N
N

N

HAL

open science

Sub-Wavelength Arrays of Metallic Nanoparticles for
Polarization-Selective Broad-Band Absorbers

Sophie Camelio, David Babonneau, Frédéric Pailloux, Sophie Rousselet, Elliot
Vandenhecke

» To cite this version:

Sophie Camelio, David Babonneau, Frédéric Pailloux, Sophie Rousselet, Elliot Vandenhecke. Sub-
Wavelength Arrays of Metallic Nanoparticles for Polarization-Selective Broad-Band Absorbers.
Nanoscience and Nanotechnology Letters, 2013, 5 (1), pp.19-26. 10.1166/nnl.2013.1418 .  hal-
04433115

HAL Id: hal-04433115
https://hal.science/hal-04433115
Submitted on 1 Feb 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04433115
https://hal.archives-ouvertes.fr

Sub-wavelength arrays of metallic nanoparticles for polarization-

selective br oad-band absorbers

Sophie Camelio*, David Babonneau, Frédéric PaillouRophie Rousselet, Elliot

Vandenhecke

Institut Pprime, Département Physique et Mécanidae Matériaux, UPR 3346 CNRS,
Université de Poitiers, SP2MI, Téléport 2 — 11 BWd. et P. Curie, BP 30179, 86962

Futuroscope Chasseneuil Cedex, France

Tel + 33 549 496 751 Fax +33 549 496 692 sogdumeelio@univ-poitiers.fr

Abstract

Sub-wavelength arrays of silver nanoparticles erdeddn a dielectric matrix are elaborated
by a low-cost bottom-up technique, whicbombines substrate pre-patterning by defocused
ion-erosion (resulting in the generation of one-msional nanoripples) with subsequent
Volmer-Weber growth by physical vapor depositiong&ncing incidence. The arrays are
constituted by regular chains (~20 nm period) oakmparticles (size less than 10 nm) with
elongated shape in the direction of the ripplesis 8hape anisotropy and the resulting
interparticle coupling inside the chains (gap bemvehe particles less than 10 nm) are
responsible for the plasmonic dichroism of the yatemding to polarization-selective broad-
band absorption in visible and near infrared. Tdichroism can be tuned by adjusting the
amount of deposited metal, the elaboration tenipexa the nature of the dielectric host and

the deposition geometry. The technique is atdagtloyed to elaborate 3D nanostructures.



I ntroduction

With the aim of light trapping in thin-film silicosolar cells for achieving high efficiencies,
new approaches based on metallic nanoparticlesnatal nanostructures have been proposed
For example metallic nanoparticles placed on tipeafoc-Si solar cells have been shown to
increase efficiency, several groups have reported enhanced absomutibphotocurrent on a
variety of solar cell designs by placing the namtplas near the absorf&r Indeed, the
specific optical properties of metallic nanopadglre a consequence of the appearance of a
resonance in their absorption spectra; the soetdbbealized surface plasmon resonance
(SPR) due to their strong interactions with lightough the resonant excitations of the
collective oscillations of the conduction electrawmighin the particles. The spectral position of
the SPR, in the visible and near infrared, not atdpends on the intrinsic properties of the
metal and of the dielectric matrix surrounding pgagticles, but also on the morphology and
spatial organization of the particles within thetmxa For sufficiently small particles (<50
nm), this absorption is accompanied by a strongaecément of the electromagnetic field
inside the particles and in the surrounding matriaking their utilization attractive if they are

localized in the active layer of the solar cells.

A common way to control both the morphology anddpatial organization of the particles is
to use electron-beam lithography and the standtaodf I[process, which allows an accurate
positioning of the particles on designed locatidiewever this top-down sample preparation
is time consuming and leads to arrays of partiglgh sizes larger than 20 nm and gaps
between the particles greater than 10 nm. Anothethod consists in using nanostructured
surfaces as templates and a bottom-up approaclaliorate the particles. Faceted alumina
substrates prepared by thermal treatment of vicewafaces can be used as efficient

template3® but their preparation requires very high tempeest (> 1000 °C) annealing



