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Aim: produce nanoscale
transducers

To couple the acoustic to
the optical and vice
versa.

Realised using patterned
thin film sandwiches,

Molecular self assembly
of nanoparticles

Encapsulate and
functionalise to allow
measurements as specific
sites
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e Transducers will have
natural mechanical
resonances due to the
metal coatings and soft
cores.

Functionalise

e The metal outer and o .. Ecopouislo l
transparent cores means engineered  Collodal ~ l
that they will have optical oN
resonances where small () particles
changes in the metal layer core particles

separation will cause large
changes in the reflected
light.

e Design transducers so they
work well for both domains



Structure modelled with a 2D
axisymmetrical
thermomechanically coupled FE
model

Optical model to calculate the
absorption of pump beam to see
where the energy is absorbed.

The absorption is converted to a
heat distribution and temperature
change

Calculate the thermal expansion
due to the changing temperature

This leads to the mechanical
motion in the structure




e The difference in
displacement between
the top metal layer
and the bottom one is

shown
° There iS 3 |arge 400 delaf’?igleps 800 1000 1200

~8GHz oscillation and
other smaller high
frequency
components.

e Decay is relatively fast
due to acoustic wave 20 30 40
. . frequency GHz
going into the glass
Su bstra te . Subpstrate glass




For the spherical particles
we need to do a full 3D
model.

3D-thermomechanical and
fluid coupled FE model.

Assume the particle is
suspended in water

Response shows a very
large ~4GHz oscillation
with a much smaller peak
at 14 GHz.

Fewer harmonics present -
due to water damping
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Boundary: Total displacement [m] Deformation: Displacement
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Devices operate in manner Beams Interfere
similar to that of a Fabry-Pérot
interferometer.

To obtain maximum sensitivity
the ideal thickness of the filling is
A4n .. when only one reflection
IS present

When devices are large w.r.t the
optical spot size they can be metal layers
modelled analytically

As the devices get smaller the Ettective index
effective refractive index changes K
as the surrounding medium plays

a bigger role.

This means that the design
parameters for different sizes
device will be different.

Beams partially reflect from

Separation

Transverse size




Optical operation

Metal thickness
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The total field ot a Au-!TQ—_Au sandugich particle
e For the small patches and é
nanoparticle devices we
have to use FEM as
analytical model no longer

holds true.

e Assume plane wave
incident in the positive x
direction. We calculate the
reflected and transmitted :
far field spectra which are TR s
obtained by doing a near
field to far field
transformation
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Response of particles of different cross sections




The total field around gold-SiO, nanoshell particle

e Similar approach for
particle work

e See oscillations in far field
reflections

e We get a good sensitivity
for ~190nm particles.
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Fabrication of devices
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e Different recipes / protocols developed depending on the
required size

e Make gold nanoparticles of required size
e Make amine functionalised core particles of required size

e Mix together, the gold particles will coat the core particle due
to electrostatic attraction with the amine group

e Measure particle sizes using dynamic light scattering.
e Aim to produce particles with a low variance in size.
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We have made many different batches of
particles of different sizes. In an attempt i
to learn how to control the process. -

Modelling results show that a particle of
~200nm should work well.

We have made a 200nm particle with
~10nm gold coating.

Each batch produces trillions of
transducers suspended in solution.
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zoom showing gold nanoparticles
coating a silica core

Gold Coated Silica nanoparticles



Experimental System




Tested Au:ITO:Au sample
on polymer buffer

Measured on a 10 micron
patch

Similar frequency content W o, O bE e
to model

Oscillations are longer
lived - due to buffer layer.
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Nanoparticles




Lift off, free floating, filtering
reattach

How to make them smaller - use
FIB, ebeam lithography, better
photolithography process

Encapsulation and functionalisation
Applications for measurements




Conclusions
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10 micron patches Assortment of patches re-attached gold coated sillica particles zoom showing gold coating
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