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Abstract

Elaboration in a controlled way of large-area affidient plasmonic substrates is achieved by
combining sputtering of silver nanoparticles (AgINRsd plasma polymerization of the
embedding dielectric matrix in an axially-asymmetdapacitively-coupled RF discharge
maintained at low gas pressure. The plasma paranatel deposition conditions were
optimized according to the optical response of éhesbstrates. Structural and optical
characterizations of the samples confirm the poediciency. The obtained results indicate
that to deposit a single layer of large and clos#iyated AgNPs a high injected power and
short sputtering times must be privileged. Thempaglaborated plasmonic substrates appear
very sensitive to any stimuli that affect theirgteonic response.



1. Introduction

The properties of hanocomposite materials are naysdavidely studied aiming at a large

spectrum of applications. Nanocomposite materiaisisting of noble metallic nanoparticles

embedded in dielectric matrix represent a hugeestdor plasmonic devices to manipulate,
localize and enhance the electromagnetic fieldaabacale level [1]. The plasmonic coupling

with light enhances the range of useful opticalnameena having potential applications in

areas such as ultra-sensitive chemical and biomlaledetection, enhanced spectroscopies,
photocatalysisetc.

It is generally acknowledged that silver nanopletic(AgNPs) realize the best
nanoscale antenna for amplifying local electromd &ibrational signals in the visible range,
providing unique molecular information in the oplicfar-field regime. In the field of
scientific research, two main spectroscopy techesgbave emerged based on Localized
Surface Plasmon Resonance (LSPR) and Surface-EethaRaman Scattering (SERS).
Advances in micro and nano-fabrication technologyweh made available integration of
sensitive LSPR to lab-on-a-chip platforms. They mr&reasingly popular in fundamental
biological studies, health science research andra@mmental monitoring [2-4]. Since its
discovery in 1974 on pyridine molecules adsorbedaugh silver surfaces [5], SERS has
received a great deal of attention as powerfulydical technique for molecular spectroscopy,
biomolecular recognition and ultra-sensitive detec{down to a single molecule). However,
the limits imposed by the fabrication of SERS sidiss remain the major drawback for their
large application. It is due to the drastic requieats for controlling on large area, and in a
reproducible way, a well-defined spacing betweenrttetallic nanostructures and the probing
molecules. Generally, the enhancement of the stajteross-section for SERS substrates is
attributed to an electromagnetic mechanism (baseslidace “plasmon resonance”) and/or to
a chemical one (based on “charge transfer”). Wieathe mechanism, the requirement for an
efficient SERS substrate is the fine control onamaeter scale of size and shape of the
metallic particles, and of the distance betweeir thaface and the probed molecules. As a
consequence, another challenge to overcome isataftthe thickness and porosity of the
coverlayer. The thickness of the coverlayer mustsk&cted at nanoscale level as a
compromise between the preservation of SERS enhmrdeand the protection of AgNPs
against oxidation, for example [6], and againsedirinteraction of the AgNPs with the
probing molecules [4].

Development of solid SERS substrates based on mataistructures covered by a
polymer [7], or by inorganic materials (ultrathinCg layers) [8] allowed improving their
stability and performance. The Siooated SERS substrates proved to be especialiyluse
SERS-based biosensors because of the well-defigdbhilic and stabilizing properties
which actually motivated the current study. Differelaboration methods have been applied
for the synthesis of solid SERS substrates. Thdoeag ways are either via chemical
reactions, lithographic fabrication, and templated growth [2, 3 and the references
therein], via thermal evaporation [8] or more rdtemia low energy ion implantation beam
synthesis (LE-IBS) [9-11], all of them emphasizihg large interest for applications and the
importance of strict control during the synthediSBRS substrates.



