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We have fabricated an arrayed CdSe quantum dots composite thin film that can enhance the photo-
luminescence of CdSe under the 488 nm laser irradiation by tuning the gold surface plasmon resonance
frequency. This thin film consists of a gold coated periodic array of hybrid material of CdSe and poly(methyl
methacrylate) on indium tin oxide coated glass substrate. The main surface plasmon resonance was red
shifted as we increased the column diameter of the array. By adjusting the column diameters and lattice
constants of the array to coincide with the 488 nm excitation wavelength, an evident increase in
luminescence intensity was obtained due to the surface plasmon resonance of gold. As a result of likely
efficient energy transfer from gold surface plasmon resonance to CdSe, the photoluminescence intensity of
CdSe has been increased to 248% at 570 nm. This composite film has many potential applications in high
efficient optoelectronic devices.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Semiconductor quantumdots (QDs) have attracted great interest in
recent years due to their unique photophysical properties, which are
attractive to a diverse range of applications. Especially, the composite
of inorganic nanoparticles and organic polymers exhibits excellent
potential due to low cost, large area, mechanically flexible devices.

Surface plasmon resonance (SPR) is a coupled, localized transverse
magnetic electromagnetic field and charge-density oscillation, which
may propagate along an interface between two media. If the dielec-
tric response of the media is lumped into corresponding complex
dielectric constants, electromagnetic fields associated with the plas-
mon can be found from Maxwell's equations [1,2].

Excitation of SPR within metal nanoparticles or on roughened
surfaces can create strong local optical fields. Surface-enhanced
Raman scattering was exploited in the study of molecules adsorbed
on metal nanoparticles [3–5] or on rough surface of gold, silver, and
copper [6–10]. Gold and silver nanoparticles of different diameters

with numerous surface functionalities can be easily synthesized in
liquidmedia. Surface-enhanced Raman scattering and related optical
phenomena observed in these nanoparticles have been considered
an enabling technology for highly compacted optoelectronic devices
and sensors which take advantage of both quantum confinement
effects and nonlinear optical properties [11–19].

Many researchers report that metallic interfaces play complex
roles in the basic interactions of an electromagnetic field with opti-
cally active materials, and gold and silver are the most widely used
metals for the surface plasmon resonance experiments. For example,
smooth metallic surfaces reduce the radiation from nearby organic
dyes through non-radiative energy transfer, whilemolecules absorbed
onto metallic electrodes show several orders of magnitude increase in
surface-enhanced Raman signals [20–22]. Furthermore, quantum dots
located within the surface plasmon polariton field of the metal also
show a large photoluminescence (PL) enhancement [23–27].

Here, we report an approach to enhance the photoluminescence of
CdSe quantum dot by fabricating periodic structured composite thin
film. The composite film is made of gold coated hybrid material of
CdSe and poly(methyl methacrylate) (PMMA) with array structure
on indium tin oxide (ITO) coated glass substrate. The main surface
plasmon resonance was red shifted as we increased the column dia-
meter. By adjusting column diameters and lattice constants of the
array to coincidewith the excitationwavelength, the fluorescencewas
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remarkably enhanced. The increase is due to the efficient energy
transfer from gold surface plasmon to CdSe quantum dots.

2. Experimental details

In this experiment, the CdSe nanoparticleswere grownbymodifying
Peng's method [28,29]. CdO 0.06 g, trioctylphosphine oxide 5.00 g, and
tetradecylphosphonic acid (TDPA) 0.26 g were loaded in a three neck
flask. At about 300 °C, reddishCdOpowderwasdissolved into a colorless
homogeneous solution. By cooling down to 270 °C, then an injection of
0.9 ml Se solution (1.99 g Se dissolved in 50.0 ml tributylphosphine),
high-quality CdSe nanoparticles were obtained. The size of the CdSe
nanoparticles was evaluated to be 4.0 nm±10%. The UV–vis spectrum of
the CdSe nanoparticles shows a sharp absorptionpeak that indicates the
nanoparticles are close to monodisperse.