under oxygen atmosphere and is limited to crysilinaterials. Another technical approach
to produce nanostructured templates is to use cgaosion by ion sputtering at oblique
incidence. This technique, which can be appliedatdarge variety of materials, from
amorphous materials to crystalline semiconductarswall as metals and insulators, can
produce regular and periodic surface structuresarform of ripples with well-defined lateral
periodicity, vertical amplitude, and controlled emtation. The phenomenon is related to the
interplay between ion erosion and the diffusion afatoms, which induces surface
reorganizatioti*®>. This low-cost and fast-output approach usingaagferosion followed by
physical vapor deposition of metit’ is very interesting for the production of thinniil
silicon solar cells, because it involves the sanamufacturing technology namely thin-film
coatings. Furthermore, the obtained nanoparticidsbg a smaller edge-to-edge distances
(less than 5 nm) than those obtained by lithogrdeaging to a larger field amplification. In a
previous paper, we have shown that organized arrays of alignkeershanoparticles can be
obtained by grazing incidence ion-beam sputteringhanopatterned alumina surface due to
shadowing effects. In the present work, we shost that the preferential diffusion of silver
atoms along the ripples, and therefore the spatgdnization of the nanoparticles as linear
chains, is limited after normal deposition. Moregvthe role of the temperature, of the
amount of silver, of the nature of the rippled aad on the size, shape anisotropy and spatial
organization of the particles is investigated idesrto explain their optical properties. At last,
we show that it is possible to increase the abswrpghtensity by elaborating ripple-based
multilayers consisting of sequential depositionsdfer on rippled thin-film of dielectric

material.



Sample preparation and char acterization

Several AJOs/Ag/AI,O; trilayers consisting of Ag nanoparticles sandwichieefween
amorphous AlO; films have been synthesized by alternate ion beguttering in a
Nordiko3000 vacuum chamber. The sample preparalias been depicted in details
elsewher® and consists in combining substrate pre-patterbindefocused ion-erosion with
subsequent Volmer-Weber growth by physical vappodgion. Firstly, rippled surfaces were
produced on amorphous s thin films (~ 70 nm in thickness before erosioepdsited by
ion-beam sputtering onto commercially availableetlisilica for optical measurements and
carbon coated grids for high-angle annular darkHiscanning transmission electron
microscopy (HAADF-STEM) characterizations. lon-eoos was performed at room
temperature with Xeions at a sputtering angle @ 55° with respect to the surface normal,
with an ion energy E = 1000 eV, and a fluence @fuat8.6x16° ions.cm? (ion flux~ 2x13*
ions cm?s®, at an erosion rate of 0.28 nif).sFor this purpose, the sputtering chamber
includes a plasma bridge constituted by a filantess-RF-ion gun (with a multicusp and two
molybdenum grids) followed by a filament-less naliwer (hollow cathode) in order to avoid
space charge during the ion transport and aldweasample holder, connected to ground. The
pattern obtained from ion-erosion consists in pkdaipples that are oriented perpendicular
to the ion beam and with a period in the range f&hmm to 25 nm. Secondly, the rippled
thin films were used as templates in order to eresglf-organized chains of silver
nanoparticles. Deposition of Ag was accomplishedbbybeam sputtering essentially at room
temperature and at a glancing incidence of 5° freensurface, perpendicularly to the ripples
in order to produce aligned nanoparticles sinceosiéipn parallel to ripples does At
Nevertheless samples obtained at 200°C or at narmoigence have also been investigated.

The effective Ag thickness,d was varied between 0.7 nm and 2.8 nm. Then, a@®:Al



capping-layer (~ 15 nm in thickness) was depositedhe nanoparticles. For comparison, an
Al,O3/Ag/Al,Ostrilayer obtained on an unstructured flat surfadd g deposition at normal
incidence was also prepared, as well asN@Ag/SisN, and BN/Ag/BN trilayers.
Al,O5/Ag/AlL,O5/Ag/AI O3 multilayers were also elaborated for which botle first and
second AIO; buffer layers were pre-patterned by ion erosion.thé¢ samples are listed in

Table 1.

