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a  b  s  t  r  a  c  t

In order  to  study  the effect  of  electron-surface  scattering  in  gold  ultrathin  films  (∼10 nm),  we have  pre-
pared  a set  of  Au  samples  on  mica  on  top  of  a chromium  seedlayer  (<1  nm).  Chromium  is  added  as  a
metallic  surfactant  which  enables  surpassing  the  electric  percolation  threshold  for  substrate  tempera-
tures  above  room  temperature.  We  prepared  samples  with  the  same  thickness  but  different  topographies
setting  different  substrate  temperatures.  These  modifications  modulate  the  contributions  of  the  differ-
ent  electronic  scattering  mechanisms  to the  film  resistivity.  A  second  set  of gold  thin films  deposited
on  mica  at room  temperature,  with  different  thicknesses  between  8  and  100  nm,  was also  prepared  to
compare  the  resisitivities  of  both  sets  through  Mayadas  and  Shatzkes  theory.  We found  that  in samples
with thicknesses  below  15  nm,  the  electron-surface  scattering  is indeed  the dominant  mechanism  influ-
lectrical transport
old

encing  the film  resistivity.  To  obtain  further  evidence  of this  prevalence,  we  developed  a  discrimination
method  based  on  thiol  adsorption.  The  film  with  the  highest  resistivity  increase  is  the  sample  in  which
electron-surface  scattering  is  dominant.  With  this  method,  we  observed  that  a large  enhancement  of the
electron-surface  scattering  not  only  occurs  in  samples  with  large  diameters  grains,  but  also  if the  film
has  a  reduced  surface  roughness.

©  2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

The miniaturization of the electronic circuits in current tech-
ology has called again into prominence the old problem of how
he physical properties of an object are affected when one of its
imensions reaches the nanometric scale; or briefly, how their
hysical properties are affected by size effects. It is known that
urrent devices, which function by means of electronic transport,
ave reached characteristic lengths of a few tens of nanometers [1].

herefore, the investigation of the electrical properties of metal-
ic films has to be extended from the thin to the ultrathin regime.
hat is, we must consider films with thicknesses comparable to a

∗ Corresponding author.
E-mail addresses: ricardo.henriquez@usm.cl, rahc.78@gmail.com

R. Henriquez).

ttp://dx.doi.org/10.1016/j.apsusc.2017.02.163
169-4332/© 2017 Elsevier B.V. All rights reserved.
small number of atomic diameters. The initial stages of film fabrica-
tion (for instance, from vacuum deposition onto a solid substrate)
do not necessarily occur through the growth of a uniform thick-
ness film capable of providing unambiguous paths for electronic
transport. On the contrary, even if it is possible to establish a cur-
rent through the sample, the transport may  be more akin to the
flow of a liquid through a porous medium, that is, rather a per-
colative than a conductive process. The crossing from the former to
the latter behavior implies the formation of long range reconnec-
tions inside the material; which happens at the so called percolation
threshold. If for very thin films, this percolation limit is not reached,
hence a non-metallic electrical behavior is expected. The films are
then characterized by a high resistance and a negative temperature

coefficient [2].

One of the fundamental questions about electric transport in
metallic films is to determine how each of the different microscopic
scattering mechanisms, is affected by a reduction of the sample

dx.doi.org/10.1016/j.apsusc.2017.02.163
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imensions down to nanometric scales [3–5]. The resistivity of a
etallic ultrathin film at room temperature may  be understood as

he result of three main electronic mechanisms: electron-phonon
cattering, electron-surface scattering and electron-grain bound-
ry scattering. These mechanisms can be related to characteristic
engths of the sample: bulk mean free path at room tempera-
ure, sample thickness and mean grain diameter, respectively. In
rder to understand how these processes combine in practice,
e can engineer the fabrication procedures so that one of these
echanisms predominates over the others. Thus, to investigate

he effect of electron-surface scattering, in 1964 Lucas [6] evap-
rated gold ultrathin films onto bismuth oxide substrates; and
ubsequently annealed them at 350 ◦C. Gold atoms were then
eposited on the film surface at room temperature, and a resistivity

ncrease was observed. This effect was attributed to a modifica-
ion of the electron-surface scattering produced by the added Au
toms. These adatoms changed the film morphology from a flat to a
ough surface. Another experiment, designed to clarify the nature
f electron-surface scattering, was reported by H. Marom and M.
izenberg [7] in 2006. They fabricated copper films with thick-
esses between 50 and 90 nm.  By annealing their samples at 300 ◦C,
hey diminished the surface roughness and obtained films in which
he electron-grain boundary scattering was the dominant cause of
he resistivity. Then, by an etching process in solution, they artifi-
ially created a surface roughness on these samples and observed

 substantial rise in resistivity, clearly attributable to an increase in
lectron-surface scattering.

