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Abstract

The study of surface morphology of Au deposited on mica is crucial for the fabrication of flat Au films for
applications in biological, electronic, and optical devices. The understanding of the growth mechanisms of Au on
mica allows to tune the process parameters to obtain ultra-flat film as suitable platform for anchoring self-
assembling monolayers, molecules, nanotubes, and nanoparticles. Furthermore, atomically flat Au substrates are
ideal for imaging adsorbate layers using scanning probe microscopy techniques. The control of these mechanisms
is a prerequisite for control of the film nano- and micro-structure to obtain materials with desired morphological
properties. We report on an atomic force microscopy (AFM) study of the morphology evolution of Au film
deposited on mica by room-temperature sputtering as a function of subsequent annealing processes. Starting from
an Au continuous film on the mica substrate, the AFM technique allowed us to observe nucleation and growth of
Au clusters when annealing process is performed in the 573-773 K temperature range and 900-3600 s time range.
The evolution of the clusters size was quantified allowing us to evaluate the growth exponent {z) = 1.88 + 0.06.
Furthermore, we observed that the late stage of cluster growth is accompanied by the formation of circular
depletion zones around the largest clusters. From the quantification of the evolution of the size of these zones, the

Au surface diffusion coefficient was evaluated in D(T)=[(7.42x107"%)+ (5.94x10*14)m2/s]exp(—w). These

quantitative data and their correlation with existing theoretical models elucidate the kinetic growth mechanisms of
the sputtered Au on mica. As a consequence we acquired a methodology to control the morphological
characteristics of the Au film simply controlling the annealing temperature and time.

kT

Introduction

Thin nanometric films play important role in various
fields of the modern material science and technology
[1,2]. In particular, the structure and properties of thin
metal films deposited on non-metal surfaces are of con-
siderable interest [3,4] due to their potential applications
in various electronic, magnetic and optical devices. The
study of the morphology of such films with the variation
of thickness and thermal processes gives an idea about
the growth mechanism of these films [5-7]. Study of
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morphology and understanding of growth mechanism
are, also, essential to fabricate nanostructured materials
in a controlled way for desired properties. In fact, such
systems are functional materials since their chemical
and physical properties (catalytic, electronic, optical,
mechanical, etc.) are strongly correlated to the structural
ones (size, shape, crystallinity, etc.) [8]. As a conse-
quence, the necessity to develop bottom-up procedures
(in contrast to the traditional top-down scaling scheme)
allowing the manipulation of the structural properties of
these systems raised. Such studies find a renewed inter-
est today for the potential nanotechnology applications
[8]. The key point of such studies is the understanding
of the thin film kinetic growth mechanisms to correlate
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the observed structural changes to the process para-
meters such as deposition features (i.e. rate, time, etc.)
[9-13] and features of subsequent processes (i.e. anneal-
ing temperatures and time, ion or electron beam energy
and fluence, etc.) [14-17].

In this framework, the study of the surface morphology
of Au deposited on mica is crucial [18-39] in view of the
fabrication of flat Au films for applications in biological,
electronic, optical devices and techniques (i.e. surface
enhanced Raman spectroscopy). Mica is a suitable sup-
port for crystalline Au deposition because the small mis-
match of the crystal lattice allows the Au to grow in large
atomically flat areas. The understanding of the kinetic
growth mechanisms of Au on mica allows to tune the
process parameters (substrate temperature, pressure, rate
deposition, film thickness) to obtain ultra-flat Au film as
suitable platform for anchoring self-assembling mono-
layers (due to Au affinity to thiol groups of organic mole-
cules), molecules, nanotubes, nanoparticles and so on.
Atomically flat Au substrates are ideal for imaging adsor-
bate layers using scanning probe microscopy techniques.
For these characterization methods, flat substrates are
essential to distinguish the adsorbed layer from the sub-
strate features. Obviously, the control of the kinetic
growth mechanisms of Au on mica is a prerequisite for
control of the film nano- and micro-structure to obtain
materials with desired morphological properties. The main
literature concerns Au film on mica produced by ultra-
high-vacuum evaporation [18-25,29-34,37-39]. Very few
works regard sputtered Au films on mica [22,26-28] and
the general deposition criteria deduced for the evaporation
technique do not necessarily apply to other methods. The
sputtering method is simpler than vacuum evaporation
both for instrumentation and deposition procedure; with
the deposition parameters properly chosen, the sputtered
films exhibit superior surface planarity, even flatter than
the smoothest evaporated films reported to date [28].

In the present work we aim to illustrate the surface
morphology evolution of room-temperature sputtered
nanoscale Au film on mica when it is subjected to
annealing processes. We deposited 28 nm of Au on the
mica substrate and performed annealing treatments in
the 573-773 K temperature range and 900-3600 s time
range to induce a controlled film nano-structuring.

