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Fig. 1. (a) XRD spectrum of ITO thin film; (b) SEM
image of a 40 nm thick ITO thin film.
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Fig. 2. The curves of optical transmittance with wave-
length for the samples: Glass, glass/sphere, glass/ITO
and glass/sphere/ITO.
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ATTHU AR ST [ 038 A ek 58 79 7 T SR AT 78 25 <
Jei 1B K AL BE XS glass /sphere/TTO 4 & 1) SP AR 4E
EIRFEATN

B3 (a) A& FE SR KT & S, T DUE R
i C1—C4 17 SP L i e 58 FE w22 0], H e A1 3%
PRUE IO B LF— 25, TR 2 0B K 2% P AR IR 2
K. B3 (b) AT AR IR KRR S S S
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Fig. 3. (a) Transmission spectrum of glass/sphere/
ITO before annealed; (b) transmission spectrum of
glass/sphere/ITO after annealed in the air for different

time (annealing temperature is 225 °C).
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Fig. 4. (a) Transmission spectrum of glass/sphere/ITO
before annealed; (b) transmission spectrum of glass/
sphere/ITO after annealed in the air under different tem-

peratures (annealing time is 2 h).
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Fig. 5. Transmission spectrum of glass/sphere/ITO
after annealed in vacuum for different time (annealing

temperature is 225 °C).
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Fig. 6. Transmission spectrum of glass/sphere/ITO af-
ter annealed in vacuum under different temperatures

(annealing time is 2 h).
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Abstract

With the development of modern micro-processing technology, the basic theory and relevant applications for surface
plasmon have formed a new research direction which is known as surface plasmon photonics. The traditional plasmonic
materials are noble metals, such as gold and silver, but they have some limitations that may hinder their application in
plasmonic devices, such as lack of the chemical stability in air, difficulty in modulating by external field, large optical
losses in the infrared wavelength range, etc. It has been demonstrated that transparent conducting oxides are a good
candidate of plasmonic materials working in the infrared frequency range because of their low optical loss and tenability.
Here in this work, the quasi-three dimensional silica nano-sphere array is prepared by nano-imprint lithography. Indium
tin oxide (ITO) film is deposited on the array. The transmission properties are measured and the excitation modes
of surface plasmons are analyzed for the samples obtained. Then, we focus on the effect of annealing treatment on
characteristics of surface plasmon resonance for ITO thin films. The carrier concentration and carrier mobility of
the ITO thin films annealed under different conditions are changed, and the corresponding surface plasmon resonance
characteristics are investigated. The main results obtained in this work are as follows. 1) Mono-disperse SiO2 spheres,
quasi-ordered monolayer SiO2 mask and ITO films with high transmittance (= 85%) and high electrical conductivity
are obtained. Experimental results show that a surface plasma resonance at a wavelength of 1780 nm is excited for the
glass/sphere/ITO system. 2) The grain size of ITO thin film after being annealed turns large, resulting in the increased
optical transmittance of samples. 3) The carrier concentration of ITO film annealed in the air decreases, leading the
resonance peak of surface plasmon to be red-shifted. 4) The carrier concentration of ITO thin film annealed in vacuum
increases and the resonance peak is blue-shifted. These results obtained in this work contribute to the application of

surface plasmon devices fabricated by ITO materials.

Keywords: surface plasmon resonance, nano sphere array, indium tin oxide, annealing treatment
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