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ABSTRACT: Nanotemplates derived from the self-assembly of AB-type block
copolymers provide an elegant route to achieve well-defined metallic dot arrays, even if, the
variety of pattern symmetries is restricted due to the limited number of structures offered by
microphase separated diblock copolymers. A strategy, that relies on the use of complex network
structures accessible through the self-assembly of linear ABC-type terpolymers, is presented
for the formation of metallic nanodots arrays with “outside-the-box” symmetries. Patterned
templates formed by the cubic Q?** and orthorhombic O network structures were used as
excellent platforms to build well-ordered gold nanodot arrays with unique p3ml and p2
symmetries, respectively. A simple yet efficient blending strategy was used to tune the critical
dimensions of the p3ml pattern while laterally-ordered gold nanodot arrays were also
demonstrated through a directed self-assembly approach. Such highly-ordered gold nanodots
with tunable particle dimensions and array periods, enabling the control of their plasmonic
responses, are attractive probes for biological imaging.

Production of perfectly-ordered metallic dot arrays at the nanometer scale on surfaces is
always a hot topic in nanotechnology due to their unique and fascinating catalytic, electronic,
optical and magnetic properties. For instance, dense magnetic nanodot (ND) arrays are highly
desired for the next-generation of hard disk drives (HDDs) using a bit patterned media (BPM)
concept to replace the conventional granular CoCrPt-oxide media, which becomes thermally
unstable at areal densities of ~1Thit.in"2.[*] On the other hand, noble metal NDs have the ability

to resonantly scatter visible and near-infrared light upon the excitation of their surface plasmon
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oscillation. Hence, highly-ordered gold ND arrays have the potential to be used as
nanobioplatforms for enhanced contrast cellular imaging.[?% In addition, model patterned
surfaces consisting of molecularly well-defined adhesive spots with dimension close to integrin
diameters (~10 nm) separated by non-adhesive regions are suitable for a wide range of
biomedical applications based on the living cell adhesion.l*! Gold dots functionalized with
various thiol-bearing cell-adhesive peptides, due to the strong bonding between sulfur and Au,
are excellent supports for the development of model peptide nanoscale arrays. Hovewer, the
fabrication of metallic dots in high areal density with dimension on the order of 10 nm or less
are chalenging to achieve with traditional lithography.!

As a result of microphase separation between the different blocks, self-assembled block
copolymer thin films into well-ordered nanoscale morphologies(®®! such as spheres, cylinders,
lamellae and complex networks are extremely versatile platforms to achieve well-defined
metallic nanostructures. While AB-type block copolymer (BCP) systems offer an attractive
route to produce ND arrays with a common pémm symmetry pattern due to packing frustration,
linear ABC triblock terpolymers provide increased accessible structural diversity including
core/shell versions of spheres or cylinders (p6mm),[*31 alternating spheres or cylinders with a
tetragonal packing (p2mm),[*42° and three complex networks with patterns having pAmm, p3m1
or p2 symmetries.[16-21]

To create metallic ND patterns from self-assembled BCP thin films both ex-situ and in-
situ methodologies have been studied in the literature.[???"1 The ex-situ route is an excellent
approach to introduce multi-metallic nanoparticles (NPs) with controlled size and atomic
arrangement (i.e. atomic structure with unique properties) within the BCP thin film acting as
nanostructuring matrix.[?? Using an ex-situ methodology, the precise positioning of metallic
NPs on pupa-, pinecone-, bud-, and Janus-like BCP scaffolds was also achieved by tailoring the

entropic and the enthalpic contributions within the emulsion droplet.[?®-1 |n contrast, the in-



situ route is straightforward to build mono-metallic NDs with a better control of the spacing
arrangement since this route is based on a preferential incorporation of metallic precursors
within the self-assembled BCP features.[¢*?] For instance, by using the in-situ methodology,
well-ordered Au-Ag core-shell NP arrays,®®l as well as complex structures consisting of
bimetallic dots-on-wire nanostructurest! were demonstrated.

