JXI ETHOD OF MODI FYI NG A SUBSTRATE FOR DEPCSI TI ON OF CHARGED PARTI CLES
THEREON Techni cal Field The present invention generally relates to a nethod
of nodi f Wwogon/awiastrate for deposition of charged part Pcras20d0@n@on, a

nmet hod of depositing charged particles on a substrate, and a nmethod of
maki ng a substrate capabl e of producing Localized Surface Plasnon Resonance
(LSPR) . The:mdcps @ NobYERthies Rl Ssdmiatreydne pirostbson ade cibircped by

t hese net hods. Background Localized surface plasnon resonance (LSPR) is a
phenonenon to detect biol ogi cal PARREGEER EHEREQNIgh frequency resonance of

| i ght photon and collective oscillation of conductive electrons in noble
nmetal (such as gold (Au) and silver (Ag)) nanostructures . LSPR is neasured
fromthe absorption spectrum of Tédehmbtal Fesbdtructures, where peak of the
spectrumw Il shift in accordance with bindin o;ggjological sa es onto

t hese hanost r uctiitesPTef@mbst PUERH+ 88 Sﬁn§ﬁﬁégﬁa ¥ U ?nmgg can be
fabricated ysi ng,d: 4hogr aphy sptbods:, e suedr asqesbeam bit hegr aghyrgad
nanosphere |ithography {NSL) . NSL is an inexpensive high throughput
process thatamnples seheassanbl ed rmegidspher 8 aslepdsithioyr aphhergadk
during physical. vapor depasition. (PVD) ,_and ha e S rsatile
patterningEFE%HﬁﬁqJ% f%lcFeaFe 55%9385 d%%%st?uzTﬁggégsggﬂ ggkégﬁo-%ots and
nano-rings sudeasipnsi daphiel oo efrctiwe idigmErsizinadedahor: La@scehasmbave al so

been report ed. , _
10 Resonance (LSPR). The present invention also relates to

the substrate obtained by these methods.

Background

Localized surface plasmon resonance (LSPR) 1s a
15 phenomenon to detect Dbiological interfaces through
frequency resonance of light photon and collective
oscillatién of conductive electrons in noble metal (such
as gold (Au) and silver (Ag)) nanostructures. LSPR is
measured from the absorption spectrum of the metal
20 nanostructures, where peak of the spectrum will shift in
accordance with binding of biological samples onto these

nanostructures.
Nanostructures on substrates for use in LSPR can be
fabricated using lithography methods, such as e-beam
25 lithography and nanosphere lithography (NSL). NSL is an
inexpensive high throughput process that employs self-
assembled nanospheres as a lithographic mask during
physical wvapor deposition (PVD), and has emerged as a
versatile patterning technique to create various

30 nanostructures such as nano-dots and nano-rings. Designs



Nanostructures on substrates fabricated using NSL can be used in LSPR, as
LSPR does not require the nanostructures to be periodically arranged. The
nanost r ucworen/am4she substrate need to be identical inPshsGeodIRO@7Aler to
narrow t he absorption spectrum and enhance the LSPR signal obtained. The

fabrication techni ques used nust al so be capable of custom zing the shapes

of the nanopstruct fo ony 4t E$ tr in.porder to ehtai pithe
desired sp:érclzt rtﬁren lgté%ﬁ“ V\o/aérerlggﬁg?jﬁ. fgi%élhgﬁ ;q/{ﬁ% er]g ar entvvo ways whi ch NSL
is carriedoesh. répothedfirst approach, nanospheres are cl osel ypacked such

that they contact one another to for mS% onel ay hexago al patter When

metal is verti cHFNGSEYUPbIEEEd SR CAY §ﬁ5§ﬁhefé§3ﬂ??i SHguiatLy i ket

nanostruct urgs 19f thedetidl arerobt aisnedsbh tdeebntesst | €egudie t hese
nanospheres after nanosphere dissolution. However, these patterns are
def ecb frerannbyrubthrast hecq ange ofpaicdigplhyn . AL %l so bedif

reported that altenpls.made 10,2 Lop.Lhe-bexagon patLer ndhdivanl ad hree

| ayers af t BFPRe TSt Fayer i'S"arranged, results i1n an even snaller
surface arepapbaticanrberused. tencey udiengabbbsptiost apprbaeh, dre area
in which nanostructures is fornmed is_ limted, and tg'bs rreréanaod. alts.oﬂfrovi des
only |init&algaFEet (S i ntPhR sRAFESof YbtHedt e ¢6Fd OstFuctUtes. In

the second,gppr9gehs RARCSRACLES 858 W daghisner sed iy tidhe Austias e.
ol i que deposition and perpendicul ar etching of the netal filmare then

car r i@dout shepker minetlsd nanostiructures BPIEd | ¥ n§hehS O eSeF ateas
under eaChoggggSQgeE%tain the desired spectrum peak wavelength.
Typically, there are two ways which NSL 1is carried
out. In the first approach, nanospheres are closely-
packed such that they contact one another to form a one-
15 layer hexagonal pattern. When metal is vertically
evaporated on the nanospheres, triangular-like
nanostructures of the metal are obtained in the
interstices of these nanospheres after nanosphere
dissolution. However, these patterns are defect free only
20 within the range of 10 ~ 100 um. It has also been
reported that attempts made to align the hexagon pattern
in two to three layers after the first layer is arranged,
results in an even smaller surface area that can be used.
Hence, using this first approach, the area in which
25 nanostructures is formed is limited, and this method also
provides only limited varieties in the shapes of
obtainable gold nanostructures.
In the second approach, nanospheres are first
dispersed on the substrate. Obligue deposition and

30 perpendicular etching of the metal film are then carried



Despite the potential for NSL to be used in nanostructure fabrication for
LSPR applications, conventional NSL such as the two net hods descri bed above
still hawsothw/de@dback of bei ng capabl e of allow ng thecnscoparni2cdes to
be dispersed only over relatively small areas of a substrate (i.e. in the
m cronmeter range) . This is because the nanospheres tend to aggregate when
| arger ar easy@r€o Useeh 4P MohobernghseBdphyuthery ngl thies ckgbisewed t hat
this is due to the surface energy causi ng the nanospheres to aggregate

t oget her. |3reRiRliWReRr e diape?BI®ASof nanospheres over large areas is
unr epeat abl e an i fficul o] .1 An er 0 echni q o disperse
nanospheres is '(tj%gécé)%il[ga #%%erggggég ?l(d%téjlr}l yll\gtng?%%/l a}}%%onlﬂgﬁthhﬁgri de)
(PDDA) on tiensstieoiusar f acebracentibaduceeqrosi tigyeRcharges iaattibassur f ace

of the silicon. Wijle nost_ co rcially purchased nangspheres ar
negat ivel y CHAYGE: “FHe I?lﬁs%c?}qggt 36 Eor'cl pRt WS t ﬂ@gﬁﬁﬁ%ﬁh@%é)é’eand

PDDA hel ps §oi fi stsibutget heanBaeIPRET Q}%i@i’gﬁr&é/pé’@lé hgsskhieQRngURSLr at e.
However PDDA works only for pure silicon substrates. \WWen PDDA i's placed on
a non- pur e B3NoRBAC BT rae ebsuch sesrfiegs Lnihi evef srpletdofeAsntsimgldonposed

of silica, i here_to.th I [Rs! t wll.,slip off
fromthe gléa]!s%?g%ﬁcge\{ él%ﬂ?&?%aﬁ%t ?{Légéi %{Iegpg %ﬁgggﬁ%gﬁgsp%glrgeey'or?hgssi licon
substrate chvebedawst ht PEDAanbephSPRsap@ridcatd onggréfats whpar tanigetro

fabricate noble nmetal nanostructures on a light transparent substrate, such
as glaSs ord¥RAFt 278 WS2i ARt but 884 r%;%gha?waﬂ Pe Sth9%5ee of tife

substrate. JhUSckOdOWPhat this is due to the surface energy causing

the nanospheres to aggregate together. In addition, the

dispersion of nanospheres over large ‘areas is
unrepeatable and difficult to control.

15 Another known technigue to disperse nanospheres is

to coat a layer of poly(diallyldimethylammonium chloride)

(PDDA) on the silicon surface to introduce positive

charges on the surface of the silicon. While most
commercially purchased nanospheres are negatively
20 charged, the electrostatic force between the nanospheres

and PDDA helps to distribute the nanospheres evenly on

the silicon substrate. However PDDA works only for pure

silicon substrates. When PDDA is placed on a non-pure

silicon substrate such as glass, which is predominantly

25 composed of silica, the PDDA will not adhere to the dlass

but in fact will slip off from the glass. Hence, it is

not feasible to place nanospheres on a silicon substrate
covered with PDDA.

In LSPR applications, it is important to fabricate

30 noble metal nanostructures on a light transparent

substrate, such as glass or quartz, 1n a distributed



NSL techni ques are not suitable, or problematic, for preparing substrates
for use in LSPR applications because the netal nanostructures are difficult
t o arrangwoiznién4@en di stribution on the substrate surPaEsS8Ga009/006276DDA i s
used, the PDDA can not adhere to the glass or quartz substrate . There is a
need to provide a nethod of preparing a substrate for dispersion of

particles ther at_ overco s | gast sapeli-grat esy, Qne ok aore of
t he di sadv%%t gg%%mgglgcr?%e %b(g)@gffa%%lere is a rslegg to provide a rrevtqhod of
preparing HSLi ghtchnanspar emte sulyst r atug,taduich asrgl mssbbemgbact z,fguch t hat

nanospheres can he evenly distributed over rge area of the substrate.
Therepi s aP$&PF&ed Stuc?%rrﬁ\}'ieﬁ’e é’rnéiﬁ?odlrbffsoéygp%?%%lncga 15 T &venl y

over a |arggecanga-Of Aasybstrateras wekl asrm substtat erthagel sircagabl e of
allow ng particles to be evenly distributed throughout a large area on its
surfade an@ves slisttablation ¢ge the [SPEREFS c’?alﬂ%%e OBunar§PRcbFding to

a first as , t ed royid iLfyl bstrate,for
deposi ti onﬁg’%tddhaggéd E!;%DrAFi (g%fésq}qﬁgr ggh,ggtghcelgonew?ﬁ%d C‘!(T:%%sp% g#ng&tﬁe ét eps
of : providisnpsarsitestrate that is incapable of readily adhering to a

pol yel ectrolyte coating that has _a charge that is. opposite to the charge of
the particles tﬁ—glerfr et 02 bBeREp&SI (RIPTHLT e%nf“ﬁ%ﬁ?gyioﬁlg HPEUrt%hcd of the

substrate LQRreWtde &dayeli Yerslildifont NesLom Ored hetledfco@nd that
10 overcomes, or at least ameliorates, one or more of the

disadvantages described above.
There is a need to provide a method of preparing a
light transparent substrate, such as glass or quartz,
such that nanospheres can be evenly distributed over a

15 large area of the substrate.

There 1s also a need to provide a method of
dispersing particles evenly over a large area of a
substrate as well as a substrate that 1s capable of
allowing particles to be evenly distributed throughout a
20 large area on its surface and is suitable for use in LSPR

applications.

Summary
According to a first aspect, there is provided a method
25 of modifying a substrate for deposition of charged
particles thereon, the method comprising the steps of:
providing a substrate that is incapable of readily
adhering to a polyelectrolyte coating that has a charge
that is opposite to the charge of the particles that are
30 to be deposited thereon;



coating the silicon | ayered surface of the substrate with the

pol yel ectrol yte coating, the polyelectrolyte coating containing functional
groups t O 2are1e@pabl e of form ng bonds with said sili ecm/siGagmroeia
wherein said pol yel ectrol yte coating enables a substantially even
distribution of said charged particles to be deposited thereon. The | ayer

of silicon on omaMifyhd hensusfiaescof okhehsubsiyalm By bep£orpads sed
entirely of pure silicon or may be rich in silicon. In one enbodi nent, the

nmodi fyi ng stasfecohiprs sescpr ovieliern ositheonint candayer on or within the
surface of the s rate.. Advant age I h d_al ate to
be prepared suc#ﬂ%ﬁﬁ %w&%ﬁt %;%éﬁh?%%%%r%éeg%?géggsgg %ﬁ&fﬁgb%?ggg%ed
substrat e, Wier e dise r eladtjalelat naine eevenadiisig,i buhisonpovgelactavyetear ea of

the prepared substrate as conpared to dispersing particles on sa
startihg sibstTdt% WARERINS Aot UBFEpaPed GioME St He b o & RHedoret hod.

Due to the diffgieneenin alealrigah rRahaddy ofyiheprenaiecdk surtace and
the particles, the particles are al so capable of being adhered to the

prepared swdkcelemreobnse| ycolelng téralpiesense efbataphtdilve even
el ectrostatic .forces, bet n th [ art.icles.and the : rolyte
coating.ll1%ﬁﬁf%9ﬁ%ﬁﬁn R %%ﬂf Eﬂnggglﬁa}t%#fés @glkpe 8§EXEL§§B

ment, e par €s ‘may beé capabl e of I'ng dispersed
onto the subisdradre. STied Lhatrthe dispessednpartvctrsnateesuhstanti affl y

evenkg di stributed over at | east 80% of the area of said surfacﬁ“
Advant@geoudts, SERFECARRI e hatRIEESBR PRE1SGracy apese of thECD

substrate and aldpwg,d arlgiecyiugglt rates LAV nga subst aBhbakhhed¥en! ¥ne

distribution of particles t
modifying step comprises providing a silicon rich layer

on or within the surface of the substrate.
Advantageously, the method allows a substrate to be
15 prepared such that when the particles are dispersed on
the prepared substrate, there is relatively more even
distribution over a larger area of the prepared
substrate as compared to dispersing particles on a same
starting substrate which is not prepared using the
20 above-mentioned method. Due to the difference in
electrical polarity of the prepared surface and the
particles, the particles are also capable of being
adhered to the prepared surface more easily due to the
presence of attractive electrostatic forces between the
25 charged particles and the polyelectrolyte coating.

In one embodiment, the particles may be capable of
being dispersed onto the substrate such that the
dispersed particles are substantially evenly distributed
over at least 80% of the area of said surface.

30 Advantageously, this maximizes that use of the surface

area of the substrate and allows large substrates having



fabricated relatively easily. There is also conparatively reduced anmount of
unusabl e areas of the substrates when the present nethod is used due to the
even di stwplatovam4ef particles thereon. Mre advant ageoR€msG2ioomaeese | ar ge
substrates having evenly distributed particles can be fabricated using the
above nmentioned nethod, even if smaller substrates are eventually desired,

these |argg Séi?&ggﬁﬁ%?g he byt hersdigad 440 0ogmald.ers subst et ese of the

desired sizes for nult uses. “This method reduces the processing tine
requi red faabtabaiedt ired adfi verdnl leersidybs ihatres iandilisy momwaafdtiisiadit t han

nmet hods whi ch have to repeatedly djsperse the particle n_each he
smal | er subSEP&EEs A paPt i Biﬂééahigd &S noﬁa{%%ﬁe 5SU S%trgﬁtei%alvﬁ{/eﬁ
spherical iRcShaRa s thathHangst nekurRse eventHal leyrehordied: wimuthieorpr epar ed

substrate may be advantageously curvilinear structures. In one enbodi nent,
the sdbst r atfe as tdptlicsal theteens pipEnt 2dTRBLEFEPESIYY (SRS T Ebst rat e

may have a L ght Leansalsshan ofedfomdiQedio ARy Advanhageoyghy nd he

prepared transparent s e wou be suitable for use in LSPR
appl i cati ofsprikiatld ypstakl ythequilres t mengrmicesicdonmefthihe | ¢ydn fxom a

| i ght source through the substrate containi nanost ruct ures t her , to a
Iight det eéfrﬁ‘ll,leéngsmﬁEﬁaEﬁsoﬁqecaFVﬁnﬁlﬁ:’Hggar ?ﬁl%%% Fhege Ina%%%

strate.

embodi ment ¢ e el afafodif g Hdie Sibsd r aheocenprlilses depostdiag a
| ayer of silicon onto the surface of the substrate. The depositing step may
be carki ed odut thsi ngeairpdastione ¢l oMYBteSs e USKEnm calkls method

reduces the processing time required for fabrication of
smaller substrates and is more efficient than methods
which have to repeatedly disperse the particles on each
of the smaller substrates.

15 The particles wused herein may be substantially
spherical in shape so that nanostructures eventually
formed on the prepared substrate may be advantageously
curvilinear structures.

In one embodiment, the substrate is optically

20 transparent. The optically transparent substrate may have
a light transmission of from 70% to 100%. Advantageously,
the prepared transparent substrate would be suitable for
use in LSPR applications, which typically requires
transmission of the light from a light source through the

25 substrate containing nanostructures thereon, to a light
detector, and hence an optically transparent substrate.

