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IR laser operation by chalcogenide glass features
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IR induced operation by mechanical parameters in complex chalcogenide glasses with a general
formulae Sb2Se3 – xTex–BaCl2–PbCl2 (with x = 0.2, 0.8, 1.3) was found under the influence of
a pulsed 190 ns CO2 laser and with light power densities varying within 0.5–1.5 GW/cm2 with
a wavelength 10.6 μm. The monitoring was performed by acoustic sound velocities. It was
established that varying x leads to variations in mechanical properties, which is monitored by
acoustic sound velocities. This one is a consequence of Ir laser induced variations of electron and
phonon polarizations. Simultaneously changes in pump–probe delaying times in a nanosecond
time range were explored. The studies allow to determine the maximally achieved acoustic velocity
values. A significant role of an electron–phonon subsystem in the observed IR-induced mechanical
treatment is demonstrated. Of a particular interest are studies of sound velocity decay properties
after switching off the IR-induced laser beam.
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1. Introduction

The possibility to operate by the properties of chalcogenide glasses presents
an enhanced interest both from technological as well as fundamental points of views.
In the works [1–4] it was shown that chalcogenide glasses are most promising for
IR laser operation due to the enhanced light-induced polarizabilities which are related
to the phonon subsystem defining the mechanical features. The crucial role here play
the IR-induced changes of optical constants [5], which are extremely sensitive to
IR-induced electron–phonon interactions. It should be emphasized that there also exist
some other slighter effects; however, normally, their contribution may be neglected as
being small [6, 7]. The chalcogenide glasses possess very effective parameters of
interactions with light [8, 9]. Most of the studies concerning the chalcogenide glasses
were connected with optically operated parameters like transparency, refractive
indices or second harmonic generation output. One can expect that very promising
may be the IR-induced acoustical effect (IAO) because it includes both the contribution
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of an electron as well as phonon subsystem. The similar IAO effect was also observed
in some other chalcogenides [10], including formation of surface relief [11]. However,
they are less applicable due to a low laser threshold damage. 

In the present work we will study the optical operation by mechanical properties
using the IR-induced nanosecond laser treatment. The main advantage of such treat-
ment consists in a possibility to use the same materials many times without the neces-
sity to synthesize a new one. 

For this reason we have explored Sb2Se3 – xTex–BaCl2–PbCl2 (with x = 0.2, 0.8, 1.3)
glasses because, following Refs. [12, 13], such a type of glass possesses a relatively
higher degree of electron–phonon anharmonicities, which is a necessary condition for
the IR-induced operation. Their synthesis procedure is similar to that described in
Refs. [12, 13]. 

It is necessary to emphasize that IAO efficiency is generally closely related to
mechanical plasticity and melting temperature of the chalcogenide glasses [14]. So
IAO may be of special interest for such a kind of studies. Moreover, mechanical
stresses can cause anisotropic and inhomogeneous space distribution of the refractive
indices. In the present work, the principal possibility to operate by IR laser light
by simultaneous applications of two fields: dc-electric and optical IR laser one will
be shown. 

2. Experimental details

The studied samples were synthesized from the melt solution of particular oxide
compounds which were taken in the appropriate stoichiometric ratio. The samples were
completely amorphous and their space homogeneity was controlled by the optical
polarimetry and the X-ray diffraction with Cu Kα. Their space non-homogeneity
did not exceed 4%. The samples were in a form of parallelopipeds with the sizes of
(0.5×0.5×0.9) cm. 

The sound velocities determining mechanical features were evaluated by two
principal methods: by the echo method and by the transmission method. In the first
case, the generator ultrasound (US) and the sound detector were used simultaneously
for the sound generation and detection. For the thin films, more suitable is the trans-
mission method, which allows to use the delaying line.

In the present work we have applied the first echo method. Sound velocity was
detected using the measurement card connected with an integrated pulse generator and
two piezoelectric sensors with frequencies equal to about 4 MHz. Using this method,
we have measured propagating sound velocities in materials and corresponding
times of their propagation from the generator to the detector for the specimen with
known thicknesses. The accuracy of the sound velocity measurements was equal to
about 2 m/s. 

The time stability of photoinducing laser pulses was deviated not more than 3–6%
and the stability of the space distribution of the Gaussian laser beam was less than 0.1%.
The average photoinducing beam’s diameter of the photoinducing Gaussian-like beam
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varied from 7 up to 15 mm to change successively the power density up to 1 GW/cm2.
The control of the thermostability was performed by the thermocoupling method with
precision up to 1 K. 