Although bulk network structures (i.e. Q?*4, Q%% and O° structures of the space groups
14,32, la3d and Fddd, respectively, where the Q and O annotations denote the cubic and
orthorhombic phases) formed from linear ABC triblock terpolymers have demonstrated the
potential to achieve 3D-continuous inorganict>*! or metal®" structures, there has been no
investigation of their thin film behavior nor their application in patterned template. Here, we
report an in-situ BCP thin film approach to build well-ordered gold ND arrays on p3m1 and p2
symmetry patterns formed from two unique network nanostructures consisting of a cubic (Q?4)
alternating gyroid, G*, morphology (space group 14:32) and an orthorhombic O’ phase (space
group Fddd). In order to tune the dimension and the periodicity of gold nanodots ordered on a
p3m1 pattern formed from the G* structure, an efficient route based on the blend of different
linear ABC triblock terpolymers is demonstrated. Finally, highly-oriented p3m1 patterns were

produced by templating the self-assembled G* structures with topographical substrates.

Results and Discussion

Linear ABC triblock terpolymers consisting of poly(1,1-dimethyl silacyclobutane)
(PDMSB, D), polystyrene (PS, S), and poly(2-vinyl pyridine) (P2VP, V) with molecular
weights of 28 and 51 kg.mol (noted DSV-28k and DSV-51k hereafter) were used in this work.
These PDMSB-b-PS-b-P2VP terpolymers with narrow dispersities (B < 1.2) and specific
compositions (D:S:V = 26:50:24 for DSV-28k and D:S:V = 32:41:28 for DSV-51k) were

prepared by a sequential anionic polymerization of 1,1-dimethyl silacyclobutane (DMSB),



styrene and 2-vinyl pyridine (2VVP). To promote the self-assembly of blended and unblended
DSV thin films, a post process solvent vapor annealing (SVA) with chloroform (CHCIz) was
performed.

Atomic force microscopy (AFM) topographic views presented in Figure la show a
solvent-annealed (1h, CHClI3z) 90 nm thick DSV-28k film, immersed into an aqueous HAuCl4
solution then subsequently treated by a CF4/O: reactive ion etching (RIE) plasma, from which
the characteristic (111) crystallographic plane of the G structure oriented parallel to the air
surface can be observed. The HAuUCIs-stained P2VP (bright) and etched PDMSB (dark)
domains form a p3m1 symmetry pattern with a period of ~27 nm. Scanning electron microscopy
(SEM) images of the same sample revealed that the CF4#/O, RIE plasma simultaneously
removes the PDMSB (dark) domains and partially reduces incorporated metallic precursors,
resulting in a p3m1 symmetry pattern, in which the 3-fold Au NDs are surrounded by three
larger holes. The associated grazing incidence small angle X-ray scattering (GISAXS) pattern
mainly consists of intense Bragg rods resulting from the formation of ordered Au NDs on the
DSV-28k film free surface (see Fig. S1a). In addition, the 2D-GISAXS pattern shows less
intense peaks, consistent with 110 and 211 reflections of an alternating gyroid (Q'4) structure
(space group 14132) having a lattice constant of ~35 nm. The GISAXS pattern line-cut along gy
integrated between g values 0.037-0.041 A ! revealed the position of a first-peak order at ™=
0.013 A%, corresponding to the 110 reflection of the Q?** structure (see Fig. S1b). Moreover,
the GISAXS profile indicates that Au NDs are highly-ordered into a hexagonal-close packed
(HCP) array since a first Bragg rod maximum position at ¢"= 0.025 A™* (period of ~28.9 nm in
accordance with AFM and SEM images) and other Bragg peaks located at g/q” = 1, 3'/2, 2, 72
and 9%2 are clearly visible. The long-range order is fully supported by the simulated image
obtained from a typical (4 x 4 um) AFM topographic image showing that the Au ND array

contains free dislocations and dislocation lines delimiting large grains in a density of only 1.7



% (see Fig. S2). Such a long-range ordered G* (111) pattern is an excellent template to achieve
a gold dot array having large grains. In spite of the long-range order of the Q?!* phase, we can
note that some P2VP domains are not perfectly formed within the structure which induces a
certain level of distribution in size of the gold nanodots. This phenomenon suggests that the
microphase-separation of DSV chains occurs in a two-steps mechanism as already observed for
self-assembled ABC 3-miktoarm star terpolymer chains.[*!