In one embodiment, the step of modifying the
substrate comprises depositing a layer of silicon onto
the surface of the substrate. The depositing step may be

30 carried out using at least one of low pressure chemical

vapor deposition (LPCVD) and sputtering. In another



vapor deposition (LPCVD) and sputtering. In anotherenbodi nent, the step of
nodi fyi ng the substrate conprises inplanting silicon ions into the

subst r at evol2zniyao4anot her enbodi nent, the step of nodi f pCagGRimw/oseist r at e
conprises inplanting non-silicon ions into the substrate. In still yet
anot her enbodi nent, the step of nodifying the substrate conprises

sputt ering NERsSidrion dNS Q) 0, Hﬁ‘o&ﬂﬁ??x‘?ﬁ e the, substLatmpThgest ep of
sputtering may be carried out ‘using X-ray photoel ectron spectroscopy.
Advant ageousipi,artthese retlhicam enisure thet@r eslent atilosit vitsi | i Eon #HEBGns at a

surface of the substrate. so that.in the subsequent .ste t he

pol yel ect r St{EOr ‘?W%%(ﬁjr%%l?tthépgofsﬁ%atOfs“@élgéllgga&eh onPRE"&liBst r at e,
can adher e g i&fde Ginipiednt frqy then-saiostdat eiond NiwHe enbodiupedtatthe

pol el ectrol yte used to coat the substrate surface is p

|
(di al 131 di 8t h§F ko aElm M ore He PrPPEBRENE /| ;F%OFHEPO&)%DOIBP%EV?DEM
precur sor / %@?%té heomppsLEat %gﬁ%fe%%gl o%/-ts;jlllr?ﬂ@od ay&hs PLEEHT sor

filmof PDD y (sodium 4-styrenesulf onate um ni um chl ori de
hydr oxi de. tAdyanimipeorishfy, tivbesubkérstibst Tatke stereveht skt yeroay edawi t h

PDDA, the entire coated substrate surface is. capable of dispersing
particles ﬁ%?erceaoﬁflcﬁféro% 1Hge sturfaed’ ?te%eja%gﬁﬁ?rf‘ WEhs g?%gyf hat the

di spersed parti g@madhpiciseeur el yeosd® t henstiidase of ehbgrsubst eake and
are not easily dislodged, such as by being washed away. The coated surface
may b0 posirysaditatHaged®t Thislieobendt 83 al 2as RonfBFERGPRI yOCavalhgbl e

nanospher esg (that are @ becgLgpersgd oo theuuface) agdypi cahky
polyelectrolyte or precursor thereof that is to be coated
on the substrate, can adhere more effectively to the
substrate.

15 In one embodiment, the polelectrolyte used to coat
the substrate surface i1s poly(diallyldimethylammonium
chloride) (PDDA). In another embodiment, the precursor
used to coat the substrate surface 1s a triple layer
precursor film of PDDA / poly(sodium 4-styrenesulfonate)

20 / aluminium chloride hydroxide. Advantageously, when the
substrate is eventually coated with PDDA, the entire
coated substrate surface is capable of dispersing
particles thereon over a large surface area as well as
ensuring that the dispersed particles adhere securely

25 onto the surface of the substrate and are not easily
dislodged, such as by being washed away.

The coated surface may be positively charged. This
is beneficial as commercially available nanospheres (that
are to be dispersed ‘onto the surface) are typically

30 negatively charged. However, it should be noted that the



negatively charged. However, it should be noted that thecoated surface may
be negatively charged if the charged particles are positively charged. In
one enbodwoento/o1kd@é particles used for dispersion over rha/ssaodace’of the
substrate are in a suspension. Advantageously, the prepared substrate
ensures that the density of dispersed particles on the surface is

i ndependent_of the caoncentrati.,0 thekesddhe sHspgBsi-nfrg a fixed
t ot al nunb%?a%?dpesl}lﬁ%(a:i%gs&n hi%geﬁ];egregg%;eﬁgt su sg{rat es cont ai ni ngcgga
desired depsitycDésdaspepsetitpacliyckbargee.easily and consistently

reproduci bl e. Hence, the desired densit f particle n the substrate can
be control | ed aéBoPBFfngPe tReNhselrse Péﬁ%ilrcgﬁénflsc’.ed?ﬁi%g i%s-Bspecial 1y

advant ageoys, whep, t he,;seRskr afes haveubathatused-d niseveralsgxperdment s,
all of which require the density of distributed particles to_be fixed. The

partitles usbtaitrgestly buthenpasprre prepd et sur Fager /ity thare BRr age

dianeters in the ran of..from 10 nm_tq :1500 n Thig_.ad us

ensures t hatSsi bt u?gs gﬁaPegrsggsu[)Bsaergcul]eénﬁsy %?t hgrﬁepr\égll%%%%gn j’fé’he
substrat e aigddpaedsizedror tnecroostaetdraThos ehebacitdlclysal bowstiide
substrate together with the nanosized or m cro-sized strtuc ures jgllgereon to
be capabl e DESPRBHLRG n§OESPR IVFEA S6LaRd MR ,th&aé S provi a

met hod of dgpasidingnghargedtpartc! @i @i sybst Bakerctheldmiitod of
conprising the steps of: providing a substrate that is incapable of readily
adheiDng t odbspetyed ectpadtyt@l @vat | et hagadaby a cHaf ge consistently

reproducible. Hence, the desired density of particles on
the substrate can be controlled according to the users’
requirements. This is especially advantageous when the
substrates have to be used in several experiments, all

15 of which require the density of distributed particles to
be fixed.

The particles used for distribution on the prepared
surface may have average diameters in the range of from
10 nm to 1500 nm. This advantageously ensures that

20 structures that are subsequently further produced on the
substrate are nano-sized or micro-sized. This
beneficially allows the substrate together with the nano-
sized or micro-sized structures thereon to be capable of
producing LSPR.

25 In a second aspect, there is provided a method of
depositing charged particles on a substrate, the method
comprising the steps of:

providing a substrate that is incapable of readily
adhering to a polyelectrolyte coating that has a charge

30 that is opposite to the charge of the particles that are

to be deposited thereon;



that is opposite to the charge of the particles that are to be deposited
t hereon; nodi fying the surface of the substrate to provide a | ayer of
silicon twenewmmniansst herein; coating the silicon |ayeredPsusiGae®/00§270 he
substrate with the pol yelectrol yte coating, the polyel ectrolyte coating
contai ning functional groups that are capable of form ng bonds with said

silicon Iayer: god: depasi Lino . suspensi omof SLber £haroed Backiigkes, over

t he coated surface, in sai d polyelectrolyte coating enables a
subst anti aldyeeven distebhuthemeoh sai dhelrariged particl es deposited

t her eon. Advant ageously, the npethod._produces substrat t hat .ar.e capabl e of
bei ng used in LSPRCABAI CB&t Pord CORCEEYETRS 58 4 i P&ezgﬁ%é¥?°%%%$59is

provi ded a,sphstiate thabeiscinsapabl ec®itirgdi Iohadhpliyeg daxmlyte
pol yel ectrolyte coati'ng conprising : a layer of silicon on or wthin said
subst bat e thatihgs doordedima Hungicianmal S5PeRPs TRAE hPESt KRG YFel et rol yt e

coating; apd_charged parti.cle bst. ial l nly, di stributed on said
substrate.gﬁﬁgépgiﬁﬁngg gl%%uggﬁgaéégg%%ﬁkﬁ%?gﬁﬁs provi ded a | ocalized
surface pl asnondepsenanee systammanprdsi i ahsouckaroéd| igpntialsensor

SUbSt T at 6. (WEE® hadhebondBASH (T TARR | ORHE T oUnEHet FIh A o1 VeI BEY ol yt e
coating and.9anpssi zethy£Ld et i vepRantiGles substant dabtyieyenby of
distributed on sald substrate, said nano-sized
10 said charged particles deposited thereon.
Advantageously, the method produces substrates that
are capable of being used in LSPR applications.
According to a third aspect, there is provided a
substrate that is incapable of readily adhering to a
15 polyelectrolyte coating comprising
a layer of silicon on or within said substrate
that has bonded with functional groups within the
polyelectrolyte coating; and
charged particles substantially evenly
20 distributed on said substrate.
According to a fourth aspect, there is provided a
localized surface plasmon resonance system comprising:
a source of light;
a sensor chip comprising a substrate having a layer
25 of silicon on or within said substrate that has bonded
with functional groups within a polyelectrolyte coating
and nano-sized reflective particles substantially evenly
distributed on said substrate, said nano-sized
reflective particles being disposed along an optical

30 path for the transmission of a light beam from the light



reflective particles being disposed along an optical path for the

transm ssion of a light beamfromthe |ightsource t o produce a |localized
surface pvanmwis@sonance signal; and a detector di sposedTaiGasy/obéeso opti cal
path for detecting the localized surface plasnon resonance signal emtted b
y said reflective particles. Accordingt o a fifth aspect, there i s

provi ded thedige ﬁotFeoaueet At @S idefd negreheyepl gknbacakiseednaw f ace
Pl asnon Resonance or asnoni cs signal detection applications . Definitions

The fol | owi rfig-9Rsrlds 3HH ternms used herein shall have t he meani ng i ndi cat ed:
The term"optically ent - i n Epﬂc {th |1 l'i ght
to easily pass taéuer%% ?@Eg sﬁ% CE%(? Sabjé;% sytp ace nceaone%é e of "the

subst ance c@smtdac‘elmgeMé Vidda tihrednaked eye phasngh rheocappasi tsd gsiade of
t he supst ance, term'nano-sized" is Eﬁe interpreted broadly to

rel ate’t o %Eﬁl?ﬁ/% agé part| ﬁgFEéV8pr‘€§§c 8n about | O0Onm particularly

bet ween about 50Ad':@8r&9n§b@}é>t alOQQfﬂEaas?BE% pad:eul 28 | ¥rbesgeihameabout
500 nm The particle size may refer t o diameter o f the particles

where they @f® substtdit i @Mbﬁ‘@@ﬁ@rl éél dghenedr tdledes e bls@cﬁéﬁ—@;%erl cal
and the par§+§ 881 88 Jange Jmy, 1.l cf Spﬂ}%m&?i'&ga,ls%aﬁaﬁ' Rl :_%f the
cles. e term

part|cles re Ive to spherica partl Cro-si ze
e interpretsgobtoadiynto, unless specified, relate to an average partl cI e
Si ze 10
Definitions
The following words and terms used herein shall have
the meaning indicated:
The term ‘“optically transparent” refers to any
15 substance that allows light to easily pass therethrough
such that objects placed on one side of the substance can
be viewed with the naked eye through the opposite side of
the substance.
The term "nano-sized" 1s to be interpreted broadly
20 to relate to an average particle size of less than about
1000nm, particularly between about 50 nm to about 1000
nm, more particularly 1less than about 500 nm. The
particle size may refer to the diameter of the particles
where they are substantially spherical. The particles may
25 be non-spherical and the particle size range may refer to
the equivalent diameter of the particles relative to
spherical particles. ‘
The term "micro-sized" is to be interpreted broadly
to, unless specified, relate to an average particle size
30 of betweep about 1 pm to about 100 pm. The particle size

may refer to the diameter of the particles where they are
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of between about 1 mmto about 100 mm . The particle size may refer t o the
di aneter of the particles where they aresubstantially spherical. The

parti cl eswoagioma4@adsnspheri cal and the particle size rangeTisepomeheroto the
equi val ent dianeter of the particles relative to spherical particles. The
term "nanostructures” as used herein is to be interpreted broadly to

i nclude fr I roi : t hr i 1 st tu f t he
surface ofggﬁgEgﬁg%??égé ﬁiﬁ%ﬂgﬁggé a?ﬂFgas Q?3£Eg%%en@?§ns&§ia€ﬂ§?2 | ess
t han about sphemicalorand yphealpbaytiess tdhiore 500ngm nEhe refas ‘thondre
"bonds", "bondi ng", "bonded" and gr tical__variants thereof_as used

her ei n areeﬁBlﬁégﬁﬁFerd?%ﬁ%ﬁF?ﬁoagﬁin?gh?ncF@&' §icafe%ﬁ§lg%enﬁgél
interactionghand-anepaetldis.ed, but may include, electrostatic
interaction, ionic bonds, coval ent bonds, hydrogen bonds, hydrophaqgbic

i nterdctions, hfeoptsin c hAREFAELCEHSEENd af pofeddiNedise i ntér 46t i¥h. The

term"incapabl e’ S in.is. Lot d resgnt; S &1 osed" or
"abso|ute"E%§%§E§§§e§u§ﬂ“¥ﬁ§§}??5ai§§EFﬁ§|gggg §E§PF?§ﬁFy céﬁ%ble".
Li kewi se, theecphrasmefistibatiat etirncopabte fom eddid y sadifeciengefo Bhe

el ectrolyte coating” is, intended top inclyde_not only the situation where
t he substréﬁj@sit§aﬁ%1 Wit @Rt acvc?rrpﬁgt ISP tEY”actO%ﬁ?grh et E(fi%laect‘ﬁ/eto t he

pol yel ectr gloytee +e@at iapgutbut 1Al Sendmclugasaa 15t tiuadd athahes® trhe. substrate
only partially interacts with the polyelectrolyte coating. The term

"modilftyi ng" whefheefearmag "bonce sirdnste’ of “ROBABRET at € HE I hernd
| nter preteq hroadliv o [8lehnte iR AleP Lovalyad haseuderato altepethe
interpreted broadly to include physical and chemical
interactions and are not limited, but may include,
electrostatic interaction, ionic bonds, covalent bonds,
15 hydrogen bonds, hydrophobic interactions, hydrophilic
interactions and dipole-dipole interaction.

The term “incapable” as used herein is not intended
to represent “closed” or “absolute” language such that it
also includes “partially capable”. Likewise, the phrase

20 “substrate incapable of readily adhering to a electrolyte
coating” is intended to include not only the situation
where the substrate is not able to completely interact or
adhere directly to the polyelectrolyte coating, but also
includes a situation where the substrate only partially

25 interacts with the polyelectrolyte coating.

The term "modifying" when referring to the surface
of a substrate is to be interpreted broadly to refer to
the step involved in order to alter the surface
properties of the substrate.

- 30 The term “silicon rich layer” and grammatical

variants thereof, when used in conjunction with a surface
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properties of the substrate. The term"silicon rich layer” and grammati cal
variants thereof, when used in conjunction with a surfaceor when used t o
descri be wWoO=0rjiae®sis t o b e interpreted broadly to refPer/SGaowlaiz7part of
the surface | ayer which has been nodified in order to increase the anount
of silicon atons and/or ions as conpared to the sane surface but which had

not been modi fied, Aecar dinglasedaiird age-thal has dhean modiLigdetoghave a
silicon rich layer thereon or therein i ncl udes one that has been modified
to have andmerdaser amoisrt oé sheicpariors dmd/ cruriasrs bepesi vedcbn t he

surface and al so i ncludes.one that has been nodified t.o release.silicon
i ons and/ ogjaa'st oRgeFo chf?gl%ﬁ(gt Ay gﬁ&?ﬁc osut‘:ﬂcfﬁgfean%erm&n PSS sPFi con

i ons and/ org jatiFn i LB/ N Wn i 4 i dorher SUrf Acehe Fosmexaapkacewhen a
gl ass substrate (Si Og‘ is being nodified via inplantation to have a silicon
rich 1fayer Pui | Webeh abefsiodnd ety BeditledsedCrOsMISOEY2, 3 nePEAEFRg t he

anmount of sil.i.con_at n  £0 o Wit hin t:he sy fage,. Jhe word
"subst ant i jﬁr{a{yt' g‘ggsojﬁ% ﬁle;}éz uld%l%ocn% e%g%" hée. g.l a conposi thi on gﬁi ch is
"subst ant i alHerdareesr frlemad mayndl edeonphiet ehyt fize Heem WodiPhedeto

necessary, .the word "substantially" may_be . gnmtted fromthe defipition of
the i nvent it e Uﬁi“esléqcsxé?(a\a(ﬁEFCIg eﬁ‘m(?i/ll’:l1 rvx%/%e,sﬁﬁé;operjrﬁgnsc /% na'gogﬁd