Atomic force microscopy (AFM) is an important meth-
odology to study the surface morphology in real space
[40,41]: the top surface can be imaged using an AFM and
these images provide information about the morphology
evolution. So, using the AFM technique, we analyzed
quantitatively the evolution of the Au film morphology as
a function of the annealing time and temperature. Such a
study allowed us to observe some features of the mor-
phology evolution and to identify the film evolution
mechanisms. In particular, several results were obtained:
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1. In a first stage of annealing (573 K-900 s) a nuclea-
tion process of small clusters from the starting quasi-
continuous 28 nm Au film occurs.

2. In a second stage of annealing (573-773 K for 1800-
3600 s) a growth process of the Au clusters occurs. The
late state of cluster growth is accompanied by the forma-
tion of circular depletion zones around the largest clus-
ters. This behavior was associated, by the Sigsbee theory
[42], to a surface diffusion-limited Ostwald ripening
growth in which the Au surface diffusion plays a key role.

3. The AFM analyses allowed to study the evolution of
the mean cluster height as a function of annealing time for
each fixed temperature, showing a power-law behavior
characterized by a temporal exponent whose value suggest
that the full cluster surface is active in mass transport.

4. By the evolution of the mean radius of the depletion
zones as a function of the annealing time t and tem-
perature 7T the Au surface diffusion coefficient at 573,
673, and 773 K was estimated.

5. The activated behavior of the Au surface diffusion
coefficient was studied obtaining the activation energy
for the surface diffusion process.

Experimental

Samples were prepared from freshly cleaved mica sub-
strates. Depositions were carried out by a RF (60 Hz)
Emitech K550x Sputter coater onto the mica slides and
clamped against the cathode located straight opposite of
the Au source (99.999% purity target). The electrodes
were laid at a distance of 40 mm under Ar flow keeping
a pressure of 0.02 mbar in the chamber. The deposition
time was fixed in 60 s with working current of 50 mA.
In these conditions, the rate deposition was evaluated in
0.47 nm/s and, accordingly, the thickness % of the
deposited film was about 28 nm.

The annealing processes were performed using a stan-
dard Carbolite horizontal furnace in dry N, in the 573-
773 K temperature range and 0-3600 s time range.

The AFM analyses were performed using a Veeco-
Innova microscope operating in high amplitude mode
and ultra sharpened Si tips were used (MSNL-10 from
Veeco Instruments, with anisotropic geometry, radius of
curvature approximately 2 nm, tip height approximately
2.5 um, front angle approximately 15°, back angle
approximately 25°, side angle 22.5°) and substituted as
soon as a resolution lose was observed during the acqui-
sition. The AFM images were analyzed by using the
SPMLabAnalyses V7.00 software.

Rutherford backscattering spectrometry (RBS) analyses
performed using 2 MeV “He" backscattered ions at 165°.

Results
Figure la shows a 40 pym x 40 um AFM image of the
starting 28 nm Au film. We can observe that over such
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Figure 1 AFM images of the starting Au film: (a) 40 um x 40 pm AFM scan of the starting 28-nm Au film sputter-deposited on the
mica substrate; (b) 0.5 pm x 0.5 pum AFM scan of the same sample, to evidence the percolative nature of the film.

0.5 pm

a scan size the Au film is very flat presenting a rough-
ness ¢ = 1.2 nm. The roughness was evaluated using
the SPMLabAnalyses V7.00 software: it is defined by

1 <N LT )
o= [ﬁzl':l (vi =7) } where N is the number of

data points of the profile, y; are the data points that

describe the relative vertical height of the surface, and
y is the mean height of the surface. Furthermore, the
roughness value was obtained averaging the values
obtained over three different images.

Figure 1b shows a 0.5 um x 0.5 pm AFM image of the
starting 28 nm Au film, to highlight its nanoscale
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structure: we can observe the occurrence of a percolation
morphology (Au islands grow longer and are connected to
form a quasi-continuous network across the surface) as
standard for metal film on non-metal surface in the late
stage of growth [12,43-45]. In fact, generally, metal films
on non-metal surfaces grow in a first stage (low thick-
nesses) in the Volmer-Weber mode as 3D islands with
droplet-like shapes. For higher thicknesses, the shapes of
the islands become elongated (and, correspondently, their
surface density decreases), and only for further higher
thicknesses the film takes a percolation morphology and
finally becomes a continuous rough film.

