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FIG. 1. (Color online) 10 pxm
X 10 pm AFM image of (a) the start-
ing ITO surface. (b) 25 nm of Au
sputter-deposited on the ITO surface,
(c) 25 nm of Au sputter-deposited on
the ITO surface annealed at 573
K-3600 s. (d) Cross-sectional AFM
line-scanning profile of three NCs la-
beled as 1, and 2 in (b). (e) Cross-
sectional AFM line-scanning profile of
the NR labeled as 3 in (c).
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Figure 4 AFM images and section masurements of the thermally processed Au film: (a, ¢) T pum 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.



Figure 6 AFM image of a single Au cluster: (a) 7 pm x 7 pum AFM scan of the Au film thermally processed at 773 K-60 min, focusing,
in particular, on an Au cluster; (b) T pm x 1 pm 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 2 AFM images of the three steps of sample preparation: (a) HP-LB film of PnBuA-b-PAA; (b) HP-LB film covered with Au
nanoparticles deposited by sputtering; (c) annealed bilayer (115°C, 15 min).
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Fig. 2. AFM ((a)<c)) and SEM ((d)—(f)) images of the 5 am tthk Au ﬁlm on IT O m'adlated by 500 mJ/cm? ((a) and (d)), 750 mJ/cm?® ((b) and (e)),
1000 mJ/cm? ((c) and ()).



Fig. 3. AFM ((a)<(c)) and SEM ((d)—(f)) images of the 5 nm thick Ag film on ITO irradiated by 500 mJ/cm?® ((a) and (d)), 750 mJ/cm?* ((b) and (e)),
1000 mJ/cm? ((c) and (f)).
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Fig. 4. Three-dimensional reconstructions of 0.5 um x 0.5 u :
images the (a) Au and (b) Ag films irradiated by 750 mJ/cm’
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~of representative isolate NCs for the contact angle measurements:

Fig. 8. 0.5 pm x 0.5 um AFM images of the samples and line n:
m irradiated by 500 (d), 750 (e). and 1000 mJ/cm? (f).

(a)~c) Au film irradiated by 500 (a), 750 (b), and 1000 mJ/cm? (c);
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Fig. 2. (a) Cross sectional SEM image of an as deposited Yb-Y disilicate. (b) AFM
measurements on an as-implanted sample, after removing a masking grating. (c) AFM zoom-in
reporting the step height in a 3D picture. (d) Analytical measurement of the step height.



Fig. 2 a Scheme of the normal
deposition (o = 0°)
configuration and of the
expected pattern of the Au and
Ag films (cross-section view).
b Scheme of the oblique
deposition (o = 42°)
configuration and of the
expected pattern of the Au and
Ag films (cross-section view)
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Fig. 3 a Two-dimensional
AFM scan (20 pm x 20 pm) of
the 40 nm-thick Au film
deposited through the
lithographic mask in normal
condition (o = (0°). b Three-
dimensional reconstruction of
the AFM image in (a). ¢ Cross-
line profile of a Au square
corresponding to the red line in
(a). From this symmetric cross-
line profile, from the center to
the edge the square is divided in
four regions assigning to each
region an effective height (h;;)
(d)
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Fig. 4 a Two-dimensional
AFM scan (40 pum x 40 pm) of
the 40 nm-thick Au film
deposited through the
lithographic mask in oblique
condition (o0 = 42°). b Three-
dimensional reconstruction of
the AFM image in (a). ¢ Cross-
line profile of a Au square
corresponding to the red line in
(a). From this asymmetric cross-
line profile, from the center to
the edges the square is divided
in height regions assigning to
each region an effective height
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Fig 1. Representative three-dimensional AFM images (2 pm x 2 pm) of: (a) the bare SiO, surface, (b) the surface of 15 nm-thick Ag film deposited on the SiO,
surface, (c) the surface of 15 nm-thick P film deposited on the SiO- surface. Each image is accompained by the corresponding value of the roughness o.
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Fig. 2. Representative three-dimensional AFM images (2 pm x 2 um) of the 15 nm-thick Ag film deposited on the SiO; surface and thermally processed at: (a)
573 K-3600 s, (b) 673 K-3600 s, (c) 773 K-3600 s, (d) 873 K-3600 s, (e) 973 K-3600 s, (f) 1173 K-3600 s. These images allow to follow the evolution of the Ag film
morphology versus the annealing temperature.
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Fig 3. Representative three-dimensional AFM images (2 pm x 2 pum) of the 15 nm-thick Pt film deposited on the SiO- surface and thermally processed at: (a)
573 K-3600 s, (b) 673 K-3600 s, (c) 773 K-3600 s, (d) 873 K-3600 s, (e) 973 K-3600 s, (f) 1173 K-3600 s. These images allow to follow the evolution of the Px film

morphology versus the annealing temperature.