Plasma based deposition processes are known toiteevgrsatile for deposition of
nanocomposite thin layers containing metal clustetensive research on the possibilities to
obtain thin nanocomposite layers sustained of fetahnoparticles embedded in dielectric
matrices started with the works of E. Ketyal. [12] where Physical Vapor Deposition (PVD)
and Plasma Enhanced Chemical Vapor Deposition (HEGkere combined in one process
to obtain gold nanoparticles dispersed in fluorboar matrices. This approach, privileged
also by other research groups [12-20], offers sdhagtvantages compared to other deposition
techniques. It allows:iY a quite easy control of the metal content in tthia film only by
controlling the partial pressures of the plasmalifegg gas and the gas precursors in the
discharge, leading to the possibility to obtainenals with metallic concentration from a few
percent up to 100%jiJ homogeneous dispersion of the metal nanopartiolése film and
(iii) fine control over the size of the metal nanogées.

Optical properties of this type of nanocompositeittires can finely be tuned by
simply varying the metal volume fraction in theday13]. Strong structural modifications of
both the metal nanoparticles and the surroundinmixn@an be achieved by thermally induced
processes occurring in the plasma gas phase abg/post-deposition annealing [13-15].
Stability of the plasma elaborated host matrix xpasure to different aging agents (air,
agueous mediegtc.) is shown to be superior for amorphous hydrophihiatrices (plasma
silica — a-SiQ, organosilicon — a-SiOC:H or oxygenated hydrocarb@-CH:0) compared to
amorphous hydrophobic ones (fluorocarbon — a-F-Chydrocarbon — a-C-H) [13-20].
Although the stability of amorphous hydrophilic megs is generally good, the more resistant
matrix is the silica, compared to organosiliconogygenated hydrocarbon matrices, as it is
the densest one. Moreover, release of metallic @ror metallic nanoparticles from the
plasma mediated nanocomposite thin films, in paldic Ag” and AgNPs [20-25], shows
dependence on the size and density of metal naimdparand on the type of the host
dielectric matrix (hydrophilic/hydrophobic propesi and porosity) and the distance from the
AgNPs to the substrate surface. Additionally topbesibility of large variation of the optical,
structural and electrical properties of the nangoosites, offered by the above described
plasma process, the stability related issues nausbhsidered when a given application of the
nanocomposite thin films is pursued.

This work presents results on plasma depositionga® for elaboration in a controlled
way of large-area plasmonic substrates consisteal sifigle layer of AgNPs deposited on
SiO; layer and coated by ultrathin Si@lasma layer. The plasma process and detailsen th
operation conditions are given in the next sectibmgnostic methods applied for the
structural and optical characterization (TEM, FTEljpsometry and reflectometry) of the
elaborated substrates and results from their aisadysng with the discussion are presented in
Section 3. The functionality of the elaborated plasic substrates is demonstrated on the
basis of their optical response in ellipsometry amflectometry measurements. Finally,
Section 4 summarizes the main conclusions and gineperspectives.

2. Plasma deposition process

The purpose in this part of the study is to elatoraanocomposite structures of
SiO,/AgNPs/SIQ/Si (a single layer of AgQNPs, with well controllsize, density and distance
among the nanoparticles, is inserted in a,Si@trix at a given distance from the surface)
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with highly pronounced anti-reflective propertidhe thickness of the whole structure must
be selected in a way that for specific wavelengts reflectance is at minimum and
consequently the electric field at the free surféseat maximum, as accounted for by
modelling the propagation of electromagnetic wawnestratified media [10,11]. In the current
study a total thickness of 100 nm of the nanocorit@asructure was intended.

The nanocomposite structures were elaborated bygusie plasma of an axially-
asymmetric capacitively-coupled RF (13.56 MHz) Haage combing PVD, as a first step,
and PECVD as a second step in the applied deposgiocedure shown in Fig. 1. The
discharge powered electrode (smaller electrode) avag\g-made target to bear the silver
sputtering. The axially-asymmetric design of this dRscharge induces a self-bias voltage V
on the powered electrode, controlling in that wiag inetal sputtering. Deposition of plasma
silica coverlayer was performed in the same readtoe plasma reactor is described in details
elsewhere [16]. The plasma behaviour during dejposiwas controlled by Optical Emission
Spectroscopy (OES) and electrical measurementsbdétbrdeposition steps — sputtering and
plasma polymerization — variation of thggdae.enmflarsag.enm) ratio as a function of the
injected power or the gas mixture composition wasorded.This kind of chart constitutes
useful data to obtain reproducible results [16].