We studied the evolution of the starting ultra-flat 28
nm sputter-deposited Au film as a consequence of the
annealing processes performed in the 573-773 K tem-
perature range and 0-3600 s time range. So, as exam-
ples, Figure 2 reports 100 pm x 100 pm AFM images of
the starting Au film subjected to various thermal treat-
ments: (a) 573 K-900 s, (b) 573 K-1800 s, (c) 673 K-
3600 s, and (d) 773 K-3600 s. In particular, the AFM
image in Figure 2b of the sample annealed at 573 K-
1800 s shows the formation of Au clusters whose size
increases when the annealing time and/or temperature
increases, while their surface density (number of clusters
per unit area) decreases.

To understand the formation of the Au clusters, first
of all, we analyzed the morphology of the starting Au
film after the 573 K-900 s. So, Figure 3a,b shows 20 pm
x 20 ym and 10 pm x 10 um AFM images of the Au
film annealed at 573 K-900 s. Interestingly, we observe
that this annealing process determines the nucleation of
small Au clusters (height of about 10 nm) from the
starting quasi-continuous film. Furthermore, while the
nucleation of these small clusters takes place, also the
formation of small holes (depth of about 10 nm) in the
Au film occurs. Figure 4 reports, also, 1 pm x 1 pm
AFM images of the same sample focusing both on the
small Au clusters and the holes. Figure 4b shows an
AFM cross-sectional line scanning profile analysis that
refers to a Au cluster imaged in Figure 4a: the section
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analyses allow to evaluate its height in 11.2 nm. Simi-
larly, Figure 4d shows the AFM cross-sectional line
scanning profile analysis that refers to an hole imaged in
Figure 4c, allowing to evaluate its depth in 7.4 nm. We
can conclude that the 573 K-900 s annealing process
determines the first stage of nucleation of Au clusters
from the starting quasi-continuous film and that the fol-
lowing annealing processes cause their growth. To study
the growth stage, we imaged by the AFM the Au clus-
ters annealed between 573 and 773 K and 0-3600 s at
higher resolution. As examples, Figure 5 reports 50 pm
x 50 um AFM images of the starting Au film subjected
to various thermal treatments: (a) 573 K-1800 s, (b) 673
K-3600 s, and (c) 773 K-3600 s. The qualitative increase
of the mean clusters size and the decrease of their sur-
face density increasing the annealing time ¢ and/or tem-
perature T are evident. The main feature in the late
stage of the cluster growth is the formation of circular
depletion zones around the largest clusters. We used the
AFM analyses, also, to image the morphology structure
of the large clusters and of the depletion zones around
them. So, for examples, Figure 6a shows a 7 pm x 7 um
AFM image of a single Au large cluster (corresponding
to the 673 K-3600 s annealed sample), while Figure 6b
shows a 1 pm x 1 pm AFM image of depletion zone
near the cluster, and Figure 6¢ shows a 1 pm x 1 pm
AFM image taken over the Au cluster. Figure 6b shows
a percolation morphology of the underlaying residual
Au film (similar to that of the starting 28 nm Au film),
while Figure 6¢ shows a more complex nano-structure:
the large cluster appears to be formed by Au
nanoclusters.

Discussion

On the basis of the exposed results, we can sketch the
evolution of the Au film morphology as pictured in
Figure 7: starting from the quasi-continuous Au film
(Figure 7a), the 573 K-900 s annealing process deter-
mines the first stage of nucleation of Au clusters from
the starting quasi-continuous film (Figure 7b). After the
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Figure 2 100 um x 100 um AFM scans of the Au film thermally processed at: (a) 573 K-15 min, (b) 573 K-30 min, (c) 673 K-60 min,
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Figure 3 AFM images of the thermally processed Au film: (a, b) 20 pm X 20 pym and 10 pm x 10 pm, respectively, AFM scans of the

Au film thermally processed at 573 K-15 min.
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Figure 4 AFM images and section masurements of the thermally processed Au film: (a, ¢) 1 pm x 1 pm AFM scans of the Au film
thermally processed at 573 K-15 min; (b) section measurement to estimate the height (11.2 nm) of a nucleated Au cluster; (d) section

measurement to estimate the depth (7.4 nm) of a hole in the Au film.
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Depletion zone

Figure 5 50 um X 50 pm AFM scans of the Au film thermally processed at: (a) 573 K-30 min, (b) 673 K-60 min, and (c) 773 K-60 min.
.

nucleation stage, the subsequent annealing in the 573-  to the surface diffusion-limited Ostwald ripening model
773 K temperature range and 0-3600 s time range deter-  developed by Sigsbee [42]. Ostwald ripening is regulated
mines a growth stage of the nucleated clusters with the by the vapor pressure at the surfaces of the cluster, P(R),
formation of depletion zones around the largest clusters  depending on the curvature of the surface and it is driven
(Figure 7c). In particular, this phenomenon corresponds by the minimization of the total surface free energy. For

1pm

0 ‘ 7 pm

Figure 6 AFM image of a single Au cluster: (@) 7 pm x 7 um AFM scan of the Au film thermally processed at 773 K-60 min, focusing,
in particular, on an Au cluster; (b) 1 um x 1 um AFM scan of the underlaying Au film; (c) 1 pm X 1 pm AFM scan on the Au cluster,
evidencing its granular structure.