Whereas the main idea of these works was  to understand
he nature of electron-surface scattering through surface rough-
ess modification, Henriquez et al. [8] investigated the combined

nfluence of grain-boundary and surface scattering on the conduc-
ivity the problem. They controlled the mean grain diameter by
arying the substrate temperature, and identified the contribu-
ion of electron-surface scattering through measurements of the
all mobility. They concluded that an enlargement of the mean
rain diameter reduces the electron-grain boundary scattering,
ith a corresponding enhancement of the electron-surface scat-

ering. Hence, the effect of the latter could be disentangled through
lm’s surface modification. An alternative way to change the rela-
ive relevance of each process consists in the addition of scattering
enters over the sample surface. This can be achieved by the for-
ation of self-assembled monolayers (SAMs); which are ordered
olecular overlayers that grow on the film [9]. One of the simplest
ays to build these SAMs is through thiol adsorption from solu-

ion onto a metallic substrate [10]. Most thiols are bound to the
urface by means of their S-head group, creating scattering centers
nd thus increasing the resistivity [9,11–13].

In this work, we present a fabrication procedure for gold
ltrathin films on mica that maximizes the contribution of
lectron-surface scattering to the electrical resistance. Further, the
dentification of this scattering mechanism was made through an
mproved experimental method, based on the determination of the
esistivity increase induced by thiol adsorption.

. Theory

A widely used theory to describe the effect of electron-surface
nd electron–grain boundary scattering on the resistivity of thin
lms is the one published by Mayadas and Shatzkes (MS) in 1970
14]. In this theory, the motion of the electrons is described by

eans of the Boltzmann transport equation and the contribution of

rain boundaries is modeled by a series of Dirac � function poten-
ials, distributed perpendicularly to the direction of the current, and
haracterized by a reflectivity coefficient R. This coefficient rep-
esents the fraction of electrons specularly reflected at the grain
 Science 407 (2017) 322–327 323

boundary. The separation between adjacent delta potentials is a
random variable, distributed according to a Gaussian function,
with a mean distance D and a standard deviation s. We  shall sub-
sequently identify D as the mean grain diameter. The effect of
electron-surface scattering is accounted by imposing a boundary
condition over the electron distribution function, represented by
a specularity parameter P. This coefficient is the same used in the
Fuchs-Sondheimer theory [15,16] and denotes the fraction of carri-
ers scattered by the surface at each interaction that remains in the
out-of-equilibrium distribution, in turn the 1-P  fraction is scattered
diffusely and increases the resistivity. This boundary condition was
generalized by Lucas [17] who  introduced two different specular-
ity parameters P and Q, respectively associated to the upper and
lower interface of the sample. Thus, the theoretical prediction for
the quotient between film and bulk resistivity, (�/�0)MS, has seven
input parameters: D, s, R, P, Q, film thickness t and bulk mean free
path �0. The final expression used for calculating the resistivity is
the one indicated in Reference [3].

The procedure we  use to analyze the data with MS  theory starts
with the determination of the mean grain diameter D and its stan-
dard deviation s by means of scanning tunneling microscopy (STM).
Also, the sample thickness t and the sample resistivity � are directly
measured, while the values of the bulk resistivity �0 and bulk mean
free path �0 as a function of temperature are obtained from Refer-
ence [18]. Then, the values of R, P and Q are determined through
the best fit of the theory to the experimental data [19,20].

3. Materials and methods

To fabricate ultrathin films with metallic properties, we  must
first assert that the films have surpassed the electrical percolation
threshold. The threshold thickness of the film, at which metal-
lic behavior is obtained, depends on the particular film-substrate
system [21] and on fabrication conditions, such as substrate tem-
perature, annealing temperature [22] and deposition rate [8]. In
order to study electrical properties of thin metallic films, gold has
been widely used, mainly due the simplicity of its deposition and
the absence of oxidation in atmospheric conditions. Furthermore,
the preferred substrate for gold deposition is mica, due to the pres-
ence of atomically flat terraces that are easily obtained by cleavage
[23].

