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• 2 femtosecond lasers with ≠ repetition rates

fp ~ 48,1 MHz 

fs = fp - Δf    with Δf ~ 700 Hz 

Femtosecond pump probe setup (TDTR)

We studied the acoustic wave propagation in micro-structured thin films using a femtosecond heterodyne pump probe setup. Metallic thin films

are prepared by Glancing Angle Deposition (GLAD) magnetron sputtering. Emphasis is put on the correlations between the structural shape of

columnar thin films and their acoustic anisotropy.

Acoustic wave propagation is connected to the structural anisotropy of the film’s architecture. The GLAD approach is among the most attractive

ways to produce original surface morphologies and the microstructural shape can be changed as a function of the thickness of the film, the

incident angle of the particle flux and the sputtering pressure.
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Dispersion curves of W film for x and y directions 

α = 0°

Acoustic properties and morphological 

features in structured thin films

α = 80°

Love SezawaRayleigh

Numerical simulations with FEM

• GLAD : GLancing Angle Deposition

• Magnetron sputtering

• Deposition angle α = 80°

• Film thikness ~ 400 nm

• Substrate = Si (100)

W - thickness (nm)

Particle 
flux 500 nm

Anisotropy vs. thickness 
• Tunable shape vs. thickness of W

• From circular shape to elongated as

the thickness increases

• Acoustic wave velocity decreases

with thickness due to elliptical shapes

and a more porous structure between

the columns

• Anisotropy and porosity are

connected to the column fanning,

which are favored at high thickness

1 µm
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Group velocities of pseudo-Rayleigh waves (at k/2π=3×105𝑚−1) along x, y axes and 

anisotropic coefficient as a function of the W films thickness.

Calculated porosity as a function of the W 

films thickness.

𝑉 = 𝑉0 × (1 – p) 𝑡

ρ = ρ0 (1- p)

V : speed of the porous media
𝑉0 : speed for the bulk media
p : porosity
t : factor (1 < t < 4)
ρ0 : density at zero porosity

V𝒙 = 𝑽𝒚
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anisotropic microstructured film
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Circular shapeElliptical shape

• Increasing pump-probe delay by 

δt = Ts -Tp ~ 300 fs

• Thermal and acoustic properties

• With scanning : 

 Acoustic wave velocity V𝑥 and 𝑉𝑦
 Acoustic anisotropy 

SEM observations of surfaces and cross-sections of  W and Au thin films sputter-

deposited by GLAD with an incident angle α=80°.

Dispersion curves of Au film for x and y directions 

From literature [2] :

• Finite element method with periodic conditions [1]

• The three first modes are shown

• a = 500nm

• hf = 400nm

• hSi = 25µm

(a) Calculated band diagram of Au film. (b) The distributions of 

displacement of modes.

α = 80°

[2] : G.N. Aliev et al., J. Appl. Phys. 110, 43534-43541 (2011)
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