-
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Figure 7 Schematic picture of the growth stages of the Au film as a function of the thermal budget.

Depletion zone

spherical clusters with a radius R, the vapor pressure at
the surface of the cluster is given by the following rela-
tion according to the Gibbs-Thompson equation [46]:
P(R) =P, exp(2yQ [ RkgT)=P_(1+c¢/R) (1)
with P, the vapor pressure at a planar surface, y the
surface free energy, Q is the atomic volume, kg the
Boltzmann constant, ¢ a temperature-dependent but
time-independent constant and depending on the sur-

face diffusion atomic coefficient Dg [46-48]. Lifshitz and
Slyozow [46] as well Wagner [47] have formulated the

basis for a mathematical description of the growth of
grains in three-dimensional systems, yielding the follow-
ing general expression for the asymptotic temporal evo-
lution mean particle radius {R)
(R)=ct'? )

z being a characteristic growth exponent whose value
depends on the specific characteristics of the growth
mechanism. At any stage during ripening there is a so-
called critical particle radius R.: particles with R >R, will
grow and particles with R <R. will shrink. The atoms of



Ruffino et al. Nanoscale Research Letters 2011, 6:112
http://www.nanoscalereslett.com/content/6/1/112

the clusters with R <R, diffuse over the surface toward
the nearest cluster with R >R, and they are incorporated
by it. Later, Sigsbee [42] developed a model for the clus-
ter growth in two dimensions and considered the forma-
tion of depletion zones. A depletion zone around a large
cluster, originates from the shrunken smaller clusters.
Such depletion zones would have circular border lines
in the case of the clusters being generated on isotropic
smooth substrates, that is if the diffusion process occur
isotropically. The radius 1 of a depletion zone at time t
is simply the atomic diffusion length:

1= /Dg. 3)

The time dependence of the cluster growth expressed
by Equation 2 is determined by the dimensionality of
the growing system and the processes limiting the mass
transport by surface diffusion. The specific values of z
for different systems are summarized in [7]. For exam-
ple, for the three-dimensional cluster growth with only
the contact line to the substrate surface active in mass
transport, the critical radius of the clusters will grow
according to Equation 2 with a time exponent 1/z = 1/3;
if, instead, for the three-dimensional clusters the full
cluster surface is active in mass transport, a time expo-
nent 1/z = 1/2 is expected.

Obviously, the mass conservation law dictates that
increasing (R) the thickness of the underlaying quasi-
continuous film has to decreases proportionally, as qua-
litatively indicated by the schematic picture in Figure 7.

We can quantify the evolution of the height R of the
clusters by the AFM analyses using the SPMLabAna-
lyses V7.00 software that define each grain area by the
surface image sectioning of a plane that was positioned
at half grain height. In this way we can obtain the dis-
tributions of R as a function of the annealing time ¢
for each fixed annealing temperature 7. Figure 8
reports, for examples, the distributions of R for the
samples annealed at 773 K-1800 s (a), 773 K-2400 s
(b), 773 K-3000 s (c), and 773 K-3600 s (d), respec-
tively. Each distribution was calculated on a statistical
population of 100 grains and fitted (continuous lines
in Figure 8) by a Gaussian function whose peak posi-
tion was taken as the mean value (R) and whose
full width at half maximum as the deviation on such
value. Therefore, we obtain the evolution of the mean
clusters height (R) as a function of ¢ for each fixed
T, as reported in Figure 9 (dots) in a semi-log scale.
For each temperature we fitted (continuous lines in
Figure 9) the experimental points by Equation 2 to
obtain the best value for 1/z: by this procedure we
obtain 1/z = 0.52 + 0.02 at 573 K, 1/z = 0.49 + 0.06 at
673 K, and 1/z = 0.60 + 0.06 at 773 K. Averaging these
values we deduce 1/z = 0.54 + 0.04 indicating a three-
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Figure 8 Distributions of the clusters height R for samples
annealed at 773 K for: (a) 30 min, (b) 40 min, (c) 50 min, and

(d) 60 min. The continuous lines are the Gaussian fits.

dimensional cluster growth in which the full clusters
surface is active in the mass transport.