The morphology of the patterned surfaces films wasracterized by Atomic Force

Microscopy (AFM) in the tapping mode, followed bygaantitative study of the Power
Spectral Density (PSD) of the images which perfoentecomposition of the surface profile
into its spatial wavelengths and thus provides wisefformation on characteristic features
which compose the topography of the films. The rholpgy and the spatial organization of
the nanoparticles were characterized from in-phaieg/s by HAADF-STEM with a JEOL

2200FS microscope using an acceleration voltagg0fkV (Schottky-FEG), a probe size of
0.7 nm, and an inner collection angle of 50 mratke dptical properties were investigated by
means of spectroscopic transmission of polarizgtt liat normal incidence in the range
between 250 nm and 1200 nm by using a Cary5000trepbotometer from Agilent

Technologies equipped with a rotating polarizer.

Results and discussion

When the growth of silver is performed at normaidience on flat AlO; surface (Sample A
with tag = 1.8 nm) the metallic nanoparticles are randondyritbuted on the surface and their
average in-plane shape is isotropic (Figure 1ag. dreal density, surface coverageand the

mean in-plane particle size <D> (and correspondiagdard deviatiow), which depend on



the effective thickness of silver, can be retrie¢€dble 2) from a quantitative analysis of the
HAADF-STEM plane-view image. The mean center-toteendistance between the
nanoparticles L = 11.8 nm is obtained from the emieelation function of the image (Figure
1b) showing a circular ring typical of an isotrogigatial organization. As we have already
shown in previous papéfs”, the particles obtained in such elaboration caowst are
spheroidal in average with an out-of-plane aspatb rH/D (with H, the height of the
nanoparticles) smaller than one, which decreasemnvi increases. Therefore, Sample A
presents a unigue SPRxat 518 nm (Figure 1e) that can be adjusted by ugrihe effective

thickness of silver, i.e. the mean <H/D> value.

Figure 1c shows the in-plane organization and tbephology of Ag nanoparticles deposited
at normal incidence on a rippled 8 surface (Sample B) for the same equivalent thiskne
of silver (,g=1.8 nm). At first glance of the HAADF-STEM imagene may say that the
presence of ripples on the surface leads to a teydowards a spatial organization of the
particles. Moreover, the autocorrelation image (Fégld) still presents an almost circular
ring at the center but also exhibits horizontaédirwith a period of 18.8 nm, contrary to the
previous case. However, a quantitative analysisvshbat sample B is not so different from
sample A. Indeed, the areal densitgnd surface coverageare similar, as well as the mean
in-plane size <D>. This shows that the nucleatibthe particles is mainly affected by the
density of point defects on the surface (atomidessarface corrugation) and very little by the
presence of ripples (nanometric scale surface gation). The mean in-plane projected sizes
<D,> and <Dy> along the directions parallel and perpendiculartiie ripples (<D> =
(<D;>.<D>)"?), together with the corresponding standard dewiats, andep are reported

in Table 2, as well as the mean center-to-centstaice between the particles along the

directions parallel (L) and perpendicular (I} to the ripples. The particles are slightly



D
elongated along the ripples directio D’;: 1.05) with a weak anisotropic in-plane
O

L
organization %’; = 0.98), that shows a slight preferential diffusaf silver atoms along the
O

ripples. We can notice in Figure le, that the @bticansmittance of such a nanopatrticle
assembly depends on the direction of the electraetagfield compared to the direction of
the ripples since the resonance is divided into ¢amotributions: the one obtained when the
polarization is longitudinalN; = 522 nm) along the ripples direction and the oti#ained

with a polarization transversa{= 506 nm) to the ripples direction. The plasmonpilittng,

D
AN =)\ - Mg, between the position of the two SPRs is positivagreement with<—”>> 1

(Do)

L
and M< 1 (see ref. 22 and 23). Howeuk is very weak (16 nm) and therefore silver

(Lo)
deposition at normal incidence on a rippled surfdaes not lead to a spectacular change of
the optical properties. Let us note that when thg gkowth is performed at a higher
temperature (at normal incidence on a ripplegDAlsurface, sample not shown), the pattern

also lacks of optical anisotropy (for examp@,= A, - Ag= 20 nm for £g=2.5nm at 300°C).