"conprise”,qand gt | €Ak arifs dhergoéo aneluakendatk tehaepnasent
"open" or "inclusive" |anguage such that they include recited el enents but
al so Jger mi tbdercingsiiciiasd widisieomss , sihieen tEene| @enes. atoms to the

existing surface such that an amount of silicon ions
and/or atoms 1is present on or within the surface. For
example, when a glass substrate (S10;) is being modified
via implantation to have a silicon rich layer, silicon
15 atoms/ions may be released from SiO;, increasing the
amount of silicon atoms and/or ions on or within the
surface.
The word “substantially” does not exclude
“completely” e.g. a composition which is “substantially
20 free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from
the definition of the invention.
Unless specified otherwise, the terms "comprising"
and "comprise", and grammatical variants thereof, are
25 "intended to represent "open" or "inclusive" language such
that they include recited elements but also permit
inclusion of additional, unrecited elements.
As used herein, the term "about", in the context of
concentrations of components of the formulations,
30 typically means +/- 5% of the stated value, more

typically +/- 4% of the stated value, more typically +/-
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A s used herein, the term"about", in the context of concentrations of
conponents of the fornulations, typically nmeans +/- 5% of the stated val ue,
nor e typiwal2b1/0t46454% of the stated val ue, nore typical P¢TAG2@%000270 he
stated value, nore typically, +/- 2% of the stated val ue, even nore
typically +/- 1% of the stated value, and even nore typically +/- 0.5% of
the statedsyal ue r t di S i nieab t y be

di scl osed |n a ra%%% %r%%%t'd K%%]L? ghf%e%uﬁpdle%%ﬁgd 'EF at %??e?&gﬁptl on
in range fetattdi sairrel yedat momeemmmlalqd b/evﬂi/y anhdtskoudthrrst be
construed as an inflexible Ilmtatlon on the Qe of t% gl sclo ed ranges.
Accor di ngl V21tRe da¥er FRER oA a Y%ﬁﬁ@ Noul 26nsidef8d 9 ahave

speci fical {;¥y;dkscl osed all the possible sub-ranges as well as individual
nunerical values wthin that nge. For exanple, description of a range
such as from 1 Tbreugheoukd tﬂﬂescdigﬂsi@]ei?wfto RavBaspeMPOSdrentd st ¥sed
sub-ranges, such as fro 0 to 4 ,
from2 to %e dfrors'ﬁo:fetc{njéle c§ahgs I]i}na;ts |4In%| {sllflg{l%% lino(l%rrtq)ler}%é%/vl (lgorll t hat
range, fOFtﬁ&aﬂptﬁe ldes@ripB8iend inb5 raagd 6formais a@phmeselygafﬁiess of
the breadth of the range. Detailed D sclos re of %g%)odl nts
non-1 i ni t i RERERPSERFENEEIoPTE Vikh 68 %Hee
deposi tion;gfieharged paptighesnt heﬁeoahea g@@ﬁ@d of d@@@SIdié@@é@dged
particles on a substrate, a nmethod for making a substrate capabl e of
proddibi ng LengkiszedcSortiog 1Pl ashen RessHAdOramE @ SIS aieCH bt BRe in

local i zed Sur%%%%r%basnnn r gggan%%ec1flcally disclosed all the

possible sub-ranges as well as individual numerical
values within that range. For example, description of a
range such as from 1 to 6 should be considered to have
15 specifically disclosed sub-ranges such as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and o0. This applies
regardless of the breadth of the range.
20
Detailed Disclosure of Embodiments
Exemplary, non-limiting embodiments of a method of
modifying a substrate for deposition of charged particles
thereon, a method of depositing charged particles on a
25 substrate, a method for making a substrate capable of
producing Localized Surface Plasmon Resonance and a
substrate for use in localized surface plasmon resonance
will now be disclosed.
The method of modifying a substrate for deposition
30 of charged particles thereon comprises the steps of

providing a substrate that is incapable of bonding to a
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wi || now be disclosed. The nethod of nodifying a substrate for deposition
of charged particles thereon conprises the steps of providing a substrate
that is iwoapsiierssf bondi ng to apol yel ectrol yte coati n@Crisarodeaso2ao char ge
that is opposite t o the charge of the particles that aret o b e deposited
t hereon; nodifying the surface of the substrate t o provide a |layer o f

Si con theran iciherela: apd-enati aathensld | con dayered sppfacesof the

substrate he pol yel ectrol yte coating, the polyelectrolyte coating
cont ai ni ng dapctiitonatogredwpschadrage are cagalbarovicies nthgtbends wh t hesai d

silicon |ayger an erein said polyel ectrolyte coatin abl e

Subst ant | alAP BVt ST oS e gentpart Pl 82 5B =ErakBosi t ed
thereon. The |%¥@fri@fe s | le@Brmayr bselacysar Hdidod ayer thdrdiass bhan about
30 run, less than about 20 ran or |less than about 1 0 nm In one

enbod@#nant CAAtE D1 et et kPR el 2 ¥R PoPyERRFONOL TRBEpEPEEFRER Hafh
conprise a%ﬂeeaﬁ%%géfeeérgﬂgfcsf E%%iéiﬁgg]‘)@ﬂéﬂ DS 208, @chge'_ﬂg@séi :jn

one enbodi nent, guat ernary anmoni groups and am no groups o
pol yel ect r aclostter oot g njunayibnel sgkeubed theamarte crpalpleonsi Sbrngng f a

| i near or hranched ly (ethylene.imne) (PEl), poly (allylamne _.

hydr ochl or i) iPAI%)l,%hpol ?a%éi al iyt ditet hyPd R n S e ( PERAS,

pol yvi nyl gyl nec{ RYRyte Potydyshae andopeecussosaptheneobiiln agehher
enbodi nent, the precursor used to coat the substrate surface 1s a triple

| ayerlbr ec HHisorr ¥y ot @ifal $34 @i RBERGRAMAMT e EdS oifirdPy  Osbapiikrd
4'Styrenes%ﬂéf%@ﬁ?)TﬁeaigyéPiHP1gfifé&QGmay be a very thin layer of
less than about 30 nm, less than about 20 nm or less than

about 10 nm.
In one embodiment, the polyelectrolyte 1s a
15 polycation. The polycation may comprise at least one of
gquaternary ammonium groups and amino groups. In one
embodiment, the quaternary ammonium groups and amino
groups of said polyelectrolyte coating may be selected
from the group consisting of a linear or branched
20 poly(ethylene imine) (PEI), poly(allylamine
hydrochloride) (PAH), poly(diallyldimethylammonium
chloride) (PDDA), polyvinyl pyridine (PVP), polylysine
and precursors thereof. In another embodiment, the
precursor used to coat the substrate surface is a triple
25 layer precursor film of diallyldimethylammonium chloride
/ (sodium 4-styrenesulfonate) / aluminium chloride
hydroxide, in which the monomers may ©polymerize.
Preferably, after +the substrate is coated with the
polyelectrolye or precursor, the coated surface becomes

30 positively charged.
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hydr oxi de, in which the nonomers may polynerize. Preferably, after the
substrate is coated with the polyel ectrolye or precursor, the coated
surface bEoanm1p@si tively charged. | n one enbodi nent, tReTSGa0®d2TaArticl es
are capabl e of being dispersed onto the substrate such that the di spersed
particles are substantially evenly distributed over at |east about 80%

over at |east abgut 85% %\&%Fﬁ&’l eas! AR PQ%.0r; OMEE Ble |@fsdpabout 95%
ace.

of the area of said sur e particles may "be substantially regular or
irregul ar bfi shapeg Thesparséed| esntmay the nmisvbstgiated enchanbhat zedhe The

cross-sectiogn of the particles may be substantially ci.rcul ar., t.ri.angul ar,
rect angul aFi,lSPﬁ&?ﬁ?ic,ppaeﬁji Yeil da{)%/ Eaﬁﬁgéy%ﬁﬁagﬁe %7%101&1' n%ln%?r%%ﬁecghe
particles have arsubstantidy a9y,cWwir eoSsesactdioiut tées di avet edt of the
nanostructures may range from about 10 nanoneters to about 1500 nanoneters,

from &bout 12@starbeetter’ % @ MEHIRT BFO0 SRfitomI@H s, 9% dth BBt 8P ndhonet er s
t o about SQg.@ag%I}%ta%res from about 40 nanoneters to about 500 nanoneters

from about ()L nanonmeters to about 400 nanoneters, from about 100 nanoneters
to about 300 namowret grsrtfcbas aboay 106 nanbseterts atld vaboggwR23xr nadonet er s,

from about ,200 nanoneters_to ab ?)tse 500 nanoneters and from about 300
nanonet er s ¢4 500 ARABRet er's. HT %rm%}ﬁbg i MHES O viken ¢ he”

particles anedectangul @heorcsabat £sshiaped din €hespaectid ey the |eagt hs
and breadth of the rectangle or square crosssections nma rangﬁ from about
10 nadrfonet eubsttenaedil visoigccular, triangular, rectangular, rhombic,

ellipsoid or square. In one embodiment, when the

pafticles have a substantially circular cross-section,

the diameter of the nanostructures may range from about

10 nanometers to about 1500 nanometers, from about 20

15 nanometers to about 1000 nanometers, from about 30

nanometers to about 800 nanometers, from about 40

nanometers to about 500 nanometers, from about 50

nanometers to about 400 nanometers, from about 100

nanometers to about 300 nanometers, from about 100

20 nanometers to about 200 nanometers, from about 200

nanometers to about 500 nanometers and from about 300
nancmeters to about 500 nanometers.

In another embodiment, when the particles are

rectangular or square-shaped in cross-section, the

25 lengths and breadth of the rectangle or square cross-

sections may range from about 10 nanometers to about 1500

nanometers, from about 20 nanometers to about 1000

nanometers, from about 30 nanometers to about 800

nanometers, from about 40 nanometers to about 500

30 nanometers, from about 50 nanometers to about 400

nanometers, from about 100 nanometers to about 300
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nanoneters, from about 20 nanoneters to about 1000 nanoneters, from about
30 nanoneters to about 800 nanoneters, from about 40 nanoneters to about
500 nanonwOenm/o1fi4dm about 50 nanoneters to about 400 nRODSESRENHP02A70 oM
about 100 nanoneters to about 300nanoneters, from about 100 nanoneters to
about 200 nanoneters, from about 200 nanoneters to about 500 nanoneters and

from about r%%qiﬂ&%%? B ahoulte 500 panpiBt L Sers | NcONeg80edi pppt . the
el ected 'from

particle is s e group consisting of disks, cubes, cylinders
and spher esnarPmeft@rah| y,fide paraut] e%OQar enaiubrst ot $ al tg s@lheut cab0Pn

shape, nore ef erabl y_nano here rran nt_of the art| S on
t he substré‘tagmrﬂf% r%ﬂgorﬁs Bat FéPHE Wer PEs F”%Frgr deve o%é8
enmbodi nent ,natr{tﬁneﬂﬁfrts cles are at | east one of pol ystyrene partl cles, |atex
particles, silica particles and quartz particles, In one enbodi nent, the

subst rate di scl ddedHfereiiPdnepti cate W%?%%Jp%re%tseil'ﬁ%t%ﬁt feam fhe

L ranspar entg.siibs a hght LfAnsm Ssiqnofs f£0m 8beute£0% to
about 100% r maﬁut%%ﬁt%fagéﬁt 105% rom lout QSO%to a outeloo% or

f rom about Efé’/ﬁetrcakalao,uttki@Op/ar’Ih]eleabsturleatselbm;arﬁeLaleﬂwcmel@IeIimithe gr oup
consi sting I ass, sili c%p di.o con ,J{)I con nitride quartz, any

i de,
ot her cerarﬁ € PoP)T Bt cﬁ?lnz?ts eﬁﬁﬁA BF y CArBOIEAT S “ tpoty

(Et hyl ene- %&t;k%tf@wé abg) thBERAb st rRely didptdy sidodene pEOMBYnedsilica,
pol ynmer, plastic and m xtures thereof. Hence, the substrate nmay, in sone

enbodi Grent ReTortis B ITIVFER| eFeneBe boRdeaL T anot her P@FEH‘E%FS(F‘éesuch as

silica at least one of polystyrene particles, latex particles,

silica particles and quartz particles.

In one embodiment, the substrate disclosed herein is

optically transparent. The optically transparent

15 substrate may have a light transmission of from about 70%
to about 100%, from about 80% to about 100%, from about
90% to about 100% or from about 95% to about 100%.

The substrate may be selected from the group

consisting of glass, silicon dioxide, silicon, silicon

20 nitride, quartz, any  other ceramics, Poly (methyl
methacrylate) PMMA, polycarbonate, Poly(Ethylene-co-Ethyl
Acrylate) (PEEA), Polydimethysiloxane (PDMS), silica,
polymer, plastic and mixtures thereof. Hence, the
substrate may, in some embodiments, contain silicon

25 elements bonded to another element (ie such as silica
Si0y) .

In one embodiment, the step of modifying the
substrate comprises depositing a layer of silicon onto
the surface of the substrate. The depositing step may be

30 carried out using at least one of low pressure chemical

vapor deposition (LPCVD) and sputtering. The deposition

16



Si2). In one enbodi nent, the step of nodifying the substrate conprises
depositing a layer of silicon onto the surface of the substrate. The
deposi ti nyovep1mEy be carried out using at | east one oPCIIOG2MIM8ET0 €
chem cal vapor deposition (LPCVD) and sputtering. The depositionor
sputtering step may be carried out on one or both sides of the substrate

surface. Thg,sidd.pandeppsited ok hgeswWdaceof ohihe ssubshealsr nBytRe at
| east one of polysilicon and anmorphous silicon. In one enbodiment, the
si | i con usedipessedsésea subbraeitiovesunidese | hiches ilakgmn oicrdduted ¢b 6 .

The silicon_used may_ al so_be chosen ) o] he_ desire inctio
coefficient tﬁg a%%%’%/%c?i Sﬁt ,th icsﬁlblsﬁC a(ljt(rjen @8geﬁbs %lr% t %g%ttbt i%gla 8¢
wavel engt h gadykhe ideposiid ormoemperat uselasdnmethodonkn anobditment,
enbodi ment, the step of nodifying the substrate conprises. inplantj ng
silicon i on§hi3nt%13%%1%0%u%@%t%‘?s%ﬁ@%ﬁ?agﬁaoﬁ?@?cfcgglean%l?%%x sit cHRi ons

into the subshrate,feducas opticgal ¢t ransm $81 080h 03528 ﬁ@gpaa_rl%cbtgewmn a
silicon layer i's deposited on the substrate. The ions may be inplanted at a

dosage of frbwsaboutasdl pontthe sesdtredElstehest feoomestsdfil diRIY chR to

about | E15/cn®R, from about | E13/cnR ta about, | El4/cn? or _fro

1.5E13/cn2 £ S&ﬁ%ut T&)Q@EM/%%SAI nl%e?cuarn%t r?leerpeél Sodiorrrlen'zcget %Sgﬁfg%lof
nodi fyi ng t heveuksitat angorpei sepdsipliamt iteghpRofrtsidd conl inethddit o t he
substrate. The non-silicon ions nmay be selected fromthe group consisting
of arlfeni c, bor ot aRBCAR§EN. SRR LELRABE beilify BEERd Dy R ing fge

oel | eved that, e tip! 80hsdi be8s ShE14R-IRG ITAGs dammge kall i egeand

substrate. Advantageously, implanting silicon ions into
the substrate reduces optical transmission loss as
compared to when a silicon layer is deposited on the
15 substrate. The ions may be implanted at a dosage of from
about 1EY/cm® to about 1E®/cm®, from about 1E'%?/cm® to
about 1E*®/cm?®, from about 1E¥/cm® to about 1E™/cm® or

from about 1.5E¥/cm? to about 0.5E**/cm®.
In yet another embodiment, the step of modifying the
20 substrate comprises implanting non-silicon ions into the
substrate. The non-silicon ions may be selected from the
group consisting of arsenic, boron and argon. While not
being bound by theory, it is believed that the implanted
ions strike the surface, damage lattice and break the Si-
25 O bonds present within the Si-O0 containing substrate.
Consequently, oxygen escapes out of the surface, and
silicon is left on the substrate surface. The ilons may be
implanted at a dosage of from about 1E/cm® to about
1E®/cm®, from about 1E'?/cm? to about 1E*®/cm?, from about
30 1E%/cm® to about 1EY/cm® or from about 1.5E/cm® to about

0.5E/cm?®.
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O bonds present within the Si-O containing substrate. Consequently, oxygen
escapes out of the surface, and silicon is left on the substrate surface.
The i ons wayots1smapl anted at a dosage of from about | E PCTRGR@®/0b@7@bout

| E16/ cnR2, from about | E12/cnR to about | E15/cn2, from about | E13/cnR to
about | E14/cn2 or from about 1.5E13/cnR2 to about 0.5E1l4/cnR.1n still yet

another embodi ey, dher stepoof JRIERYENG RGBS Al &1LOMILSES of

sputtering non icon tons onto the surface of the substrate. The step of
sput t er i ng muali e iear thedsoost ust ag cXmpay spisotsusl Brtriory spect sbdtopy and

the non-sil,icon ions be argon io any .ot her_ i ner as.lons _such as
xenon i ons.*Pref 8FAR ;,Eﬁ?ir g%ﬁ%ﬁﬁté)%isngﬁias %%%%ﬁr%%. i 3‘&)5 m&y “be gguttered
at a dosagemfttfdOmabasty bELYGIHE 4D abeutishBy6/ chy fpest abogttLBA4/ cnl

to about | EIS/cn2 or from about 1.5E14/cn? to about 0.5E15/cnR . The ions

are sputt ers®®HT B AqRIt t @rd n§hensogy el 9B bdeut MeY. HkAr4Y? abshf 5 ke,
from about t ]ﬁg_o t V,. =Lelo) V. about 4 keV, from
about 2 ke t§%§boﬁ %‘?%&\5/%% flr({)r{ns:)ar%)out U%S ?%%%?t%&g%but 3 keV. In one
enbodi nent, the haiserdiesy arergon aspuspersinon bef osedbeiThg dieperseg onto
the substrate. The present disclosed t hod may be capab)l e.,of ensuring that
the densit) eofsla‘ilgf)g?g da%a_rati 9¥9%n° hg%ﬁﬂfé%%ui?s?ﬁncf‘ézﬁbng%?%&ﬁt he
concentrat i1git¢ penparttGh esod ik the‘guapens =@ uton e&¥ fdméedrt otalh BUBber of
particles. The nethod of depositing charged particles on a substrate

conpriGes thet épr” ¢ pPovitdp ngEa /suibst Fare omd 4% | sRMEpaF*d ofthandi ng
to a p0|ya§%§{ééﬁgﬁbcgﬁé£8§ of from about 0.5 keV to about 5 keV,

from about 1 keV to about 4.5 keV, from about 1.5 keV to
about 4 keV, from about 2 keV to about 3.5 keV or from
about 2.5 keV to about 3 keV.

