Numerical Analysis of Electric Field Enhancement
in ZnO film with Plasmonic Au quantum dots

Min S. Choi, Shripriya Poduri, Mitra Dutta, Michael A. Stroscio*
Department of Electrical and Computer Engineering, University of Illinois at Chicago
Chicago, IL 60607, USA
*e-mail: stroscio@uic.edu

INTRODUCTION

ZnO nanostructures have attracted interests for
broad ranges of fields of study due to their unique
optical and electrical properties [1-3]. Especially,
the spontaneous polarization in the nanostructure
would produce the permanent strong static electric
field that can be applied to many studies. Also, their
strong polarizability also make them a suitable
candidate for many applications such as ion channel
modulation, photodetector and LEDs in UV range.
In this abstract, the plasmonic enhancement of the
induced electric field produced from ZnO
nanostructures is studied by numerical analysis.
ZnO nanostructure of interest is exhibited in Fig 1.

MODEL

Finite Element Method (FEM) is used for all
numerical calculations done in this abstract, using a
modified version of open-source FEM code,
JFEM2D [4]. The details on FEM code is described
in a code author’s article [5]. For ZnO dielectric
functions, Loudon’s model of uniaxial crystals
gives[6]:
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where €2 is the high frequency dielectric constant
in the direction along the c-axis, w;,1 and wg oL
are the LO and TO phonon frequencies. The
parameters used in the calculation are summarized
in Table 1. The Lorentz-Drude model of dielectric
functions is used for Au quantum dots, which is
given by
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where fj are oscillator strength of jth oscillator, w,
is plasma frequency, [ are damping constants of jth
oscillator, wq; are resonant frequencies of jth
oscillator. The parameters of Au are summarized in
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reference [8]. Two dimensional approximation is
used, and the nanostructures will be treated as
infinitely long cylinders in z direction, where z=0
plane is the domain of calculations.

RESULTS AND DISCUSSION

Fig 2 and Fig 3 show the meshgrid of ZnO film
with and without two Au quantum dots in air,
respectively. The comparison between maximum
electric field amplitude of ZnO film with Au
quantum dots and without Au quantum dots versus
photon wavelength (TM mode of incident field) is
shown in Fig 4. In general, the electric field is
enhanced throughout the entire range. A high peak
in UV range indicates that the Au quantum dots can
significantly enhance the UV radiation from ZnO.
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Fig. 1. Schematic diagram of ZnO thin film assembled by layer- O 10 0 30 40 50 60 70 0 90 1000

by-layer technique with PDDA polymer with Au quantum dots. Photon Wavelength (nm)

Fig. 4. Maximum electric field amplitude of ZnO film with Au
quantum dots and without Au quantum dots

Scattering, Extinction and Absorption spectra from ZnO film with two
Au quantum dots
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Fig. 2. Meshgrid of ZnO film with two Au quantum dots in air. Wavelength (nm)
Red with a “ZnO Film” label indicates ZnO film, Red with
“Au” labels are gold quantum dots, and green presents the air.
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Fig. 5. Scattering, absorption, and extinction spectra of ZnO
film with Au quantum dots

e+ (0) et () WL wTo

ZnO 8.49 7.40 72.8/h 51.0/h

Table 1. Dielectric function parameters for ZnO

Fig. 3. Meshgrid of ZnO film in air. Red indicates ZnO film
and green presents the air



