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Thermal dependent changes of light depolarization degree were observed in the SnO2: In2O3 �ITO�
layers deposited onto the flat glass substrates which are used usually as electrodes for optoelectronic
devices. The observed effect is reversible. It can be attributed to the changes of nanostructure
geometry in the bulk of the ITO layer as well as on its surface. Such geometric changes involve
dispersion of polarized light. The investigated effect should be taken into consideration when
developing optoelectronic devices because it can provoke distortion of the optical information
field. © 2006 American Institute of Physics. �DOI: 10.1063/1.2210591�

INTRODUCTION

SnO2: In2O3 �ITO� layers deposited onto the glass or
lavsan substrates are usually used as the electrodes in liquid
crystal and electroluminescent displays, in a photoelectric
transformer of solar energy, and in optoelectronic photore-
fractive and holographic recording devices.1–5 A laser beam
passes through the substrate with an ITO layer, while a ho-
logram is recorded on holographic recording medium �HRM�
or reconstructed.1 The basic interest in HRM consists in the
absence of its influence on the information field which is
formed by a coherent and linearly polarized laser beam.
However, in spite of wide employment of ITO layers, these
can introduce some disturbances in depicted information
field due to their depolarizing properties peculiar to phase-
inhomogeneous layers �PIL�.6,7

EXPERIMENTS

Flat glass substrates �50�40 mm� with thicknesses of
1.2, 2.2, and 3.2 mm with deposited ITO layers were used as
samples for investigation. Silver electric contacts were de-
posited along the narrow edge of the substrate onto the sur-
face of an ITO layer for current pulse input. The parameters
of these pulses corresponded to erasing pulses used in holo-
graphic recording on the photothermoplastic medium. ITO
layers with thicknesses of 700–3000 Å and surface resis-
tances of 10–50 � /� were deposited by magnetron and
thermal evaporations. During the pulse duration of 90 ms
energies of 10–110 J evolved in the ITO layer. Light inten-
sity �I� which passed through the glass substrate with the
ITO layer and a polarizer �P2� �analyzer� was measured ex-
perimentally. Either a diode laser �5 mW, �=655 nm� or an
incandescent lamp with a monochromator and a polarizer
�P1� was employed as a light source. Light beam was di-
rected normal to the sample surface. Light intensity I0 reach-
ing the sample surface was changed by the neutral light fil-
ters within the range of 1–103 W/m2. The dependencies of

I / IN=0 on time t after current pulse input into the ITO layer
with interval of 1 s, on the number N of current pulses, on
the angle � between the polarization planes P1 and P2, on
light wavelength over the range of 400–900 nm were mea-
sured, where I is the light intensity which passed through the
sample and analyzer after current input and IN=0 is the light
intensity measured at the same conditions but at temperature
T=293 K. The degree of polarization �= ��I� − I�� / �I� + I���
�Ref. 8� of light which passed through the glass substrate
with the ITO layer was measured over the temperature range
of 290–395 K and over the range of light wavelength of
400–900 nm, where I� = IN=0 for �=0 and I�= IN=0 for �
=� /2. These measurements were fulfilled in the thermostat
with optical windows; the sample temperature was deter-
mined by thermopair contacting with the substrate surface.

RESULTS AND DISCUSSION

Pronounced changes of light intensity I under the influ-
ence of current pulses were not observed while unpolarized
light passes through the investigated samples with ITO lay-
ers. Essential changes of laser light intensity as well as in-
tensity of light from source with polarizer P1 passing through
the sample and analyzer P2 were registered. Typical depen-
dencies of I / IN=0 on time t for different values of N and � are
shown in Fig. 1. After current pulse input into the ITO layer
the intensity I for �=� /2 firstly decreases; next it grows and
for large N can reach a value by an order of magnitude
greater than the initial one. For smaller angles � the opposite
character of the dependency of I / IN=0 on time t was ob-
served. These effects are reversible: after I relaxes until its
initial value input of the current pulses involves the same
changes of light which passed through the sample. Relax-
ation of the light intensity I occurs exponentially with char-
acteristic times of 200–300 s after the influence of current
pulses ceases and the maximal value is reached. The charac-
teristic time increases in the samples with a thicker glass
substrate. Evidently, this tendency is caused by natural heat
abstraction from the ITO layers. Changes of I / IN=0 do nota�Electronic mail: daviden@ukrpack.net
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depend on the orientation of the polarization plane of inci-
dent light relative to the current direction in the ITO layer,
i.e., on the rotation of the sample plane around the direction
of light propagation. The general character of the effects in-
vestigated is similar over the whole investigated ranges of I0

and � in the samples with different thicknesses of the ITO
layers, in the samples obtained using different technologies.

Since the depolarizing properties of the ITO layers are
independent of the direction of current propagation, one can
conclude that these properties are caused neither by one-
dimensional electrons moving while the current pulses pass
nor by peculiarities of the band structure of ITO. It would be
natural to suppose that observed effects of light depolariza-
tion can be attributed to the reversible structural changes in

the ITO layers which happen due to abstraction of additional
heat. Experimental dependencies of ln � on T−1 measured
using light with different wavelengths �Fig. 2� can serve as
additional confirmation of the above made supposition. It
should be pointed out that thermal influence on � for the
glass substrates without ITO layers was not observed over
the whole investigated range of light wavelengths, whereas
changes of optical density of the same substrates with ITO
layers reach 15% while � changes.

Atomic force microscope �AFM� image of the surface of
the ITO layer is shown in Fig. 3. It is well known that optical
and geometric parameters of PIL can be considered as a su-
perposition of external �roughness� and internal �cracking,
electric domains, dislocations, etc.� components.6,7,9 The ob-
served effect of � decrease under T growth is evidently not

FIG. 1. Time dependencies of I / IN=0 for different values of � and N=1 �1�,
3 �2�, 5 �3�, 10 �4�, 15 �5�, 20 �6�, and 25 �7� ��=650 nm, the thickness of
the glass substrate is 2.2 mm, the surface electric resistance of the ITO layer
is 20 �, and the energy of heat abstraction corresponding to one current
pulse is �55 J�.

FIG. 2. Dependencies of ln � on T−1 for �=404 nm �1�, 434 nm �2�,
534 nm �3�, 604 nm �4�, 704 nm �5�, and 804 nm �6� �the thickness of the
glass substrate is 2.2 mm, and the surface electric resistance of the ITO layer
is 20��.

FIG. 3. AFM image of the surface of the ITO layer.
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caused by increasing concentration of monoenergetic and
isometric domains or dislocations in ITO structure because
dependencies of ln � on T−1 are nonlinear �Fig. 2�.9 On the
other hand, � growth as well as strengthening of its depen-
dency on T while � decreases �Fig. 2� testify that under
temperature growth the rise of concentration of nanocenters
depolarizing light happens. Such centers are mainly located
on the interface of the ITO layer.6,7

Taking into account the correlation between dependen-
cies of I / IN=0 on t �Fig. 1� and dependencies of � on T �Fig.
2� one can conclude that light depolarization in the ITO lay-
ers occurs mainly on the surfaces. This effect reveals itself
with more power while N and T increase. Wide employment
of the ITO layers in modern optoelectronic devices requires
more information about observed depolarizing properties as

well as detailed investigations of their physical reasons. We
consider researches on changes of nanosized surface struc-
ture of the ITO layers under influence of electric field and
temperature as a following step of our activity in this field.
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