At room temperature, the mean free path of gold is of the order
of 40 nm.  Therefore, in order to reveal the effect of electron-surface
scattering at this temperature, it is necessary to fabricate samples
with thicknesses at least comparable to this dimension. Further-
more, in order to reduce the effect of electron-grain boundary
scattering, a clear experimental path is to fabricate samples with
mean grain diameter larger than its thickness. A method to increase
diameter is to deposit the films at a high temperature; or to anneal
them after deposition. However, this process increases the thick-
ness at which the percolation threshold is obtained. Kastle et al. [24]
solved this problem by depositing, prior to fabrication, a metallic
surfactant sandwiched between the substrate and the film. In this
work, we  used chromium as surfactant.

Samples preparation was  performed through thermal evapo-
ration from a tungsten basket in a High Vacuum System (base
pressure ∼3 × 10−5 Pa), in which two  or more materials could be
evaporated sequentially. Evaporation rate and film thicknesses of
gold (99.999% purity) and chromium (99.99% purity) were mea-
sured with quartz microbalances. These were previously calibrated

by growing samples whose thicknesses where measured by ellip-
sometry and atomic force microscopy. The sample holder was made
of copper with an oven in which a thermocouple was used to con-
trol deposition and annealing temperatures. A mask placed on the
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Fig. 1. Thickness dependence of the RT resistivity of a series of Au/Cr/Mica (star
symbols)and Au/Mica (round symbols) films. Au/Cr/Mica samples were evaporated
at  different substrate temperatures TS indicated with numbers next to the markers.
Au/Mica samples were deposited at room temperature. The continuous line is the
24 R. Henriquez et al. / Applied S

ubstrate was used to generate samples with a four-contact geom-
try.

The mica surface and the chromium surfactant film were char-
cterized by non-contact atomic force microscopy (NC AFM). The
orphology of the gold films was characterized by scanning tun-

eling microscopy (STM). Two characteristic values were obtained
rom gold topographic images: mean grain diameter and the ampli-
ude of the surface roughness. In order to measure the mean grain
iameter, a series of topography images were recorded from dif-
erent places on each sample. We identified grain boundaries and

easured the enclosed areas. Then, we calculated the diameter of a
ircle that enclosed the same area. The histogram, generated with at
east 500 diameters, shows a lognormal distribution, and its aver-
ge is reported as the mean grain diameter D. To determine the
mplitude of the surface roughness from the topographic images,
e selected square shaped areas with different edge lengths and

omputed the standard deviation from the mean height in each
quare. These averaged roughness amplitudes, when plotted as a
unction of the edge length, reaches a saturation value for long edge
engths. In this work, we considered this value as the amplitude of
he surface roughness.

The electrical characterization of ultrathin films was  performed
hrough the determination of resistivity at room temperature (RT).
he four-contacts method was used to measure film resistance,
njecting a current of 15 �A with a frequency of 540 Hz. The mea-
ured voltage signals were acquired using a computer controlled
30′s LIA built by Stanford Research.

Details about fabrication and characterization of the SAMs can
e found in Reference [12]. Briefly, SAMs were prepared by immers-

ng ultra thin films into a freshly prepared 1 mM solution of
odecanethiol (C12H25SH, 98% purity, Aldrich) in absolute ethanol
p.a. grade, Aldrich). The electrical resistance was monitored during
hiols adsorption process. After 40 min, the SAM acquires full cov-
rage with its characteristic ordered structure [9]. At this point, the
esistivity increase due to the creation of the new scattering cen-
ers is essentially completed [9]. The increment in resistivity was
etermined comparing resistances measured before and after the
ample was immersed inside the solution for 25 min. X-ray photo-
lectron spectroscopy (XPS) was used to verify the existence of the
-Au bond characteristic of the formation of a SAM on Au.

. Results and discussion

In order to grow films with large grains, we prepared gold ultra
hin films (10 nm thick) onto mica with a chromium seed layer of
.8 nm (Au/Cr/Mica). The difference among the films is the sub-
trate temperature during growth, TS, which varied between 320 K
nd 630 K. The electrical characterization was performed by mea-
uring samples resistivity at room temperature (RT): �(RT).

For TS ≤ 390 K, the measured resistivities turned out to be simi-
ar to the bulk value of Au (∼22 n�m).  However, for TS ≥ 460 K we
bserved an increase in resistivity of at least three orders of mag-
itude. Further, these values for resistivity did not correlate with
S. This behavior can be understood by noting that the thickness
or percolation increases as the substrate temperature rises [22].
s expected, some of these films are far from being metallic. In
rder to obtain lower resistivities, we increased the thicknesses of
hese samples. This goal was achieved in an 18 nm thick sample,
vaporated at 540 K.

