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ABSTRACT

We investigated the dewetting process on flat and chemically patterned surfaces of ultrathin films
(thickness between 2 and 15 nm) of a cylinder forming polystyrene-block-poly(methyl methylacrylate) (PS-
b-PMMA) spin coated on poly(styrene-r-methyl methylacrylate) random copolymers (RCP). When the PS-b-
PMMA film dewets on a 2 nm thick RCP layer, the ordering of the hexagonally packed PMMA cylinders in
the dewetted structures extends over distances far exceeding the correlation length obtained in continuous
Block Copolymer (BCP) films. As a result, micrometer size circular droplets featuring defectless single grains
of self-assembled PS-b-PMMA with PMMA cylinders perpendicularly oriented with respect to the substrate,
are generated and result randomly distributed on the substrate. Additionally, alignment of the droplets
along micrometric lines was achieved by performing the dewetting process on large-scale chemical
patterned stripes of 2 nm thick RCP films by laser lithography. By properly adjusting the periodicity of the
chemical pattern, it was possible to tune and select the geometrical characteristics of the dewetted
droplets in terms of maximum thickness, contact angle and diameter while maintaining the defectless

single grain perpendicular cylinder morphology of the circular droplets.
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The development of a technology to determine the size and registration of nanoscaled features represents a
cutting-edge topic in material science. To address this issue, a wealth of different fabrication techniques
based on self-assembling (SA) materials including liquid crystals,*? monodispersed nanosphere systems®#
and block copolymers (BCP)® have been introduced, developed and eventually integrated in advanced
manufacturing processes. Among them, the combination of conventional lithographic techniques with BCP
thin films has proven itself to be a versatile nanofabrication tool to produce well registered nanostructured
polymeric masks with feature size below 20 nm.”® For microelectronics®° and metrology***? applications,
most of the work was addressed to flat and homogeneous BCP films deposited and self-assembled on planar
surfaces to prepare nanolithographic masks, i.e. using the BCP template as passive material for the
subsequent processing of the substrate. In this context, several attempts to integrate BCP mask in etching,314
lift-off'>1¢ and sequential infiltration processes®’® were reported. However, for a large number of alternative
applications, BCPs are used as active nanostructured material. Well established examples are the fabrication
of filtration membranes'®2! or photonics systems.?22 For this type of applications, the processing of BCP on
curved substrates?* or the generation of non-planar geometries® is required.

A promising tool for creating three-dimensional SA patterns with curved shape is to induce dewetting in
polymeric films. This method has been successfully adopted in thin homopolymeric films to control the
density and aggregation of nanoparticles??’, to enhance the photoluminescence of quantum dots 2 and to
fabricate circular nanolenses.?**° The foundation of these achievements arises from the vast literature
concerning the understanding of the mechanisms®*? and the control over morphology®3-*® and position®"3® of
dewetted homopolymer films. The same degree of control over dewetted BCP films would allow hierarchical
nanostructures to be developed for advanced functional materials (e.g. plasmonics,* superconductors,*
metamaterials,* stretchable electronics,*? or polymeric micelles*®). Nevertheless, the understanding of
dewetting phenomena in BCP thin films is not trivial due to the high complexity of the system. In fact,
besides the contributions inherent to the film thickness (e.g. van der Waals forces and interfacial energy at
the substrate and air interfaces) and external perturbations (e.g. substrate roughness,** thermal fluctuations or
mechanical vibrations), the BCP film instability depends also on the BCP self-assembly characteristics.*
These characteristics are connected to the relative volume fraction f of the two blocks making up the BCP,
the overall molecular weight of the macromolecule and the Flory-Huggins parameter.