By the AFM analyses we can, also, quantify the evo-
lution of the radius / of the depletion zones observable
in the AFM images around the larger clusters. Also in
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this case we can proceed to a statistical evaluation of

(I) : by the analyses of the AFM images we obtain
the distributions of / as a function of the annealing
time t for each fixed annealing temperature 7. Figure
10 reports, for examples, the distributions of / for the
samples annealed at 773 K-1800 s (a), 773 K-2400 s
(b), 773 K-3000 s (c), and 773 K-3600 s (d), respec-
tively. Each distribution was calculated on a statistical
population of 100 grains and fitted (continuous lines
in Figure 10) by a Gaussian function whose peak posi-
tion was taken as the mean value ¢/) and whose full
width at half maximum as the deviation on such value.
Therefore, we obtain the evolution of the mean clus-
ters height (/) as a function of ¢ for each fixed 7. In
Figure 11, we plot (dots) in a semi-log scale {I) * as
a function of ¢ for each 7, obtaining linear relations as
prescribed by Equation 3. Fitting the experimental data

by () ? = Dt we obtain, as fit parameter, the values
of the atomic Au surface diffusion coefficient Dg: Dg
(573 K) = (9.35 x 107°) + (5.6 x 107'7) m?/s, Ds(673
K) = (2.55 x 107*°) + (1.8 x 107'°) m?/s, Dg(773 K) =
(5.25 x 107"°) + (3.2 x 10'°) m?/s. The Arrhenius plot
of the resulting D¢(7), showen in Figure 12 indicates
the occurrence of the thermally activated diffusion
process [6,49] described by

Eﬂ
D(T)=Dye T

(4)

Dy being the pre-exponential factor and E, the activa-
tion energy of the surface diffusion process. By the fit of
the experimental data (dots) in Figure 12 using Equation
4 we obtain, as fit parameters, Dy = (7.42 x 107" + 5.9 x
10™'*) m?/s and E, = (0.33 + 0.04)eV/atom.
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0.00

A consistency calculation is suggested by the mass con-
servation law: at any stage of annealing process the total
amount of deposited Au must be constant. By the RBS
analyses, the starting 28 nm Au film was found to be
formed by Q = 1.7 x 10'7 atoms/cm?. After, for example,
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the final 773 K-3600 s annealing process, the total amount
of the Au atoms forming the Au cluster and the underlay-
ing residual quasi-continuous film must be the same. If we
suppose the largest Au clusters obtained after the 773 K-
3600 s annealing as semi-spheres of radius (R) = 240
nm with a surface density, estimated by the AFM images
of about N = 9 clusters per 100 um?, then the number S =
N(4/6) {R) 3/Q ~ 1.5 x 10'7 atoms/cm? is an estimation
of the Au atoms per unit area forming these Au clusters.
The remaining (1.7 x 10*"-1.5 x 10"”) Au/cm® = 2 x 10'°
Au/cm® form the underlaying residual Au film. This
amount corresponds to an average thickness of about 3
nm. This calculation gives a reasonable confirmation of
the mass conservation law validity.

Concerning the formation of the small holes in the Au
film, as evidenced in the AFM images in Figures 3 and 4,
as already done in [13], we can suppose that the formation
of this holes is characteristic of the sputtering deposition
technique. In fact, it is known from the literature that
when Au films on mica are bombarded with noble gas ions
at low energies [22,28,50-52] (as in the case of Au film sur-
face processed by RF Ar plasma [50]) stable surface defects
(holes) with a monoatomic layer depth are produced. For
example, when Au(111) films on mica were bombarded
with helium ions at energies of 0.6 or 3 keV, holes with a
monoatomic layer depth were observed using STM [52].
Their formation is due to the clustering of vacancies pro-
duced by individual sputtering events. Furthermore, for an
initially atomically flat Au surface on mica, the flat surface
features were observed to be modified during 3 keV Ar
irradiation by the ablation of small clusters of atoms which
then diffused until a sputter-etched pit was encountered, in
which they were trapped [22]. It has been suggested [22],
also, that the high energetic sputtered atoms (in compari-
son with evaporated atoms) from the target with their
energetic impact with the growing film surface would
cause a poorly oriented pebble-like structure for Au films
sputtered onto a RT mica. In our experimental conditions,
the Ar" ions have energy of 0.23 keV, whereas the sputter-
ing threshold for Ar* ions on Au is about 20 eV, and at
0.23 keV, 1 Au atom is sputtered for each Ar" ions [53].
On the basis of such considerations we can suppose that
during the sputter deposition of the starting 28 nm Au
film, stable surface defects with a monoatomic layer depth
are produced by the interaction of the Ar plasma with the
growing Au film. The subsequent annealing processes
induce a coalescence phenomenon of these defects result-
ing in the formation of the observed holes.