The nanoparticle solution with CdSe quantum dots having an emis-
sionwavelength centered around 570 nmwas prepared by dissolving it
in chloroform toobtain a 0.5wt.% target concentration. This solutionwas
mixed with a polymethylmethacrylate (PMMA, Gredmann, M.W.
~996 K) 2.0 wt.% solution in chlorobenzene (1:30 by volume) to make
a solution of CdSe/PMMA. After thorough mixing and sonication, the
clear CdSe/PMMA chlorobenzene solution (0.016 wt.% CdSe and
1.940 wt.% PMMA in chlorobenzene) was prepared. Fig. 1 illustrates
theexperimental procedure for the samples preparation and testing. The
CdSe/PMMA solution was spin-coated onto an indium tin oxide (ITO)
coated glass substrate at 3000 rpm for 90 seconds followed by baking at
180 °C for 5 min (Fig. 1a). Then, the hybrid filmwas exposed to electron
beam (Hitachi, ELS-7500EX) and developed by using mixed solvent of
methylisobutylketone and isopropanol (25:75 by volume) for 40 s, then
isopropanol for 20 s and finally, de-ionized water for 20 s (Fig. 1b). The
resulting hybrid film on ITO was coated with a 300 nm-thick Au film
using a thermal evaporator (ULVAC) to make composite film samples
(Fig. 1c). The pattern size was typically 50 μm×50 μm. The fluorescence
of sample was generated by irradiating it from the glass side at 488 nm
anddetected atnormal angle (Fig.1d). Thefluorescence behavior of CdSe
in the hybrid thin film was also observed under a confocal microscope
(WITec, AlphaSNOM), and the thickness of thefilmwasmeasured by the
spectral microreflectometry (Mission peaks optics, MP100-M).

3. Results and discussion

The CdSe/PMMA hybrid thin film thickness was determined to be
250 nmby the spectralmicroreflectometrymeasuring the interference

between incident and reflected light with wavelengths ranging from
UV to visible range (250–1000 nm). From the phase shift, the thin film
thickness can be determined. The morphology and roughness of the
hybrid thin film was measured by atomic force microscopy (Digital
Instruments, Dimension-3100 Multimode), and the film was very
smooth with a root-mean-square of 2.45 nm.

The fluorescence distribution of CdSe in the hybrid thin film was
measured by confocal fluorescence microscopy. The Ar ion laser
(wavelength 488 nm) was used to excite the thin film through a 100×
Nikon plan objective (NA 0.9). A single photon counting photo multiplier
tube detector was used to detect the fluorescence intensity. For a hybrid
film, at a concentration of 0.8 wt.% CdSe in PMMA, no macroscopic
fluorescence aggregation of CdSe in the film was observed. The
fluorescence domain was about 300 nm (Fig. 2). This is an optimized
CdSe concentration in thehybridfilmand it is suitable forE-beamprocess.

Fig. 3(a)–(f) show the field-emission scanning electron microscopy
images of triangular arrays seen in a hole in the hybrid thin film with
six different column diameters and lattice constants. The respective
diameter and lattice constant are as follows: (a) Pattern A-1, 290 and
600 nm; (b) Pattern A-2, 400 and 600 nm; (c) Pattern A-3, 520 and
600 nm; (d) Pattern B-1, 50 and 300 nm; (e) Pattern B-2, 110 and
300 nm; (f) Pattern B-3, 230 and 300 nm. Their optical properties of
absorbance and reflectance were studied using a spectral microre-
flectometer (Mission Peaks Optics, MP100-M). This instrument
measures the interference between incident and reflected light with

Fig. 1. Schematic illustration of the fabricate process of the Au coated CdSe/PMMA composite thin film on ITO substrate. (a) Spin coat 250 nm-thick CdSe/PMMA hybrid thin film,
(b) e-beam lithography, (c) deposit 300 nm-thick Aumetal, and (d) Schematic of a typical finished Au coated CdSe/PMMA hybrid composite thin film. Fluorescence is excited by a
488 nm laser on the glass substrate side and detected at parallel to the incident angle.