60F 2 [Ac/dT=0.15 nmy/ )
4”.
50 :E - %— i}{ T
B 20
"é“ 40 ' 10} 1! ]
s30F L — .
B 600 700 800 900 1000 %
!
20( j (a) -
!
10+ d 1
L /
0F e m—— - ——— L . Ag .
[ ;Inf:|T='{l {l;i' nmjfl-{l = o
40F 5l ' 1
[ E 20 17
_ 30r3 0l ;f T
E ol 1 !
E 20b  con 00 500 900 1000 T100 ' -
b TK) !
; (b)
b ! =
10 g
i LY Pt ]
0 C l- -l - l- -l = I.- -l- .: A L A L A L )
0 200 400 600 800 1000 1200

T(K)

Fig. 4. Plots of the roughness o versus the annealing temperature Twhen fixed the annealing time t = 3600 s, for the 15 nm-thick Ag film (a) and the 15 nm-thick
Pt film (b). The insets report o versus T restricted to the linear regions and the blue lines represent the corresponding linear fits of the experimental data.
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Fig 5. Representative three-dimensional AFM images (2 pm x 2 pm) of the 15 nm-thick Ag film deposited on the SiO, surface and thermally processed at: (a)
1173 K-600 s, (b) 1173 K-1200s, (c) 1173 K-1800 s, (d) 1173 K-2400 s, (e) 1173 K-3000 s, (f) 1173 K-3600 s. These images allow to follow the evolution of the Ag film
morphology versus the annealing time.
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Fig. 6. Representative three-dimensional AFM images (2 pm x 2 pm) of the 15 nm-thick Pt film deposited on the SiO- surface and thermally processed at: (a)
1173 K-600 s, (b) 1173 K-1200 s, (c) 1173 K-1800 s, (d) 1173 K-2400 s, (e) 1173 K-3000 s, (f) 1173 K-3600 s. These images allow to follow the evolution of the Pt film
morphology versus the annealing time.
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Fig 7. (a) Plots of the roughness o versus the annealing time t when fixed the annealing temperature T = 1173 K, for the 15 nm-thick Ag film and the 15 nm-thick
Pt film. (b) Reports the same experimental data (apart the value for t = 0 s) plotted in Log-Log scale and the continuous lines indicate the fit of the experimental
data by oft) = at® from which values for the fitting parameters 2 and B are extracted.
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Fig. 2. Picture of the analyzed samples and conductive atomic force microscopy

measurement setup configuration.

S0 nm 50 nm

Fig. 3. Representative scanning electron microscopy images of: (a)-(c) graphene/Cu surface at different magnifications, (d)-(f) Au films deposited on the graphene/Cu
surface with thickness of 5 nm (d), 25 nm (e) and 50 nm (f), (g)-(i) Pd films deposited on the graphene/Cu surface with thickness of 5 nm (g), 25 nm (h) and 50 nm (i).



Table 1
Wit metal work-function, Wg: free-standing graphene work-function (4.48 eV)

and graphene work-function when in contact with a specific metal. Adapted
from [18].

Gr Pd Cu Au Pt
WhaleV) 5.67 5.22 554 613
WeleV) 448 4.03 4.40 4.74 487
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AFM: surface roughness



ence surface. Films grown under nonequilibrium condition
are expected to develop self-affine surfaces [7. 14], whose
rms widths scale with time ¢ and the length L sampled as [15]

(L, 1) = L“F(r /1% ﬁ) (1)

where o(L) oc L* for t/L*F — oo and o(1) < ¥ for
t/L*F — 0. The parameter 0 < x < 1 is defined as the
roughness exponent [16], and the parameter, f, as the
growth exponent. Actual self-affine surfaces are charac-
terized by an upper horizontal cutoff to scaling, or
correlation length, ¢, beyond which the surface width no
longer scales as L*, and eventually reaches a saturation

— cantilever

___tip path
A aa 4

Surface

value, o. Imphcit 1in Eq. 1 18 a correlation length which
increases with time as & oct'/2, where z = o/f is the
dynamic scaling exponent.

In thin films deposition methodologies in which the film
thickness, A, is proportional to the time of deposition, f,
then, 1n the asymptotical limits,

o(h) = ah” (2)
E(h) = bh'/* (3)

where a and b are the opportune proportionality constants.



