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Paper presents the results of study of picosecond acoustic signals generated by femtosec-
ond laser pump pulse in Au/V multilayers. Au/V nanostructures with a period of 36-205Å
located on MgO substrate were studied. The dependence of measured changes of the laser
light reflectivity from nanostructure surface on differentdelays of probe beam was examined.
Peak frequencies obtained by FFT analysis were interpretedas frequencies of acoustical lo-
calized modes. The obtained values of these localized modesare in agreement with numerical
results. In the same sample localized modes were excited simultaneously in the first and sec-
ond frequency forbidden gaps.
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1. Introduction

One of the most rapidly developing branches of nanotechnology is nanophononics.
Nanophononics considers interaction of acoustic phonons with material on a nanomet-
ric scale. This interaction gives many new physical effects which will be the basis of
novel nanodevices. The acoustic properties of periodical multilayer nanostructures have
been widely studied using Brillouin, Raman scattering and picosecond acoustic meth-
ods [1–5].

In the previous our papers ultrasonic picosecond technique was used tostudy acous-
tic properties of Au/V nanolayers [6–8]. These papers mainly deal with finding condi-
tions for acoustic localized modes excitation in nanolayer metallic structures.In present
paper FFT analysis is used to investigate frequency spectrum of acousticsignals gener-
ated by femtosecond pulses of light interaction with metallic monolayer structures.

2. Experimental results

Samples of Au/V multilayers with superlattice period from 36 to 205 Å using a
pump-probe laser beam technique were investigated. For excitation of sample femto-



132 M. ALEKSIEJUK, F. REJMUND

second light pulses generated by Ti: sapphire laser were applied. Delayed probing beam
served for measuring sample reaction in time after excitation [6]. The changes of re-
flectivity coefficient as a function of delay time between pump and probingbeam were
obtained. For different samples two kinds of responses were observed. First type of
answer was characterized with appearance of acoustic echoes while second one con-
tained high frequency oscillations connected to localized acoustic modes. Examples of
both types registered dependences are presented on Figs. 1 and 2. The case presented
on Fig. 1. was observed in nanolayer samples with bilayer thickness lowerthan 80 Å.
From the value of the delay time of echo it is possible to calculate sound velocityin
multilayer structure. For nanolayer with bilayer thickness greater than 80 Åthe high
frequency oscillations were registered. For intermediary thicknesses,weak echoes sig-
nals were registered against the background of high frequency oscillations.

Fig. 1. Dependence of reflectivity coefficient changes versus delay time for 16 Å/21.5 Å Au/V nanolayer.

Fig. 2. Dependence of reflectivity coefficient changes versus delay time for 80 Å/91 Å Au/V nanolayer.
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In case of high frequency oscillations the value of frequency may be obtained by
using regression method. It can be realised by fitting experimental curve to dependence
described by mathematical formula. The formula used in the regressionmethod has
form:
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In Fig. 3 the both curves (experimental and fitted) for Au/V nanolayer (80 Å/91 Å) are
shown. Values of calculated constants and standard deviation for this case are presented
in Table 1.

Fig. 3. Experimental dependence and fitted curve for 80 Å/91 ÅAu/V nanolayer.

Table 1. Nonlinear regression coefficient values of fitting curve in Fig. 3.

coefficient standard
value deviation

a 0.0208 0.0004

b 8.1745 0.0045

c 3.7306 0.0199

d 63.7903 1.6534

The frequency obtained as a result of fitting process is equal to 122.3 GHz.

3. Fourier analysis and discussion

The frequencies appearing on figures showing the dependences of the reflectivity
coefficient of light on time can be received also by Fourier analysis method (FFT). Two
examples of FFT analysis for Au/V nanolayer are presented in Figs. 4 and 5. These de-
pendences were obtained for two different time intervals (at the beginning and the end
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of the measured time range). In FFT analysis 256 points were used. In Figs. 4 and 5 two
peaks at the frequencies 120 GHz and 220 GHz are appearing in first and second fre-
quency gaps, respectively. The proportions of these amplitudes for both figures confirm
that the amplitude of localized mode generated in second frequency gap isevidently
greater than the one in first frequency gap. All measured multilayers withobserved lo-
calized modes show similar FFT transforms for registered acoustical high frequency
signals.

Fig. 4. FFT spectrum of reflectivity changes for 80 Å/91 Å Au/Vnanolayer (beginning of time scale).

Fig. 5. FFT spectrum of reflectivity changes for 80 Å/91 Å Au/Vnanolayer (end of time scale).

The FFT analysis was also made for echo signals. The result of such FFT analysis
for selected Au/V nanolayer is shown in Fig. 6. The maximum of frequency for third
acoustic echo is 25 GHz. This means that acoustic pulses generated in nanolayer struc-
ture by laser impact have frequency of order tens GHz.
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Fig. 6. FFT spectrum of reflectivity changes (third echo) for16 Å/21.5 Å Au/V nanolayer.

4. Conclusion

The FTT analysis used to study spectrum of high frequency oscillation signals gen-
erated by laser pulses allowed to extract two frequencies connected to localized modes.
In considered Au/V nanolayers these two acoustic modes appear simultaneously in first
and second frequency gaps. The amplitude ratios of frequency peaks in FFT spectrum
for different regions of signals show that attenuation of localized mode insecond gap is
greater.
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