In order to complete the reduction of metallic precursor within the P2VP domains without
damaging the ND array, an additional oxygen RIE plasma (60 W, 10 sccm Oz, XX mTorr, and
15 s) was also applied on the DSV-28k thin films as showed on the SEM image (see Fig. 2a)
while the simulated results (see Fig. 2b) confirm the formation of a 2D array with large grains.
To demonstrate an efficient reduction of HAuCl, salt into metallic dots with O RIE plasma,
spectroscopic ellipsometry measurements were performed on stained and unstained DSV-28k
thin films (see Fig. 2c) on the visible and near-IR spectral domain. Spectroscopic ellipsometry
IS @ measurement technique providing access to the optical response of thin films with a high
sensitivity. It measures the complex ellipsometric ratio p = rp/rs where rp and rs are the
amplitude reflection coefficients for light polarization parallel, p, and perpendicular, s, to the
plane of incidence, and extracts the ellipsometric angles ¥ and A, with p= tan¥ €. The
evolution of the measured ¥ and 4 as a function of the photon energy revealed a clear S-shaped
feature characteristic of a resonance in the region ~2.36 eV, which is not present for the
unstained DSV-28k thin film, and is attributed to the effect of the localized surface plasmon
resonance of the Au dots templated from the P2VP domains. To control the grain orientation
and improve their size within the Q?* network nanostructure, topographical gratings in silica
were used. These guiding patterns fabricated by interference lithography with a period of 1 um
consisted of 700 nm width, 45 nm deep trenches separated by 300 nm width mesas. The AFM

topographic image presented in Figure 2d shows a gold ND array with a single grain orientation



(area of 2 um?) on topographical substrate as revealed by the six first-order spots on the 2D-
FFT. This highly-ordered gold array was produced from a templated 95 nm thick DSV-28k
layer self-assembled into a G* structure with the (111) plane oriented parallel to the air surface.

In order to control the periodicity of the p3m1 symmetry pattern, the DSV-28Kk thin films
were blended with different amounts of another DSV terpolymer with a higher molecular
weight (D:S:V = 32:41:28, molecular weight = 51 kg.mol™, noted DSV-51k). The SAXS pattern
of the bulk DSV-51k sample shows a first-order peak, q°, at 0.141 nm™* and higher-order peaks
located at g/q” =1, 2, 3, 4, 5, 7 and 8, consistent with a lamellar phase having a period of ~44.5
nm (see Fig. S3). The evolution of the G* (111) pattern period as a function of the DSV-51k
mass fraction (noted wpsv-sik) in the blend thin films is presented in Figure 3a. Period values
of the blends, poiend, extracted from the GISAXS data provided in Figure S4 increase linearly
with the DSV-51k mass fraction in the range of 0 < Wpsv-s1k < 50 wt. % (Pbiend ~ 0.197Wpsv-51k
+ 29.1). For instance, Figure 3b shows SEM images of a solvent-annealed (1h, CHCI3) 70 nm
thick DSV-28k film blended with 50 wt. % of DSV-51k chains immersed into an agqueous
HAUuUCI4 solution and then subsequently treated by a CF4/O2 RIE plasma. The nanostructure has
a p3m1l symmetry which consists of 3-fold Au NDs surrounded by three larger holes with a
period of ~38.7 nm in accordance with GISAXS measurements. Here, the blending strategy
enables to finely adjust the period of the G* (111) pattern as well as the P2VP domain size,
which is of high interest for designing ordered metallic nanodot arrays on surfaces with tunable
particle dimensions and array periods, likely to present for instance controlled plasmonic
responses.