In order to take advantage of shadowing effecilvers has to be deposited on the
nanostructured surface at a glancing angle (5° ttmrsurface) perpendicularly to the ripples
direction. This has been done for sample C withetiective thicknessaf of 1.4 nm. The
HAADF-STEM image presented in Figure 2a shows sdligal Ag nanoparticles organized
along linear chains with a period correspondingtiat of the ripples (& = 21.5 nm)
suggesting that the periodicity is imposed by the-gatterned AD; surfacé®*”. In these
conditions of elaboration (i.e. at glancing incide)y while the nanoparticles present a mean

in-plane size <D= 4.5 nm smaller than the one obtained at nornwadlémce with 4= 1.8



nm (Samples A and B), the in-plane distributiontteé particles becomes more anisotropic

L
(< ”> = 0.51) as well as their in-plane shape (\Aé%%: 1.09). As seen in Figure 3a, the
O

(Lo)

structural anisotropy of such planar arrays of Agaparticles results in a dependence of their
optical transmittance on the polarization of theident light, with two SPRs located at=

495 nm and\p = 465 nm (Table 1). The shift of these positionsva# as the decrease in the
amplitude of the resonances compared to those naotavith Samples A and B may be
ascribed to the smaller size of the particles &edefore to smaller out-of-plane aspect ratio
H/D and volume. Whereas the splittinfgA\(=30 nn) of the SPRs is commonly attributed in
the literature to the anisotropic spatial organaratof the particles with a preferential

electromagnetic coupling of the particles inside ¢hains (. - <D;> = 6.2 nm), it may be

. . D . .
also attributed to the increase of t ”> value. In Figure 2a, we can notice the presence of

D.)

very small particles between the chains with di@mgtss than 4 nm, which suggests firstly
that the nucleation of silver takes place on theolehsurface at the beginning of the
deposition and secondly that the particle growtiavered on the facets of the ripples exposed
to the Ag flux by shadowing effects. This is comfed in Figure 2b that shows the HAADF-
STEM image of Sample E where the effective thickrgsis reduced to 0.7 nm. This low Ag
coverage leads to an almost isotropic organizaifosmall spheroidal nanoparticles; (U Ly
07.7 nm and <pp> O<Dz> 3.2 nm), despite shadowing effects, and theretoralmost
isotropic optical properties (Figure 3b). Agaimese results confirm that the nucleation is not
influenced by the presence of ripples (even atiggaimncidence) probably because the
amorphous surface remains “atomically flat” and tie diffusion length of silver atoms is
much larger than the ripples period, i.e. the ratcd& is not limited to the areas illuminated

by the silver atomic flux, in contrast to the growA deposition of silver at a temperature of

8



200°C was performed with the same effective thisknef 1.4 nm (Sample D) on a pre-
patterned AlO;thin film. As expected, compared to Sample C, tlealadensityd decreases,

the particles are bigger (<D> = 8.0 nm), they &ik arganized in linear periodic chains

: : . o L) .
(Figure 2c) but their spatial organization is lesssotropic C >: 0.71, with ly - <D)> =
O

7.8 nm) showing that the temperature reduces thieqantial diffusion of silver atoms along

the ripples and therefore the plasmonic dichroi$th® sample is reducedX=20 nm).

Actually, higher plasmonic dichroisfs\ can be achieved at room temperature by increasing
the effective thickness of silver in order to praethe lateral growth of the particles in the
direction parallel to the ripples. Indeed, fag £ 2.8 nm (Sample F), agglomeration and

coarsening lead to the formation of elongated narimbes predominantly aligned along the

D
direction of the ripples (i.e., perpendicular te thilver atomic flux) withM = 1.40 and

(Do)
(L)

(Lo

= 0.70 (Figure 2d and Table 2). Therefore, faraadverse excitation, the transmittance

~—

Ty shows a localized SPR whose spectral positiongdggifrom 457 nm (Sample E) to 465
nm (Sample C) and 487 nm (Sample F) whgnricreases from 0.7 nm to 1.4 nm and 2.8 nm
respectively (Table 1). This spectral shift canaseribed to a decrease of the out-of-plane
ratio of the particles. In addition, the progressincrease of the amplitude of the resonance
(Figures 3a and 3b) is due to the increase of dreparticle volume and of the surface
coveraget. In the case of high coveraggy(t 2.8 nm - Sample F) with nanoparticles still
disconnected (Figure 2d), the longitudinal trantanite 7, displays a very broad-band
absorption which tends to a spectral behavior cbariatic of infinite metal nanowires. The
anisotropic shape and anisotropic spatial orgaioizatre both responsible to this behavior. It

has to be noticed here that the mean edge-to-adtgmce between the nanoparticles is less

9



than 10 nm (k- <D,> = 5.4 nm), a distance that cannot be reachedlithttgraphic methods
so far, due to proximity effects. Accordingly, stpossible to design plasmonic nanostructures
capable of an efficient absorption of light in thsible and in the near infrared depending on

the polarization of the incident light, with a sigplocal field enhancement in the interparticle

gap.