Interestingly, in many cases, BCP film instability was investigated in the disordered state above the
order—disorder transition temperature (Topr)*®#’, without considering the effect of the nano-scale ordering
process inherent in these SA materials. As a matter of fact, very thin BCP films undergo reorganization
processes at two distinct scales, micro- (i.e. dewetting) and nano-scale (i.e. orientation and ordering of the
SA features), thus a comprehensive investigation should consider the reciprocal influence exerted by these
two processes. In addition, the processing parameters (i.e. annealing rate, temperature and time, atmosphere

inside the annealing chamber, characteristics of the thermal ramps) play an active role in the dewetting



mechanism and kinetics,*® simultaneously affecting the SA process. From another perspective, this interplay
between dewetting and SA processes was implicitly targeted by analyzing BCP films deposited on physically
patterned substrates,* nanoimprinting*® or electro-hydrodynamic jet printing®°! modified surfaces.
However, in all these studies the main objective was the control over the position of the dewetted droplets,
whereas the SA process was considered as a secondary aspect with no direct impact on the dewetting
process.

Nevertheless there is a crucial factor impacting both SA and dewetting processes, namely the interaction
between BCP film and substrate.5** A very efficient and widespread approach to control orientation and
long-range ordering of SA BCP features consists in grafting a layer of a random copolymer (RCP) with
tuned composition and molar mass to the substrate.>>¢ Using this approach to modify the substrate surface,
in a recent paper, we reported on the ordering dynamics of a cylinder forming polystyrene-block-poly(methyl
methylacrylate) (PS-b-PMMA) BCP (styrene fraction f = 0.71, M, = 67.1 kg-mol™) deposited on a
poly(styrene-r-methyl methylacrylate) (P(S-r-MMA)) (f = 0.61, M, = 14.5 kg-mol™*) RCP layer. We studied
the BCP layer ordering as a function its thickness in the range from 250 nm to 10 nm. However, the BCP
film became unstable for thickness values hgcp < 10 nm.® In the present paper, we investigate the influence
of the substrate neutralization on the ordering of SA features on the morphological characteristic of dewetted
PS-b-PMMA films pattern with layer thickness ranging from 2 to 15 nm. The study is performed on
substrates homogeneously neutralized by different P(S-r-MMA) RCP layers and on chemically patterned
substrates, consisting of a periodic replication of stripes with different wetting behavior prepared by laser

writer lithography.

RESULTS AND DISCUSSION

Micro-scale dewetting

BCP films with different thickness 2 < hgcp < 15 nm were spin coated on substrates previously neutralized
with two different P(S-r-MMA) RCPs with grafting thickness of 2 and 7.5 nm (named in this manuscript R2
and R7 respectively). Before the annealing treatment, all the BCP films present a continuous and flat surface
without any sign of ruptures that can be ascribed to a dewetting occurring at room temperature during the spin
coating process. On the other hand, after the thermal annealing performed in RTP at 250 °C for 300 s, clear
evidence of dewetting phenomenon is observed in very thin BCP films. Figure 1 reports the SEM micrographs
of the surface morphology of the annealed BCP films with different hsce deposited on R2 (Figures 1a-d) and
R7 (Figures 1e-h). For completeness, SEM micrographs with higher magnification are also reported in S1 and
S2. In general, for thick BCP films the surface is continuous irrespectively of the RCP thickness. However, it
is possible to identify a limit thickness (hs), below which the film becomes unstable and the dewetting process

takes place. According to the definitions given by Seemann et al.,*® the existence of a hy classifies these

systems, i.e. BCP deposited on R2 or R7, as metastable. To determine hst while measuring at the same time



the percentage of area covered by the BCP a complete analysis of the dewetting has been carried out by
processing the SEM micrographs with a grain marking routine.®® When the software detected no grains, we
assumed that the BCP covered 100% of the scanned area. In the case of the BCP on R2 the dewetting starts
below hs = 14.5 nm while on R7 the BCP film is stable down to hs: = 12 nm (Figure 1i). For hgcp < hs: the BCP
dewets following a morphology sequence consisting in micrometric holes in the films, bicontinuous structures
and circular droplets as the film thickness decreases, in good agreement with literature observations for
symmetric BCPs.5! Although the same morphology sequence is observed for both RCPs, in the two systems
under consideration the appearance of the aforementioned morphologies occurs at different hgce.
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Figure 1: SEM micrographs describing the dewetting behavior as a function of the BCP thickness on R2 (a)-(d) and R2
(e)-(h). (i) Percentage of area covered by the BCP film after the thermal annealing process for both RCPs as a function of
the deposited film thickness before the RTP annealing.