Interestingly, the DSV-28k morphology appeared to be very sensitive to the film
thickness since an orthorhombic network with a Fddd (O°) space group was also formed during
the solvent annealing process when the film thickness was increased. To illustrate this purpose,

a 120 nm thick DSV-28k layer treated by a CHCIz vapor during 1h is shown in Figure 4. After



etching the DSV-28k thin film with a fluorine-rich RIE plasma, the two morphologies could be
clearly differentiated in the AFM topographic image shown in Figure 4a, where the dashed line
delimits the upper and lower regions occupied by the G* and O structures, respectively. As
depicted in the insets, [111] and [110] directions for the cubic and orthorhombic structures
present patterns with p3m1 and p2 symmetries where the black and yellow dots correspond to
the PDMSB and P2VP domains, respectively. Importantly, a positional match between the
P2VP domains (yellow dots on the inset Fig. 4a) formed within the two patterns could be
observed as indicated by the black meshes while the (red) primitive cell (a ~ 27 nm) of the G*
pattern along the [111] direction is exactly two times smaller than the one of the O7° (110)
projection. Gold dot arrays with p3m1 and p2 symmetries were also produced by treating the
HAuCI-stained P2VP domains with an Oz RIE plasma as showed on the SEM image presented
in Figure 4b. The structure achieved from the O structure appears as a line/space pattern
where the lines are occupied by gold dots ordered into a p2 array with dimensions very close to
the pattern templated from the G structure. This “double-dot” pattern is consistent with the
“U” shape formed by P2VP domains in the vicinity of the air surface within the O structure.
As observed in Figure 1b, the polydispersity of gold NDs suggests that the film ordered in a
two-steps mechanism, and the microphase-separation of the P2VP domains occurring in a
second step is not completed.

To provide more insight in the double-dot pattern, magnified AFM images showing the
O%structure were also studied. The AFM topographic image presented in Figure 5a shows the
typical pattern observed from the [110] direction of the O’ structure after treating the HAUCI-
stained sample with a fluorine-rich plasma. The associated high resolution mapping
corresponding to the adhesion properties confirmed that domains with an apparent lozenge-like
shape on the topographical AFM image are indeed formed by two P2VP (black) domains, as

revealed by the nanomechanical properties of the sample (see Fig. 5b). As seen on the Figure



5¢, PS lines formed close to the DSV-28k film free surface have a period of ~51 nm as extracted
from the 2D-FFT (see also Fig. 5d), which indicates that the lattice constant ¢ of the
orthorhombic unit cell is ~102 nm. The associated power spectral density (PSD) profile exhibits
a first-order peak at 0.0193 nm™ and higher-order peaks located at g/q” = 1, 1.71, 1.86 and 2,
consistent with a line/space pattern where the period of HAuCls-stained P2VP domains along
the PS lamellar direction (p ~ 29.9 nm) is not exactly the same as the one in the opposite
direction (p ~ 27.3 nm) as represented in the Figure 5d. Importantly, the period along the PS
lamellar direction corresponds to the lattice constant a of the orthorhombic unit cell which

indicates the a:c ratio is very close to 1:2v/3 as predicted theoretically by Morse and Ranjan.*!

Interestingly, a zigzag arrangement of P2VP domains is often observed on the pattern
corresponding the [110] direction of the O° structure. To further the understanding of this
phenomenon and the order-order transition (OOT) occurring between the G* and O’ structures,
AFM images showing the two network structures will be discussed. The AFM topographic
image presented in Figure 6a shows a region of the DSV-28k thin film where both the G* and
O%structures coexist within the same grain, which are delimited by (black) dashed lines drawn
on the image. The O pattern which partially occupies the (green) grain presents a zigzagging
structure where the U-shaped P2VP domains close to the air surface have a similar orientation.
The zigzag arrangement of P2VP domains occurs during the early stage of the O™ phase
formation as revealed by the anisotropic small nuclei found on the AFM topographic image
presented on Figure 6b. The schematic illustrates that the O’ small nuclei consists of U-shaped
P2VP domains which form a zigzagging structure within the G* phase (see Fig. 6¢). Epitaxial
relations between the (111) and (110) planes of the G* and Q% structures are evident and the
zigzag structure should appear on the early stage the O’ phase formation as a kinetic pathway

connecting the cubic and orthorhombic phases.



