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Amorphous vanadium pentoxide thin films have been prepared by chemical vapor decom-
position of VOCI; with H;O in inert atmosphere at room temperature. The films crystallize at aro-
und 240°C irreversibly. The d. c. electrical resistivity in the amorphous state is approximately 1-2
orders of magnitude lower than in the polycrystalline state.

Vanadium pentoxide, V,0;, is known to contain both V*+ and V3% ions and
the electronic conduction is due to the hopping motion of the unpaired 3d electron
from V4t to V3+ ions (small polaron hopping). Due to the difficulty of preparing
pure vitreous . V,0; most of the previous studies on its semiconducting properties
were carried out on glasses containing vanadium pentoxide as a component. Until
now vacuum deposition [1-3] and splat cooling [4-6] have been succesfully applied
to prepare amorphous V,0;.

Chemical vapor deposition (CVD) proved to be a convenient method for growing
crystalline vanadium oxides [7]. Relatively high reaction temperatures (above
600° C) are needed to grow single crystals of good quality. Since the decomposition
of VOCI, vapor with H,O vapor is a strongly exothermic process, the reaction already
takes place at room temperature according to the equation:

2VOCl; +3 H,0-~V,0;+ 6 HCI.

Based on this reaction the CVD method can be applied to obtain amorphous vana-
dium pentoxide. In this paper we report the successful preparation of amorphous
V,0; thin films by chemical vapor decomposition of VOCI, with H,O in mert
atmosphere.
The schematic diagram of the apparatus used is shown in Fig. 1. The vapor of
VOCI,; (FLUKA; Switzerland) and H,O thermostated at 22° C was led to the reac-
" tion chamber by high purity N, gas flow. To avoid the chemical reaction of water
vapor traces in the VOCI, containing ampulla, the carrier gas was led through an
LN, baffie. As substrate material quartz plates (HERASIL I; Germany) were used.
The colour of the freshly prepared films varied from yellow to orange depending
on the reaction time typically 10 through 20 minutes. The thickness of the films
determined by optical method was of some thousand A.
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Fig. 1. V,, Vy-flowmeters (Rotameter MFG. Co. Ltd. England) ®-PTFE valves
(Corning, England) T, =T,=T3=22° C, V,=1 lit/hours, V,=0.7 lit/hours

LIVAGE et al. pointed out that the solubility of the two phases is extremely dif-
ferent. Crystalline V,0; can not be dissolved in water while the amorphous oxide
readily dissolves [5, 6]. Our films prepared by the CVD method easily dissolved in
water, yielding strongly acidic solution with pH ~ 2, in accordance with the results
of LivaGE and COLLONGUES. The results of microscopic examination in polarized
light and electron diffraction pictures unambigously verified that these films were
amorphous.

The crystallization temperature of the amorphous oxide obtained by splat cooling
is between 180 and 200° C [5, 6]. The crystallization is an irreversible, strongly
exothermic process. Because the crystallization can be followed by electrical measure-
ments, we studied the temperature dependence of the d.c. electrical resistivity of
the amorphous V,0O; thin films from room temperature up to 300° C in dry O,
atmosphere. The platinium electrode were deposited on the substrates by vacuum
evaporation before the preparation of the films. Applying a constant heating rate
of 0.5° C/min, a decrease in the conductivity could be observed at around 240° C
in each case. We found a ratio of 10-10? between the conductivity of the two
phases. The material of the films heated above 240° C was insoluble in water. The
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microscopic re-examination in polarized
light demonstrated, that the films had been
crystallized (Fig. 2).

To determine more precisely the va-
lue of the crystallization temperature the
influence of the annealing was studied on
initially amorphous films. The samples
were held for 3 hours at different tempe-
ratures: (a) 180° C, (b) 200° C, (c) 220° C,
and (d) 240°C. The resistivity of the
samples was steadily measured during this
annealing process. Samples (a), (b), and
(c) exhibited no changes in the resistivity,
while the resistivity of sample (d) increased
by approximately two orders of magnitude.
The microscopic examination showed that the film when annealed at 240° C crystal-
lized completely.

Summing up we conclude that the chemical vapor decomposition of VOCI,
with H,O in inert atmosphere at room temperature proved to be a reliable method
for preparing amorphous vanadium pentoxide thin fllms. The flims crystallize at
around 240° C irreversibly. The d.c. electrical conductivity in the amorphous state
is approximately two orders of magnitude higher than in the polycrystalline state.
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IMPUT'OTOBJIEHUE AMOP®HBIX TOHKHNX CJIOEB V,0; METOIOM
PA3JIOXEHUS IT'A30BOU ®A3BI
K. baau, JI. Muxaiirosuy u . Xesewiu

OmmMcaHo MPUTOTOBIICHHE TOHKUX CI0€B V05 MyTeM XMMUYECKOTO Pa3JI0KEHHs ra30B0it (a3bl
VOCI; ¢ H,O B HHEPTHOM ra3e Mpu KOMHATHO# TeMmnepaTtype. [IeHKH KPUCTAUTA3UPYIOTCS OKOJIO
240 °C no HeoOpaTHMOMY MyTH. DIEKTPHYECKOE COMPOTUBIIEHHE AMOPHHOTO COCTOSIHUS IO MOCTO-
SIHHOMY TOKY HHKe Ha 1—2 MOpsifka MO CPaBHEHWIO COIPOTHBIIEHHEM IOJHKPUCTALTAYECKOTO
COCTOSIHUS.