Below hg the formation of circular holes in the BCP film is observed, with an average diameter dependent on
the RCP. For R2, the size of the circular holes exceeds several tens of micrometers (Figure 1b) whereas for R7
the size is only one to a few micrometers (Figure 1f). As hecp decreases below 8 nm, the coalescence of circular
holes leads to a sort of bicontinuous pattern consisting of long stripes connected one to each other (Figures 1c
and 1g). This behavior is replicated in the thickness window 8 nm > hgce > 6 nm for both RCPs. Finally, below
6 nm small droplets are formed with elliptical or circular shape (see Figures 1d and 1h).

Among the above-described morphologies, the one with droplets is of particular interest due to their potential
in many applications such as the generation of nanolenses, concentric plasmonic nanorings or
superhydrophobic surfaces. Accordingly, a systematic analysis of their dimension and 3D shape as a function
of hscp was performed. SEM images (Figures 2a-h) show a decrease of the droplets diameter for decreasing
hecr. A more precise quantification was performed extracting the diameters (d) from the SEM micrographs
with an image processing tool and plotting them as a function of hgce. The results of this analysis, reported in
Figure 2i, exhibit a linear decrease of the diameter as hsce decreases, irrespectively of the RCP. However, the
droplet diameter dependence on the BCP layer thickness is more pronounced for R2 than R7 thus suggesting
that some interactions of the BCP with the substrate are established in correspondence to the thinnest RCP

layer.
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Figure 2: SEM micrographs of the droplets formed on R2 (a)-(d) and on R7 (e)-(h). Diameter of the circular droplets as
a function of the BCP thickness (i).

In order to evaluate the 3D shape and the contact angle of the dewetted droplets, atomic force microscopy
(AFM) analysis on representative samples was performed. Figure 4 shows AFM maps of BCP samples
deposited on R2 (Figures 3a-b) and R7 (Figures 3c-d) and nominal thickness hecp = 3 nm before dewetting.
These samples were selected in order to compare droplets with similar diameter (d = 400 nm) and
distribution. The reported 3D height maps suggest that the shape of the droplets strongly depend on the
random copolymer layer thickness. The statistical analysis of the droplet size reveals a linear dependence of
droplet height on their diameter for both RCP (Figure 3e), but the dewetted droplets are higher when the
BCP dewets on R2.
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Figure 3: AFM maps and 3D height maps of samples belonging to samples with hgcp = 3 deposited on R2 (a-b) and R7

(c-d). (e) Height of the droplets formed on R2 and R7 on the same samples as a function its diameter.

The height difference between the droplets dewetted on R2 and R7 reflects the difference in the contact
angles that result 9r2 = 11.7° for R2 and gy = 7.4° for R7 (see figure S3). In turn, the surface tension y for

the BCP deposited on the two RCPs can be estimated from the contact angle values using Young's equation:
(1) Jer = 9r ~ 95 C0S I
where ygr, y8 and yr are the surface tensions of the RCP-BCP, BCP-Air and RCP-Air respectively. The

values of yg and yr are obtained as the weighted average of the surface tension of PS and PMMA (i.e.: yps =



29.9 erg/cm? and ypmma = 30.02 erg/cm?).%® The resulting surface tension for R2 and R7 are yr2 = 0.633
erg/cm? and yr7 = 0.261 erg/cm?, respectively. As the composition of R2 and R7 is very similar, the
difference in the surface tension is ascribed to the interpenetration of the BCP chains inside the RCP, which
extends for approximately 3 nm.*?%" In case of R7, the distance between the BCP layer and the hydrophilic
SiO2 surface underneath is higher than the interpenetration depth, thus keeping the BCP layer well isolated
from the SiOz surface. On the other hand, the layer thickness of R2 is lower than the interpenetration
depth. Consequently, some interactions between BCP chains and the polar substrate surface can take place
thus ultimately resulting in a higher surface tension.