15 In one embodiment, the particles are in a suspension
before being dispersed onto the substrate. The present
disclosed method may be capable of ensuring that the
density of dispersed particles on the surface 1is
independent of the concentration of particles in the

20 suspension for a fixed total number of particles.

The method of depositing charged particles on a
substrate comprises the steps of providing a substrate
that 1s incapable of bonding to a polyelectrolyte coating
that has a charge that is opposite to the charge of the

25 particles that are to be deposited thereon; modifying the
surface of the substrate to provide a layer of silicon
thereon or therein; coating the silicon layered surface
of the substrate with the polyelectrolyte coating, the
polyelectrolyte coating containing functional groups that

30 are capable of forming bonds with said silicon layer; and
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that has a charge that is opposite to the charge of the particles that are
to be deposited thereon; nodifying the surface of the substrate to provide
a | ayer ovo=pniomensst hereon or therein; coating the sili ®ecmsiGaymnee7eur f ace
of the substrate with the polyelectrolyte coating, the polyelectrolyte

coating containing functional groups that are capable of form ng bonds wth

sai d silicopdaelinnddapasid s Noh B BUSRENShOPRGEE bherchacgedvear thel es
over the coated surface, wherein said polyel ec?rol yte coating enables a
subst ant i aldopt@den Histaddut iveodinai setharpgetyphecrepéytdeposptedy

t hereon. 1 n_aone enmhodi h t f [ rises.the f
deposi ti ng%%leﬁb%essn%nd%dg%éasﬂé%%&t%Qg%r%%\gﬁ%ggﬁg%uggsg?%gr ggésg?ﬁe

met hod of meEkdtig:lesubhsdéped eteapabiheredn pr ottci agelLoeabbdedeSuy f acaePl asnon
Resonance conpri ses providing a substrate that is incagabl e o onding to a

f
pol yel®ct r SIS I MET nodfP 54 PeS t Hee stireacef oflePral &Bgt?@{;@%ooﬁr ovi de

a layer of Siild cQn-£hel egh S5 hesbs: rcoati8g thersbhicon layered surface
of the substrate with the polyel ectrolyte coating, the polyelectrolyte

coati ng cont ai niTe f unethodal ogr oupskiteat ar e sedgdblagdof Fawpabhg boAds with

said silicaon |ayer and wherei i.d-polyelectrol yte coating : a
subst anti alﬁryoqg%celnmgi gfjf:la ﬁtziegnssg rfsagcfed gg%?gng péf? Tetes d%%@??%ggs
t her eon; depasiiding aasdspensiaee afhahar gednpaptbtkesousindiiey coat ed
surface, said particles having a charge that is ogposite to the charge of

the ptf yel RARIRE DR T g, CHPISt | REIAEVARS ohlSai WHEETE cI%- cbAtai ni ng
ZE[)fs?(r::t ea%wgmt&g the depasided grehalg t o JOor minanest r ugkvees ogrsaid

therein; coating the silicon layered surface of the

substrate with the polyelectrolyte coating, the

polyelectrolyte coating containing functional groups that

15 are capable of forming bonds with said silicon layer and

wherein said polyelectrolyte coating enables a

substantially even distribution of said charged particles

deposited thereon; depositing a suspension of charged

particles over the coated surface, said particles having

20 a charge that 1s opposite to the charge of the

polyelectrolyte coating, depositing metals on said

particle-containing surface; and etching the deposited
metals to form nanostructures on said substrate.

The metals disclosed herein may be selected from the

25 group consisting of Group IB, Group VIB, Group VIIIB,

Group IVA, Group IVB, Group IIB and Group IIIA of the

Périodic Table of Elements, as well as their alloys and

combinations thereof. In one embodiment, the metal may be

selected from the group consisting of aluminum, cobalt,

30 copper, gold, indium, molybdenum, nickel, palladium,

platinum, silver, tin, titanium, tungsten, =zinc and
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The metal s di scl osed herein may be selected fromthe group consisting of
Goup 1B, Goup VIB, Goup VIIIB, Goup IVA, Goup IVB, Goup H B and G oup
| HA of t hwORero/adi4s Tabl e of El ements, as well as their parisepeoane70

conbi nations thereof. In one enbodi ment, the netal may be selected fromthe
group consi sting of alum num cobalt, copper, gold, indium nolybdenum

ni ckel, palda®iuae R | W8 SEl Velin bhk, dridRRindAL I UGSt RS2 Z1 0§ a
andconbi nati ons thereof. In one enbodinent, the netal is a noble netal,
such as golmbbIfhewastaglp ofuclepdsi ¥¢hg- netal s on the surface may be carried

out by thermnal apor.atjon. The d it t al al er._etched
to formthe des?l\rﬁeeg sn%er#)s Fuggﬁﬂgﬁeg?lﬁ %%gggﬁb%}nﬁ%}] ,Sgﬂgg%%ﬁ%é{)régtures

event ual | y daofiegtl apet abyl egasdrmne efrapapatiogs, Thanogkebss Aeld nageatescent s
In one enbodi nent, the substrate disclosed herein conprises a |ayer of

silicoh on Y wi thPfR s&Sd stBEER&Fe; X a&fer o afPsFyelded r of§F& EHat i ng

bonded to sai g silicandayer, sghd pehyshesthol Yt eneoahbRgseentalrag
functional groups capable of formng bonds with said silicon |ayer; and

char ged pargveitessubstarmeadl dyeegenlgadt sonebaf edanarsavd, subspeate. I n

one enbodi rren%/glthe substrate is a substrate obtained for the nethods

di scl osed abo .anl%ceredslcsep%frsséd particles may be substantially evenly

di stributed overrmat cheasémiebouheB80% torersabsteast abiidl&H94 aeeeiat | east
about  90% or over at |east about 95% of the area of said surface. The
subst¥@t e FEROSRP h%rjeﬁiﬁﬁe%?ra‘yfb%lhécéﬂnf%? or within sald substrate;

a layer of a polyelectrolyte coating bonded to said

silicon layer, said polyelectrolyte coating containing

functional groups capable of forming bonds with said

silicon layer; and charged particles substantially evenly
15 distributed on said substrate.

In one embodiment,  the substrate is a substrate
obtained for the methods disclosed above. The dispersed
particles may be substantially evenly distributed over at
least about 80%, over at least about 85%, over at least

20 about 90% or over at least about 95% of the area of said
surface.

The substrate disclosed herein may be used for

Localized Surface Plasmon Resonance, plasmonics signal

detection applications or any applications that require a

25 light transparent substrate containing well dispersed

particles over a large area of the substrate.

Brief Description Of Drawings
The accompanying drawings illustrate a disclosed
30 embodiment and serves to explain the principles of the

disclosed embodiment. It i1s to be understood, however,
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Local i zed Surface Pl asnon Resonance, plasnonics signal detection
applications or any applications that require a light transparent substrate
cont ai ni ‘yoweldolgi4sper sed particles over a | arge area oPCrise2eebsirrat e.
Brief Description Of Drawi ngs The acconpanying drawings illustrate a

di scl osed enbodi nrent and serves to explain the principles of the disclosed

embodi ment .t fdy 1 Sthe begrigengl 00d,rhoneuss ghlat ther dr duresey € desi gned
for purposes of illustration only, and not as a definition of the limts of
the inventiohluFiraticen ienihe apti calt emarsrdsSiot areref caheakis)tef a 500
mm t hi ck gl ass,_.waf er vvitt.h anor phous silicon deposited on both sides, with

t he thi cknes tolfe ajr%‘feﬁhoju%n‘si licon varying from5 to 30 nm (horizontal

axis) . Fig. Ib @sgthesopsi gak WpangalsSihdvieddieal (axirs)icel ax389) nm
thick glass wafer_ w th anorphous silicon deposited on one side, with the

t hi ckrness oif afor phoussi FResk VB35 g "Bl6m 571 bR 16 HMAIGT | 2ot &P axi s)

Fig. Icis &{Eéi?%ﬁ&aénsﬂ§Eﬁr@i@EsYaHﬂﬂHJﬁ%@“ﬂﬁﬁﬁ%ﬁ@s@foﬁpgmBQp%ggsnm‘ﬁ

two 500 nmt ass wafers w th anorphous silicon deposited on both
si des (t hi ckhkssomfvarynimantr30. nnjo. 3Fign (dorszoheabpekeal - spectra at
varyi ng wavel engt hs o%k%SOO gcglﬁgoo nm t WO S500 mm t hi krglas waf.ers with

anor phous silico l%‘ep i t&d (Sjr?etjsciagﬂce ?W‘ﬁ Ckness of ( Shm ah fﬁésr)m)

Fig. 2 is the WV-y0s s@ecthabrnegsalenealrs of wabh uniedidicad gkasscon

substrate, of a glass substrate nodified via anorphous silicon deposition

on botth si deeramted gn one side, with the thickness of amorphous
silicon varying from 5 to 100 nm (horizontal axis).

Fig. lc is the  optical spectra at varying
wavelengths of 300 to 900 nm of two 500 um thick glass
wafers with amorphous silicon deposited on both sides

15 (thickness of 5 nm and 30 nm).

Fig. 1d is the optical spectra at wvarying
wavelengths of 300 to 900 nm of two 500 pm thick glass
wafers with amorphous silicon deposited on one side
(thickness of 5 nm and 100 nm).

20 Fig. 2 is the UV-vis spectral measurements of an
unmodified glass substrate, of a glass substrate modified
via amorphous silicon deposition on both sides and of a
glass substrate modified by silicon ion implantation.

Fig. 3 is a graph showing the transmission of the

25 various glass substrates after modification.

Fig. 4a 1is an AFM image of unmodified glass
substrate. Fig. 4b is an AFM image of a glass substrate
coated on one side with amorphous silicon of 100 nm
thickness (or from Example 1.1). Fig. 4c is an AFM image

30 of a glass substrate coated on both sides with amorphous

silicon of 30 nm thickness (or from Example 1.1). Fig. 4d
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gl ass substrate nodified by silicon ion inplantation. Fig. 3 is a graph
showi ng the transm ssion of the various gl ass substrates after

nodi fi catwore1ofilgn4s4a i s an AFM i nage of unnodified gl agsTsGhe™0a230 Fi g.
4b is an AFMinmage of a gl ass substrate coated on one side w th anorphous
silicon of 100 nmthickness (or fromExanple 1.1) . Fig. 4c is an AFM i nage
of a gl ass, subst e. ed.-o0 Si i I S Sl 30 nm
t hi ckness %%rggréﬁhﬁgﬁg%egf %) B‘E’LEIQS S%%?EWSEQA%%%SEH o] aa S%ﬁgsdsgn
substrat e podi finpdavitatsbhi cop feaom Bpbapflat o) (o ifr.oeExsngine AEM) . Fi g.
4e is an AFM i nmage_of a gl ass sugs rate nodified via arsenic ion,

i npl ant at | BR2@6r PFord EXARATSe TUBFLTRCG. RPIrSIGR ARM i fHuET5tC a ‘githss
substrate mpdibhedrvbha beponsiben immlmantat ion) (orrifyg.omExanpl enl.A¥M . Fig.
49 is an AFMimage of a glass substrate nodified via argon ion inplantation
(or fPBom Exmepke ©f3)a Fggassh subafrAkN | Mege féeda §lass PR r &
nodi fi ed by_argon uttering.in XPR r anpl e 1,4).: Fi F S a SEM
i mge obt aiéllﬁlgéggfcagggﬁo rnag!ﬁfxfni ca al(ngéll%f ?Fﬁgn?nioggphééesl%i gﬁef%e% on a
gl ass substfate Wotth anogpheus sbistartdepasidiifdrd oMiewe d dyorPDDAN
treatment. Fi g 5b i.s the magnified i mage (r;Ef Fig._ba oghai ned_at 000 X
magni fi cat FBR1IAPLGLI6R | OB SERM mutf™Rdbt ailndd - at? F 506°X aght'f i i on of
the nanosphgres disSpersedsen sapghasssulsdiatasippl anyed wgdrisddiepn ions
foll owed by PDDA treatfrent. Fig. 6b is the nagnified inage of Fig. 6a

obt ailfed atin23PE0doX ragmni Exeapilenl-Ri)g. 7a is a SEM i nmage obtai ned at
10,000 X

Fig. 5a is a SEM image obtained at 2,500 X
magnification of the nanospheres dispersed on a glass
substrate with amorphous silicon deposition followed by
PDDA treatment. Fig. 5b is the magnified image of Fig. 5a
15 obtained at 23,000 X magnification.

Fig. 6a 1is a SEM image obtained at 2,500 X
magnification of the nanospheres dispersed on a glass
substrate implanted with silicon ions followed by PDDA
treatment. Fig. 6b is the magnified image of Fig. 6a

20 obtained at 23,000 X magnification.

Fig. 7a is a SEM image obtained at 10,000 X
magnification of the nanospheres dispersed on a glass
substrate implanted with arsenic ions followed by PDDA
treatment. Fig. 7b is the magnified image of Fig. 7a

25 obtained at 23,000 X magnification. Fig. 7c is another
SEM image obtained at 5,000 X magnification of the
nanospheres dispersed on a glass substrate implanted with
arsenic ions followed by PDDA treatment. Fig. 7d is the
magnified image of Fig. 7c obtained at 10,000 X

30 magnification.
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magni fi cati on of the nanospheres dispersed on a glass substrate inplanted
with arsenic ions followed by PDDA treatnent. Fig. 7b is the magnified

i mage of WoOgiofa4@bt ai ned at 23,000 X magnification. Fi @CT/RG2009/080200 her SEM
i mge obtained at 5,000 X magnification of the nanospheres di spersed on a
gl ass substrate inplanted with arsenic ions followed by PDDA treatnent.

Fig. 7d is the %nl flg%d Hgig pfsﬁilg.% £.obt aing n%golg,tooqs

magni fication. Fig” 8a is a SEMinage obta ned at X nagnlflcatlon of
t he nanospheges fdicspersedodn talegl assosphsteat edlsrpéam@d om t B bpkawsi ons

foll owed by PDDA treatnent. Fig. 8b i therranlfl of Fi

obt ai ned af“86:666SX ﬁﬁ@ﬁ???@gt i Ghth FlsbgO %ﬁéh lg%%gal ned
at 3,000 X pagRinkheatippgof gﬂﬂelgawh%gm@l%@erﬁﬁgg@no-ef gb@gs sadpstrate
inplanted with boron |ons fol lowed by PDDA treatnent. Fig. 8d is the

magni f5i ed Pivagénet Rity. 38c00dt & megratfiret0om X nigai f PeatiormnFilEroa is a
SEM i mage %m{[al ?ﬁ%{é@t 1%,&3{08 § rrggnlg 85‘5' op glL?%ﬁl;u?%{V:g%Q%BQer % dispersed

on a gl ass"subs Ian w'Th afgon ion treat ment:
Fig. 9b i snthesphgiids ejispm@@obforﬂag g&assotﬁmstadam Bﬁpmmte@ with

magni fication. Fig. 10a i.s a SEM i nage_obt ai ned at 000 nification
of the nan&SEREr e5OWF spErsedsh ]%ygIP§§)§ Stbe? Y AERt sp f‘tgere%i(d l(fl’h 5}? Gon in a

XPSS machi pe Jald;ued oy, QDAoEreqrt Nt .gFi GobdQbnkg the magnidjed kmage of
Fig. 10a obt al ned at 30,000 X magnification. Fig. 1la is a SEM i nage

obt ailfed atmagng(f@cmtlon.
Fig. %a 4is a SEM image obtained at 10,000 X

magnification of the nanospheres dispersed on a glass

substrate implanted with argon 1ions followed by PDDA

treatment. Fig. 9b is the magnified  image of Fig. 9a
15 obtained at 30,000 X magnification.

Fig. 10a is a SEM image obtained at 10,000 X
magnification of the nanospheres dispersed on a glass
substrate sputtered with argon in a XPSS machine followed
by PDDA treatment. Fig. 10b is the magnified image of

20 Fig. 10a obtained at 30,000 X magnification.

Fig. 1la 4is a SEM image obtained at 1,900 X
magnification of the nanospheres dispersed on an
unmodified glass substrate without PDDA treatment. Fig.
11b is the magnified image of Fig. 1lla obtained at 15,000

25 X magnification.

Fig. 12 is a LSPR spectra of the gold nanostructures
on a modified, PDDA treated glass substrate in wvarious
media of ailr, water and 50wt% glocyrol.

