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Abstract

Surface morphologies of nanocrystalline TiO, thin films were studied by analyzing the surface profile of AFM
images using wavelet transform method. Based on characterizing the fractal feature and computing the image details
at different orientations and resolutions, the surface textures of nanocrystalline TiO, thin films before and after chem-
ical treatment were examined. The results reveal that titanium isopropoxide treatment leads to an increase of surface
roughness. The related mechanism of modification of the microstructure by chemical treatment associated with the

improvement of the photocurrent response is discussed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Nanocrystalline porous TiO, thin films have at-
tracted a great deal of attentions in photovoltaic
conversion applications [1,2]. Solar cells based on
the dye-sensitized nanocrystalline TiO, films have
been studied extensively recently [3-9]. In these
solar cells, nanocrystalline TiO, thin films used
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as photoelectrodes offer a larger surface area for
adsorption of dyes and the pathway for transpor-
tation of electrons from photo-excited dyes to
the conducting substrates. Recent studies reported
that the porous microstructure of the nanocrystal-
line films have a great influence on the photovol-
taic behaviors of the dye-sensitized solar cells
[10]. Chemical treatment has been proved to be
an effective method to optimize the porous micro-
structure for improving the photovoltaic behaviors
of the solar cells [4]. Our previous work showed
that chemical treatment resulted in the increase
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of the photocurrent response of nanocrysyalline
TiO, films [11]. In order to examine the effect of
the chemical treatment, it is important to charac-
terize the surface texture of nanocrystalline TiO,
films. Quantitative analysis of the surface texture
is essential to understand the physical processes
taken place during the chemical treatment and
the mechanism for improving the photocurrent
response of nanocrystalline TiO, films.

Recently, wavelet transform (WT) as a new
technique has been used extensively in the signal
and image processing [12-14]. WT has the advan-
tage of fast computation with localization in both
space and frequency domains. It is well-adapted in
the analysis of the surface roughness providing an
insight into the stochastic properties of a fractal
surface [15,16]. Based on using the algorithm of
multiresolution signal decomposition (MRSD),
WT can offer the image information directly at
different resolutions enabling interpretation and
hierarchical analysis of the image details from a
lower-to-higher resolution [17]. In this work, we
use WT method with the MRSD algorithm to
study the surface textures of nanocrystalline TiO,
films before and after chemical treatment including
the analysis of the surface fractal feature and the
details of the surface morphologic images.

2. Computation methods
2.1. Wavelet transform (WT)

Wavelet transform is to represent the analysis
of a signal with a family of functions which are
the dilation and translation of the basis wavelet
function y(7) [12] i.e.
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where a (@ # 0) and b are the dilation (scale) and
translation (position) parameters respectively. Eq.
(2) is used to describe the continuous wavelet
transform (CWT).

If the parameters a¢ and b are chosen to be
a=a) and b = kbya), (j,k € Z,ap=2 and by=1
in general) the discrete wavelet as another type
of wavelet is derived in Eq. (3) and the discrete
wavelet transform (DWT) is expressed in Eq. (4).
To take the advantage of easy computation, in this
work, the signal processing is performed by using
DWT
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2.2. Multiresolution signal decomposition

Multiresolution signal decomposition (MRSD)
is proposed as a widely used algorithm for carrying
out DWT [12,17]. The multiresolution decomposi-
tion processes of a signal consist on applying
orthogonal wavelet based filter to decompose the
original signal C° into two parts of the low-fre-
quency (approximation) C! and high-frequency
(detail) D! components. The low-frequency compo-
nent obtained at the first scale level C} can be further
decomposed into low-frequency and high-fre-
quency components of the second scale level i.e.
Ci and D? respectively. The procedure is repeated
until the desired scale level of signal components is
achieved. The low frequency and high frequency
components at the position n can be expressed as:

n
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where N is the sampling number, # is sampling po-
sition, k is the scale level, & and g are the low-pass
filter and high-pass filter respectively [17]. The
relations of the filters 4 and g to the basis wavelet
function  are written as:
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