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As heat penetrates deeper into the sample, amplitude of the thermal profile is lowered due to thermal diffusion 
in the in-plane direction x. Naturally, relaxation kinetics in the case, when a film with high thermal diffusivity 
is formed on the substrate with a relatively low thermal diffusivity, is mainly determined by the in-plane heat 
transfer in film.

When the period L of a thermal grating, and hence its life time tx, are large enough and when during the pe-
riod of the diffracted signal observation heat has a chance to reach the substrate and to exert its thermal effect, 
we measure the effective value averaged over the heat penetration depth instead of a real thermal diffusivity of 
film. In this case kinetics of thermal relaxation is weakly dependent on the film properties and in fact is deter-
mined by thermal parameters of the substrate itself.

A transformation the effective thermal diffusivity (χ eff) of the film under study to its actual value is illus-
trated in fig. 1, showing the result of excitation of thermal transient gratings with different periods in a film of 
diamond-like carbon (DLC). The grating is excited by laser pulses of width 10 ns at the wave length 532 nm. 
The radiation absorption factor m of the film in this spectral range is ≈105 cm–1. 

It is well seen that when the grating period L decreases from 20 to 2 mm, the in-plane thermal diffusivi-
ty c х is varying from thermal diffusivity of the glass substrate to the same parameter of diamond-like carbon 
film [13]. If L ? h, there is practically no heat transfer in direction parallel to sample surface, whereas the 
decay of a grating is mainly determined by heat transfer in the substrate.

Role of the air in relaxation kinetics formation  
of transient surface grating lead telluride film

Lead telluride (PbTe) based thermoelectrics are now actively studying because this narrow-band semicon-
ductor shows promise for the technologies of renewable energy engineering. Recently the attention has been 
attracted to lead telluride doped with indium or bismuth that reveals advantageous functional qualities. Some 
portion of thermal energy stored by the absorbing surface of a PbTe film is transferred to the adjacent air layer 
and acoustic grating is excited in thin layer.

To estimate a contribution of the air into kinetics of the diffraction signal attenuation, one should take into con-
sideration that, according to the data from [14] obtained by the photorefraction method, thermal diffusivity of the 
air on normal atmospheric pressure comes to 0.2– 0.4 cm2/s depending on its temperature. The same parameter 
for the tested film is within the range 0.015– 0.025 cm2/s [15]. Consequently, the life time of a thermal grating in 
air is one-tenth as long as the grating in film under study. Thus, to exclude the influence of a thermal grating 
in the air on the measurement results during experimental studies of heat transfer in samples based on PbTe, 
the initial point of the analysed kinetics should be shifted by lifetime of air grating after the moment when the 
diffraction signal arises.

As it seen in fig. 2, а, at the initial part of the kinetics curve one can observe an acoustic attenuating com-
ponent of diffraction. Ultrasonic oscillations period is about 0.12 ms.

Fig. 1. Effective thermal diffusivity  
of the system diamond-like carbon film – glass  

as a function of the period of a thermal transient grating formed  
on surface of the absorbing film of thick 2 mm