Fig. 13 is an image from a dark field microscope

30 showing the LSPR emission of gold nanostructures on a

modified, PDDA treated glass substrate.
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magni fi cati on of the nanospheres di spersed on an unnodified gl ass substrate
w thout PDDA treatnent. Fig. libis the magnified inmage of Fig. 1lla

obt ai ned WO 208/00@5X magni fication. Fig. 12 is a LSPR spegisGaowfooedie gol d
nanostructures on a nodified, PDDA treated gl ass substrate in various nedi a
of air, water and 50wt % gl ocyrol. Fig. 13 is an image froma dark field

m croscope showi ngyt he; LSPRigni gsi gamof 1gabd napesthuet uLgs an pdomdi fi ed,
PDDA treated gl ass substrate. Fig. 14a is a SEMinage obtained at 1,000 X
magni fi cat i B0 L hadbsphepds rdinsratsa sord St GPed uphaee SAiG:h sutr fRDBA
treatnment. Fi 14boibgat i f.ied_.imge of .Fig., 14a _obtained.at 10,000 X
magni fi cati%%gn i g. P?@% ir]cgreaa ti'maFg%agbb élgne} %hi,ﬁagnk r}ggni]ﬂa@ae[i on of
nanospher esofli Bpgr se4la oobaa PVYA pktasbdi oopl At mathed&tedtwohh PDDA. Fig. 15b

is the_magnified_jnage of Fig. 15a obtained at 15,000 X magnification. Fig.
16a i s°a SEM i meigk? obt ]agﬂedlgt 3, 08BMx ABEHPT i EREPGRSSF Ranospdles X

di spersed Ofia@noF (LaS1bHhace LRfeHhWlh HRPA £l @. 5,160 benvihe 1nRgnif i ed
i mge of Fig. 16a obtained at 15,000 X magnification. Fig. 17a is a SEM

i mage obt ai Beatait t 8e@oedXwidgniHODfat ikuy -of L Hanbs pheeesadngfeesed raryea
titaniumsudf e tr %e%b' h_PDDA. . Fi 1bist%§ nified i mage of Fig.
17a obtai neé Zfl%,ﬁ%‘ ﬁ%%rﬁﬂji 3§t%§h90&x%nﬁﬁg§l ﬁgl%?ﬁint'i ng exanpl es of
the invention witigbe feathes desceEledimager eaberigeai latby 3, efoer ence to
specific Exanples, whjich should not be construed as in .
10 magnification of nanospheres dispersed on a S$Si0, surface
treated with PDDA. Fig. 16b is the magnified image of
Fig. 16a obtained at 15,000 X magnification.
Fig. 17a 1s a SEM image obtained at 3,000 X
magnification of nanospheres dispersed on a titanium
15 surface treated with PDDA. Fig. 17b 1s the magnified

image of Fig. 17a obtained at 15,000 X magnification.

Examples
Non-limiting examples of the invention will be
20 further described in greater detail by reference to
specific Examples, which should not be construed as in

any way limiting the scope of the invention.

Example 1 - Preparation of Substrate
25 In this Example, four methods to modify the

substrate before the coating step were carried out. The

first method (shown 1n Example 1.1) involved the
sputtering/deposition of silicon on a substrate. The
second method (shown in Example 1.2) involved the
30 implantation bf silicon into a substrate surface. The
third method (shown in Example 1.3) involved the
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any way limting the scope of the invention. Exanple 1 - Preparation of
Substrate In this Exanple, four nethods to nodify the substrate before the
coati ng swepowaneossarri ed out. The first nethod (shown POTEGAM060270 1)

i nvol ved the sputtering/deposition of silicon on a substrate. The second
met hod (shown in Exanple 1.2) involved the inplantation of silicon into a

substrate syrhagecThe (O doeLhodcfshaund noBRanpl e dedduol vede

t hei npl antatron of non-siTicon 1ons into a substrate. The fourth nethod
(shown in Bcamilhe hebhddivol sedwbheispufiemipig ofl.argonimwbvede sheface of

a substrate in Xray photoel ectron spectrosc (XPS) .. EX n‘%e 1.1,-
Sput t er i ng/slﬁélﬁti}ﬁ%%ﬁ Oﬁ aﬁqqrbo?flr}o‘h %chb%lffg‘%/% %% %h?‘éb%ﬁlﬁ Fellt o
sanpl es werg PrapARA.c Befal e st tedd depesyj tion, the substrates in the
formof glass wafers were cleaned using H2SO4/ H2Q2 at a ratio of 4:1 at a

t enpePat ure of 90 OC before deposition. The first sanple was prepared by
deposi ting anor Ll hcon_o 9% 26 3 +9/035 $£5 Wastirahe g ng a
t hi ckness of SOBEQM%ﬁEg%n%'?ow% glgtst%fgh%ze#cgﬁ vgpour depg'si tion (LPCVD)
The second sanpl e was prepared by deywosttabg anorphous silicon on one side

of a glass wafer_using LPCVD.  Anorphous silicon was deposited gn_the gl ass
waf er at a tenperatdtes of*38p18C 5?(8 TR L5Se G R %lfegg%fbe%org.ef?ﬁg gas

flow of Si Hdhmas i) KM dien | esuld afursitastiad es ivereedi gegni Nbg 2 cm 2
cm pi eces for experinental use. In order to determ ne whether one side or
bot h 1§} des glass wafers were cleaned using H»SO4/H20, at a ratio of
4:1 at a temperature of 90°C before deposition. The first
sample was prepared by depositing amorphous silicon on
both sides of a glass substrate having a thickness of 500
pm using low-pressure chemical vapour deposition (LPCVD).
15 The second sample was prepared by depositing amorphous
silicon on one side of a glass wafer wusing LPCVD.
Amorphous silicon was deposited on the glass wafer at a
temperature of 550°C and at a pressure of 300 mTorr. The
gas flow of SiH, was 100 SCCM.
20 The resultant substrates were diced into 2 cm x 2 cm
pilieces for experimental use.

In order to determine whether one side or both éides
of the substrate should be coated with the amorphous
silicon, optical transmissions were simulated by optical

25 transmission theory, and the optical transmission for
experimental samples were tested using an Ocean Optics
spectrometer.

Optical transmission 1is a function of optical
wavelength and thickness of amorphous silicon on the

30 glass substrate. Varying wavelengths of 300 nm, 420 nm,

540 nm, 660 nm, 780 nm and 900 nm were simulated on the
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of the substrate should be coated with the anorphous silicon, optical
transm ssions were sinmulated by optical transm ssion theory, and the
opti cal twernsmmesi4son for experinmental sanples were test@dTss2ony/0a027Ccean
Optics spectroneter . Optical transmssion is a function of optical

wavel engt h and t hi ckness of anorphous silicon on the glass substrate.

var yi f 4 0 P 0
arying wayel enoths 0l 30010 d20, 0ka280 BE) A0 AB-pERANMEANLA0 nm

were simula sanp en the thickness o f the anorphous
silicon wasasanisad &fdr dindm rinni, 01Anpml 3.5nmm,2 20 nhmj , 22 Bon@aghd3® 0 nm
The result o f this opti

al transm ssi.on.test for. the first, s le 1 s
shown in FRE- | dDSVEARPURG Ry EPefgths 16 gﬁ@qﬁﬁlsﬁf%ﬁ%e 40 nmJ&GABO nm
780 nm and£90Q:nmwene Sismihated 1on fike secondissanple whesl dhgtidi ekness o
f the anorphous silicon was varied from5 nm 4 0 nm 60 nm 8 0 nm

2 0 nm
and 160 nm30PheurestiZ® omi HHOs rapt i eald ﬂF‘angr%Osﬁ%na@@s?OpoPHt H&&econd
sanmple i s Sg%ﬁgeéaIgé}tﬂ%ﬁséggn¥ggam Be ARl Onel Rinildie dBf ractiye

i ndi ces an§ extincti on coefficien o) anor phous silicon at various

wavel engt hamarehicaleers ifiriemrs teararalr ead efrah Batm, COrves WG mesuféd xes o f
Si Ok, Si 40,k Si 80,k , Sii 20,k, Sii 50,k,..and_S j2(0 ,k represent
wavel engt h&Tg f 88000m 4 7ic 5&(9,% 688 780t and 500 nPtr eé%%%ti?/%ﬂl.a s seen

fromFig. ha-anehig.on esAOf Phouse skbbenn Bampaemich drgherigexiigetion
coefficient at a lower wavelength than at a |onger wavelength. It can b e
seenlfhat Via-hiFpt hEigmveékengch Bighgell, f tROO0 reHECE 1960 1g#encife

thi ckness g.f amprphous, SL 6001 5S o9 dndigMBud NEs TLESH SAMPLe-exhibits a
m ni mum optlca ransm Sssi on O
wavelengths are taken from standard material data. Curves
with suffixes of Sio,x, Siao,x, Siso,xr Siizo,x, Siieo,x, and
Sisgo,x represent wavelengths of 300, 420, 540, 660, 780,
15 and 900 nm, respectively.

As seen from Fig. la and Fig. 1lb, amorphous silicon
has a much higher extinction coefficient at a lower
wavelength than at a longer wavelength. It can be seen
that within the wavelength range of 300 nm to 900 nm,

20 when the thickness of amorphous silicon is only 5 nm, the
first sample exhibits a minimum optical transmission of
only 0.127, while that of the second sample is 0.284,
which is more than two times that of the first sample.

The transmission spectra of the first sample and

25 second sample were calculated and presented as Fig. lc
and Fig. 1d, respectively. In Fig. 1lc, when the
wavelength varied from 300 to 900 nm, the transmissions
varied from 0.082 to about 0.973 when the thickness of
amorphous silicon was 5 nm and varied from 1.212x107* to

30 about 0.833 when the thickness of amorphous silicon was

30 nm. In Fig. 1d, when the wavelength varied from 300
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only 0.127, while that o f the second sanple i s 0.284, which i s nore than
two tinmes that o f the first sanple. The transm ssion spectra o f the first
sanpl e amioemang4sanpl e were cal cul ated and present ed &Cs/sezeps/ob@7and Fi g.
Id, respectively. In Fig. Ic, when the wavel ength varied from300 t o 900
nm the transm ssions varied fromO0.082 t o about 0.973 when the thickness
o f anorphaus &idican i 1 I ut
0. 833 V\hen%'téhe%t ifé he?@%o%a@nsﬁg%ﬁ\gg{sﬂsgi %%gén@véggé @%%Qﬁtné F?% d, when
t he wavel efigtd®lvawhed fthemt30Gtkn<H0 oLhnamohghtonanssi ksc@nswaar iZednfir om

0. 267 to about 0.991 en the _thj ss of anprphous.silicon was 5 nm and
varied from .0§7'F*rf(?a-,~w€; ftnroén aﬂu&[&ga%Q V\")f‘u%nn‘%ﬁ?fgmf hi %k?]% s BrSAnorBhous
silicon waghkQyys HeNCamoteSEs 0pii cabn Skl abipomnt . esudiscsuggestet hat

the optimal silicon |layer should b e a s thin as possible and that only one
side @ f tIPtgcass stlgdthaftionshdigd e spaIsted Bradepdss t etPWiRal

anor phous sl Ecggmpl - i i ]lcon. | at S rate
Sur face Thr%lelellsanplle vversgmgualgdribcéa{gegdaﬁlﬁ% h%)g:sl Eg?(%n%%) ar‘?@ J?hn%T aﬁl'?g%i on
energy for cald s$hdeeocfanflesghassf isxedtatatekedho&idli ben fosagasedised are: a
) Sample 1 ; IE13/cm2 ; b Sanple 2:_ | E15/cnR2, c¢ ) Sanple 3: | El4/cn? .
The substrﬁeé)%c%nﬂ”ﬁﬁ sal%%iﬁﬁ%s iS4t Bane a s the glass wafer used in
Exanple 1.1. The gl ass wafer was treated in the same nanner as that in
Exarrplloe 1.1 before silicon inplantation.

Example 1.2 - Implantation of Silicon into a
Substrate Surface
Three samples were fabricated in this example. The

implantation energy for all three samples was fixed at

‘5kevV. Silicon dosages used are:
15 a) Sample 1: 1Y/ cm?;
b) Sample 2: 1EY®/cm?,
c) Sample 3: 1E**/cm?.

The substrate used in this Example is the same as
the glass wafer used in Example 1.1. The glass wafer was

20 treated in the same manner as that in Example 1.1 before
silicon implantation.

The equipment used to implant the silicon ions into
the glass wafers was the Varian ion implanter, using SiF,
as the ion source.

25 It was found that dosage of the silicon ions is not
important for the dispersion of the nanospheres as all of
these silicon dosages generated good results. It was
noted that there is a 100 times difference in dosage for
Sample 1 and 2, while the 2 samples have similar results

30 for nanosphere. dispersion. Hence, the dosage used for

Sample 3 was selected for the remaining examples. The
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The equi pnment used t o inplant the silicon ions into the glass wafers was
the Varian ion inplanter, using SiF 4 as the ion source. It was found that
dosage ofwoOhelmgiiki4sson i ons is not inportant for the di spersiGamIm®od270 he
nanospheres as all of these silicon dosages generated good results. It was
noted that there is a 100 tines difference in dosage for Sanmple 1 and 2 ,

whil e the eshavg, sl Lar sul.tys; _.nanps di [Si Hence,
t he dosagegﬁ%gge%or thanp %’%‘ J\?\fgs tégl Legclt%é%?{)rﬁi he ?gﬁglgﬁ?ngl%%fnpﬁgs.
Theaver ageabbuckBésamoffdrheldi [tihceer- sao lswr.f ace | ayer was about 30 nm for

all three sanpl es. e bepefit of usi,ng siljcon inplantation.as conpared to
deposi tion of sPPEcorPIRT 'tLPE%D Pﬁ&n%hoWﬁthc%&anﬁpg fﬁfftﬁgnthégythe

gl ass substbaberwas dotabbystitassparenti widdh nes dhgerpabbe @ iiabwh oss
when silicon inplantation was used. This is in conparison to the gl ass

substﬁﬁégvﬁﬁoﬁﬂamﬂ#ﬁeTilh as f@@ttmhﬁ<%#@ﬁ%h§H§S§FPF@ONQ%n%9t sited
usi ng gl ass. s ' . LN= Vi
spectra ofQ§g§§§EE§$§§§ﬁ§%b§#§a?%g?%g% ﬁ%?géfgﬁgghgggﬁﬂylflé%ﬂgyg¥%glS

deposi ti oniablamephiouws skki coednd iTiplantied $hl icorpdoisorar Eoshiowh i n

Fig. 2 . It can be seen fromFig. 2 that the UV-vyis ectrumof_ th I
with inpl aﬁtléﬁssiﬁi‘%%??%%sf?fem? F&ERNE ai‘s-qt hat %#‘e ZCBECd‘r ;%Ig?r%‘?ﬁ?%sfl g ©

UV-vis speglinumeef tUhe Sans ot AMypheps sdvsomedat i fige i sgshssted to
a hi gher wavel ength (or infrared region) , probably due to the absorption
of tH& anosplrdasesitd cmpdad Mamxansl MLy - | npl antation of Non-Silicon

lons into The UV-vis spectra of a bare glass substrate

together with those modified by the deposition of
amorphous silicon and implanted silicon ions are shown in
Fig. 2. It can be seen from Fig. 2 that the UV-vis
15 spectrum of the sample with implanted silicon ions is the
same as that of bare glass, while the UV-vis spectrum of
the sample with amorphous silicon coating is shifted to a
higher wavelength (or infrared region), probably due to
the absorption of the amorphous silicon film.
20
Example 1.3 - Implantation of Non-Silicon Ions into
a Substrate
Instead of implanting silicon, non-silicon ions at
the same dosage of 1EY/cm® were implanted into a glass
25 substrate. These non-silicon ions include arsenic, boron
and argon. The equipment used to implant the non-silicon
ions into the glass wafers was the Varian ion implanter,
using AsH3;, BH3; and Ar as the respective ion source to
implant arsenic, boron and argon ions respectively.
30 It is believed that as the implanted ions strike the

surface, the ions damage the surface lattice and break
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a Substrate Instead of inplanting silicon, non-silicon ions at the sane
dosage of [ E14/cn2 were inplanted into a glass substrate. These non-silicon
i ons i nclwoeosvieensc, boron and argon. The equi prent usedTiSG20aypbeTo t he
non-silicon ions into the glass wafers was the Varian ion inplanter, using
ASH 3, BH3 and Ar as the respective ion source to inplant arsenic, boron

and_argon L.gns %%Spc%f“é’f'—é{- phhdsS feligyed;phap as Lhegl mlanied 4,0ns
strike the~surface, $he” T ons ganage he sufface Tattice a br eaksone of
the Si-O bends gifadhes St HRcaD| ectdese pr esgoeni witlle gbaspesdroacechddence,

oxygen wi Il _escape fromthe glass suyrface, |eaving silicon atons_on the
% I

gl ass surf 8é@S8nduEbprPng L&YY S-ricoR Gt Qi+ S Ut the
silicon-righqsgl@ass; sy f ace 1S d@ss itdang 19s sanemetars, . Thxamepenl. 4t - Argon
lon Sputtering of the Surface of a Subs?rate The surface of a glass

subst Fat e Wwas nogiliednbyiahgorglans spurfeceng. 1An arkfoh i 6A2Bourt®
attached to_an X@S machi ne was used for surface nodification of the glass
substrate.nfﬁgmgrﬁgﬁ'ion dosage for sputtering was | E15/ cn2 where the
energy for sputtering was set at 3 keV. The sputtering conditions such as

i on energy and dosage can be changed accordingly. This approach is simlar
to the approach used in Exanple 1.3, because during argon ion bonbardnent,

the Si-O bonds efaldaeS1O4l @&?&ﬁ T U e idle G aBiSe SeHif PESe WSE €
broken to formsilicon atons and oxygen atonms. As a result, nore silicon
atomsOnere then left on a Substrate
The surface of a glass substrate was modified by
argon ions sputtering. An argon ion source attached to
an XPS machine was used for surface modification of the
glass substrate. The argon ion dosage for sputtering was
15 1EY®/cm? where the energy for sputtering was set at 3 keV.
The sputtering conditions such as ion energy and dosage
can be changed accordingly.
This approach is similar to the approach used in
Example 1.3, because during argon ion bombardment, the
20 Si-0 bonds of the S5i0, molecules present in the glass
surface were broken to form silicon atoms and oxygen
atoms. As a result, more silicon atoms were then left on

the glass surface after the oxygen atoms were removed via

by this preferential sputtering method.