Samples with �(RT) < 5000 n�m appear in Fig. 1 represented

ith stars markers. Numbers next to the symbols indicate substrate

emperatures during deposition. Henceforth, only Au/Cr/Mica sam-
les presenting values comparable with the corresponding bulk
esistivity will be considered in the analysis below.
best adjustment of MS  theory for Au/Mica films. The hatched area represents the
bulk  resistivity.

A second series of gold films, with different thicknesses, were
deposited on bare mica (Au/Mica) at room temperature. Mor-
phological characterization of some samples is reported in Refs.
[8,20,23]. Room temperature resistivity measurements of all sam-
ples are shown in Fig. 1.

In order to obtain a quantitative understanding of the scattering
mechanism that contributes to the resistivity of our films, we ana-
lyzed the resistivity data of Au/Mica samples using the MS  theory. In
this analysis, we uniformly assumed �0 = 22.4 n�m and �0 = 38 nm
[18]. Fig. 2a shows the evolution of the mean grain diameter, as a
function of thickness for the Au/Mica samples. To apply this model,
the thickness dependence of mean grain diameter D was obtained
from a linear fit of the experimental data: D(t) = (0.3t + 10.1) nm.
With �0, �0, and D(t) as input data, we used the MS  model to adjust
the thickness dependence of the resistivity, and found that (R, P,
Q) = (0.25, 0.0, 0.0). Fig. 1, shows the resulting MS  theoretical pre-
diction as a solid black line.

Through this adjustment, a first comparison between the con-
tributions of the different mechanisms to resistivity can be made
[20]. For this purpose, we evaluated the output of the MS  pre-
diction by suppressing the effect of one mechanism at a time.
That is, we  calculated the resistivity predicted by MS without
the effect of electron-grain boundary scattering, by setting R = 0,
and keeping the experimental values of P = Q = 0.0. Subsequently,
we compared the contribution of the surface roughness scatter-
ing with the values provided by the MS  theory when the effect of
electron-surface scattering is suppressed (only the grain-boundary
scattering was  considered) by setting P = Q = 1.0, and preserving
the true value of the grain boundary reflectivity R = 0.25. A slight
increase of the electron-grain boundary contribution was obtained
as thickness decreases, but with values always comparable to
the electron-phonon contribution (∼23 n�m).  On the other hand,
the electron-surface contribution is small; increasing slightly as
the thickness decreases down to ∼25 nm.  From this thickness,
the electron-surface contribution is significantly enhanced, until
it exceeds the other scattering mechanisms below ∼15 nm. Since
all Au/Cr/Mica samples present resistivities comparable to the
Au/Mica resistivities (or smaller), we  can conclude that, in the range
t < 20 nm,  the contribution to the resistivity from the electron-
surface scattering is relevant.

As previously discussed, the morphological characterization of
the Au/Cr/Mica films was performed through the determination
of mean grain diameter (D) and surface roughness (�). Table 1

shows D and � for each sample. Fig. 2a displays a comparison of
the thickness dependence of D for Au/Cr/Mica and Au/mica sam-
ples. A significant increase of mean grain diameter is observed as
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Fig. 2. (a) Thickness dependence of mean grain diameter for Au/Cr/Mica (black stars) an
for  Au/Mica data. (b) Thickness dependence of the ratio D/t diameter for Au/Cr/Mica (bla
colour  in this figure legend, the reader is referred to the web version of this article.)

Table 1
Morphological and electrical characterizations of Au/Cr/mica and Au/mica sam-
ples.t: thickness, TS: substrate temperature, D: mean grain diameter, � (RT):
resistivity at room temperature, �: surface roughness amplitude, �� /�: resistivity
increase due to thiols adsorption after 25 min.

t (nm) TS (K) D (nm) D/t � (RT)
(n�m)

� (nm) �� /�%

Au/Cr/Mica 10 320 12.6 1.3 57.7 2.2 3.0
10  350 19.7 2.0 89.1 1.7 7.5
10  360 19.6 2.0 47.5 1.6 12
10  390 19.1 1.9 91.4 2.6 0.9
18  540 30.2 1.7 78.1 5.2 0.3

Au/Mica 8  300 10.7 1.3 110
17  300 15.3 0.90 80.2
33  300 18.6 0.56 71.6
47  300 30.3 0.64 41.4
50 300 23.7 0.47 39.4
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97  300 38.0 0.39 30.8
97  300 38.8 0.40 33.7

he substrate temperature rises, while the resistivity remains low.
n order to compare mean grain diameters of different samples we
omputed the ratio D/t. Table 1, displays this ratio for all samples.
ig. 2b shows the value of D/t for all films as a function of thickness.

