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Description-of the thermomechanics of hypersonic
surface phononic-crystals exeited.by ultrafast laser pulses
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Introduction_

Periodic elastic composite of two or more vibrating materials

2D phenonic
crystals

Embedded parallel metallic rods Drilled holes lattice
Y..lanaka et al; Rays. Rev. 60, 13294 (1999)

cPermalioy.(FezoNiso).

2D

phononic
crystal

C. Giannetti et al., Phys. Rev. BZ6, 125413 (2007)
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Introduction_

v Phononiccrystats-in the GHz range
H.-N.-Lin,H."J.-Maris, etal..Journ. Appl. Phys. 73, 37 (1993)

v__Excite-and control SAWs_with-fs_laser pulses

D.- M Profunser-ekal., PhysRev. B 80, 014301 (2009)
€. _Giannettivet al., JEEE Photonics Journal 1, 20 (2009)

v All-optical time-resolved calorimetry at the-nanoscale
FBanfi et al., Phys. Rev. B81, 155426 (2010)

cPermalioy.(FezoNiso).

2D
phononic
crystal

C. Giannetti et al., Phys. Rev. BZ6, 125413 (2007)
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Introduction_

metallic

thermal-dynamics:
Nanocalorimetry

F. Banfi et al.,
Phys. Rev. B81, 155426 (2010)

mechanical dynamics:
Surface Acoustic’ Waves

=&l Thermomechanics of Hypersonic Phononic Crystals PHONONS 2010 Taipei, 215t April 2010




A theoretical framework to investigate the thermomechanics
of hypersonie surfac& phonaonic-erystals excited by ultrafast laser pulses

> Introduction

» Thermomechanics

> Conclusion and perspectives
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Mechanical model and pseudo-SAWS,

Influence of a periodically structured overlayer on the
acoustic=field-eigenmodes of an homogeneous slab

Silicon substrate

(r) w’ U

D. Nardi et al., Phys. Rev. B80, 104119 (2009)
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Mechanical model and pseudo-SAWS,
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SAW- solutions: Pseudo-SAW solutions:
v" No radiation into the bulk v’ radiating into the bulk

v degeneracy is lifted
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Mechanical model and pseudo-SAWS,

It outlines_which eigenmodes have mechanical energy
mainly focalized within a depth ~ A
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SAW-likeness coefficient (arb. un.)

D. Nardi etral., Phys. Rev. B80, 104119 (2000) s

Frequency (GHz)
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A theoretical framework to investigate the thermomechanics
of hypersonie surfac& phonaonic-erystals excited by ultrafast laser pulses

> Introduction

» Mechanical'model and pseudo-SAWs

»-Conclusion and perspectives
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Thermomechanics

Mechanics: pseudo-SAW
excitation radiation and damping

\I"IS

Nanostripes |sothermal Heat exchange:
heating stripes nanocalorimetry
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Thermomechanics

Mechanics: pseudo-SAW
excitation radiation and damping

\I"IS

Nanostripes |sothermal Heat exchange:
heating stripes nanocalorimetry
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Thermomechanics

excitation

_1
@
=
=]
44}
-
joh]
=
=
@
2

Nanostripes |sothermal
heating stripes

Calculated temperature
profile at t; = 10 ps
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Thermomechanics

Mechanics: pseudo-SAW
excitation radiation and damping

\lﬂS

Nanostripes |sothermal Heat exchange:
heating stripes nanocalorimetry
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Thermomechanics
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Calculated temperature Total displacement
profile at.t; = 10 ps profile at t; = 10 ps

a ~10° thermal expansion coefficient

AT = 8K
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Thermomechanics

Time=le-11
Surface: Total displacement [m] Arrow: Displacement Deformation: Displacement
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profile at.t; = 10 ps Mechanical time evolution
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AN A Thermomechanics

of the thermal expansion displacement
on the-eigenmodes-of the composite system:
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Thermomechanics

C. Giannetti et al.,
IEEE Photonics Journal 1, 20 (2009)

mechanical and thermal
energy transfer on the
ns timescale

R. I. Tobey et al., Appl. Phys. Lett. 85, 564 (2004)
C. Giannetti et al., Phys. Rev. B76, 125413 (2007)
M. E. Siemens et al., Appl. Phys. Lett. 94, 093101 (2009)
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Thermomechanics
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3D simulation cell Total displacement
geometry profile at t;= 10 ps
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AN A Thermomechanics

' Disk d=320 nm

> cos-like displacement
o sin-like displacement

Pseudo-SAW
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AN A Thermomechanics
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A theoretical framework to investigate the thermomechanics
of hypersonie surfac& phonaonic-erystals excited by ultrafast laser pulses

> Introduction

» Mechanical'model and pseudo-SAWs

> Thermomechanics
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Conclusion and perspectives,

v~ Toel-t0 address-the nature of suffacelike eigenmodes
in_a_hypersonie-surface-phonenic crystal:

v=Address the full thefmomechanical problem and identify
the launched
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Conclusion and perspectives,

v Fully.relate the excited-mechanical modes to the detected
eptical-signhal;
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Conclusion and perspectives,

v Fully.relate the excited-mechanical modes to the detected
eptical-signhal;

v Disentangle mechanical and thermal energy decay channels.

Array of metallic nariodots - Array of siSpended “Polymeric Coating as"damping
with-aperiodic hales metal nanodots layer for pseudo-SAWSs

i

&l Thermomechanics of Hypersonic Phononic Crystals PHONONS 2010 Taipei, 215t April 2010




Acknowledgements,

(Universita Cattolica del Sacro Cuore, Brescia)
Francesco Banfi;-Claudio-Giannetti, Gabriele Ferrini

¢Universita-degli-Studi, Trieste)
FulvioParmigiani

Bernard Revaz (EPEL, Lausanne), Federico.Pressacco (Regensburg),

Pasqualantonio Pingue (NEST, Pisa)

dl Thermomechanics of Hypersonic Phononic Crystals PHONONS 2010 Taipei, 215t April 2010