Anti-reflective

substrate

| o G o o |
15t Step 27 Step
PVD PECVD

Figure 1. Pathway for elaboration of large-areamlanic substrates (single layer of AgNPs
embedded in SiPmatrix) by plasma process.

The used plasma process is fully compatible withgtandard microelectronic technologies.
As discussed above it is versatile in terms of @rpental conditions which enlarges the
possibility to probe and, consequently, to optimike optical response of the elaborated
plasmonic structures. To realize the plasmonicctiires a single layer of AgNPs was
deposited by Ag-sputtering on the surface of thdgngrown SiOG-layer (thickness of 80 nm)
on Si-substrate (2” in diameter) in Ar-dischargantaned at low gas pressumg(= 5.2 Pa).
The substrate was fixed to the grounded electritdeias previously cleaned in Piranha
solution for 2 min, followed by chemical etching 80 seconds in hydrofluoric acid (HF). At
each step of the cleaning procedure the substve¢es rinsed with deionized water. The
cleaning procedure is indispensable for the elalmoraof plasmonic substrates because it
guarantees the removal of the surface contaminatiointhe native oxide, known to be badly
organized from structural point of view and presenpoor electrical properties.

The AgNPs size, density and shape were controledugh tuning the sputtering
operating conditions. The sputtering time was vhbetween 5 s and 30 s for different input
powers (P =10 - 80 W), corresponding to a sel§-ialtage variation in the rangej\~ -
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400 — -1000 V (Fig. 2a). The plasma process wasitored by OES through the ratio of
lagsa6.6nm) 1O larsa9.6nm) line intensities. For the sputtering step tlewolution of

| Ag(526.6nmf| Ar549.6nm) Fatio givesan image of the Ag amount in the plasma which earelated

to the Ag volume fraction deposited on the substiégure 2a shows the measured self-bias
voltages as a function of the applied power dutimg Ag-sputtering and the corresponding
line intensity ratio of the silver lineadss.6nm)t0 the argon linealsassnmy Previous to each
sputtering the Ag-target was mechanically polistiedn cleaned in the Ar-discharge and the
plasma process stability was followed by OES. Winenemission spectrum from the plasma
(Fig. 2b), and in particular th@g{sse.enmfl ar49.6nmyratio, was found to be constant throughout
at least 5 minutes the Ag-sputtering was perfornieaing the plasma stabilization phase the
substrate was hidden behind a shutter [16]. Onegldisma process stability was attained,
typically about 10 minutes are needed for the spaty step, the shutter was removed for the
time of sputtering. The possibility to hide the suate during the plasma stabilization phase,
and ones the Ag-sputtering step has been perforalleadys us to use very short deposition
times (only of few seconds) and to obtain a stiasitrol of the plasma deposition process.
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Figure 2. (a) Evolution of the self-bias voltagec\and the ratio of the line intensities
| ag(s46.6nm)tO larsa9.6nmy@s a function of the applied discharge power dutire sputtering step
(par =5.2 Pa) and (b) OES spectra from the plasmaaisgst in Ar atpar =5.2 Pa and

P =80 W during the Ag sputtering step (black cure@d of the plasma sustained in
Ar/HMDSO/O, mixture at average total pressyxg = 7.68 Pa and P = 120 W for the $iO
plasma deposition step (red curve).