As a final remark, it is worth to note that the rough profile recorded in the zone surrounding the droplet in
Figure 3d is not an artifact. AFM micrographs indicate that the surface left uncovered by the BCP after
dewetting on R2 and R7 is completely different. While on R2 the surface seems to be perfectly clean and flat
(Figures 3a,b), nanometric BCP residues appear on R7, with average diameter of 20 nm and height hgg = 7
nm (Figures 3c,d). These small droplets are not a peculiarity of the droplet regime, since they can be
observed in every morphology once the dewetting is accomplished on R7, as evidenced in Figure 4. These
nanometric residues on the clean surface after dewetting appear to have a homogeneous size (from the AFM
micrographs) and this is considered compatible with that of an isolated BCP chain laying on R7 (~ 18 nm).
Besides the contribution of the contact angle, the presence of isolated BCP chains justifies the lower height
of droplets dewetted on R7.

Nanoscale ordering

In all the experiments presented so far significant differences exist at the micrometric scale between the BCP
films dewetting over R2 or R7. However, an accurate analysis of the SEM micrographs revealed that the
substrate neutralization also affects the SA process and the ordering at the nanometric scale. To highlight this
fact, in Figure 4 the SEM micrographs were overlapped to the color maps representing the angular orientation
of grains formed by the hexagonally packed PMMA cylinders embedded in a PS matrix and perpendicularly
oriented with respect to the substrate. In correspondence to the borders of the dewetted BCP deposed on R2
(Figures 4a-c), the cylinders form very large grains propagating for several micrometers without any defect.
In contrast, when the BCP is deposited on R7, the formation of grains with smaller dimension and different
orientations occurs (Figures 4d-f).

The level of ordering of the self-assembled features can be described in terms of their correlation length &2 In
a previous study performed on analogous asymmetric PS-b-PMMA treated in RTP at 250 °C, we observed a
maximum correlation length & ~ 200 nm. This maximum value was constant in a wide range of BCP
thicknesses from 20 to 250 nm.%® However, the introduction of geometric boundaries, as for example periodic
trenches, further increases the maximum achievable correlation length. The formation of a single grain
propagating along trenches of arbitrary length is observed® when the trench width is smaller than the

correlation length of the BCP film deposited on the flat substrate.’> However, the correlation length in thin



BCP films dewetted on R2 is much higher than 200 nm as can be seen in SEM micrographs reported in Figures
4a-c.

Although the origin of the increase in the long-range order in the BCP dewetted structures on R2 is not easy
to be assessed, the increased nanoscale ordering on R2 seems to be due to the interplay between dewetting and
microphase separation surface—polymer interaction energies. Experimental evidences of this mechanism can
be found in literature,5% in which the dewetting process of lamellar-forming BCP directly deposited on the
bare substrate without any previous neutralization was investigated by grazing incidence small-angle x-ray
scattering (GISAXS) and grazing incidence small-angle neutron scattering (GISANS). The authors concluded
that the dewetting process of BCP films can be modeled as a two steps process: in the first step isolated
micrometric islands are created via nucleated dewetting, while in the second step the microphase separation
process inside these BCP islands yields to the perpendicularly orientation of the lamellar structure, stabilizing
at the same time the dewetted features.

| Holes || Bicontinuous || Droplets

Figure 4: SEM micrographs representing the dewetting front of the BCP on R2 (a-c) and R7 (d-f) in the holes,
bicontinuous and droplets regimes.

A more detailed analysis of the dewetting incidence on the degree of lateral order can be obtained from the
comparison between the topography of the dewetted features and the grain dimension as illustrated in Figure
5. Here, the AFM height profiles of the dewetting front are reported together with the corresponding SEM
micrographs taken in the regimes in which holes (Figures 5a-c) and bicontinuous structures (Figures 5d-f)
appear.