The linear ABC triblock terpolymers used in this work are geometrically symmetric (i.e.
equal volume of A and C blocks) with equivalent surface energies between the A/B and B/C
interfaces (i.e. yas = ysc Where y represents the Flory-Huggins interaction parameter). Bulk
self-assembly of such kind of ABC triblock terpolymer along the @a = @c isopleth has been
reported in the literature.[**182° For instance, Mogi et al. have demonstrated that the G* and
lamellar structures are formed in bulk from various polyisoprene-b-PS-b-P2VP (ISV)
terpolymers having their styrenic mid-block volume fraction, @s, in the ranges of 0.48 < @&s <
0.66 and 0.08 < &s < 0.42, respectively.*® The morphologies of the DSV terpolymers studied
in this work are in accordance with those occurring in bulk from ISV terpolymers since the thin
film G* (DSV-28Kk) and bulk lamellar (DSV-51K) structures have @s equal to 0.5 and 0.41,
respectively. These results are also in good agreement with self-consistent field theory (SCFT)
calculations.[*%!

Importantly, the thin film G structure becomes unstable when the film thickness is
increased since an epitaxial growth of an orthorhombic O’° network with a space group Fddd
on G” (111) pattern occurs within thicker polymeric layers during the SVA process. This order-
disorder transition (OOT) occurs only when the DSV thin film is exposed to a continuous
stream with a high CHClIz vapor pressure in the chamber, swelling the polymer layers without
dewetting. Indeed, the Q%' to O’ OOT was observed when the continuous flow system used
to control the CHCIs vapor pressure in the chamber by dilution with a separate N2 stream was
set so that the solvent vapor consisted of 32 sccm CHCl3 vapor and 8 sccm N2 (total 40 sccm).
In contrast, the OOT was not observed when the solvent vapor consisted of 16 sccm CHCls
vapor and 4 sccm N2 (total 20 sccm), even for long exposition times (ranging from 1 to 17 h).
As melt-phase OOTs from Q?* to O’° upon heating have been reported for several P1-b-PS-b-
poly(ethylene oxide) (ISO) terpolymers (yis = yso) with compositions close to the @ = @o

isopleth, we expect that the OOT occurring under a high CHCI3 vapor pressure is mainly due



to a decrease of the effective Flory-Huggins interaction parameters, yer, in the presence of
solvent.l*81° This is also in accordance with theoretical results obtained by Tyler and Morse,
who showed that similarities between the O’° and Q%4 phases as 3-fold networks, make the O™
network a competitor to the Q%4 network, which is apparently preferred over the Q!4 phase in
the limit of weak segregation (i.e. when y is decreased).[*!]

Conclusion

In-situ fabrication of metallic nanodot arrays on surfaces from BCP templates have been
extensively studied in the literature, however no investigation have demonstrated the use of
network-forming BCP thin films as patterned templates. Network structures formed from ABC
terpolymer thin films offer access to “three-colored” patterns which have been used as excellent
platforms to create highly-ordered metallic ND arrays with unique symmetries. For instance,
gold ND arrays with p3ml and p2 symmetries have been produced from cubic and
orthorhombic network structures. Particularly, line/space gratings with an ordered metallic
double-dot pattern have been fabricated from the O’ network. The precise control of the ND
positions within a line/space pattern, which is challenging with state-of-the-art lithography

techniques, could find application in multi-bit high-density memory devices.