The method presented so far offers many advantges it is applicable to a wide range of
materials. As an example, we show in figures 4f@rccomparison, the surface topographies
obtained by AFM of different dielectric materialegpectively AlO; SisN4 BN) after ion-
erosion performed with the same experimental candit At a first glance, we can see that
the pattern characteristics are more or less ginfola Al,O; and SisN4 materials while the
rippled BN film exhibits a less ordered surfaceisTis quantitatively confirmed with the 1D
Power Spectral Density of the images presentedjund 4d. From these curves, the period of
the ripples can be retrieved from the positionhef main peak: 20.7 nm, 24.7 nm and 19.5 nm
for Al,O3 SisN4, andBN respectively. We can notice that the widthof the peak, that gives
evidence of the ordering of the pattern, is narmfwe Al,Os film (w = 0.0137 nrit) than for
SisN, film (w = 0.0176 nrit) and forBN film (w = 0.0294 nrit) confirming that, with these
energy, fluence and ion flux, and angle of erostbe, pattern obtained on the 8 film is

much more organized.

Figures 5a-b display the HAADF-STEM images obtaingfter deposition at grazing
incidence of silver on pre-patterned 3N (Sample G) and BN (Sample H) surfaces.
Although the capping layer depositions were don€@°C in order to obtain the right
stoechiometry for the matrix, the effective thickaef silver is4g = 2.8 nm as in the case of
Sample F with an AD; matrix deposited at room temperature. We can edimat the

particles of samples G and H are organized in fofriinear chains and exempt from very

10



small particles, probably due to the temperatumenduhe elaboration process. The 1D PSD
obtained from the binarized HAADF-STEM images oihfpées F, G and H, are given in
figure 5c. In the transverse direction, the 1D R&Dibits a narrow first peak, from which it
is possible to retrieve the mean distance betwkemparticles chain, which is smaller for a
BN matrix (Lp= 16.5 nm) than for a 8\, matrix (Lo =21 nm), or an AO; matrix (Lp= 20.8
nm). This result confirms that the lateral peridgiof the chains replicates the period of the
ripples induced by ion erosion at glancing incidenghich depends itself on the nature of the
material. Again, we can notice that the widtlof the peak is narrower for AD; film (w =
0.007 nm') than for SiN, film (w = 0.009 nrit) and forBN film (w = 0.012 nrif). In the
longitudinal direction, the 1D PSD presents a sngéak broader than the previous one

indicating that the particles are less orderedhig direction (i.e. inside the chains). Moreover,

. D//> D//>
the nanoparticles are less elongat & > = 1.14 for Sample G an 5 >=1.11 for Sample
O O

H, compared to Sample @:1.40). This result can be attributed to the elaton

(Do)
temperature of Samples G and H (200°C) but thelsshalpe anisotropy of Sample H may
also originate from the patterned BN surface whaothibits a lower quality, decreasing
therefore the preferential diffusion along the hggpof the silver atoms. The transmittance
spectra presented in Figure 5d confirm first thatspectral positions and widths of the SPRs
depend on the dielectric function of the surrougdimaterialggn ~ €azos < €siang leading to
a spectral position of the SPRs blue-shifted fanfla H compared to Sample G. Secondly,

the splitting of the SPRH)\A, is also matrix-dependent (0 A\gn < AAsisng Which is in

D D L
agreement with 1 %D—”;BN < < ”> sisnae On the other hand, the spatial organizaéel_#; =
O O

(Do)

1 for Sample G (SN4 matrix) is not supposed to lead to a plasmonidtsy, whereas

11



(L)

L)

= 1.3 for Sample H (BN matrix) should lead to ayameve splitting (the particles are

—

closer in the transverse direction than in the ikowignal one). However the plasmonic
splitting AA is still positive in both cases, suggesting thas imainly due to the anisotropic

shape of the nanoparticles and not to the spatisbaopy.

