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What am | interested in ?

*Sound waves (Guiding, Use for metrology, Ultra-high frequencies)
*Phononic Crystals (Design, Functionalities, Tunability)
Nanoscale materials (Thermal and acoustic properties)

*Couplings (Magneto-acoustics)

Picosecond Ultrasonics
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Picosecond Ultrasonics

* Optical pump-probe experiment
« Uses femtosecond laser pulses
* To generate/detect acoustic waves

Scales the sonar principle to the um/nm range
l.e. GHz/THz frequency range
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Setup — Main parameters
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First example

Silica

v

P
<«

e
Excitation Propagation Detection
: ) pag /
e=15nm
<
& Vibration
EChO/\\ 3OX10 | “R' - b))
R g inging
o 0 o I50I - IlOOI - I150I | 2'5X10-4 (I) . 5I . 1IO . 1I5 . 2IO . 2I5 . 3IO | 3I5 | 40
. Temps (ps) Tim'e (ps)
ARIZONA. ks W=

RRRRRRRRRRR Formation
Transfert
TUCSON ARIZONA



Another example

0
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Orders of magnitude

Acoustic pulse width =2 * light absorbtion depth

2*10= 20 nm In metals
Duration of pulse = pulse width/velocity

20 nm/(5 nm/ps) = 4 ps
* Frequency content of acoustic pulse = 1/duration

1/4ps =250 GHz

 Max thickness of sample — Y% velocity * time between two light pulses
Y2 * 5(nm/ps) * 13000 ps = 30um
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A wealth of detection mechanisms...
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Summary - Abllities and Uses of
gl | e _Picosecond Ultrasonics

Measures time...
Echos
Brillouin oscillations period

To get
Thickness (30 A — 10 pm)
Acoustic properties (Sound velocity, Elastic modulus, Attenuation)

Solid state physics
Semi-conductors physics, Attenuation in glasses
Nanotechnologies, Superlattices, quantum dots, colloids

Thin films metrology
Sound velocity, thickness, adherence, multilayers stacks...

Wide variety of materials, sound waves propagate in every solid !
(Metals, SC, Dielectrics, Piezo)

Industry use PU in-line (Metapulse Rudolph techs)
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Exciting and detecting waves
In lattices of nanoscale objects
with Picosecond Ultrasonics
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Obijective...

Design « new materials »
(acoustics, elasticity)

A

Periodic ensemble
of nano-objects « bricks »

N

/‘ .

Obiject vibrations Collective vibrations
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C
* Nano-objects vibrations ‘ f= q f =32 GHz
, 1 =30ps
— GHz - THz —
— Few studies 200 nm
_ f=32 kHz
* Hypersonic crystals 206m — 1 _301s
— Acoustic devices

— Frequency « lattice constant | um — GHz
* Multi-«onic» Crystals

— Phonons
— Photons - .
— Plasmons
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PU and nano-objects
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How ? E-beam lithography

f*-:z;‘

» Electrons print photo-resist
+ Electrons wavelength A.<< 1 nm
* High resolution ~ a few nm

LEICA EBPG5000 plus
\oltage 20 — 100kV

Beam Current 100pA — 200nA
Spot diameter < 10nm
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Individual Modes
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d = 50 nm 60;—
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Individual modes — Experimental evidence

* Period do not
d =50 nm depends on a

* Signal «c number of

a =100 nm

@ .

5 cubes per unit surface
o a =150 nm

T

< , X 9/4 ,

0 50 100 150
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Modeling individual modes

« Complex objects
« Strong couplings
(high attenuation)
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Collective Modes
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Collective modes
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Collective modes
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A series of lattices with
different constants...

Fourier transform
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Modeling

w(k) =c(a) x|k

N

Mode velocity Wavevectors
-Curvature -Branches
-Limit velocity -Factors
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o

\V/A Direct lattice

* The generated mode is periodic

Modele élastigue — Vecteurs d’'onde

n,(Ft)=mn(+ A’ t)
7, (F 1) = 175; X (ik.r — )

—_ —

K.A=2nrx

Wavevectors belong to the reciprocal lattice
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Modeling — Mode velocity

3 £
o Lattic

e cell = harmonic oscillator

K K :
“TAm \/ p@h+d®) c(@)ks

(@) = X K\/ a2
27\ p Va’h+d’

» Limit speed = « without cubes »
limc(a) =c,

a—o0
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Modeling - Discussion

Size of cubes
Layer thickness
Density

Curvature
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Modeling - Discussion

' Premiere branche * h
' 0.05
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Lattice symetry
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Model vs experiments
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» Measuring c, as a
function of h

Layer / substrate system
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Use for thin films metrology
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Use for metrology

& vk 7
e PU « as usual » « «Nano Periodic transducer»

— Longitudinal waves — Surface waves
— Thickness, longitudinal — Surface waves velocity

speed and density . Advantages

— Complete characterization
— All materials

— Standard PU setup

— Thin films <100 nm

Aluminum ﬁ
Thin film to study

S 8520 Formation
Transfert
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Use for metrology

Variable steps
P

Al (28nm) .

» Test sample SIO,

« Two sound velocities
— Longitudinale c,

SiO, (600 nm)

— Rayleigh CRrayleigh 7
« Deduce: i
Young modulus E = 72 + 3 GPa - =
Poisson ratio v = 0.16 £ 0.08 58 E
« Agreement with litterature 3 Ly

00 02 04 06 08 10 12 14 16 18 20 22 24 26
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Conclusions

Picosecond Ultrasonics
— A nano to micro — GHz to THz sonar
— Useful for solid state physics and thin films metrology

Lattices of nanoscale objects
* Individual modes

— Complex objects (many modes, strong couplings) Thanks fOI" your
«  Collective modes attention !

— Technology, e-beam
— Efficient analytic model
— Opens up another metrologic capacity

Perspectives
— Semiconductors lattices, namowires, nanocrystals
— Anisotropic materials
— Thermal properties
— Higher frequency phononic crystals... « Thermonic crystals»
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