The plasma silica (SiP*™) coverlayer embedding the AgNPs was depositechén t
plasma sustained in a gas mixture of argon (Ar flo®.8 sccm, where sccm stands for
standard cubic centimeters) - hexamethyldisilox@aIDSO - [CH;]6SiO) - oxygen (Q
flow — 1.25 sccm) at average total gas prespure 7.68 Pa. The HMDSO (Sigma Aldrich
product with purity larger than 99.5%) and argormrli&uid AlphaGaz 2 - 99.9995%) flows
were mixed in a buffer chamber before being intoedlinto the plasma chamber. The high
quality oxygen flow (AirLiquid AlphaGaz 2 - 99.9999 was introduced into the plasma
chamber by means of an appropriate port situatéduedevel of the grounded electrode where
the substrate was fixed. Strong particularity of pasma process which makes it original and
highly efficient is the pulsed introduction of tpeecursor. The HMDSO was introduced in
the discharge by pulses with period T =5 s (Tr=+tto) and injection timeg, = 3.1 s which
corresponds to an average HMDSO flow of 0.248 sddme. maximal fluctuation of the total
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gas pressure induced by the pulsed injection ofHNEDSO was of 0.4 Pa. The combined
effect of pulsed introduction of HMDSO in the plasmand the specific location of,0
introduction, in the vicinity of the substrate, Haglly a strong impact on the quality of the
deposited Sig"*™ coverlayer. It allows deposition of high qualitjOs plasma layers for
relatively low GQ to HMDSO ratios. The injected RF power for the S8 deposition was
fixed to 120 W assuring high degree of HMDSO decaositjon in the plasma. Obtaining high
quality SiQP?™ layers, in a plasma process by using HMDSO asupset, requires
diagnostic of the plasma parameters as a functiengas discharge operating conditions -
type of gas discharge, injected power, gas pressutegas mixture [26-30]. Once more, like
in the Ag-sputtering step, previous to the S8 deposition the stability of plasma process
was followed until obtaining constant values foe telf-bias voltage, the total average gas
pressure and the glow emission from the dischavgetf least 5 minutes. For the SiF™
deposition step the plasma stabilization phasestgimcally 30 minutes. All experiments for
the SiQP®Madeposition were carried without any silver atorpiesence in the plasma gas
phase. This point was controlled through the alesearicsilver lines in the recorded optical
emission spectra, like the example shown in Fig(r@d curve). It is worth to point here that
the OES shown in Fig. 2b, corresponding to the npéapolymerization step, reflects the
elementary processes occurring in the plasma gasephThe thickness of the SIF™
coverlayer was controlled by the deposition timerah preliminary study on the deposition
rate. The deposition rate, resultant from the almesrribed plasma conditions, was found to
be low, only of 13 nm/min. The low deposition raieed in this study gives place to
deposition of a dense S5 coverlayer with well-ordered matrix. The SR ™coverlayer
should not only be of high quality (no C-H or Siddntent) but also exempt of any silver
presence in it. In a preliminary study, where thdiroization of the plasma operation
conditions was performed, it was found that inpleesma of Ar-HMDSO-@gas mixture, for
HMDSO injection times larger than 3.0 s, over Sesiq, in the used in this study, axially-
asymmetric capacitively-coupled RF discharge, thverssputtering did not occur because of
rapid plasma polymer covering of the silver eled&ravith a thin SIOC:H film. After each
SiO #™ deposition the plasma reactor walls and the Agetawere cleaned, so that the
initial conditions for the next deposition remainadchanged, guaranteeing in that way
reproducibility of the elaborated plasmonic sulissa

3. Diagnostic methods for structural and optical characterization of the plasmonic
substrates

Structural analysis of the elaborated plasmonicsisates was performed by Transmission
Electron Microscopy (TEM) in plan and cross-sectaaw, Fourier Transform InfraRed
spectroscopy (FTIR) and ellipsometry. Cross-secioth plan view specimens were prepared
for TEM analyses by standard procedure using mechlapolishing followed by Af ion
milling. The observations were performed using e@dfiemission Transmission Electron
Microscope, FEI Tecnai™ F20 microscope operating@Qft kV, equipped with a spherical
aberration corrector. The FTIR spectra were acduiith a Brucker Vertex 70 spectrometer
in the range 400 — 4000 émto obtain information about the composition of St
deposited layer. The refractive index and thicknelsshe silica film were determined by
spectroscopic ellipsometry using a SOPRA GES-psilineter in the range 250 — 850 nm
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with an incident angle of 75°. The optical responselaborated plasmonic substrates was
analyzed on the basis of ellipsometry and refl@gtimeasurements. The reflectivity spectra
were recorded by using a Varian Cary 5000 spectimpheter in the range 200 — 800 nm in
quasi normal incidence.