At last, multilayer samples consisting of 3D arragfs nanoparticle chains can also be
produced at fast output and low production costth whis bottom-up approacH. As an
example we have fabricated, at room temperatus€)Ag/Al ,Os/Ag/Al ,O3 multilayers with
this technique, by depositing first an,@k/Ag/Al,Oz in a similar way as previously (witlgt

= 1.5 nm) but the second A&); layer was thick enough to perform a second iosieroby Xe
ions (with a final thickness estimated to 20 nnerafhe patterning). Then a second deposition
of silver (with gy = 1.5 nm) was performed followed by the depositbran ALO3 capping-
layer (with a thickness of 20 nm). Two configurasowere tested: a parallel configuration
where the directions of the particle chains in btatyers are parallel (Sample I), and a
transverse configuration where the directions efthains are perpendicular (Sample J), i.e.
the sample was tilted by 90° at the end of the sigpa of the thick intermediate /D3 layer
and before ion erosion. The vertical spacing oftti@ nanopatrticle layers is high enough to
neglect a vertical electromagnetic coupling betwten particles. The optical properties of
Sample | and J are plotted in Figure 5, which exhillso the optical properties of a
corresponding single ADs/Ag/Al,O3 trilayer. We can notice that both the multilayer i
parallel configuration (Sample 1) and this singitayer display two SPRs located at 492 nm
and 545 nm for transverse and longitudinal exatatrespectively. This result shows
therefore that it is possible to maintain the plasio dichroism within this 3D configuration,
while the amplitude of the absorption is increas€h the contrary, in the transverse

configuration (Sample J) the absorption bands arenare polarization-selective since the

12



spectral position of the SPR is identical for trarse and longitudinal excitation, i.e. even if
the particles are organized in linear chains witeach layer, the whole 3D arrangement

behaves as an isotropic medium.

Conclusion

Sub-wavelength arrays of small silver nanoparti¢hagh size smaller than 10 nm, transverse
period around 20-25 nm and longitudinal interpéetigap less than 10 nm) have been
elaborated byombining substrate pre-patterning by defocuseeerasion with subsequent
Volmer-Weber growth by physical vapor depositiomlaincing incidence. In this article, we
have shown that the nucleation of the particlestran nanostructured (rippled) surface is
isotropic while their growth is favored along tlemgitudinal direction (parallel to the ripples)
by shadowing effects. Therefore the nanopartickgppshanisotropy depends on the effective
thickness of the deposited metal. Also the tempesatluring the metal deposition and the
nature of the rippled surface play a significaneron the resulting elongated shape and
spatial organization. This shape anisotropy andékalting interparticle coupling inside the
chains are responsible for the plasmonic dichroefnthe array leading to polarization-
selective broad-band absorption. This low costregre can also be employed to fabricate
3D nanostructures by superimposing the sub-wavdlergrays of particles. We have
demonstrated that it is possible to increase thsorgbion while keeping the original
dichroism through the stack (providing the direatiof the particles chains in each layer
remains parallel). At last, since the pattern ctigrgstics (period and ordering of the ripples)
depend on the nature of the sputtered materialalsg on the ion energy, the angle of
incidence, the fluence, the temperaftif€it would be interesting in the future to deepea th

role of these parameters on the organization aagesbf the nanoparticles and therefore on

13



the optical dichroism.
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Incidence Effective
Sample angle for Ag Type of | Dielectric | TEMPEraturé hickness of Ao | A
name deposition () surface host C) silver tag (nm)| (nm)
(hm)
A Normal 90° flat AbO3 20 1.8 518
B Normal 90° rippled AlO; 20 1.8 522| 506
C Grazing 5° rippled AD; 20 1.4 495| 465
D Grazing 5° rippled AlO; 200 1.4 482 462
E Grazing 5° rippled AD; 20 0.7 452| 457
F Grazing 5° rippled AD; 20 2.8 613| 487
G Grazing 5° rippled SN, 200 2.8 666| 595
H Grazing 5° rippled BN 200 2.8 541 497
.o | rippled 1.5 (twice)
I Grazing 5 (twice) Al,O3 20 545 | 492
J Grazing5° | "PPIed | 40, 20 1.5 (twice) | 406 | 494
(twice)

Table 1 : List of the different samples elabordigdon sputtering of silver on unstructured