Methods

Self-assembly of DSV thin films: Untemplated and templated DSV thin films were spin-
coated (2-5 krpm) using a 2 wt. % copolymer solution in a mixture of tetrahydrofuran and
propylene glycol monomethyl ether acetate (THF/PGMEA: 2/1). The self-assembly of DSV
thin films was promoted by exposing samples for different times (ranging from 1h to 17h) to a
continuous stream of CHCIs vapor produced by bubbling nitrogen gas through the liquid solvent
as described previously.[*d This continuous flow system was used to control the CHCI3 vapor

pressure in the chamber by dilution with a separate N> stream so that a solvent vapor consisted



of 32 sccm CHCIs vapor and 8 sccm N2 swelled the films without dewetting. Both templated
and untemplated film thicknesses were determined by AFM from scratched polymer areas.

Topographical grating fabrication: The periodic topographical gratings were fabricated
using a Lloyd’s mirror interferometer with a 325 nm He-Cd laser beam. To transfer the
interference lithography pattern into the Si/45 nm SiO- layer, a trilayer resist stack methodology
was used. This trilayer was obtained by inserting a hard mask layer consisting of a SiO; thick
film between a chemically-amplified negative resist resin and an anti-reflection coating (ARC)
layer. After development of the resist, the pattern was transferred into the hard mask then into
the ARC and finally into the SiO- by a series of RIE steps to form a grating.

SEM and AFM Characterizations: Scanning electron microscopy (SEM, JEOL 7800)
was used in Gentle Beam mode (GBSH) at an accelerating voltage of 1 kV to take DSV thin
film images. Atomic force microscopy (AFM Dimension FastScan, Bruker) was used in tapping
mode to characterize the surface morphology of DSV thin films. Silicon cantilevers (Fastscan-
A) with a typical tip radius of ~ 5 nm were used. The resonance frequency of the cantilevers
was about 1.25 kHz. Prior to SEM and AFM measurements, DSV thin films were immersed
into an aqueous HAUCI4 solution (1 wt. %, 2h) then subsequently etched with a fluorine-rich
plasma treatment in PE-100 chamber (RIE, Plasma Etch) to remove preferentially the PDMSB
phase (plasma conditions: 40 W, 17 sccm CF4 and 3 sccm Oz, 180 mTorr, and 45 s). An
additional, O2 RIE plasma was also applied on several samples (plasma conditions: 60 W, 10
sccm Oz, XX mTorr, and 15 s) in order to complete the Au®* to Au® reduction.

Automated structural analysis: AFM and SEM images of the nanodots analysis were
automated using the Crysa software. Crysa is a software that automatizes 2D CRY stal Structural
Analysis from an image. It was used to recover the dot positions in the images and produce

their associated Delaunay triangulations. That enabled defect recognition and grain orientation



measurement as well as graphical output production. Curves and global indicators such as pair
correlation, grain sizes and mean dot spacing were used for array ordering characterization.

Spectroscopic Ellipsometry: Spectroscopic Ellipsometry was performed in reflection
with a UVISEL phase-modulated ellipsometer (from Horiba Scientific) over the spectral range
[0.6 — 4.5 eV] and with an angle of incidence of 60°. We extracted the two ellipsometric angles
¥ and 4 from the measure of Is = sin 2% sind and Ic = sin 2% cos4, in the UVISEL Il (P = 45;
M = 0) configuration.

GISAXS Measurements: GISAXS experiments were performed on the Dutch-Belgian
Beamline (DUBBLE) at the European Synchrotron Radiation Facility (ESRF) station BM26B
in Grenoble (12 keV).[*31 The incidence angle was set at 0.14°, which is between the critical
angle of the DSV film and the silicon substrate, to illuminate (by the beam) the samples with a
typical size of 150 mm?. 2D scattering patterns were collected with a PILATUS 1 M detector
and the sample-to-detector distance was set to 3700 mm. Unblended and blended DSV samples
for GISAXS measurements were spin-coated onto Si substrates from a 2 wt. % copolymer
solution in a mixture of THF/PGMEA (2/1) then exposed to a CHCIs vapor to promote the DSV

thin film self-assembly.
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Figure 1: (a) AFM topographic and (b) SEM views of a solvent-annealed (1h, CHCI3) DSV-
28k thin film (t ~90 nm) immersed into an aqueous HAuUClI4 solution then subsequently treated
by a CF4/O2 RIE plasma where partially reduced HAuCls-stained P2VP (bright) and etched
PDMSB (dark) domains are arranged in a p3m1 symmetry pattern of ~27 nm period. Scale bars:
200 nm.