Conclusions

AFM has been applied for the analysis of the dynamics
morphology evolution of room-temperature sputtered Au
film on mica. In particular, an analysis of the structural
evolution of a starting 28-nm Au film as a consequence of
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annealing processes was performed. The nucleation and
growth of Au cluster, as a consequence of the thermal
treatments were observed and the possibility of controlling
their size by process parameters such as annealing time
and/or temperature has been demonstrated, describing
their kinetic growth mechanism. In particular, the cluster-
ing kinetic process has been interpreted by classical mod-
els involving surface diffusion-limited ripening of three-
dimensional clusters on a substrate. From the quantifica-
tion of the time evolution of the mean cluster height, a
time exponent 1/z = 0.54 + 0.04 was evaluated, indicating
a three-dimensional cluster growth in which the full clus-
ters surface is active in the mass transport. Furthermore,
from the observation of the formation of depletion zones
around the largest clusters and by the quantification of
their time evolution, the Au surface diffusion coefficient

Dy(T) = (7.42 x 10 £+ 5.9 x 10™"*)exp[(0.33 + 0.04)eV/
kgT)m?/s was evaluated.

The results of the present work can be of importance in
view of the tuning of the morphological characteristics of
the sputter-deposited Au films on mica for various tech-
nological applications as anchoring of molecules and
nanotubes, optoelectronic and plasmonic devices, etc.
About analysis techniques, the nano- and micro-struc-
tured Au films on mica presented in this work could be
of interest, for example, for surface enhanced Raman
spectroscopy (SERS) and surface resonance plasmonic
(SPR) applications as plasmonic substrates.

Abbreviations

AFM: atomic force microscopy; RBS: Rutherford backscattering spectrometry;
SERS: surface enhanced Raman spectroscopy; SPR: surface resonance
plasmonic.



Ruffino et al. Nanoscale Research Letters 2011, 6:112
http://www.nanoscalereslett.com/content/6/1/112

Page 12 of 13

6x10"° F—/———————
——_ E =0.330.04 eV
- D =(7.42x10")%(5.94x10")m’/s
X
15
~ 3x10
b
o1

1

continuous line is the fit.

1.3x10° 1.4x10° 1.5x10° 1.6x10° 1.7x10° 1.8x10"

T (K)

Figure 12 Plot (dots), in semi-log scale, of the Au surface diffusion coefficient as a function of the inverse of the temperature. The

Author details

'Dipartimento di Fisica e Astronomia, Universita di Catania via S. Sofia 64,
95123 Catania, ltaly 2CNR-IMM MATIS, via S. Sofia 64, 195123 Catania, Italy
3Laboratory for Molecular Surface and Nanotechnology (LAMSUN),
Department of Chemical Sciences-University of Catania and CSGI, Viale A.
Doria 6, 95125, Catania, ltaly

Authors’ contributions

FR conceived the study, and participated in its design and coordination;
performed the gold sputter deposition, the annealing processes and the
atomic force microscopy analyses; developed the theoretical framework for
the analyses of the experimental data; analyzed the experimental data;
drafted the manuscript.

VT conceived the study, and participated in its design; supplied and
prepared the mica substrates; participated in the development of the
theoretical framework for the analyses of the experimental data; contributed
in drafting the manuscript.

GM: conceived the study, and participated in its design; participated in the
development of the theoretical framework for the analyses of the
experimental data; contributed in drafting the manuscript.

MGG: conceived the study, and participated in its design and coordination;
participated in the development of the theoretical framework for the
analyses of the experimental data; contributed in drafting the manuscript.
All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 6 September 2010 Accepted: 31 January 2011
Published: 31 January 2011

References
1. Ohring M: The Materials Science of Thin Films New York: Academic Press;
1992.

2. Smith DL: Thin Film Deposition New York: McGraw-Hill; 1995.

3. Schmidt WG, Bechstedt F, Srivastava GP: Adsorption of group-V elements
on III-V(110) surfaces. Surf Sci Rep 1996, 25:141.

4. Campbell CT: Ultrathin metal films and particles on oxide surfaces:
structural, electronic and chemisorptive properties. Surf Sci Rep 1997, 27:1.

