 eV) [4]. The amorphous to crystalline transition temperatures 
(defined by the temperature at which the conductivity suddenly increases) of 
the vacuum evaporated samples were found between 453 and 463 K, in agree- 
ment with our own results obtained by DTA and polarization microscopy, 
and those of [1, 2]. The conductivity of the erystallized material (curve b in 
Fig. 2) can be described by the equation 

a = t~ o e x p ( - - E / k T )  (2) 

with E ---= 0.14 eY which is close to the value reported for single crystals and 
polycrystalline material [3, 4]. Conductivity values of 6 ohm- lm -1 were 
measured at room temperature. The polycrystalline material was identified 
as orthorhombic Y205 (ASTM 9--387) (Fig. lb). The density of the polycry- 
stalline films increased by 25~‰ as compared to that  of the amorphous samples. 

The crystallization temperature of the CVD films was found, as deter- 
mined by the same methods, 520 ~- 10 K. For hydrated amorphous V20 ~ 
transition temperatures between 570 and 600 K were reported [12], suggesting 
tha t  the higher transition temperature observed might be due to the presence 
of water. Indeed, the DTA curves showed a weak endotherm signal at about 
370 K. In the IR spectra two bands at 1610 and 3500 cm -1 could be identified 
beside the characteristic peaks at 650, 840 and 1015 cm -1. These results prov- 
ed that  the films prepared by CVD contain loosely bound water. 

The lineshape of the EPR spectra is of diagnostic value for distinguishing 
between the amorphous and crystalline forms and also for estimating the y4§ 

b 

a 

c 

/ 
Fig. 3. EPR spectra of ah as-deposited CVD film, recorded at 300 K (a) and 100 K (b); spectrum 

of the film after heat treatment, recorded at 300 K (c) 
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content .  The amorphous  form of low V 4+ content  exhibits a well resolved 

hyperf ine pa t t e rn  at  room tempera ture  unlike crystallized V20 5 [1, 2, 13]. 
E P R  spectra of a CVD film are shown in Fig. 3. The spectra labelled with a 

and b are characterist ic  of the amorphous  phase with low V 4+ content ;  while 

the spect rum recorded after a heat  t r ea tmen t  at 570 K for 3 hours in oxygen 
atmosphere  (curve c) is characterist ic of the crystalline phase. The room tem- 

perature  E P R  spectra  of films prepared by  vacuum deposition exhibited no 
hfs indicating the presence of much more V 4+. Quant i ta t ive  E P R  measure- 

ments using CuSO 4 �9 5H20 s tandard  revealed tha t  the films prepared b y  CVD 
contained only 1 - - 2 %  V a+, while the V 4+ content  of the films obtained by 

v a c u u m  deposition was 7--8~/o 
Summing up it m a y  be s tated tha t  the amorphous  films obtained by  

vacuum deposition are of very  good homogene i ty  but  exhibit  large deviat ion 

f rom the s toichiometry;  while CVD is appropr ia te  to produce near stoichio- 

metr ic  amorphous  vanad ium pentoxide thin films. 
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