4. Resultsand discussion

Figure 3 represents a bright field TEM image inssrgection view of typical elaborated
sample. It corresponds to the following structwiagle layer of AQNPs deposited at injected
power of P = 40 W for sputtering time &f = 5 sec and covered by SR&™ layer of
thicknessdsiozpiasma= 13 M (deposition time for the SR3°™ layer, ty = 60 s). One can
clearly notice the planarity in the AgNPs singlgela(the AgNPs layer average thickness is of
9 nm). High Resolution Electron Microscopy (HREM)servations (see image in insert of
Fig. 3) show that the Ag nanoparticles are crysialland made of pure silver. The total
thickness of the structure is 105 nm which fultihe condition for anti-reflectivity of optical
waves in the middle of the visible range [10,11].

SiQ,plasma Jayer

AgNPs layer

¥ o Siozthermnl layer

Figure 3. Bright field TEM cross-section image osample elaborated by combined silver
sputtering and PECVD. Conditions for the AgNPs krlgyer depositionis = 5 s, P = 40W
(Vac = -750 V). The Sig*™ deposition timety = 60 s. In insert HREM image of a single
nanocrystal.

The evolution of the AgNPs size, density and shajle the injected power for Ag-
sputtering is shown in Fig. 4 for a fixed sputtgriimets = 5 s and two different powers 40W
(Fig. 4a) and 80W (Fig. 4b) covered by a SR layer of thicknesslsiozpiasme= 13 NM
(SiO,"™M|ayer deposition timetg = 60 s). The size of AGNPs increases from 11.14nn
to 19.6 + 7.8 nm. Their density is reduced from ¥B0"* NPs/cnf to 1.7 x 16" NPs/cnf,
covering an area of 45.8% and 42.6%, respectiviélg same trend is observed when the
injected power is fixed and the sputtering timeanisreased. For P =10 W, increasing the
sputtering time from 10 s to 30 s leads to an mseeof the mean diameter of the AgNPs from
45+ 1.7 nmto 7.7 £ 2.8 nm corresponding to aecage area of 13% and 19%, respectively.
The density of AgNPs however decreases from 7.6"%NPs/cni to 3.9 x 16" NPs/cm, for
the two sputtering timess(=10 s ands =30 s), respectively.



For a fixed sputtering time by scaling up the imgelcpower the shape of AgNPs
changes from spherical (P = 10 W) to prolate sptef® > 60 W). This property has been
observed for other types of metal nanoparticles eztded in dielectric matrices, like Au-
nanoparticles dispersed in fluorocarbon or hydtomarmatrices, in the same type of gas
discharges [13,14]. Increasing the sputtering tiroen 5 s up to 30 s does not influence the
AgNPs shape for low injected power (P = 10 W), whilleads to overtaking the percolation
threshold for high injected power (P = 80 W). Cangmtly, to obtain a single layer of large
AgNPs, high injected power and small sputteringeBrmust be privileged.

o)

e
4 .
.
,

oy

Figure 4. Bright field TEM plan-view images of tbbtained plasmonic substrates by using
different powers for the Ag-sputtering at fixed &pting timets = 5 s: (a) 40W and (b) 80W.

As mentioned above, another challenge in the plastaboration of plasmonic
substrates is the Si@overlayer. To achieve a Sit*™ayer with properties close to thermal
silica layer the plasma composition was adjustedsdnying the gas mixture. The oxygen
injection into the plasma maintained in Ar-HMDSOximre introduces reactive species that
promote oxidation of the methyl groups and the tielaspecies, such as water and carbon
dioxide. To improve the oxidation efficiency in tiplasma reactor used for this study, the
oxygen flow was introduced grazing the surfacehef $amples by means of an appropriate
port. The parameters for plasma polymerization @hldse applied power, HMDSO injection
time and Q flow were optimized by OES and electrical measueis of the self-bias
voltage. Typical OES spectrum of the plasma emisgoshown in Fig. 2b. The real-time
monitoring of the plasma process by OES [16] isspensable for obtaining plasma silica
layers of high quality.

