The optical resonances of VO,
Y- ~ nanoparticles in order arrays
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First seen in films in 1960s
First-order phase transition
Structural rearrangement
Gives D(conductivity)~104-10°
Large change in optical T, R
Can be triggered by laser
Entropy cost DS~1.6kg/V ion
Antiferromagnetic above T

Hysteresis loop;
typical first order
transition feature.

Temperature dependence
of resistivity in VO, films.
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Samples made by ion implantation
Lopez et al., Phys. Rev. B (2002)
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* Metallic (hot) phase shows a surface plasmon resonance at 1.2 pm.

* Position of SPR is matrix dependent; shape changes with aspect ratio.
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Soft lithography of VO2

The ideal system to study
collective behavior



Mass thickness 15 nm, T=450 C, 250 mTorr O,
40 minutes annealing

1.00 pm

® VO, NCs are hemispherical, implying
no wetting of the Si substrate

Phase transition observed

® Shape of high-temperature anneal in reflection. = 980 nm

NCs shows surface wetting



nc-VO,, size variable, spacing
variable.



* Focused ion-beam lithography and —
pulsed laser deposition are employed to
create arrays

* Essentially arbitrary patterns make
possible study of near-field, far-field and
collective effects

* Use dark field confocal microscopy to
measure optical response

Diffraction with spacings
~ wavelength



VO, (cold) VO, (hot)

Surface
plasmon
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* Full Mie theory for VO, nanospheres predicts a significant IR
resonance in the absorbed intensity, but a different and VISIBLE one in
the Scattered signal.
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Measured scattered light
VO, nanoparticles 66 nm

Lattice constant 166 nm
Resonance at 433 nm
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Scattered Intensity
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Measured scattered (white) light
VO, nanoparticles 111 nm
Lattice constant 278 nm
Resonance at 460 nm

Double hysteresis loop!
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Parting words

arc hysteres S UNIQUE feziiure,
source of interesting physics zis well 25
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Nanoparticles with controlled size zinc)
orgenized ir) ordered structures present
Idlezl environment to stucly size arnc
Inter-peariicle effects

QY

Arrays of VOZ apparenily snow not only
thelr metal-semiconducior pnase
transition but also 2 order-disorder
transition by the statistical nature of the
first one.
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