25
Example 1.5 - Analysis of Modified Glass Substrates
Optical transmission and surface roughness of the
modified glass substrates obtained from each of Examples
1.1 to 1.4 were tested here.
30

29



the glass surface after the oxygen atons were renoved via by this
preferential sputtering nmethod. Exanple 1.5 - Analysis of Mdified d ass
Subst r at e®0Q@ptovaaai45t r ansm ssi on and surface roughness ofCris&20mwnézred gl ass
substrates obtained fromeach of Exanples 1.1 to 1.4 were tested

here. Opti cal Transm ssion An Ccean Optics USD2000- UV-VIS optical fibre
spectrometgr was ed to. neasure the optical spectra of the nodified gl ass
substr at e%@%&%ﬂ%ﬁ%ge of the spectroneter was set between 200 nm
to about 850 nmnEackesanpl epwassmeasaped0owivevabt erowal ¢dt at ifrigprche

spectrometer. The results of this optical transm ssjpn test aée srg) in
Fig. 3 . |sPeahrpeekeEnvAomTd. t3 PRECURe i S tFan8REST6n Spectra

of the gl aéﬁ?SﬂBa&%EES g;?%%itggb%r@eé@. si des Wrd e B0n§oh aranplous silicon

and of the glass substr posited on one side with 100 nm anor phous
si | i chn wetkeskpelbaronetehe wesermttofbetieeopt 2@l nBpEet PROSE FiX). A% and

Fig. Id regpectively. The optical transparenc t stinat e
obt ai ned f?gﬁPB%?ﬁﬁﬁee 1.8 WhER S rréegﬁ a&gcgpu#g%édhlg%ﬂ%(@s%w keV for 45
m nutes) degeeasedewben cormar edstotshatf ofhiheogkasslsubstrsatis obirai ned

fromExanple 1.2, or from93%to 77% Further, Fig. 3 shows that glass
subst r at esteRat 2kadSBesR ihpFaAted -with silicon or non-silicon ions did not

suffer fromoptical Lpss,.S age.! hereri s MQ separ atigysi gon d@rical

non-silicon) layer on the surface of the gllass substrates, optical

ref | 26t ontatntheésknber kpectak the shéei gdasEosuheRrsitel EsPOAREYIUss i s

absent, regg% iggdes with 30 nm amorphous silicon and of the glass
substrate deposited on one side with 100 nm amorphous
silicon were similar to the trend of the optical spectra
of Fig. 1lc and Fig. 1d respectively. The optical

15 transparency of the glass substrate obtained from Example
1.4 (when argon was sputtered in XPS at 1 keV for 45
minutes) decreased when compared to that of the glass
substrate obtained from Example 1.2, or from 93% to 77%.
Further, Fig. 3 shows that glass substrates that had been

20 implanted with silicon or non-silicon ions did not suffer
from optical loss. Since there is no separate silicon (or
non-silicon) layer on the surface of the glass
substrates, optical reflection at the interface of the
silicon (or non-silicon) and glass is absent, resulting

25 in minimal optical loss when silicon (or non-silicon) are

implanted into the glass substrate surface.

Surface Roughness Measurement

The surfaces of the glass substrates modified from
30 Examples 1.1 to 1.4 were measured using an atomic force

microscope (AFM) to check the roughness. It is desired
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in mnimal optical |oss when silicon (or non-silicon) are inplanted into
the gl ass substrate surface. Surface Roughness Measurenent The surfaces of
t he gl assweubmvmaises nodi fied from Exanples 1.1 to 1.4 wersScGaemg0e2gd usi ng
an atom c force mcroscope (AFM to check the roughness. It is desiredthat
the surface nodification do not roughen the glass surfaces. The results
obt ai ned fromthe AFM are shown.in _FEi 4 0.FLg. 4 I grhdaghssthe AFM
i mge of u%%i +&d Sgkilrg‘éascesu%\é\@%g?gglcg?a. ad4ci) Pgtt hrgu Eﬁgﬁ gn%%éel gf %a gl ass
substrate goated=9n DR skdelwst bramtmeaousrsi [ileorrDf 400 AkPWhi ékness (or
fromExanple 1.1). Fig. 4c is the AEMinmage of a gl as bstrate coated on
both sidesF##th fishod Jsi | fRon off Sbr n?ﬁat hilékn‘glég (Spb@rlf rlténn% ar?p%?e 1.1).
Fig. a4d 'fsum?dﬁfg@anagssgfsabglceaﬁesu_bitgr.aw_ redi-hied Fvi ansigel e@n & on

inpl antation (or fronExanple 1.2) . Fig. 4e is the AFM i mage of a gl ass
substBat e gbasi edostazhesenateflonni aprantael ¥A thoRTPEERCE e PR) . Fig.

4f is the AEM | e .a, gl ass ,substrat it edqvia ond
i mpl ant ati%gwhhgagpo%ﬁggﬁﬁfé i.o§) .%Eflglﬁg.%xgglgilse ?Hel\fAFl\E/lq%rﬁagg g% (fhgel ass
substrate apdi finedeVvicd ar gamd st aat at coatéor ofir botExanples Wi3h Fig.

4h is the AFM i mage of a gl ass substrate npd y arﬁon S tterli ng in

ified b
XPS (or fremPERBRPFe HLUHCON FPE. In 08 F %?C‘Iﬁ,@e%re(o&a el idWdrea of 5
mm x5 nmm WnFLLe ROy . A essscanned i §1‘ﬂa?ée%Pf alOgmm 40 supstridies
vertical scale of these Images was fixed at 50 nm The Ra (surface
roughness) medl iésdf oria heigliass sist impesntatEPy. RE t 6Ty EXAIRNET e
0. 966, 0'6%92). Fig. 4e is the AFM image of a glass substrate
modified via arsenic ion implantation (or from Example
1.3). Fig. 4f is the AFM image of a glass substrate
modified via boron ion dimplantation (or from Example
15 1.3). Fig. 4g is the AFM image of a glass substrate
modified via argon ion implantation (or from Example
1.3). Fig. 4h is the AFM image of a glass substrate

modified by argon sputtering in XPS (or from Example

1.4). Fig. 4a to Fig. 4g were scanned in an area of 5 um

20 x 5 um while Fig. 4h was scanned in an area of 10 um x 10
um. The vertical scale of these images was fixed at 50
nm.

The Ra (surface roughness) values for the glass

substrates in Fig. 4a to Fig. 4h were 0.966, 0.610,
25 0.905, 0.820, 1.092, 1.065, 1.332 and 8.342 nm,
respectively.

Amorphous silicon deposition (Fig. 4b and Fig. 4c)
actually smoothes the surface of the glass substrate,
while silicon (Fig. 4c¢), arsenic (Fig. 4d), argon (Fig.

30 4e) or boron (Fig. 4f) ion implantation does not add any

surface roughness within the range of measurement error.
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0.905, 0.820, 1.092, 1.065, 1.332 and 8.342 nm respectively. Anorphous
silicon deposition (Fig. 4b and Fig. 4c) actually snoothes the surface of
t he gl assweubmvmaise, while silicon (Fig. 4c) , arsenic @PEI$G2e08)00027ar gon
(Fig. 4e) or boron (Fig. 4f) ion inplantation does not add any surface
roughness within the range of neasurenent error.However, b y using argon

Sputter g ., A S IPA G, 4, AN Louaeps, e, syriine. o {u1be ol ass

substrate (Fig. t1'nes wor se ori gr nal at ness
(Fig. 4a). mdeneel theyhdR%S atlgonsspidter ed dghas g lsdsstadis sanpl éFsgat t er ed
sone |ight and exhibited the transpar ency,g{jeduc i on shown .in

ig. 3.
Exanpl e 2 AMDirsgiasten of Narfddivertdrth SuBEt rate BAdhH B fﬁ%g%ﬁ?fi ed

gl ass substrmate obiaj ned fpgm-Examphes %kpb t Qirhch Wasped@aned bgyass
sonication in acetone for about 3 mnutes, washed with deionized (D) water
and dri ed Bupatinatogepagasse Fhetgeass s rhigstwend tordnida®dtdfth a

pol yel ectrql yte such a s (di direthyl a ni um chl ori de) (PDDA)
(obt ai ned %r%aﬁsé)lagrneaq%f drrefoééLéltolch{ gﬁlﬁa{vinoullr% %y "M ssouri of the United
States of America) b y dip-coating the substrate into a 1:5 diluted PDDA

solution for about 30 seconds to electrostatic char ur f ace.

Fol | owi ng whi chi*@PRESgFass PAGREEFAPEs Ofe NGRS lgl SwiOF %ﬁb\tﬁ%% €and dried

using nitrogen gas., The RAROSPRErES I EaEECaILNRE 3% A kA% sispensban in

wat er, and had been diluted wth DI water at a ratio between 1:10 and -

1: 10010 Pol yBstamrmeless ninbsphele$ Wavi 1d cdingdeter ssonfcaziopn al)l 260tenA and

360 nn]andf%%iéﬁght 3 minutes, washed with deionized (DI) water and
dried by nitrogen gas.

The glass substrates were then coated with a
polyelectrolyte such as poly(diallyldimethylammonium

15 chloride) (PDDA) (obtained from Sigma-Aldrich of St.
Louis of Missouri of the United States of America) by
dip-coating the substrate into a 1:5 diluted PDDA

~solution for about 30 seconds to electrostatically charge
the surface. Following which, the glass substrates were

20 washed with DI water and dried using nitrogen gas.

The nanospheres were received as a 10% suspension in
water, and had been diluted with DI water at a ratio
between 1:10 and 1:100. Polystyrene nanospheres having
diameters of 170 nm, 260 nm and 360 nm and silicon

25 nanospheres having a diameter of 500 nm were used. The
polystyrene nanospheres and silicon nanospheres were
obtained from Duke Scientific Corporation of Fremont of
California of the United States of America. About 1 ml of
the diluted nanosphere solution was drop-coated onto each

30 of the glass substrates. After drop-coating, the glass

substrates were rinsed by DI water to get rid of
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nanospheres having a dianeter of 500 nmwere used. The pol ystyrene
nanospheres and silicon nanospheres were obtained from Duke Scientific

Cor por at iwo0 20fo/#u@sont of California of the United Stat@sTsG20u®nica. About
1 ml of the diluted nanosphere solution was drop-coated onto each of the
gl ass substrates. After drop-coating, the glass substrates were rinsed by
DI water t 5 f%%ﬁﬁﬁé} nangsph S S DI or at ed,
capillary f%%%%;téﬁge%'to raw t he na%%spﬁggesD?bgg% gf i%€%€£?€¥éﬁ
eIectrostaqumhﬁanyuﬁ@xmebéEméed t he dmamo Sybtee rresn ¢ sypeeiesls t hobgethese- packed
arrangenent and dlspeéﬁed n here wer e, opt ai ned onné)etS urfac of t he
substrate. "S¥5ce E ?ror‘? e SEM) “Fha“SEMi meges’ ot th DFodi fi ed
gl ass substiaigpmoalLd 1\Mp'fehietd'le tmla@os@m@é@Spae@.-eahoa@rangEmgnt5aanab 6a,
6b, 7a to 7d, 8a to 8d, 9a, 9b, 10a and 10b. A s a control, the SEM i nages
of an %nrmdilfﬁlf@ifsﬁda@@ﬁ:{%ﬁ@%?% W Eh o L HDER t PR at RRnBUBFRCEhBRNTRA Fi g.
1ll1a and |IQ;5FTQEN§§ is a SEMinmage obtai ned at 2500 X nagni fication of the
nanospheres di'spersed on both sides of a glass substrate w th anorphous
silicon deposition (to a thickness of 30nm) followed by PDDA treatnent.

Fig. 5b is the fied i mpge of Flo. ? obt ai ned at 23000 X

magni f i cat i=5H: : oo ieKe2alol el 5:and Fig. 5b that the nanospheres

were dispersed ouel ZIEHMAr 4R23ESA, o*fha{thé h@md&qrfq%raﬂegqas@o Babssuhstantial |y
clunp together, that the nanospheres are uniform i spersed and hence,

this 3QIfilantemk widdui FrererRROSRRE FRT rove p%lathrasm B%ei t abi ond,s 6a,
b, 7a to 7d, 8a to 8d, 9%a, 9b, 10a and 10b. As a

control, the SEM images of an unmodified glass substrate
without PDDA treatment are shown in Fig. 1la and 1lb.
Fig. 5a 1s a SEM image obtained at 2500 X

15 magnification of the nanospheres dispersed on both sides
of a glass substrate with amorphous silicon deposition
(to a thickness of 30nm) followed by PDDA treatment. Fig.
5b is the magnified image of Fig. 5a, obtained at 23000 X
magnification. It can be seen from Fig. 5a and Fig. b5b

20 that the nanospheres were dispersed over a large area,
that the nanospheres do not substantially clump together,
that the nanospheres are uniformly dispersed and hence,
this fulfills the requirements for narrow-peak LSPR
excitations.

25 Fig. 6a 1s a SEM 1mage obtained at 2500 X
magnification of the nanospheres dispersed on a glass
substrate implanted with silicon ions at a dosage of
1E™/cm® followed by PDDA treatment. Fig. 6b is the
magnified image of Fig. 6a, obtained at 23000 X

30 magnification. It can be seen from Fig. 6a and Fig. 6b

that the dispersion of the nanospheres over a large area
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Fig. 6a is a SEMinmage obtai ned at 2500 X magnification of the nanospheres
di spersed on a glass substrate inplanted with silicon ions at a dosage of
| E14/ cnR2 Wol2bowvadossy PDDA treatnent. Fig. 6b is the magmcfrisedodsrsageao of Fi g.
6a, obtained at 23000 X magnification. It can be seen fromFig. 6a and Fig.
6b that the dispersion of the nanospheres over a |arge areais as good as

that obtained i a5l 1.GON HePOshLofeq TS (AS 181,30 QbR by Hings naked
eye as a ufniform?white colour on e gl ass substrate en the nanospheres
are wel | -diwapersieth bbséhecquhstrahe waskkawtewel lascoat edifeoome wreas on the

substrate wi || appear to be ver ite wth sonme_areas blank. Fromthe

y wh
resul ts obCEIRBE (&1 nghei GGG dEPBSFFRbR ARMED npPanParCsh ST an be

observed t hat 1thespapaspher es scaphbe syl rdiceparsednas | wam asodbeqgl ass
substrate is nodified such that it possesses the surface charge property of

silicén. |sowes aaless ot éthe haswbatrabe vhélsibpesn modidd eteyy agkite

substrat es_have redu%%%aglﬁﬁkﬁhgal charges under SEM indicating that the

gl ass substrat'e S68Cafe “Mor €-¢dnduct i ve after surface nodification. Fig. 7a
is a SEM i nage @ghbai nedt ate3Q)1060 ocbtwmgnd i cat hgn sdfl itdee ndeospheres

di spersed on a gl ass substrate inplanted with arsenic_ions at dosage of

| E14/ cn® f 8NCowER LBy tPEBRY 1 édt st .b@Ficgk?S%V?@ TRt eyni FRROSPhaGES of Fi g.

