
OXIDE THIN FILMSOXIDE THIN FILMS

R. Alejandra Lukaszew

College of William and Mary, Department of Physics and 
Applied Sciences, Williamsburg (VA)

5/17/2012 1



Collaborators and funding

At W&M At Jlab
• Cesar Clavero
• Lei Wang

• George Neil
• Gwyn Williams

• Kaida Yang
• Jeni Hackett

• Michael Klopf
• Michelle Shinn

• Irina Novikova and 
her group

• Scott Madaras

At JMU
• Giovanna Scarel

Funding: NSF, SRC-NRI, 
VMEC 

2



PolaritonsPolaritonsPolaritonsPolaritons

• A polariton is the result of the mixing A polariton is the result of the mixing 
of a photon with an excitation of a 
material  material. 

• Thus polaritons are quasiparticles 
resulting from strong coupling of resulting from strong coupling of 
electromagnetic waves with an electric 
or magnetic dipole carrying excitation  or magnetic dipole-carrying excitation. 
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Oxide thin filmsOxide thin filmsOxide thin filmsOxide thin films
• Studies on simple oxide thin films:

– surface plasmon polaritons on conducting 
oxides (e.g. RuO2) 

– VO2:
• Metal-Insulator Transition (MIT) in 

lt f t ti  d i  ultra-fast time domain 
• THz radiation studies at the Jlab-
FELFEL

• Surface plasmon polaritons when in 
its conducting phaseits conducting phase.
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Conducting oxides: RuOConducting oxides: RuO22Conducting oxides: RuOConducting oxides: RuO22

• RuO2: alternative to 2
metals for metamaterials
and plasmonic applications. 

• Bulk and surface plasmonBulk and surface plasmon
modes can simultaneously 
exist in the IR region 
while only the bulk while only the bulk 
plasmons are supported at 
higher optical frequencies. 

• Radiative polaritons are • Radiative polaritons are 
not observed in conducting 
oxides.

L. Wang, C. Clavero, K. Yang, E. Radue, M. T. Simons, 
I. Novikova and R. A. Lukaszew, “Bulk and surface 
plasmon polariton excitation in RuO2 for low-loss 
plasmonic applications in NIR”, Optics Express 20, 
8618 (2012).
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VO2: Really fast MIT transition…



• MIT combines pure p
Mott Hubbard 
(very fast) 
electronic electronic 
transition with 
Peierls structural 
transition. 

• We observed SPPs 
i  its d ti  in its conducting 
phase and have 
observed radiative
polaritons when in 
the insulating 
state

< 0.5 ps!

state.
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…exhibits hysteresis

800 nm

1500 nm

Normalized transmission 
and reflection from the 
sample as a function of its 
temperature for 800nm 
and 1500nm radiation 
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and 1500nm radiation 
correspondingly. 
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Jlab: THz Spectroscopy Vacuum System
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Results and future plansResults and future plansResults and future plansResults and future plans
• We have observed that the IR probe spans a p p

broader T-range across the transition than the 
THz probe. 
W  h  ls  bs d  MIT • We have also observed pump-power MIT 
dependence. We will continue in-house pump-
probe experiments at low T to clarify this.p p y

• We propose to continue VO2 investigations by 
looking at time-resolved IR pump-THz probe 
FEL based experimentsFEL based experiments.

• We will look at the time-evolution of radiative
polariton across the MIT.polariton across the MIT.
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