The global surface morphology thus proceeds to a steady
erowth with the evolution of vertical roughening and lateral
coarsening. Two correlation lengths are assigned to describe
the interface growth process: the mean surface height fluc-
tuations o, which 1s a measure of the vertical interface
roughness. and the lateral correlation length & which char-
acterizes the coarsening size. In particular, the roughness
function is defined h}fm

o = (z(x,y))"? = ([h(x.y) = (h(x.y)H)'", (6)

where h(x.y) is the height function and (---) is the spatial
average over a planar reference surface. The roughness o of
a real self-affine surface must saturate at large length scales,
and the correlation length € is the horizontal cutoff associ-
ated with the saturation value of ¢. For a growing film, the
time evolution of the saturated o 1s characterized by the
“orowth” expnnentm B.

o x (h)P. (7)

Roughness Spacing —| |« |

ROUGHNESS |

P T e

log R, nm

100 1000
log L, nm

Fig. 25. For self-affine surfaces, the slope of the unsaturated region of roughness is the
roughness exponent (Cruz T.G.S., 2002).
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FIG. 1. (Color online) (a) 1 X1 pum? AFM image of the Si(111) substrate; 1 X I um? AFM images of the Si(111) substrate sputter-deposited with Au of
different thickness h: (b) h=1.7x 10" Au/cm?, (c) h=2.1x10"7 Au/cm?, (d) h=3.0x 10" Au/cm?, (e) h=5.2x 10" Au/cm? (f) h=6.8x10"7 Au/cm?,

(g) h=7.7%x 10" Au/cm?, (h) h=9.4x 10" Au/cm? and (i) h=1.0x 10" Au/cm? The inset shows a schematic of the horizontal, D, and vertical, R,
dimensions of the Au clusters.
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FIG. 2. Distributions of the clusters vertical size R for samples with differ-
ent amount i of Au: (a) h=1.7x 10" Au/cm?, (b) h=2.1x10"7 Au/cm?,
(¢) h=3.0x10"7 Au/cm?, (d) h=52x10"7 Au/cm?® (e) h=6.8
X 107 Au/em?, (f) h=7.7x 10" Au/cm?, (g) h=9.4%10"7 Au/cm? and
(h) h=1.0x 10" Au/cm?’. The continuous lines are the fits by the log-
normal function.
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FIG. 3. Distributions of the clusters vertical size D for samples with differ-
ent amount h of Au: (a) h=1.7x10"7 Au/cm?, (b) h=2.1x10"7 Au/cm?,
(c) h=3.0%x10"7 Au/em?®, (d) h=52x10" Au/cm®, (e) h=6.8
x 10" Au/cm?, (f) h=7.7x10"7 Au/cm?, (g) h=9.4x 10" Au/cm?, and
(h) h=1.0x 10'"® Au/cm? The continuous lines are the fits by the log-
normal function.
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s A

Figure 1. Schematic pictures of the analyzed samples: (a) bare Au surface, (b) Au surface after ssDNA immobilization, (¢) Au surface after dsDNA hybridization.
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Figure 3. Calculated values for the roughness of the bare Au surface and after ssDNA
immobilization and dsDNA hybridization.

40 .
35 (i)
30

1,0
05
0.0 = = s = H = V = = x

. 00 02 04 06 08 10
o : x (pm)

Figure 2. (a)-(c) Representative 5 pm x 5 pm 2D AFM images corresponding to the bare Au surface (a), the Au surface after ssDNA immobilization (b), and the Au surface
after dsDNA hybridization (c). (d)-(f) Representative 1 um x 1 wm 3D AFM images corresponding to the bare Au surface (d), the Au surface after ssDNA immobilization (e),
and the Au surface after dsDNA hybridization (f). (g)-(i) Representative cross-line section profiles of the corresponding 1 um x 1 um scan of the surfaces.
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Fig. 26. Example of a wave decomposed by PSD. The sum of the four waves results in the
composed wave (adapted from Freitas, A. C. P., 2010).

Fig. 13. Difterent protiles ot surfaces, with the same roughness average (adapted from
Predev, 2011).