The SEM micrograph of Figure 5b is overlapped to the color map representing the grain orientations. In the
zone far from the dewetting front, small grains featuring maximum &= 156 nm are present while the grain size
gradually increases approaching the dewetting front, up to a value of £~ 480 nm. This indicates the occurrence

of a dewetting-induced ordering in the BCP deposited on R2. This effect propagates for approximately 4 um



inside the dewetted rim. In this zone, the BCP film thickness (Figure 5c) increases steeply from 10 up to 50
nm.

For the bicontinuous morphology this effect is magnified by the presence of two parallel dewetting fronts, (red
arrows in Figure 5d) with the BCP film thickness reaching the value of ~ 90 nm (Figure 5¢). In this case, the

formation of a single grain along the whole dewetted stripe is obtained (Figure 5f).
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Figure 5: (a) AFM height map acquired in proximity of the side of a hole created by the BCP dewetting on the R2. (b)
Color map representing the grain orientation at the edge of the hole and the corresponding height profile (c) extracted
along the white dashed line in figure 5a. (d) AFM map, (e¢) SEM micrograph and (f) height profile obtained in a

bicontinuous structure.

Microscale ordering on chemically patterned substrates

The exploitation of the dewetting process in the production of hierarchically organized structures implies
control over the position and size of the dewetted elements. The effect of chemically patterned structures,
obtained with periodic micrometric stripes with neutral (RCP) and preferential wettability (SiO2) (Figure 6a)
is here described. The micrometric pattern was traced by laser writer lithography that does not require complex
chemical or lithographic steps, and ensures at the same time the possibility to define micrometric layouts at
wafer scale (Figure 6b and S4). Only R2 was employed as surface neutralizer because of the formation of

nanometric structures with greater long-range order.
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Figure 6: (a) Scheme of the fabrication process of self-assembled droplets on chemically patterned substrates. (b) Large
scale image of the periodic pattern after the laser writer lithography step. (c)-(d) SEM micrographs at different
magnifications describing the dewetting in chemically modified substrates patterned by laser writer lithography. Colors
were included in the SEM images as guide for the eye in order to indicate the self-assembly process on the R2 and on

the native SiO; (blue and yellow stripes respectively).

Figures 6¢ and 6d illustrate the effect of dewetting on the patterned substrate at different magnifications. The
droplets form exclusively along the neutralized zones (blue stripes in Figure 6¢) and are well registered along
the stripe direction. On the contrary, over the bare native SiO; (highlighted in yellow in Figure 6¢) pieces of
the BCP film consisting of randomly oriented cylinders are observed. In this area, the BCP results highly
damaged by the plasma treatment performed during the pore opening procedure.

To better quantify the efficiency of the dewetting process the trend of the average droplet diameter was
analyzed as a function of the stripes width (W) (Figure 7). The red band represents the full width at half
maximum of the droplets distributed outside the patterned area. These droplets are randomly located on the
substrate with a broad Gaussian distribution centered at d = 1260 nm with a standard deviation of 300 nm
(See Figure S5). Inside the chemical patterns the diameter of the droplets strongly depends on W. When W >
3000 nm the average diameter and distribution of the droplets roughly reproduce those of the unpatterned
surface, whereas the formation of multiple rows inside the same stripe is observed (Figure 7b). For W < 3000
nm, only a single row of droplets is formed on the neutralized area (Figure 7c). The diameter of the droplets
decreases linearly from 1200 to 500 nm when W decreases from 3000 to 1000 nm and a parallel reduction of
the size distribution occurs.
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diameter and the distribution of the droplets on the flat not patterned surface. SEM micrographs of representing the

droplets (highlighted with red dashed circles) in the multiple rows (b) and single row (c) configurations.

All the droplets formed in the single row consist of circular defect-free grains (Figures 8a-c), though some
distortion of the grain lattice can be found in the smallest droplets, due to the irregularity of the edges, as
shown by the SEM micrograph in Figure 8d.