For the performance of the photoinduced treatment we have done the laser treatment
with the simultaneous measurements of the sound velocities. Such short-time kinetics
allowed to avoid the samples overheating. The pumping laser beam was split into two
beams with the same intensities which have been incident on the sample’s surfaces at
the angle 45°. A special proustite delaying line allowed to operate by pump–probe
delaying times. The light absorption coefficients were evaluated taking into account
samples reflection and transparencies. 

Sound velocities versus the time-dependent propagation were measured at different
delaying times t of the two photoinducing beams. The averaging statistics over
the sample surface was performed to avoid space non-uniformity in the sample distri-
bution within the sample surface. 

3. Results and discussion
In Figure 1 the dependences of the sound velocities versus pumping pump–probe
delaying time at different x contents are presented. It was established that the maximum
of the IR induced velocity is achieved at 39 ns for samples with x = 0.8. It is necessary
to add that at further increase in x, the maximum of sound velocity is shifted towards
higher delaying times (up to 40 ns) and its value is less. At the same time, at lower x,
the maximum is shifted towards less delaying times and the maximum value is at least
20% less than for the x = 0.8.

The second interesting fact consists in an existence of IAO maximum at an inter-
mediate x value.

One can see that there exists a significant difference between specimens possessing
different x. Moreover, the observed time-delaying IAO shift demonstrates some asym-
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Fig. 1. Dependences of sound velocities versus the pumping pump–probe delaying time for the studied
chalcogenides with different x. 
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metric shape which is typical of the decay of photoinduced carriers with relatively low
electron–phonon anharmonicities [15].

In Figure 2 there are presented some dependences of the IAO versus pumping
IR laser densities. One can see that the maximum of the IAO achieves its maximal
value at power densities equal to about 0.8–0.95 GW/cm2. It is crucial that in the power
densities higher than 0.6 GW/cm2 there occur substantial anharmonic phonons stim-
ulated by the external light. 

The occurrence of some nonlinearities in the pump power densities (see Fig. 2)
may be also a consequence of the occurrence of some metastable nucleation states
similar to partial unstable crystallization or nanocrystallization [16, 17]. The latter
factor usually favours changes in acoustomechancial features.
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Fig. 2. Relative changes in acoustic velocity versus the laser power density for the chalcogenides of
different content.
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Fig. 3. IR-induced AIO decays for the samples with different content. 
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After switching off the pumping IR power densities, the observed acoustically
induced optics (AIO) effect completely disappears and the mechanical parameters
return to their initial states. 

In Figure 3 there is presented a time decay of the AIO after switching off
the IR laser. One can see that after 60 μs the photoinduced mechanical parameters
for all the x contents the glass returned to the initial state. This decay is typical of
chalcogenide glasses during their treatment below the damage threshold [15]. 

The presented results confirm a principal possibility to perform an effective
operation by physical and acoustic features of the chalcogenide glasses using the ex-
ternal two-beam pumping treatment. A principal role play here the electron–phonon
interactions depending on the glass content. After 60 μs the photoinduced mechanical
parameters for all the x contents of the glass returned to the initial state.

The discovered effect is very promising for production of laser operated
chalcogenide glasses. 

Despite the fact that the enhancement of temperature did not exceed 1 K, our
evaluations show that the space distribution of even such small changes may be crucial
for the observed effects. It is a consequence of a fact that for the chalcogenide glasses
the anharmonic phonons are very sensitive to the increased temperature, contrary to
the borate glasses [18]. However, it will be a subject of a separate work in future.

4. Conclusions 

We have discovered a principal possibility to operate by mechanical properties of
chalcogenide glasses under the influence of external two beams of 190 ns CO2 with
light power densities varying within 0.5–1.5 GW/cm2 for Sb2Se3 – xTex–BaCl2–PbCl2
(with x = 0.2, 0.8, 1.3) chalcogenide glasses. It was established that the maximum of
the IR induced velocity is achieved at 39 ns for samples with x = 0.8. It is necessary
to add that at further increase of x, the maximum of sound velocity is shifted towards
higher delaying times (up to 40 ns) and its value is lower. At the same time at lower x
the maximum is shifted towards less delaying times and the maximum value is at least
20% less than for the x = 0.8. One can see that the maximum of the IAO achieves its
maximal value at power densities equal to about 0.8–0.95 GW/cm2. It is crucial that
at the power densities higher than 0.6 GW/cm2 there occur substantial anharmonic
phonons stimulated by the external light. 
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