7a, obtained at, 30,000 X sBgpifhcaki anndigs ¥hel §1aRet hainSEMidmge

obtained at 5,000 X nagnification of the nanospheres disgersed on a gl ass
substlfat e muplidieed wivich artderi ¢ ionPdidvet B PDORTFeaE ne@barEeg. 7d

I's the naggggﬁg%gfnggaéqlfi A It was also noted that all of the
silicon modified glass substrates have reduced electrical
charges under SEM, indicating that the glass substrate
became more conductive after surface modification.

15 Fig. 7a 4is a SEM image obtained at 10,000 X
magnification of the nanospheres dispersed on a glass
substrate implanted with arsenic ions at a dosage of
18 /cm? followed by PDDA treatment. Fig. 7b 1is the
magnified image of Fig. 7a, obtained at 30,000 X

20 magnification. Fig. 7c¢ is another SEM image obtained at
5,000 X magnification of the nanospheres dispersed on a
glass substrate implanted with arsenic ions followed by
PDDA treatment. Fig. 7d is the magnified image of Fig.
7c, obtained at 10,000 X magnification. Fig. 7a was the

25 SEM image taken before a layer of gold was evaporated
thereon, while the SEM image shown in Fig. 7c was taken
after 50 nm of gold had been evaporated at an angle of
70° onto the nanospheres dispersed on the modified glass
substrate. The function of the gold layer is to reduce

30 the electrical charge in SEM in order to provide a

clearer SEM image.
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7c, obtained at 10,000 X magnification. Fig. 7a was the SEM i mage taken
before a layer of gold was evaporated thereon, while the SEMimage shown in
Fig. 7c waie 20ekam4after 50 nm of gold had been evapor at @edTaG2en/0802g0 e of 70
onto the nanospheres dispersed on the nodified glass substrate. The
function of the gold layer is to reduce the electrical charge in SEMin

order to provi dﬁja?al cl gar et SEM i : F_.Enga%eBa LSt &4 I ppgesobbai ned at
on [

5,000 X magni fi _%f thRe r?anosp eres spersed on a gl ass substrate
i npl ant ed 1 &R boEOPL bOND At tAedosagespiiet & 4/ daddowed by RDBAS

treatment. Fig. 8b is the magnified i e of Fig. 8 obt aj ned_at , 000 X
nmagni fi cat$@pStraEe %“@%a%ﬁ%@he"rzl@EMr? Y& ot nétt at® 3,3(?05(?%? ot

magni fi cat{gn aof 2t hfoff@@%@hqg s ghspersed ghe: gl assy sulsd rate iyl anted
with boron Tons folTowed by PDDA treatment. Fig. 8d is the _magnified image
gf Fig. gcma@]bjéﬁieéd amage, 00F X Fiemni f3zat | ohtahed SEREI nede "Sowt i n Fi g.
8a was obtai ned_without evaporatd ng. gold { e i i e shown
in Fig. Sﬂﬁgnfgk‘éﬁpé?{ler 6gr1méocf glg%l%naggg%vgg%r%éégak%gﬁ%g%ﬁ e@%f 70
onto ]E_he ?B;sp@()%sgdhn[haﬁﬁsﬁhﬂhﬁ%n Fgg. t9e irmreoGEMiemgeél sheasaddcat a0, 000 X
magni fication of the nanospheres dispersed on a glass substrate . .inplanted
with argongiens atuksioiRye BPIPELACTPLIFBI Ikb?lmgbﬁoﬁﬁDAP?iéa‘f’ﬁ%n[g)y Fig. 9b

is the mangBhe Aage @f Fi}g-gQaBdQQtsaiﬂ}géi B4 g30s 009 XmEBENiA c@id on. The
results obtarned using non-silTcon inplantation showed that the dispersion
of nanosphetes crtaimedyl ass10,000 X magnification. The SEM image

shown in Fig. 8a was obtained without evaporating gold

thereon, while the SEM image shown in Fig. 8cwas taken

after 50 nm of gold was evaporated at an angle of 70°

onto the dispersed nanospheres.

15 Fig. 9a is a SEM image obtained at 10,000 X
magnification of the nanospheres dispersed on a glass
substrate implanted with argon dions at a dosage of
1EY/cm? followed by PDDA treatment. Fig. 9b is the
magnified 4image of Fig. Sa, obtained at 30,000 X

20 magnification.

The results obtained using non-silicon implantation
showed that the dispersion of nanospheres on the glass
substrate was not as good as silicon ion implantation.
This is because silicon ions implantation can result in

25 more silicon atoms being present in the glass surface.

Fig. 10a is a SEM image obtained at 10,000 X
magnification of the nanospheres dispersed on a glass
substrate sputtered with argon ions at a dosage of
1E¥/cm® in a XPS machine with sputtered energy of 3 keV

30 for 90 minutes followed by PDDA treatment. Fig. 10b is
the magnified image of Fig. 10a, obtained at 30,000 X
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substrate was not as good as silicon ion inplantation. This is because
silicon ions inplantation can result in nore silicon atons being present in
t he gl assweunfoauew4sFig. 10a is a SEM i nmage obtai ned at POTGGA004/000270
magni fi cati on of the nanospheres dispersed on a glass substrate sputtered
with argon ions at a dosage of | E15/cnR2 in a XPS machine with sputtered
energy of 3_keV-for mn o] by.+R a nt... & JQh is the
magni fi ed ?%%g%f%?aﬁggp'loﬁﬁ%%% a%%gg'?gts ééloggét‘gi{n‘gg%?% E:qaatnidg%h These
figures shpwréhatliheisapesphienasther gluekl sdbspersed on t he gl ass
substrate. Exanple 3 - Deposition of Gold on Nanospheres The gl ass
substrate obtained from Exanple 1.2 (silicon inplantation) was treated with

PDDA and coated wihho-ael ¥stybepesiznespber es1ldvnnGadodiphisey of 170 nm
followi ng the steps of Exanple 2 . After the nanospheres were di spersed

onto bhe nodifi Bde PRDASS ewstglass substiates fran nkEeFPg6l d wes
thermal |y eyvaporated qn the .nanasphere e 0 by aRlee
thermal ev Bf) atsr at™a arngctaetlo rﬂox%&% %r%%ggﬁFgﬁQohm }%%D%\hﬁch, the LSPR
spectra of yiha pangsiuweing esnwtharrss iedinsgi agdaametean o@ptli’ds nm

spectroneter. \Wen taking the rreasurerrgﬂt, thelA%gl d It yer_ was not_etched
and the nahBspRELES e HAPT WoVet Bt atise Sgol"¢*d{fgEi Tt on” each

nanosphere, can bg;usedsag thie. gohdnapesiireyr epobal SPReafbe LR spectra
of the golg nanostructures are shown in Fig. 12. Fig. 12 was neasured in

vari ads nedihssuelieas &0 niwatfergodind W6 Wivamgladdyt sivanmiatthae ¥ racti ve
o ces ol e R aiirgh, Yn TRBEEt ¥ Y7oF 0y 1%, Gl e hese
evaporator at a rate of 0.5-0.7 A/s. Following which,
the LSPR spectra of the nanostructures were measured
using an Ocean Optics spectrometer. When taking the
15 measurement, the gold layer was not etched and the
nanospheres were not removed, because the gold deposited
on each nanosphere can be used as the gold nanostructure

of LSPR. The LSPR spectra of the gold nanostructures are

shown in Fig. 12. Fig. 12 was measured in various media
20 such as air, water and 50 wt% glocyrol, which have

refractive indices of 1, 1.33 and 1.40, respectively.
Fig. 12 indicates that these gold nanostructures have a
LSPR sensitivity of 182 nm/RIU. This sensitivity is
critical for SPR sensor chip application.

25 A second sample was fabricated and visualized using
a dark-field microscope to determine LSPR emission. The
glass substrate obtained from Example 1.2 was treated
with PDDA and coated with polystyrene nanospheres having
a diameter of 170 nm following the steps of Example 2.

30 After the nanospheres were dispersed onto the modified,

PDDA treated glass substrates, 50 nm of gold was
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LSPR sensitivity of 182 nm R U. This sensitivity is critical for SPR sensor
chip application. A second sanple was fabricated and visualized using a

dar k- f i elwoOrzoovoas@ope to determ ne LSPR em ssion. The glPassGulonne2ao e

obt ai ned from Exanple 1.2 was treated with PDDA and coated wi th pol ystyrene
nanospheres having a diameter of 170 nmfollow ng the steps of Exanple 2 .
After the pnanos res were disperse nt LEied, A at gl ass
substr at es:C §6m§tl%%gf eg% %Oj\f/\a/a% ePfﬁraIdCIh;./e e@%%%?%gggé%n Ctheg)llr;1)<51)ralltr)1 %%er(gfsj at an
angl e of 700°The gakd Joldn Wasmetwhedebyhibddust i vebyctoupled qhesined (1 CP)

Al t hough the nanospheres were not renoved, the gold nanocrescents under the
nanospher e®18aMehd IPass AFNste thEr @2RAHG RS BT E MifostFUetefes for
LSPR - The |-5RRoEITLS $1a0fb e ddif 0L AN QSH Ui ashaiass tdhennd sypddz ed
using a dark-field mcroscope, as seen in Fig. 13. In Fig. 13, each spot

r epr esent s sabpltasieni esrenisssiioy doz grddi tnazes beugeres r 8arFilgSPR3 t hat

t he nanosphere ispersed well over a large are a S ate .
Exanpl e 4 I%%ﬁf ?%%ﬁofenglfossjtornat 890%175 s%%égi Onf]é oﬁs%%hd:te%% dz]tggr Lrilpr?léeﬁt he
possi bi it yigf.ausizrRg atdierg nateriel S dasl thesihsdpat ead ns¢e@adiofFag gl ass
substrate, four naterials were tested to see if nanospheres, can be.

di spersed &/ -t henthi t@nd 1 hGRHCIPDBROLr eAERERF S FRe oINS tested

were silica,(;Si yadttaniumd Th), PRl Ysddi met-hyl st oxaneg) +(RBVMYnhand poly
(et hyl ne%ﬁl&grsy%%zﬁ e? 1%PMVA . tgl’he réi l'i cassubstrate v&aés? obt ai nead by grow ng
a purl® si | neadsppereen di sid i soh vwildstavee asiagganosd dait i oie fekagte at

1000 oC ; %%Aétrate.

Example 4 — Effect of Substrate on Dispersion
In order to determine the possibility of using other
15 materials as the substrate instead of a glass substrate,
four materials were tested to see if nanospheres can be

dispersed on them with and without PDDA treatment.

The four surfaces tested were silica (S105),
titanium (Ti), poly(dimethylsiloxane) (PDMS) and
20 poly (methyl methacrylate) (PMMA). The silica substrate

was obtained by growing a pure silica layer on a silicon
substrate using an oxidation furnace at 1000°C; the,
titanium layer was obtained by evaporating a layer of
titanium using a thermal evaporator; the PDMS layer was
25 obtained by spinning PDMS on a glass substrate; and the
PMMA layer was commercially available. The nanosphere
dispersion experiments were carried out as described in
Example 3. According to the nanosphere dispersion
experiments performed, without PDDA treatment, only SiO:
30 can poorly disperse some nanospheres in some areas. The

SEM images of this experiment are shown in Fig. l4a
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titanium |l ayer was obtained by evaporating a layer of titaniumusing a
thermal evaporator; the PDVS | ayer was obtai ned by spinning PDVS on a gl ass
subst r at evoant/a@sPMVA | ayer was conmerci al |y avai | abl @CT/Eleeoaranaspher e

di spersion experinments were carried out as described in Exanple 3 .
Accordi ng to the nanosphere di spersion experinments perforned, wthout PDDA

treatment, Qnlye,SiR@an ROGE ¥ hepsk peapQm: §aNOsRNeLESeLN: BOMBgaKeas.

The SEM i mages of this expefiment are shown in Fig. 14a(under 1000 X
magni f i cat ingnianidcaiigen)l4b (Mreder A03008s Xshagnithiagat tlom) disPheseohi gur es

show that the dispersion th i.02 i t hout, PDDA tr
ST At o That SrSIG Hhmmae cu S o St PR T PBOAL T L ATt CFi g.
I1a) . WthRBDA preatmentundde; PDMS syrhase wasssidd | wpthabt e bopnet ai n

and di sperse the nanospheres. This could be due to the highly hydrophobic
nat ur e of tHeePMBIt THELGestil2s- of the other surfaces are presented in Fig.

152, 15b, 16a, 16, 1780and, 1bncfly. (192 piuce SEMJ ame, obLpi nedygh 1 000

X magni ficati on of nanospheres di spersed on a plastic plate treate
with PDDA. #Hlp dsbrésatihneamdgniifsped siemade ofark gphdiSas obt @hhedcatlds, 000 X

magni fication. Fig, 1 is.a SEM i e obt.ained at 3,000 X ification of
nano;pheresbedi%lﬂ)%rggqggﬁ Elgpgysﬁ}y@g}é’ht&éﬁ&? % %DiﬁpngggglGLbP%les t he

magni fied ir@ge©f &Fgchd6atabkaisnedadlesls R0 edsmoredi cat Fg. Fisg, 17a is
a SEM i nmage obtained at 3,000 X na?nlflcatlon of nanospheres dispersed on a

titam@m sukfacel @3 eat@ whid @ODAL7IFig. 17b is the magnified
Fig. 15a is a SEM image obtained at 1,000 X

magnification of nanospheres dispersed on a PMMA plastic
plate treated with PDDA. Fig. 15b is the magnified image
of Fig. 15a obtained at 15,000 X magnification.

15 Fig. 16a 1s a SEM image obtained at 3,000 X
magnification of nanospheres dispersed on a Si0, surface
treated with PDDA. Fig. 16b 1s the magnified image of
Fig. 16a obtained at 15,000 X magnification.

Fig. 17a is a SEM image obtained at 3,000 X

20 magnification of nanospheres dispersed on a titanium
surface treated with PDDA. Fig. 17b is the magnified
image of Fig. 17a obtained at 15,000 X magnification.

The results obtained showed that the PMMA substrate
had better dispersion results compared to that of SiO;

25 and titanium surfaces. It can Dbe seen that the
nanospheres on the 810, and titanium surfaces randomly
congregate into small nanosphere groups. However, these
results are not comparable to the results obtained in
Example 2 and are not good enough for LSPR applications.

30 Further, in PMMA patterning method, the nanospheres

can only be removed by tape-stripping, which 1s 1in
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image of Fig. 17a obtained at 15,000 X magnification. The results obtained
showed that the PMVA substrate had better dispersion results conpared to
t hat of SwOaosvd4d4s5t ani um surfaces. It can be seen that PCiiSGasesEier es on
the Si2 and titanium surfaces randomy congregate into small nanosphere
groups. However, these results are not conparable to the results obtained

in Exanpl e Z,and, & etBOttr@OBré%th B hdPPRRBRRLYLCAIAONS anEULHRE s | N
PMVA patterning nethod, the hanospheres can only bé renoved by
t ape- st ri ppiay, behixdmdwed nwertiastlyt einthecffestavedyt oy woareby inige

nanospheres_can_b_e.remved ssively and effectively b y _sonicati,ng the
sanples in Wﬁ ugﬁgp%ﬁseﬁ?an%ﬁu%%cg, t%ﬂ‘éarfcf]m ts ﬁ%cea(r e%ﬁﬁ’z lglr‘}&%
efficiency end fabkewcatdivge t henaanasphes £sncomaer cipdibyi eyeaih@bl & nRMVA

plastic plates are not suitable to _replace glass substrates a s_they are
too thick (RRRFRESCHE m t RPEREIELER LYoV airais tar @fEy . PERRpFe PIat e f ect

of Cbncentrg@éogogfSﬁ@gﬁégge%gsf@ﬁjgégﬂgfﬁég‘QEb SLaL ngswhgther the

concentration of nanospheres is afactor in the dispersion on the nodified
PDDA tr eat edogl Blssclsubstoat@s? mxpehniakhtsiterpocar tiredspatebcy.varyi ng the
dilution ratio o f the pol ystyrene nanospheres having a dianeter of 170
run. These dilution ratios are 1:15, 1:30, 1:50, 1:70 and 1:100. The SEM

i mges of thegimpes SBd- BRAOSPHEbESCOAckhAergtdss s8bNhhakphelkes @ach
dilution ratio were obtained. Fromthe SEMinmages, it was observed that the
densitQ es of the nanospheres di spefSe®PFFiIe gl ass substrate for each

dilution ratio remmingdeLpg;game. Jie¥Rs Postyl atedotbabs ration  of

nanospheres i1s a factor in the dispersion on the modified
PDDA treated glass substrates, experiments were carried
out by wvarying the dilution ratio of the polystyrene
15 nanospheres having a diameter of 170 nm. These dilution
ratios are 1:15, 1:30, 1:50, 1:70 and 1:100. The SEM
images of the dispersed nanospheres on the glass
substrates for each dilution ratio were obtained. From
the SEM images, it was observed that the densities of the
20 nanospheres dispersed on the glass substrate for each
dilution ratio remained the same. It was postulated that
PDDA provided a specific force to the nanospheres, and
dispersed the nanospheres on the glass substrate at a
relevant density of 3 nanospheres/um?, which was
25 independent of the original concentration of the