 substrate temperature of about 50 K above RT induces the for-
ation of grains with diameters roughly twice the film thickness.

or these substrate temperatures, the electron mean free path �0 is
imilar to 2D and 4t, so on average a conduction electron will collide
ore frequently with the surface than the grain boundaries, thus
aking the electron-surface scattering the dominant contribution

o the resistivity.
It is known that thiol adsorption on a gold film is a surface

rocess that generates new scattering centers affecting the elec-
ronic conduction. The resistivity increase due to this effect has
een modeled as a reduction of the specularity parameter P of the
pper surface [9,11,12]. Therefore, the magnitude of this resistivity
hange is directly related to the contribution of the electron-
urface scattering to the electrical transport process. Based on this
ehavior, we used thiol adsorption as a method to distinguish this
ontribution in Au/Cr/Mica samples.

The fractional resistivity change (�� /�) ��� �o �	
� ��o����,

s calculated as:

��

�
= �with thiols − �without thiols

�without thiols
d Au/Mica samples (red circles). Dashed line represents the best linear adjustment
ck stars) and Au/Mica samples (red circles). (For interpretation of the references to

Fig. 3a shows the time dependence of resistivity increase dur-
ing dodecanethiol (C12) adsorption on Au/Cr/Mica samples. Table 1
shows the values of ��  /� determined after 25 min  of immersion
into the C12 solution. The fractional resistivity increments deter-
mined here are consistent with other measurements on similar
gold films at room temperature. For example, Pugmire et al. [13]
showed that C10 adsorption on a 25 nm thick film increases resis-
tivity in 7%. Zhang et al. [9] and Fried et al. [11] reported increments
between 2 and 4% after C16 adsorption on 50 nm thick films; and
Correa-Puerta et al. [12] observed increments between 0.2 and 2.7%
for C12 adsorption on samples with film thickness varying between
28 and 56 nm.

In order to assess the extent of the thiol adsorption, the sam-
ples were characterized by XPS after the end of the process. Fig. 4b,
shows a typical XPS spectrum from our samples produced by the
S-Au bond in the S(2p) region. The S 2p peak is a doublet of 2p3/2
and 2p1/2 due to spin–orbital splitting, separated by 1.18 eV [25].
Lower continuous lines indicate the doublet observed at 161.9 eV
(FMHW = 1.3 eV) corresponding to the S–Au bond. This doublet is
interpreted in the literature as molecules bonded to the gold film as
a self-assembled monolayer in standing up configuration [26]. The
insert in Fig. 3b shows a diagram of the molecules on top of the gold
surface. In this configuration we  expect the surface to be modified
by the bounded molecules, thus, film resistivity is only affected by
the presence of the SAM and not by the second unbounded layer.
The second doublet (dashed lines), at 163.5 (FMHW = 1.4 eV), cor-
responds to unbounded sulfur [27]. On the other hand, chromium
peaks were not observed, showing that the gold ultrathin film com-
pletely covered the chromium layer.

The largest resistivity increases due to thiol adsorption were
observed in Au/Cr/Mica films fabricated between 350 and 360 K.
It is interesting to contrast this phenomenon with the low resis-
tivity increase (<1%) of films grown at a slightly higher substrate
temperature (TS = 390 K) with similar characteristic dimensions
�0 ∼ 2D ∼ 4t. In order to understand this result, we observed their
respective morphologies and found that they only differ in the sur-
face roughness amplitude, �. Fig. 4 shows the resistivity increase,
surface roughness and mean grain diameter as a function of sub-
strate temperature.

Fig. 5 shows a representation of the topography of samples fab-

ricated at 390 K and 360 K. The films with the largest resistivity
increases after thiol adsorption have small value of � (right side in
Fig. 5), hence a small influence of the initial electron-surface rough-



326 R. Henriquez et al. / Applied Surface Science 407 (2017) 322–327

Fig. 3. (a) Time dependence of resistivity increases for different samples. Black short dashed line: TS = 360 K; Blue dashed line: TS = 350 K; Red dotted line: TS = 320 K; Green
dash-dotted line: TS = 390 K; and orange continuous line: TS = 540 K. Starting time of each 

XPS  spectrum in S(2p) region. Points correspond to observed spectrum. Lower continuou
on  top of the gold surface. (For interpretation of the references to colour in this figure leg
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ig. 4. Substrate temperature dependence (a) of resistivity increase due to thiol
dsorption, (b) of surface roughness, and (c) of mean grain diameter for Au/Cr/Mica
amples.

ess scattering. The films scarcely changing its resistivity after the
ame treatment are characterized by a larger surface roughness
� = 2.6 nm;  left side in Fig. 5) and, conceivably, have the effect of
he electron-surface scattering completely saturated from the start.