The power spectral density (PSD) is a complementary analysis of surtace roughness which
gives information related to parameters of the roughness height and spacing. The PSD is a
parameter used in micrographs which relates the Fourier Transtorm (FI) with the root mean
square roughness (RMS). The relationship between the PSD, FI and RMS is described by
(Park, 2011):

PSD = FT2 (22)
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Figure 4. Representative two-dimensional PSD spectra for(a)the bare Au surface obtained by the analysisof 1 um x 1 um scans, (b) the Au surface after ssDNA immobilization
and obtained by 1 pm x 1 um scans, (c) the Au surface after dsDNA immobilization and obtained by 1 wm x 1 um scans, (d) the bare Au surface and obtained by the analysis
of 5pm x 5 pm scans, (e) the Au surface after ssDNA immobilization and obtained by 5 pm x 5 um scans, (f) the Au surface after dsDNA immobilization and obtained by
5 pm x 5 wm scans. The full lines are the fit of the linear regions.



However, the roughness o of a surface might not correctly repre-
sent the anisotropy of the topography. In fact, for example, almost
similar o values can be found for surfaces containing either few
high-amplitude features or many low-lying features. Thus, we eval-
uated the two-dimensional fractal dimension Dy for the examined
surface,

Mathematically, a surface exhibits fractal behavior when the
dimension is non-integer, having fractional values [40]. For real
surfaces, the fractal dimension, Dy, is 2 =Dy =3 and a smooth sur-
face has a Dy value near 2, and an increasing surface roughness,
either by porosity and/or relief increments, should increase the Dy
value without exceeding the value of 3 [41]. At nanometric scale,
most surface structures of materials have complicated shapes and
surface topography is generally quantified by the roughness. Such
parameteris useful to describe the surface quality, butits valuescan
be ambiguous because the surface topography is, in general, mul-
tiscaled [42]. More information can be achieved by using a fractal
approach in which the fractal dimension Dy is the parameter used to
characterize the surface morphology. Furthermore, Dy should be, in
principle, independent from the magnification values, going from
macro or micro to nanoscale [42]. The power spectrum density
(PSD) algorithm allows to estimate Dy for a surface. Each spec-

trum is the square of the surface roughness amplitude per spatial
frequency k. The integral over all frequencies is the mean-square
surface roughness within the measured bandwidth (¢2). For exam-

a power spectrum has two distinct regions: the flat, low and very

low frequency part resembling uncorrelated white noise and the
sloped portion representing the correlated portion of the surface
roughness. In the power spectral density showed in Figure 4, k val-
ues ranges from 5 um~! to 100 um~"'; in this range only medium
and high k frequencies are considered and a correlated behavior is
evident. The PSD of an isotropic 2D fractal Brownian function varies
as [14,15,38]

PSDock™ B (1)

with k=(x%+y2)'2 the radial frequency and B =0 a characteristic
exponent related to the fractal dimension [14,15,40,43]. So, B can
be easily obtained plotting the PSD versus 1/k in an Arrhenius-type
plot and fitting linearly the linear sloped portion of the spec-
trum. Appropriate values of k (from 30 to 90 p.m~! and from 10 to
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Now, the exponentBin Eq.(1)is related to the fractal dimension
Dy by [14,15,43]
B=8-2D;. (2) %
/ // /
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Figure 1. Schematic pictures of the analyzed samples: (a) bare Au surface, (b) Au surface after ssDNA immobilization, (c) Au surface after dsDNA hybridization.
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Fig. 13. Difterent profiles of surtaces, with the same roughness average (adapted from
Predev, 2011).
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theory [40-42] we known that for a self-affine surface the frac-
tal dimension Ds, should not be influenced by the magnification
of the AFM images and it should be 2 =Dy =3 (2 for a GAuss- 100
IAN smooth surface). In spite of this, it is known that deposited
metallic films on a surface growing by a Volmer-Weber mode
(which is the case of Au on Si0O, [44]) often present Df< 1.5 [45]. 0
Atheory, developed by Fiorentini et al. [46], calculate a 1.2 value

for film growing in a purely Volmer-Weber mode and it is ver-

ified, for example for deposited Al thin films by 3 jum x 3 pm i
AFM scans [45]. In particular deposition conditions, Au films
have shown such a low Dr value: Gomez-Rodriguez et al. [47],
used scanning tunneling microscopy to study the fractal dimen-
sion of vacuum-evaporated Au film. Their films grow by a
Volmer-Weber mechanism originating nano-granular Au film
composed of small clusters (<30 nm) corresponding to rounded
shapes with Euclidean character. In this case, for such a film,
they evaluated the fractal dimension Df=1. In other deposi-
tion conditions, they obtained a film composed by bigger and
ramified clusters exhibiting fractal dimension D= 1.72. Similar
results were obtained by Word et al. [48] they obtained a fractal
dimension Df~ 1.3 for ramified Au film on surface.
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