Fig. 2. Confocal fluorescence microscopy images of the CdSe/PMMA hybrid thin film.
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wavelengths ranging from UV to visible range (450–800 nm).
Unpolarized light was focused on the composite film to a spot size
of b30 μm. For analysis all six patterns were fabricated on the same
substrate. The reflected light at normal incidence from the composite
film was analyzed and shown Fig. 4. Our results indicate how the SPR
frequencies of the patterns are tunable by varying the geometrical
parameters of the array. Whenwe fixed the constant column height at
250 nm and the triangular lattice constant at 300 or 600 nm, the main
surface plasmon resonance was red shifted from short wavelength to
long wavelength as we increased the column diameter. Therefore, the
spectral properties of the surface plasmon resonance are critically
dependent on the shape, size, and spatial arrangement of the metal.

The photoluminescence (PL) spectra of the periodic structured
composite thin film were characterized by micro-Raman scattering
and micro-photoluminescence (μm-PL, JOBIN YVON-SPEX, T-64000)
at room temperature. All the spectra were obtained using an Ar+ laser
working at a wavelength of 488 nm, which was focused on the
periodic structured of composite thin film with different patterns.
Both of the incident and detected light beams are parallel to the

principal axis of the structures. The signal was dispersed by a triple
monochromator and collected by a liquid nitrogen cooled CCD. Po-
larized light was focused on the film to a spot size of b10 um. We
measured the fluorescence from unpatterned (blank) and patterned
composite films. Fig. 5 shows the photoluminescence intensities of the
composite films including blank CdSe/PMMA and CdSe/PMMA with
Au coating and three patterned samples. After the emission spectra
are normalized with respect to the mean area of the films, pattern B-1
(diameter: 50 nm, lattice constant: 300 nm) exhibits the strongest
PL intensity. It is because photon energy of the surface plasmon reso-
nance of pattern B-1 was close to that of the excitation and produced
the strongest enhancement. As compared to the unpatterned CdSe/
PMMA sample with Au coating, the extent of enhancement for pattern
B-1 is 248% and pattern A-1 is 188% at 570 nm.

4. Conclusions

In summary, we have fabricated Au coated periodic arrays of CdSe
quantum dots and PMMA composite film on ITO substrate. This

Fig. 3. Field-emission scanning electronmicroscopy images of triangular array of holes of CdSe/PMMAcomposite thinfilmwith six different columndiameters and lattice constants as:
(a) Pattern A-1, 290 and 600 nm; (b) Pattern A-2, 400 and 600 nm; (c) Pattern A-3, 520 and 600 nm; (d) Pattern B-1, 50 and 300 nm; (e) Pattern B-2,110 and 300 nm; (f) Pattern B-3, 230
and 300 nm.

Fig. 4.Normal incident absorbance spectra of the Au coated CdSe/PMMA composite thin
film with six different column diameters and lattice constants as: Pattern A-1, 290 and
600 nm; Pattern A-2, 400 and 600 nm; Pattern A-3, 520 and 600 nm; Pattern B-1, 50 and
300 nm; Pattern B-2, 110 and 300 nm; Pattern B-3, 230 and 300 nm.

Fig. 5. Micro-photoluminescence spectra of the Au coated CdSe/PMMA composite thin
film with different column diameters and lattice constants as: CdSe/PMMA composite
thin film, Au coated CdSe/PMMA composite thin film; Pattern A-1, 290 and 600 nm;
Pattern B-1, 50 and 300 nm; Pattern B-2, 110 and 300 nm.
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compositefilm exhibits an enhancedphotoluminescence effect of CdSe
under the irradiation of 488 nm laser.We can tune the surface plasmon
resonance byadjusting the lattice constant and columndiameter of the
patterned array to coincide with the excitationwavelength. As a result
of likely efficient energy transfer from gold surface plasmon to CdSe
quantum dots, the composite film exhibited enhanced photolumines-
cence intensity up to 248% at 570nm. Therefore, our approach provides
excellent opportunities for CdSe quantum dots to be used in high
efficient optoelectronic devices.
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