To validate an experimental procedure, such as the present
ethod of investigating the influence of surface scattering by

xamining the effect of thiols adsorption on the electrical con-

uctivity; it is necessary to keep in mind that the value of this
onductivity is influenced by a number of factors. The majority of
hese elements are unknown and beyond the control of the exper-
mentalist. Cautionary evidence of this fact resides, for instance, in
measurement was  displaced 1.5 min for a good presentation of the data. (b) Typical
s and dashed lines correspond to resolved peaks. Inset: Diagram of the molecules

end, the reader is referred to the web version of this article.)

our resistivity data in Table 1, where no evident order is discernible.
Large variations in the resistivity values presented in similar thin
samples were reported by Fenn et al. [28] in 1998. In this work, they
fabricated pair of samples with thicknesses ranging from around
5–1000 nm.  The evaporated materials were copper and niobium.
They observed that, for thicknesses smaller than around 40 nm,  the
resistivity showed differences between members of each pair, rang-
ing from 20 and 50%. Furthermore, when mica was used as substrate
in the case of ultrathin films, these differences were even larger.
This is because mica presents some soft cleavage steps that are dif-
ficult to detect before the deposition process and, in samples that
are too thin, generate a significant resistance enhancement. In these
cases the increments in resistivity where not imputable to the scat-
tering mechanisms discussed in this work; and contributed only to
obscure the true nature of the mechanisms that control electrical
transport.

The use of the present method of thiol adsorption in order to
clarify the contribution of the electron-surface scattering presents
some advantages over others. First, the method is very sensitive
to the possibility of manipulating the strength of this contribution.
Further, the alternative method, based on Hall mobility measure-
ments, requires (in the case of noble metals) samples with long
mean free paths (that is, of low temperatures) and intense magnetic
fields [8]. For example, in the case of the measurements reported
in Reference 8, the Hall mobility was measured at 4 K and using
magnetic fields up to 4.5 T. Clearly, these conditions are harder to
obtain in comparison to the immersion of a sample into a thiol
solution. Other approach is the deposition of a second metallic
layer. This method, used by Lucas [6], presents two problems. First,
since the second layer also conducts electricity, then, the system is
transformed into a bilayer with different resistivities depending of
composition or fabrication conditions. Second, during the growth
of the second layer, as reported by Volmer-Weber [23], gold atoms
do not necessarily land on the surface of the film, but instead, on top
of atoms of the second layer that had previously arrived. With the
method of thiol adsorption, these problems are overcome, S-head
of thiols are orderly placed on the gold surface and, since the layer
is not a conductor, then thiol overlayer only affects the resistivity
of the film by inducing additional scattering centers.

5. Conclusions
In order to study the effect of electron-surface scattering in
ultrathin films, we prepared gold ultrathin films on mica on top
of a chromium seed layer. This layer allows us surpass the electric
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Fig. 5. Representation of mean grain diameter and su

ercolation threshold at substrate temperature higher than room
emperature. Through the change of substrate temperature during
old deposition, we were able to prepare samples with the same
hickness but different topographies. This resulted in samples with
arying resistivities, caused by a combination in which the elec-
ron scattering mechanisms operate in different proportions. Also,
e fabricated gold thin film grown directly on mica, having differ-

nt thickness, and analyzed the data using Mayadas and Shatzkes
heory. We  found that in samples with thicknesses lower than
5 nm,  electron-surface scattering is the dominant mechanism

nfluencing the film resistivity. Next, we compared the resistivities
etween both kinds of samples, and found that de discrepancies
ere caused by observable differences in film morphology between

he Au/Cr/Mica and the Au/Mica samples.
To have further evidence on the preponderancy of the surface

cattering in comparison to the other scattering mechanisms, we
eveloped the method of thiol adsorption.  The method consists in
omparison of the resistivities before and after the deposition of
n ordered, self-assembled monolayer. The film with the highest
ncrease in resistivity is the sample in which electron-surface scat-
ering is predominant. Using this method, we observed that the
reater enhancement of electron-surface scattering occurs in sam-
les composed of gold grains with large diameters and small surface
oughness amplitudes.
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