The pulsed injection of the precursor is one of dhiginality of the applied plasma
process. Indeed, pulsed injection of HMDSO allow fcontrol of the plasma parameters.
The suitable HMDSO injection time was determineddlation with the @flow in order to
ensure both complete plasma organosilicon covesinthe Ag-made electrode to prevent
from Ag-sputtering and a plasma deposition of S&yer with properties close to a thermal
silica layer. It was found that the slot of plasoperation parameters that satisfies the above
two requirements for the quality of SR layer is very narrow. To avoid Ag presence in
the discharge, and consequently in the 2i5?layer, the HMDSO injection time must be
longer than 3.0 s, over 5 s period, for thedas flows of 1.25 sccm. However, to prevent
from possible C-H content in the S3™layer the HMDSO injection times must not be
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longer than 3.2 s for the,@as flows of 1.25 sccm. The composition of degosBiQ layer
was determined by FTIR and ellipsometry. It is at@dance with the SigJayers obtained
by other authors using@&nd HMDSO as precursors for silica deposition plaama process
[28-30].

=
N

g SiOz"‘as'“a layer

=
o
1

[o¢]
(1062 cm™) Si-O-Si stretching

(457 cm™) Si-O-Si rocking

Absorption (a.u.)
(2}
(810 cm™) Si-O-Si stretching

0 bttty k ‘ ‘ ‘
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Figure 5. FTIR spectrum of a deposited Sf"layer of thicknesssiozpiasma= 96 nm.

The FTIR spectrum of Si¥*™|ayer used to cover the AgNPs, in order to coneplet
the plasmonic substrate, is shown in Fig. 5. Omeatzserve the three typical TO modes of
molecular vibrations of amorphous silicon dioxid#l]. In particular, the FTIR spectrum
shows the Si-O-Si rocking vibration at 457 tnthe symmetric stretching mode at 810%m
and the asymmetric stretching mode at 1062.cfime shoulder centered around 1250*cm
characteristic of thermal SjOis clearly observable on the spectrum. The lackSeH
stretching bond at 2250 ¢mthe C-H symmetric stretching bond in €Environment at
2900 cn, the C-H asymmetric stretching bond at 2960'cemd the OH bonds, both
associated at 3450 ¢hand free at 3630 cf that appear in plasma deposited organosilicon
layers [32] when only HMDSO is used as precursesfifies for the efficient process of
oxidation and the high quality of the elaborate®8#™layer. The FTIR spectrum presents
a weak shift to lower frequencies in the peak jpmsiof the Si-O-Si asymmetric stretching
mode, 1062 ci instead of 1076 cthas expected for thermal Siyer, most likely due to
the slight SiQ disorder. Due to the small thickness of SR¥™ layer, only 96 nm as
measured by spectroscopic ellipsometry, a sligidenon the absorption FTIR spectrum is
observed in Fig. 5.

The ellipsometric spectrum of SiE5™ layer (Fig. 6) was used to determine the
refractive index and the thickness of the layerapylying the Forouhi-Bloomer dispersion
low [33] and the obtained values are n = 1.45A(at 632.8 nm) andlsiozplasma= 96 nm,
respectively. The ellipsometric spectrum of $|i§malayer is identic to one of the thermal
SiO, layer for the same thickness which testifies Far high quality of the plasma deposited
silica layer in this study. It means that the lag@emposition is close to thermal silica one and
there is no silver contamination in this layerfdiot, due to the electric field polarization, the
ellipsometric measurements are extremely sendibivahanges in the refractive index and the
extinction coefficient due to any silver presengside the Si@Q matrix. Even a very small
fraction of Ag-atoms in the SiQayer leads to a departure in the&osiriation, that gives the
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phase difference, induced by the reflection, betwdbe perpendicular and parallel
components of the polarized electric field.
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Figure 6. Ellipsometry spectra of elaborated samp8G"®™ layer (black line) and two
plasmonic substrates P = 40 and 80 s 5 s, and deposition time for the SiF™

coverlayerty = 60 s.