Figures 8e and 8g reports the distribution of the droplet diameters formed on chemically patterned stripes
with similar W and distance L of 1 (Figure 8e) and 3 um (Figure 8g). The droplet diameter distributions are
identical, thus indicating that the line spacing L does not influence the diameter distribution.
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Figure 8: (a)-(d) SEM micrographs of the droplets formed on chemically patterned stripes with decreasing width in the
single row configuration. SEM micrographs of chemical patterns with L = 1 um (e) and 3.5 um (g) and nearly identical
W=25um.

This observation suggests that in these conditions the droplet formation occurs without flux of BCP from the
not neutralized surface towards the neutralized stripe in clear contrast to other directed self-assembled



systems where BCP flux from the mesa zone® is observed and influences the final thickness of the film

confined inside trenches.

CONCLUSIONS

In conclusion, we investigated the dewetting process of PS-b-PMMA films with thickness hgcp < 10 nm
deposited on a random copolymer grafted layer. Once heated to high temperature (T, = 250 °C), PS-b-
PMMA films dewet, leading to different morphologies including holes in a matrix, bicontinuous structures or
circular droplets that are observed to form in sequence when decreasing hsce. The hgcp Value corresponding
to the ignition of these morphological transitions depends on the thickness of the RCP layer. Moreover,
substantial differences are observed in the relevant contact angles 6 of the PS-b-PMMA droplets formed on
the different RCP grafted layers, with 8 = 11.7° for the 2 nm thick RCP layer and 8 = 7.4° for the 7 nm thick
RCP layer, respectively. Experimental data indicate that the BCP experiences a higher substrate polarity
when deposited on the thinner RCP layer, due to a partial interpenetration of the BCP chains extending up to
the underlying silicon oxide. The higher contact angle for the 2 nm thick layer produces also a tight
confinement of the BCP droplets that in turn leads to the genesis of circular droplets formed by defectless
single grains of self-assembled PS-b-PMMA, with hexagonally packed PMMA cylinders perpendicularly
oriented with respect to the substrate. The characteristics of these single grain structures can be further
modulated when the BCP dewetting is promoted on chemically patterned stripes of 2 nm thick RCP films
grafted on the substrate. Rows of droplets with micrometer dimension composed of highly ordered
hexagonally packed cylinders arranged in a single grain configuration are obtained. Droplet diameter linearly
depends on the width of the prepatterned stripes. These results demonstrate the possibility to engineer the
dewetting process to fabricate a new class of hierarchical nanostructured materials that could have potential

applications in different fields, including nanophotonics or biosensing.

METHODS

Substrate neutralization

Silicon substrates, with ~1.6 nm thick native silicon dioxide (SiO>) layer, were used as a support for the BCP
SA. The substrates (~2 cm? surface) were treated with a Piranha solution at 80 °C for 40 min to eliminate any
residual organic contamination and to increase the surface density of hydroxyl groups. The substrate
neutralization was obtained by means of two a-hydroxyl w-Br functional poly(styrene-random-methyl
methacrylate) P(S-r-MMA) RCPs with different molecular weight. These RCPs were prepared by activators
regenerated by electron transfer atom transfer radical polymerization (ARGET-ATRP) of styrene and methyl
methacrylate.®” One RCP has M, = 1.69 kg/mol, styrene fraction (f) of 61.8 (wt/wt) and polydispersity index
(PDI) = 1.19 while the other RCP has M, =14.19 kg/mol, f =61.0 and PDI = 1.25. For simplicity in the present

manuscript these two RCPs will be labeled respectively as R2 and R7. In both cases a solution with 18 mg of



P(S-r-MMA\) in 2 ml of toluene was prepared in ultrasonic bath and spun on the substrates at 3000 rpm for 30
s. The grafting process to the SiO, substrate was performed at high temperature (T. = 310 °C) for an annealing
time (t2) of 60 s.34%8 Afterwards, the non-grafted chains were removed by sonication for 300 s in a toluene bath.

