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Abstract

Au/ZnO nanocomposite films were prepared by co-sputtering of ZnO and gold wires. The
composite films were transparent and red in color due to surface plasmon resonance
absorption of small Au particles. The composite films were annealed at different temperatures
in argon atmosphere to study the evolution of the size of Au particles and subsequent change
in their optical properties. With the increase of annealing temperature, the size of the Au
particles increased and the intensity of plasmon resonance absorption peak increased. © 2001
Elsevier Science B.V. All rights reserved.
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1. Introduction

Glasses doped with semiconductor [1,2] or colloidal metal [3,4] particles show high
nonlinear optical properties and are attractive candidates for utilization in optical
devices. Due to the low solubility restriction, generally, the concentration of colloid
particles is low in glass prepared by conventional melting method [3]. In materials for
the production of nonlinear optical devices, it is important to ensure a certain
concentration of such colloidal particles in the matrix. Though, a large amount of
colloidal particles can be incorporated in glass matrix by ion-implantation, the
defects created by high energy ions modify their optical properties drastically. On the
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other hand, by alternate, or co-sputtering, we can control the amount of dopant
easily without modifying the optical properties of the host material.

It is known that colloidal Au particles have a large third-order nonlinear
susceptibility and pico-second near-resonance nonlinear response [5], which implies
their use in nonlinear optical devices [6]. The growth of colloidal Au particles
increases its third-order optical susceptibility and absorption coefficient [4]. It is
therefore important to study the growth of Au particles and its effect on the optical
properties with the variation of growth condition and post-growth treatments.

Though, silica or quartz glass have been used vastly as matrix material to prepare
colloidal metal particles, there are only a few reports on the use of function matrix
material like ZnO for this purpose [7] and the effect of such functional host on the
optical properties of small metal particles is not well known. In the present work, we
report the synthesis of Au/ZnO nanocomposite by radio frequency co-sputtering
technique. Formation and growth of nanometer size colloidal gold particles in ZnO
matrix and their evolution on post deposition thermal annealing have been studied
by X-ray diffraction, electron microscopy and optical absorption techniques.

2. Experimental

Au/ZnO composite films were prepared on quartz glass substrates by co-
sputtering of ZnO and Au wires using a Shimadzu HSR-521 sputtering unit. Three
pieces of Au wires of 7.5mm length (0.4 mm diameter) were placed on a 100 mm
diameter ZnO (99.99%) target and sputtered simultaneously for 60 min with a 100 W
RF Power at 10-mTorr argon pressure. In this way the composite films of about
1.2 um thickness were obtained. For transmission electron microscopy (TEM) and
transmission electron diffraction (TED) observations, the composite films of about
25 nm thick were deposited on NaCl substrates and transferred subsequently to the
microscopic copper grids. The as-grown films were annealed at 320°C, 500°C and
700°C for 2h in argon atmosphere. The crystallinity of the films were examined by
X-ray diffraction (XRD) analysis using the CuK, radiation of a Rigaku, RAD-C
diffractometer. A JEOL, JEM2000-FXII electron microscope was used for TEM and
TED observations on the films. A Shimadzu UV-VIS 3101PC double beam
spectrophotometer is used to record the absorption spectra of the films.

3. Results and discussion

Fig. 1 shows the TEM micrographs of the films annealed at different temperatures.
We can observe the formation of Au nanoparticle in the matrix. Depending on the
temperature of annealing the average size of the nanoparticles varied from 17.9 to
8.7nm. In general, the size of the nanoparticles increased with the increase of
annealing temperature. Fig. 2 shows the size distribution of nanoparticles measured
from the TEM images. Increase of particle size on increasing the annealing
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Fig. 1. TEM micrographs for the Au/ZnO composite films (a) as-grown, (b) annealed at 500°C and
(c) annealed at 700°C. The inserts show the corresponding TED patterns.

temperature is clear from the size distributions. From this result, it is clear that
adjusting the temperature of annealing can control the diameter of the nanoparticles.

Fig. 3 shows the XRD patterns for the sample before and after annealing at
different temperatures. The composite films were polycrystalline in nature. There
appeared the peaks correspond to Au and AuO in the diffraction patterns along with
the peaks of ZnO matrix. With the increase of annealing temperature, the intensity of
the reflections correspond to ZnO are increased. Furthermore, the intensity of AuO
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Fig. 2. Size distribution of the nanoparticles in (a) as-grown, (b) 320°C annealed and (c) 700°C annealed
samples.

peaks decreased and the intensity of the peaks which correspond to Au increased. So,
we can say, that the Au incorporated in the ZnO matrix remains in partially oxidized
state. On annealing the films at high temperatures along with the increase of the
crystallinity of ZnO matrix, the oxide bonds in AuO broke and the oxide reduced to
metallic gold. The crystallinity of gold also increased on annealing, which is also
clear from the TED patterns of the samples insterted in Fig. 1.

Fig. 4 shows the optical absorption spectra measured at different temperatures for
the Au/ZnO composite films. The spectra were recorded using a quartz glass as
reference material. Though the ZnO films without Au particles showed no
absorption in the wavelength region >400nm, the composite films containing Au
revealed an absorption peak at about 540 nm (2.30eV). Distinct from the spectra of
bulk Au due to d-d transition, there is evidence that the absorption peak is due to the
surface plasmon resonance of Au particles in the matrix. With the increase of
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Fig. 3. XRD patterns for the (a) as-grown, (b) 320°C annealed (c) 500°C and (d) 700°C annealed samples.

annealing temperature, the intensity of the peak increased and its position shifted
gradually towards higher wavelengths. Such changes in the peak intensity and
position are attributed to the change in Au particle size. As observed from the size
distribution of particles, the average diameter of the particles increased with the
increase of annealing temperature and the peak position of the plasmon resonance
absorption for bigger particles shifted to longer wavelengths. A similar growth of Au
colloid particles in SiO, matrix on thermal annealing has also been observed by other
workers for their ion implanted samples [4,6,8].

4. Conclusions
Au/ZnO nanocomposite films were grown by RF co-sputtering technique. The

nanoparticles formed in the matrix were mostly the elemental Au with an oxide layer
at the particle-matrix interface. Controlling the temperature of post-deposition
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Fig. 4. Optical absorption spectra for the samples annealed at different temperatures.

annealing can control the size of the nanoparticles. The optical absorption spectra of
the nanoparticles exhibit characteristic size dependence in the position and
amplitude of the surface plasmon resonance.
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