T
400

To guarantee the performance of plasmonic substraben integrated in devices one
needs to characterize their dielectric responsgodd way is to use reliable non-destructive
diagnostic methods like ellipsometry and reflectosneWhen AgNPs are embedded in the
SiO, layer, the ellipsometric spectra indicate theiesence by shift of the peak to higher
energies in the t&A variation and by appearance of a peak in thé e@siation at the same
wavelength as for the tdhvariation, as shown in Fig. 6 for the two plasntosubstrates
presented on the TEM plan-view images in Fig. 4e T variation is closely related to
changes in the amplitudes of the polarized eledieid after reflection. It means that even
small variations in the size and density of AgNP8l we detected by spectroscopic
ellipsometry. Larger the size of AgNPs, larger theergy shift of their peak on the
ellipsometric spectra is. This is an expected biehavof ellipsometric spectra for AgNPs
with different size and density as already preskimether studies [34,35]. Modelling of the
recorded ellipsometric spectra, based on the iasc approximation of the classical
Maxwell-Garnett formalism, however accounting fdretelectronic confinement effect
through the damping parameter, is presented elseVjB€&]. Alternatively to the ellipsometric
spectra analysis presented by Oaesl. [35] where AgNPs deposited on Si@yer are
surrounded by air, the present plasmonic structapgear more complex as the AgNPs are
embedded in the SpOmatrix and an appropriate description of the digle functions of
different media and of the interface-related adefaequires an in-depth analysis.

Visible-UV reflectance spectra are particularlyyetsobtain experimentally or model
theoretically, and furthermore they display a ntgadensitivity to the incorporation of AQNPs
in the dielectric matrix, as shown in Figs. 7 and 8

10



6 5 4 3 2 Energy (eV)
100 1 1 1 1 1

—+—Si0,”*"™ |ayer
—.—Pp=40W

P=60W
——P=80W

o]
o
I

D
o
N

Reflectance (a.u.)
oy
2

N
o
I

0 . ' ' \ .
200 300 400 500 600 700 800
Wavelength (nm)

Figure 7. Reflectance spectra of $1&y™layer (thicknesslsiozpiasma= 96 nm, black line) and
the elaborated plasmonic substrates: the AgNPa-tiglers were deposited with P = 40 W
(red line), 60 W (green line) and 80 W (blue lifej fixed sputtering timds=5s. The
deposition time of the Si¥*™coverlayer ig4 = 60 S @siozplasma= 13 NM).
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s

7-7t5=303

80+

60+

40-/5 _
./ W

200 300 400 500 600 700 800
Wavelength (nm)

Reflectance (a.u.)

Figure 8. Reflectance spectra of plasmonic sulestrahe AgNPs delta-layers were deposited
with P = 10 W for increasing sputtering times 10 s (red line), 20 s (green line), 30 s (blue
line). The deposition time of the S¥*™coverlayer iy = 30 S @siozplasma= 5 hM).

By changing either the injected power (Fig. 7) loe sputtering time (Fig. 8) one
drastically affects the reflectance in the visibdenge (400 — 750 nm) where most of the
potential applications of plasmonic substrates exected. This enhanced sensitivity is a
direct consequence of the design of our speciflistsates which allows to simultaneously
combine strong absorption at the LSPR (near 413famspherical AgQNPs in Si©Ohost
matrix) and antireflective effect of the multilaystructure (near 600 nm) [10]. On Figs. 7 or
8, one clearly observes that higher the embedde@dmgunt, by increasing the deposition
time or the injected power respectively, higher taBlectance in the middle of the visible
range is (near 500 nm). One thus expects a higitséty in the elastic scattering response
for LSPR-sensitive devices or inelastic scatterggponse for SERS substrates. It is worth to
underline here the high sensitivity of the plasriabarated plasmonic substrates for optical
applications in the visible range: the reflectameanodified around 25% (on average) at
500 nm.
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5. Conclusions

We have shown how the key parameters of the plasmmmnostructures (size, density,
distance to the surface) can be controlled by tyrnire elaboration conditions combining
sputtering of silver nanoparticles and plasma pelynation. The proposed plasma deposition
method offers the possibility for elaboration, inrgproducible way, of large-area solid
plasmonic substrates. The optical response of tt@s@osite substrates has shown to be very
sensitive to any stimuli that affect the dielecteésponse at the vicinity of their surface. They
thus appear as promising for enhanced spectroscdgaised on LSPR or SERS, and for
surface-plasmon mediated photocatalytic devices.
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