The resulting grafted thickness detected by ellipsometry was 2 nm in the case of R2 and 7.5 nm for R7.

Block copolymer deposition

The PS-b-PMMA BCP with styrene fraction of 0.71, M, = 67.1 kg-mol™ and PDI = 1.09 was purchased from
Polymer Source Inc. and used without further purification. The BCP SA process was promoted by annealing
the PS-b-PMMA films, spun from toluene solutions, at the annealing temperature (Ta) of 250 °C for t; =300 s
and a heating rate of 20 °C s™. In order to compare the dewetting process of thin BCP films deposited on
different RCPs, several samples were prepared featuring different BCP thickness (hgcp) between 15 and 2 nm.
To selectively remove the PMMA from the PS matrix the same pore opening process was performed on all the
samples.®2 The pore opening process consists in exposing the samples to ultraviolet radiation (5 mW-cm?, A =
253.7 nm) for 900 s followed by an immersion in acetic acid bath for 300 s. Finally a isotropic O, plasma
etching was performed at 40 W for 30 s in order to remove the residual PMMA at the bottom of the opened

pores.

Laser writer lithography

Chemically patterned substrates were fabricated using a Heidelberg uPG101 laser writer, equipped with a 2
mm laser head (A = 375 nm) producing a laser spot having a maximum resolution of 800 nm.

The commercial optical resist AZ 1505 (Merck Performance Materials GmbH) was spun over the random
copolymer R2, previously grafted to the native SiO; surface. The resist was exposed to a laser spot having
beam intensity between 7 and 15 mW. The length of the linear stripes was set to 1 cm while its width (W)
and periodicity (L) were varied from 1 to 10 um. A fine-tuning of W between 1 and 2 um was obtained by
varying the intensity of the laser beam. After the exposure, the resist was developed for 40 s in a 1:1 solution
of AZ Developer (Merck Performance Materials GmbH) and H»O, and consequently the sample was rinsed
in deionized water for 60 s. The RCP in the uncovered zones after the development of the optical resist was
removed by exposure to Ar plasma at 40 W for 120 s. After the removal of the remaining optical resist in
acetone, a periodic pattern of neutral and preferential wettability surfaces is obtained. Finally, a 6 nm BCP

film was spin-coated over the chemically patterned substrates and annealed at 250 °C in RTP.

Film Characterization

Scanning Electron Microscopy (SEM) analysis (Zeiss Supra 40 SEM) was used to acquire plan view images
of the samples in order to evaluate the superficial ordering of the samples. Following the standard procedure
described in literature® the correlation length values &em were extracted from the SEM micrographs.
Atomic Force Microscopy (AFM) imaging was used to trace the 3D shape of the dewetted specimens.
Imaging was performed by a Bruker Multimode 8 AFM operating in PeakForce Tapping® with ScanAsyst

Air probes (Bruker, U.S.A.). Experiments were performed at room temperature using J and E scanners and



aligning the AFM analysis with the SEM micrographs thanks to the high-magnification camera mounted on
the AFM instrument.

The topographical characterizations (in term of diameter, height and contact angle) on the individual
dewetted copolymer structures (diameter, height, contact angle) were performed on the AFM micrographs
using custom-written software (Matlab, U.S.A.). The measurements were performed semi-automatically: a
user points at individual nano/microstructure in a displayed image and an automatic algorithm measures such
copolymer structure and displays the results graphically on the image for visual confirmation by the user.
This methodology avoids user-induced variability and irreproducibility that commonly affect manual
measurements and, at the same time, reduces wrong identification of surface features that fully automated
algorithms commonly do in micrographs with a low signal/noise ratio or in correspondence to crowded
surfaces. This strategy allows performing measurements of several hundred surface structures, to obtain
statistically relevant data with a moderate effort.
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Additional SEM micrographs representing the surface morphology of representative films dewetted on R2
and R7 for different BCP thickness, contact angle of the BCP islands dewetted as a function of the droplet

radius, and optical surface profiler 3D height maps of the optical resist after laser writer lithography.
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