5. Barabasi A-L, Stanley HE: Fractal Concepts in Surface Growth Cambridge:
Cambridge University Press; 1995.

6. Venables JA, Spiller GDT, Hanbticken : Nucleation and growth of thin
films. Rep Prog Phys 1984, 47:399.

7. Zinke-Allmang M, Feldman LC, Grabov MH: Clustering on surfaces. Surf Sci
Rep 1991, 16:377.

8. Moriarty P: Nanostructured materials. Rep Prog Phys 2001, 64:297.

9. Ruffino F, Grimaldi MG, Giannazzo F, Roccaforte F, Raineri V: Atomic force
microscopy study of the kinetic roughening in nanostructured gold
films on SiO,. Nanoscale Res Lett 2009, 4:262.


http://www.ncbi.nlm.nih.gov/pubmed/20596386?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20596386?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20596386?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20596386?dopt=Abstract

Ruffino et al. Nanoscale Research Letters 2011, 6:112
http://www.nanoscalereslett.com/content/6/1/112

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

Ruffino F, Grimaldi MG, Bongiorno C, Giannazzo F, Roccaforte F, Raineri V,
Spinella C: Normal and abnormal grain growth in nanostructured gold
film. J Appl Phys 2009, 105:054311.

Ruffino F, Irrera A, De Bastiani R, Grimaldi MG: Room-temperature grain
growth in sputtered nanoscale Pd thin films: dynamic scaling behavior
on SiO,. J Appl Phys 2009, 106:084309.

Ruffino F, Grimaldi MG: Island-to-percolation transition during the room-
temperature growth of sputtered nanoscale Pd films on hexagonal SiC. J
Appl Phys 2010, 107:074301.

Ruffino F, Torrisi V, Marletta G, Grimaldi MG: Kinetic growth mechanisms of
sputter-deposited Au films on mica: from nanoclusters to
nanostructured microclusters. Appl Phys A 2010, 100:7.

Ruffino F, Canino A, Grimaldi MG, Giannazzo F, Bongiorno C, Roccaforte F,
Raineri V: Self-organization of gold nanoclusters on hexagonal SiC and
SiO, surfaces. J Appl Phys 2007, 101:064306.

Ruffino F, De Bastiani R, Grimaldi MG, Bongiorno C, Giannazzo F,
Roccaforte F, Spinella C, Raineri V: Self-organization of Au nanoclusters on
the SiO, surface induced by 200 keV-Ar"* irradiation. Nucl Instr Methods
Phys Res B 2007, 257:810.

Ruffino F, Grimaldi MG, Giannazzo F, Roccaforte F, Raineri V, Bongiorno C,
Spinella C: Kinetic mechanisms of the in-situ electron beam-induced self-
organization of gold nanoclusters in SiO,. J Phys D 2009, 42:075304.
Ruffino F, Grimaldi MG: Atomic force microscopy study of the growth
mechanisms of nanostructured sputtered Au film on Si(111): evolution
with film thickness and annealing time. J Appl Phys 2010, 107:104321.
Grant Elliot A: Nucleation kinetics for gold deposited onto mica
substrates. Surf Sci 1974, 44:337.

Chidsey CED, Loiacono DN, Sleator T, Nakahara S: STM study of the surface
morphology of gold on mica. Surf Sci 1988, 200:45.

Putnam A, Blackford BL, Jericho MH, Watanabe MO: Surface topography
study of gold deposited on mica using scanning tunneling microscopy:
effect of mica temperature. Surf Sci 1989, 217:276.

Buchholz S, Fuchs H, Rabe JP: Surface structure of thin metallic films on mica
as seen by scanning tunneling microscopy, scanning electron microscopy,
and low-energy electron diffraction. J Vac Sci Technol B 1991, 9:857.

Golan Y, Margulis L, Rubinstein I: Vacuum-deposited gold films: I. Factors
affecting the film morphology. Surf Sci 1991, 264:312.

DeRose JA, Thundat T, Nagahara LA, Lindsay SM: Gold grown epitaxially
on mica: conditions for large are flat faces. Surf Sci 1991, 256:102.

Winau D, Koch R, Fihrmann A, Rieder KH: Film growth studies with
intrinsic stress measurement: polycrystalline and epitaxial Ag, Cu, and
Au films on mica(001). J Appl Phys 1991, 70:3081.

Hwang J, Dubson MA: Atomically flat gold films grown on hot glass.

J Appl Phys 1991, 72:1852.

Nogues J, Costa JL, Rao KV: Fractal dimension of thin film surfaces of
gold sputter deposited on mica: a scanning tunneling microscopic
study. Physica A 1991, 182:532.

Elbel N, Behner H, von Seggern H: Preparation and characterization of
epitaxial gold films deposited on mica by direct current magnetron
sputtering. J Vac Sci Technol B 1995, 13:2119.

Kawasaki M, Uchiki H: Sputter deposition of atomically flat Au(111) and
Ag(111) films. Surf Sci 1997, 388:L1121.