Figure 2: (a) SEM image and (b) its associated simulated results of a solvent-annealed (1h,
CHCI3) DSV-28k thin film (t ~90 nm) immersed into an aqueous HAUCIs solution then
subsequently treated by a two-step sequential CF4/O, and O RIE plasma process. In the
Delaunay triangulation, small dots are 6-fold coordinated P2VVP domains while black and white
big dots, indicating defect sites, are five-, and seven-fold coordinated P2VP domains,
respectively. The colormap indicates the grain orientations (0-60°). (c) Spectroscopic
ellipsometry results obtained from HAuCIs-stained and unstained DSV-28k thin films (t ~ 90
nm) treated by a two-step sequential CF4/O. and Oz RIE plasma process. (d) Au nanodot array
produced from a templated 95 nm thick DSV-28k film immersed into an aqueous HAuCl4
solution then subsequently treated by a two-step sequential CF4/O2 and Oz RIE plasma process.
The polymeric film thicknesses were ~55 nm on mesas and ~ 90 nm in grooves. Scale bars: 200
nm.

Figure 3: (a) Evolution of the G (111) pattern period as a function of wpsv-s1k in the blend thin
films. (b) SEM image of a solvent-annealed (1h, CHCI3) DSV-28k thin film (t ~70 nm) blended
with 50 wt. % of DSV-51k after immersion into an aqueous HAuCls solution and subsequent
treatment by a CF4/O2 RIE plasma. The blend thin film presents a p3m1 symmetry pattern of
~38.7 nm period. Scale bars: 200 nm.

Figure 4: (a) (left) low and (right) high magnification AFM topographic views of a solvent-
annealed (1h, CHCI3) DSV-28k thin film (t ~120 nm) treated by a CF4/O2 RIE plasma. The
dashed line delimits the upper and lower regions occupied by the G* and O structures,
respectively. On schematics, the black and yellow dots indicate the PDMSB and P2VP domain
positions on the p3m1 and p2 symmetry patterns while the different primitive cells are displayed
in red. (b) (left) low and (right) high magnification SEM pictures of a solvent-annealed (1h,
CHCI3) DSV-28k thin film (t ~120 nm) immersed into an aqueous HAuClI4 solution then
subsequently treated by a two-step sequential CF4/O2 and O2 RIE plasma process. The dashed
line delimits the upper and lower regions occupied by the O’ and G structures, respectively.
Scale bars: 200 nm.



Figure 5: (a) AFM topographic view and (b) its associated high resolution mapping
corresponding to the adhesion properties of a solvent-annealed (1h, CHCI3) DSV-28k thin film
(t ~120 nm) immersed into an aqueous HAuUClI4 solution then subsequently treated by a CF4/O>
RIE plasma. (c) 2D-FFT and its associated PSD profile extracted from (a). (d) Schematic
showing the partially reduced HAuCls-stained P2VVP domain positions (yellow dots) and giving
the characteristic dimensions of the pattern observed from the [110] direction of the O
structure. Scale bars: 200 nm.

Figure 6: (a) low and (b) magnified AFM topographic views of a solvent-annealed (1h, CHCl3)
DSV-28k thin film (t ~120 nm) immersed into an aqueous HAuUCI4 solution then subsequently
treated by a CF4/O2 RIE plasma. The colormap indicates the grain orientations (0-60°). (c)
Schematic showing the P2VVP domain positions observed in (b): isolated and connected dots
correspond to P2VP domains within the G* and O°structures. Scale bars: 200 nm.
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