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An amorphous semiconductor is a glass which exhibits a glass
transition usually followed by a crystallization in a heating process.
The glass transition is a complex dynamical phenomenon. Although a
number of models, such as relaxation, mode-coupling and
fragmentation, have been proposed to explain various aspects of the
glass transition phenomena, there still remain a number of problems
to be solved. Further investigations on the glass transition are
necessary for better understanding of phase transitions between
amorphous and crystalline states in amorphous semiconductors for
real device applications.

Recently, in fragmentation model, it has been suggested that an
amorphous solid decomposes into fragments due to thermally-assisted
bond breaking processes on heating. Thus, the number of fragments
increases, their average dimension decreases with increasing
temperature, and the glass begins to behave like a liquid when the
fragment size reaches a critical value. Above the glass transition, the
system is a supercooled liquid until crystallization intervenes.

Electron spin resonance (ESR) spectroscopy is a well-established
technique in which paramagnetic spin probes have been employed to

obtain structural and dynamical information in a wide variety of solid



and liquid materials. ESR technique can be used to explore the
structural properties of supercooled liquids during non-isothermal,
rate-scan, heating. This liquid is actually in a thermodynamic non-
equilibrium state, so its structures and properties change in a
relatively short time. Therefore, the ESR measurement in a
supercooled liquid should be performed in a short period of time
during the rate-scan heating. Most of the multicomponent
chalcogenide glasses, however, do not manifest any ESR signals due to
having a low unpaired spin density, so transition metal ions are
sometimes added as a spin probe to the materials from which the glass
is originally prepared.

Although many investigations have been devoted to the study of
ESR of paramagnetic ions in chalcogenide glasses, most of the papers
concern structural studies of the glasses using ESR measurements at
elevated temperatures during isothermal conditions, or at room
temperature after isothermal annealing. For the first time, it has been
attempted to make ESR measurements in the 0.1 at.% Mn-doped
SezoTes,, GeysTegs and As,yTe;Ge, chalcogenide glasses during non-
1sothermal heating processes in order to explore the microscopic
structural changes occurring at the glass transition.

The glasses used in the present study were prepared by the
conventional melt- quenching technique. The ESR spectra were
recorded on a JEOL model ESR spectrometer equipped with a digital
temperature control unit, an air compressor and a heat blowing tube.
A heating rate of about 2 °C/min was maintained by means of the
digital temperature controller throughout the ESR mreasurements.
The spectrometer was operated at X band with a 100 KHz field
modulation frequency. The amplitudes of field modulation and of
microwave field were low enough to preclude distortion and saturation
of the spectra at various measuring temperatures. The temperature of
the sample was estimated by calibrating copper-constantan

thermocouple at 3.5 cm below the position of the sample inside the



ESR cavity, and also by considering the temperature gradient. The
peak-to-peak linewidth was estimated from the first derivative ESR
signal. In the undoped glass, no ESR absorption was observed.

It was observed that the Mn-doped Se;,Tes, glass exhibits single-
line ESR signal of g = 2.00 at various measuring temperatures
through the glass transition and crystallization temperature during
the rate-scan heating. No remarkable change in the peak-to-peak
linewidth occurs from room temperature up to the glass transition
temperature , but the linewidth begins to decrease around the glass
transition temperature and to increase above the crystallization
temperature.

In the Mn-doped Ge;;Teg; and As,Te,Ge; glasses, two
characteristic signals with g values centered at 2.00 and 4.3 are
observed at various temperatures during heating from room
temperature up to a temperature which is above the glass transition
but below the crystallizatidn temperature. It is found that the
linewidth of either of the resonance lines does not change remarkably
from room temperature up to near the glass transition. However, the
linewidth of the g= 2.00 line begins to decrease and that of the g=4.3
line starts to increase around the glass transition temperature.

The narrowing of the g = 2.00 signal around the glass transition
may be interpreted as resulting from the fluidity enhancement of the
supercooled liquid induced through free-volume increase and
fragment-size decrease with increasing temperature. On the other
hand, the broadening of the g = 4.3 line above the glass transition is
caused by the reduction of the degree of covalency between Mn and its
coordinated atoms which may be induced by the fragmentation
processes of the random network during heating.

In addition, from the present study, the drastic change in viscosity
at the glass transition is clearly understood by the fragmentation

processes in the amorphous solids on heating.
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