Liu ZH, Brown NMD: Studies using AFM and STM of the correlated
effects of the deposition parameters on the topography of gold on
mica. Thin Solid Films 1997, 300:84.

Liu ZH, Brown NMD, McKinley A: Evaluation of the growth behavior of
gold film surfaces evaporation-deposited on mica under different
conditions. J Phys Condens Matter 1997, 9:59.

Levlin M, Laakso A, Niemi HE-M, Hautojarvi P: Evaporation of gold thin
films on mica: effect of evaporation parameters. Appl Surf Sci 1997,
115:31.

Sobotik P, Ost'ddal I: Temperature induced change of surface roughness
of Au(111) epitaxial films on mica. J Cryst Growth 1999, 197:955.

Hopfner U, Hehl H, Brehmer L: Preparation of ordered thin gold films.
App! Surf Sci 1999, 152:259,

Semaltianos NG, Wilson EG: Investigation of the surface morphology of
thermally evaporated thin gold films on mica, glass, silicon and calcium
fluoride substrates by scanning tunneling microscopy. Thin Solid Films
2000, 366:111.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

Page 13 of 13

Munoz RC, Concha A, Mora F, Espejo R, Vidal G, Mulsow M, Arenas C,
Kremer G, Moraga L, Esparza R, Heberle P: Surface roughness and size
effects of thin gold films on mica. Phys Rev B 2000, 61:4514.

Levlin M, Laakso A: Evaporation of silver thin films on mica. App! Surf Sci
2001, 171:257.

Vandamme N, Janssens E, Vanhoutte F, Lievens P, Van Hesendonck C:
Scanning probe microscopy investigation of gold clusters deposited on
atomically flat substrates. J Phys Condens Matter 2003, 15:52983.

Nogues C, Wanunu M: A rapid approach to reproducible, atomically flat
gold films on mica. Surf Sci 2004, 573:1.383.

Lissem B, Karthduser S, Haselier H, Waser R: The origin of faceting of
ultraflat gol films epitaxially grown on mica. Appl Surf Sci 2005, 249:197.
Wiesendanger R: Scanning Probe Microscopy and Spectroscopy Cambridge:
Cambridge University Press; 1994.

Sarid D: Scanning Force Microscopy with Applications to Electric, Magnetic
and Atomic Forces Oxford: Oxford University Press; 1994.

Sigsbee RA: Adatom capture and growth rates of nuclei. J Appl Phys 1971,
42:3904.

Heim KR, Coyle ST, Hembree GG, Venables JA, Scheinfein MR: Growth of
nanometer-size metallic particles on CaF,(111). J Appl Phys 1996, 80:1161.
Zhang L, Cosandey F, Persaud R, Madey TE: Initial growth and
morphology of thin Au films on TiO,(110). Surf Sci 1999, 439.73.

Jeffers G, Dubson MA, Duxbury PM: Island-to-percolation transition during
growth of metal films. J Appl Phys 1994, 75:5016.

Lifshitz IM, Slyozov W: The kinetics of precipitation from supersaturated
solid solutions. J Phys Chem Solids 1961, 19:35.

Wagner C: Theorie der alterung von Niederschldgen durch umlésen. 7
Electrochem 1961, 65:581.

Chakraverty BK: Grain size distributionin thin films-1. Conservative
systems. J Phys Chem Solids 1967, 28:2401.

Tu KN, Mayer JW, Feldman LC: Electronic Thin Film Science New york:
Macmilian Publishing Company; 1992.

Liu ZH, Brown NMD: Scanning tunneling microscopy characterization of
gold film surfaces processed using an argon radio frequency (RF)
plasma. Thin Solid Films 1999, 349:78.

Vishnyakov V, Donnelly SE, Carter G: Scanning tunneling microscopy
observations of the evolution of small-scale topography on gold
surfaces following irradiation with low-energy argon ions. Philos Mag B
1994, 70:151.

Lang CA, Quate CF, Nogami J: Initial stages of sputtering on Au(111) as
seen by scanning tunneling microscopy. App! Phys Lett 1991, 59:1696.
Wasa K, Kitabatake M, Adachi H: Thin Film Materials Technology-Sputtering of
Compound Materials Norwich: William Andrew Publishing-Springer; 2004.

doi:10.1186/1556-276X-6-112

Cite this article as: Ruffino et al: Atomic force microscopy investigation
of the kinetic growth mechanisms of sputtered nanostructured Au film
on mica: towards a nanoscale morphology control. Nanoscale Research
Letters 2011 6:112.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.springeropen.com/
http://www.springeropen.com/

	Abstract
	Introduction
	Experimental
	Results
	Discussion
	Conclusions
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