(Sample A) and nanostructured (Samples B-J) swsfad&Os/Ag/Al O3 trilayers (Samples

A-F), SkN4/Ag/SisNgstrilayer (Sample G), BN/Ag/BN trilayer (Sample H)da

Al,O3/Ag/AlL,O5/Ag/Al ,O3 multilayers (Samples | and J). Spectral positibthe SPRs for

transverse g and longitudinal excitatioN, respectively.
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Sample O(part| T L, Lo | <D> o <D,> Oy <D> on
um?) | (%) | (nm) | (nm) | (nm) | (nm) | (nm) | (nm) | (nm) | (nm)

A 8540 | 35.5 11.8 7.00 1.81 -

B 8770 | 32.5| 11.8 12.0 6.7 1.85 6.9 205 6.6 1.89
C 13443 27| 110 215 46 1.21 4.8 1.30 4,4 1.26
D 4576 | 28.8] 16.2 22.Y 8.0 3.28 8.4 317 7\7 3.47
E 15100| 13.6 7.7 7.76 3.3 0.85 3.2 0.80 3.4 0.88
F 4172 | 22.3 145 208 7.7 3.18 9.1 3,57 6.5 2.99
G 4380 | 405 21 21| 102 3.94 109 417 916 3.88
H 3580 35| 215 16% 10b 25 111 314 10 1.83

Table 2 : Structural parameters retrieved fromgi@ntitative analysis of the HAADF-STEM

images : areal densi®yand surface coveragein-plane mean projected sizes,;=Cand

<Dy> and corresponding standard deviatiopgndog, mean interparticle distance along

the ripples l; and perpendicular to the ripples.L
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Figure 1 : Plane-view HAADF-STEM images of2@k/Ag/Al,Os trilayers after normal silver
deposition. The effective thickness ig £ 1.8 nm. Silver deposition was made (a) on flat
surface (Sample A) and (c) on rippled surface (SarBp Autocorrelation function of the
images of (b) Sample A and (d) Sample B. (e) Cpording transmission measurements at
normal incidence with the polarization of the inangilight being oriented parallel (fand

perpendicular () to the ripples.
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Figure 2 : Plane-view HAADF-STEM images of ripplatbOs/Ag/Al,Os trilayers after
glancing-angle (5°) Ag deposition. The effectiviekinesses are (ajgt= 1.4 nm at room
temperature (Sample C), ()& 0.7 nm at room temperature (Sample E), A¢¥t1.4 nm at

200°C (Sample D) and (dj¢t= 2.8 nm at room temperature (Sample F).
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Figure 3 : Transmission measurements at normalémcie with the polarization of the
incoming light being oriented parallel,(jTand perpendicular ¢} to the ripples obtained on

(a) Samples C and D (b) Samples E and F.
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Figure 4 : AFM topographic image of different @ietric thin film etched during 180 s with

1keV-Xe+ ions at 55° with respect to the surfacema. (a) AbOs, (b) SEN4, (c) BN.

(d) Corresponding 1D Power Spectral Density (PSDg &unction of wave vector k.
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Figure 5 : Plane-view HAADF-STEM images of (a) fggh SEN4/Ag/SisNg trilayer (Sample
G) and (b) rippled BN/Ag/BN trilayer (Sample H)texfglancing-angle (5°) Ag deposition.

The effective thicknesses agg £ 2.8 nm, depositions were made at 200°C.

(c) Linear profiles of the PSD of the HAADFSTEM iges of figures 2d (Sample F), 5a
(Sample G) and 5b (Sample H), along two directoithe surface (parallel and transverse to

the particles chains). For sake of clarity, thevegrhave been vertically translated.

(d) Transmission measurements at normal incidenc®amples H and G with the
polarization of the incoming light being orientearallel (T,) and perpendicular (j to the

ripples.
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Figure 6 : Transmission measurements at normalémncie with the polarization of the
incoming light being oriented parallel,(jTand perpendicular ¢ to the ripples obtained on
the ALO3/Ag/Al,Os/Ag/Al,O3 multilayers with a parallel configuration (Sanglg and
transverse configuration (Sample J). The blackesirepresent the transmission

measurements obtained on the@Y¥Ag/Al O3 intermediate trilayer.
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