nanospheres.
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PDDA provided a specific force t o the nanospheres, and di spersed the
nanospheres on the glass substrate at a rel evant density of 3 nanospheres/
nm 2, whiwb 20e1esdependent of the origi nal concentrati @0TSGR0MNE0270
nanospheres . Applications The disclosed nethod of nodifying a substrate for
deposition of charged particles thereon is an efficient yet sinple nethod
for preparing a substrate that isgp @p_glg,laQ;iQ;ngﬁavi ng charged particles
substantially evenly distributed thfoughout its surface. Advantageously,
the substrate prepdheddipcibeedi seltdssd afetiod Tuindea usedstvabesperse

nanoparticles substantially evenly throughout.its surface. .
advant ageoéﬁ%ﬁsjtbtffe?ré P IG}l‘farrlgggorp% la%%‘?%gi&?%ﬁoﬁn&sco%rgg% CER"St
particles iyetspeginfdie ameasoan £be spbspaaiggt hat diduepas edhay t he

di scl osed net hods. Accordingly, utilization of the entire surface area of
the sUbst r &3l eaRf 2 BANIACE e dp iR et SUbT P BE 20 hbEl Y h§VER&N

el ect i cal palariiyl ghatdeotabuks ARPOSiLeate thalvalddepary] ckes to be

di sper sed, ectrostatic forces ensures that the particles are securely
adhered to sdiststrfacesewnéed by the daseloesad betheflateweby eeenl yospread

out. Advant ageously, this ensures tha ubst.rat.es contai ni a desired
density of i eel?%%d R gg&ﬁsﬁft% nsieéfteéﬁéll ygggﬁug Q&b e.
Hence, the idesi sedrdeasi Myref arditdfsown §hetsubst rat e car deceontr ol | ed
according to the users' requirenents. This I s especially advantageous when

the sifbstrAEsregaticed dnd seeagarJakpeni nefht K251 ChPS wHilch SPEGETECng t he

density Of jreas on the substrate that is prepared by the disclosed

methods. Accordingly, utilization of the entire surface
area of the substrate is maximized.
As The prepared substrate would have an electrical
15 polarity/charge that is opposite to that of the
particles to be dispersed, the electrostatic forces
ensures that the particles are securely adhered to the
surfaces while at the same time be relatively evenly
spread out. Advantageously, this ensures that substrates
20 containing a desired density of dispersed particles are
easily and consistently reproducible. Hence, the desired
density of particles on the substrate can be controlled
according to the users’ requirements. This is especially
advantageous when the substrates are used in several
25 experiments, all of which requiring the density of
distributed particles to be fixed.
Since the disclosed method can produce optically

transparent substrates which have evenly distributed

nanoparticles thereon, nanostructures can be
30 subsequently formed on the substrate by wutilizing the
exposed area surrounding the nanoparticles. The
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di stributed particles to be fixed. Since the disclosed nethod can produce
optically transparent substrates which have evenly distributed
nanopar t iwbesioders8on, nanostructures can be subsequent PgT/SGrom®o@0t he
substrate by utilizing the exposed area surroundi ng the nanoparticl es.
Theresulting optically transparent substrate containing the nanostructures
can then be_ advant ageousl ed pRl.i Lons : resent
met hod is fr?se\/]Tatich} n?pgln%aj;?%p?%glﬁr%#%%@t Ele‘b%?%g%t Cr?g?ﬁ%gtl?:lgn&g%s used to
fabricate napostyticitliess 0ban shehallee sidbmttagecusnlyn vestd éEbfredtdRRe
manner. Wil e reasonable efforts have been enployed to describe equival ent
enbodi nent saRﬁlJt%thﬁ%%ent invention, it will be apparent to the person
skilled in the act aftep Leading,dhed 05eg0kNg LHirSEiee eandhatimgard ous
ot her nodifications and adaptations of the invention may be nmade therein
wi t hobit depethiay, frdvm t beesphti tmapdodcop ofoet hesphver? | RbdEaRe i s
intended that all_ such nodifications.. dap i o] w thi scope
of the appeldet iarnerFai RE 12 urrleac[%olge ofg%%??i?%gwgnsu%st :&aét%efor
deposi ti on Hfredhar-gednpanttcl es thereon, the nethod conprising the steps
of : providing a substrate that .is incapable of readily adhering,tq a
pol yel ect r ol yt e"BéaEi nFARLN RIS a SERRFGE t RRYS s%ﬁ%ﬁsieﬁ@ o e%c%ar ge of
the partiches that aigitaiRerdenpsidied fher@orndadidsdmg themurdace of
the substrate to pro e a

10 it will be apparent to the person skilled in the art

after reading the foregoing disclosure, that various
other modifications and adaptations of the invention may
be made therein without departing from the spirit and
scope of the invention and it is intended that all such
15 modifications and adaptations come within the scope of

the appended claims.
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| ayer of silicon thereon or therein; and coating the silicon |ayered
surface of the substrate with the pol yelectrol yte coating, the

pol yel ectwol2gtog1e@at i ng cont ai ni ng functional groups thaCTaGeowapadd e of
form ng bonds with said silicon |ayer and wherein said pol yelectrol yte
coating enables a substantially even distribution of said charged particles
to be deposited thereon. 2 . A nethodjgsyclainmed in claiml , wherein said
pol yel ectrolyte is a polycation. 3 . A nmethod as clained in claim2 ,
wherein said polycation conprises at | east one of quaternary amoni um
groups and am ne @reaifisd d&f .méddbeyheg asscbaicrede fod alep@&itiderefn said
quat ernary ammoni um groups_and am no groups of said polyel ectrolyte coating

may be sel e€RBdIRFoRIRELGEBEp COHSGUti ndhsF  BetPR8ar CBFPH §hRRed oI y
(ethylene ig{ﬁ % GPEI), poly (allylam ne hydrochloride) (PAH), poly

(dial l'yl di net g amoni um chl ori de) (PDDA), polyvinyl pyridine (PVP) ,

pol yl ysi ne and precuirdsiors ahené@traSG.b&aﬁnh@dia§a@agﬂﬁe@ﬁlﬁeﬁﬁﬁ e of

t he preceding,clains, wherein said charged particl r ano- si or
nicro-sizedagg?F?EgeEP §3p9é§%§%EEF£?'% a?ﬁ%élpﬁ %ﬁgﬁm l%r%Wéﬁéf " sai d
charged nanenstzed obplisGre SizethepaHdrejeoAmrthe oppri setk of tlratradesi al

sel ected fromthe group consisting of polystyrene, latex, silica and
quartz. 7 .tA Ret RERC&s tEFaitheédSPRiany one of the preceding clains, wherein

sai d f i con | ayeryiis, & angs | 8Yetacsd orAchel el asAaitedidydai 7 |
wherein said silicon
layer of silicon thereon or therein; and
coating the silicon layered surface of the substrate
with the polyelectrolyte coating, the polyelectrolyte
coating containing functional groups that are capable of
15 forming bonds with said silicon layer and wherein said
polyelectrolyte coating enables a substantially even

distribution of said charged particles to be deposited

thereon.

20 2. A method as claimed in claim 1, wherein said

polyelectrolyte is a polycation.

3. A method as claimed in <c¢laim 2, wherein said
polycation comprises at least one of gquaternary ammonium

25 groups and amino groups.

4. A method as claimed in claim 3, wherein said
quaternary ammonium groups and amino groups of said
polyelectrolyte coating may be selected from the group
30 consisting of a linear or branched poly(ethylene imine)

(PEI), poly(allylamine hydrochloride) (PAH),
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nano-|l ayer is a discrete |layer disposed on the surface of the substrate. 9
A nethod as clainmed in claim7 , wherein said silicon nano-|ayer is

i nt egral wbtzhiovdieossubstrate and i s di sposed adj acent toPChSGUMfoaes0 of t he

substrate. 10. A nethod as claimed in any one of clains 1 to 8 , wherein

the nodifying step conprises the step of depositing silicon atons onto the

surface of : - Lyed ai ein

sai d deposié?ﬁ %§$$%%g%gé?gééyéﬁ?%gbﬂgﬂs%?%gggdo tﬁggu)§t§%% %%%ﬁ?

conpri ses tpersdepe of PUBpospbip@ysihecandapoprsuusong ahelewifcal vapor
deposition nmethod. 12. The nethod as clained in claim 10, wherein said
depositing silicon atons onto the surface of the substrate conprises the
step of depgsitingnsthbGOn At @M% 1HSHNG 2 SPYL t 8hENG MEthed. pldcedi i®t hod as
clained in any one of clainms 1 to 7 and 9 , "'wherein the nodifying step
conprises théasmep wheraphastilng ofigrioedn Hagits dlfto atfe MBSt EERY 28. A

met hod as clgégggsig gny_one of claims 1 to 7 and 9 , wherein the substrate
conpri se si ' con- 2oft ai g compounds and wherein the nodifying step
conprises the step of inplanting non-silicon ions into the substrate to

rel ease silicon_atons fromthe silicon-containing c ounds within the

substrate. 25. PhE@SROF L @SR T P ote eo? a9t FTARd 9 |

wherein the,syhstratg CAPhi S8oSkLEEQNHEQRLRNRISNG £ONBORAES saRd Jhegei n the
nodi fying step conprises the step of depositing non-silicon ions onto the
surfadde of material selected from  the group consisting of

polystyrene, latex, silica and quartz.

7. A method as claimed in any one of the preceding

claims, wherein said silicon layer is a nano-layer.

15
8. A method as claimed in claim 7, wherein said silicon
nano-layer is a discrete layer disposed on the surface
of the substrate.

20 9. A method as claimed in claim 7, wherein said silicon
nano-layer is integral with the substrate and is
disposed adjacent to the surface of the substrate.

10. A method as claimed in any one of claims 1 to 8§,

25 wherein the modifying step comprises the step of
depositing silicon atoms onto the surface of the
substrate.

11. A method as claimed in <c¢laim 10, wherein said

30 depositing silicon atoms onto the surface of the
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the substrate to release silicon atons fromthe siliconcontaining conpounds
in the substrate. 16. The nethod as clained in any one of clainms 10 to 12
and 15, wNereionis@é silicon ions or non-silicon ions usedT&Ge@ivoeE@7dosage
in the range fromIE1VCm 2 to | E16/cnR.17. The method as clainmed in any one
of the preceding clains, wherein said particles are capable of being

di spersed o t : a h I, SPEeE S tihcles.-ar
subst anti al Ir%/&esfﬁe?%lt%(%s%ﬁi Eﬁﬁggmﬁégr%g% Fset;gg %%%S%FB?%E&Q e%lgfl%soe{ll d
surface. 18.atPms mstined sas-hodmd emld Vapanydepes of i ehengtlecadi ng cl ai ns,
wherein the substrate is optically transparent. 19. The method as cl ai ned
in claim18, wherein the optically transparent substrate has a |ight

transm ssi on2af ThOMmEANID 280%120med net hedagh deposidhdge thargad
particles on a substrate, the nmethod conprising the stegs of : providing a
substrate t PSS GiCapabt 1 e r &8P a @B ng‘-fieb aSpBE§eeecPiol yihe

coating thats has ; i p. itest .charge :qf; e j cles
that are tosbe dé%ﬁ%ﬁ%%l%%n?hﬁog? |§5 ?ﬁ%ggﬁ%gge%& ltctﬁgl Su SHH ate to
provi de a | aygagmopfa sifutd@mriremesrhat. t herein; coating the silicon |ayered
surface of the substrate with the polyelectrolyte coating, the

pol yel ectrol yte coating containing functional groups that are capabl e of

form ng bonds .wiA hnsahédskki eonikayerin and deposéti BPadmsuspensionRf the
charged particles over the coated surface, wherein said polyelectrolyte
10 9, wherein the modifying step comprises he” step o

implanting silicon ions into the substrate.

14. A method as claimed in any one of claims 1 to 7 and
9, wherein the substrate comprise silicon-containing
15 compounds and wherein the modifying step comprises the
step of implanting non-silicon ions into the substrate
to release silicon atoms from the silicon-containing

compounds within the substrate.

20 15. The method as claimed in any one of claims 1 to 7
and 9, wherein the substrate comprise silicon-containing
compounds and wherein the modifying step comprises the
step of depositing non-silicon ions onto the surface of
the substrate to release silicon atoms from the silicon-

25 containing compounds in the substrate.

16. The method as claimed in any one of claims 10 to 12
and 15, wherein the silicon ions or non-silicon ions
used are at a dosage in the range from 1E'/cm® to

30 1E*%/cm?.
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coating enables a substantially even distribution of said charged particles
deposited thereon.21. The nethod as clained in claim 20, wherein the
density ovodneyau®ed particles on the surface is indepeRdeEsG2ai/006230
concentration of particles in the suspension for a fixed total nunber of
particles. 22. A nmethod of form ng nano-particles on a substrate capable

for Localizad .SurfraeemBtasapn Resonanae, i hhantethod conppising. %ri?l\éqj ding a
substrate that is incapable of readily adhering to a polyel ctrol yt

coating;, no&ilByifify t HESs@dfaceadf! thersubsesatareo groahe af ayernof
silicon thergan QL therein; ti he.silicon | ayered surface of the
substrate wt h%tehesetﬁgl %gitgct@ggyt%%csétéﬁtﬁg, Sf‘lﬁg‘ pﬁ(?él ectt oYt eE555 ng
cont ai ni ng pandticdeal greoupuikistantasa lIgapabeel of Ffiordingleendsy it hsai d

silicon layer and wherein said polyelectrolyte coating enables a
subst a%ti al I2&Vved Udi ﬁfr Pcﬂlﬁ iad?é)aofOfsaﬁacFCEr?d%ﬁ%P%arti cl es deposited

t hereon; depositing a suspension of charged particles over the coated
surface, said particles having a charge that is opposite to the charge of
the pol yel eéfrolShe ®8hbPAg2depbsimnétginobimy nehal ©ontsai greceding

particl e- coptai;pisng  sunface; ,an t chi t.he deposited noble nmetals to form

nanostr uct ures on’salg segbsttrhzaﬁ gs.u 9 sdbsst()rpgfjecatm TR RApEb e of

readily adhering to a polyelectrolyte coating conprising :a |layer of

sili on or, wi.thin said substrate that has bonded with functional groups

mﬁthﬁﬁ?the 99. %he methoés as claimed 1in claim 18, wherein theg P
optically transparent substrate has a light transmission

of from 70% to 100%.

20. A method of depositing charged particles on a
15 substrate, the method comprising the steps of:
providing a substrate that is incapable of readily
adhering to a polyelectrolyte coating that has a charge
that is opposite to the charge of the particles that are
to be deposited thereon;
20 modifying the surface of the substrate to provide a
layer of silicon thereon or therein;
coating the silicon layered surface of the substrate
with the polyelectrolyte coating, the polyelectrolyte
coating containing functional groups that are capable of
25 forming bonds with said silicon layer; and
depositing a suspension of the charged particles
over the coated surface, wherein said polyelectrolyte
coating enables a substantially even distribution of

said charged particles deposited thereon.
30
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pol yel ectrol yte coating; and charged particles substantially evenly
distributed on said substrate. 24. The substrate as clained in claim 23,
wherei n twe 2otkmged particles are nanostructures . 25. Phe/scotmionere as
clainmed in claim?24, wherein the nanostructures are coated with a netal
coating thereon. 26. A localized surface plasnon resonance system

conpri sing: 2a .soriée métho@htss acagnsey chhp g@gp&is%@g %ﬁﬁﬁgég{aEﬁehaving
a layer of sjlicon on or within said substrate that has bondec Wi th
functional GEHFISYn thE n dipBRyepect pelytielesat iary ablge naporsazed is

reflective [ bstantj al 1y evenly .distributed on said substrate,
sai d nano-s?%§$Q%§$%i#i§g p%* ic%ﬂ?%ﬁ%%%f%ﬁ%pﬁ’edpafgﬁﬁfﬁﬁ opti &&F path
for the trasswissisdoroffar ld ghitxdiearofalomuiniet i ghtpSotier4 0 produce a

| ocal i zed surface plasnon resonance signal; and a detector disposed al ong

the optical path for detecting the |localized surface plasnon resonance

signal enitped hy &ékﬂo@ﬁﬂ&?CEb%ﬁiﬁ%”ﬂéﬂéﬁbaf?ici§§ QﬁltﬁesépgﬁEB%%e as

claimed in any one of claims 23 to 25 for Localized Surface Plashon
Resonance of3pPRsfontes sheralidedectinPrepplileaians Resonance, the

method comprising:
providing a substrate that is incapable of readily
10 adhering to a polyelectrolyte coating;
modifying the surface of the substrate to provide a
layer of silicon thereon or therein:
coating the silicon layered surface of the substrate
with the polyelectrolyte coating, the polyelectrolyte
15 coating containing functional groups that are capable of
forming bonds with said silicon layer and wherein said
polyelectrolyte coating enables a substantially even
distribution of said charged particles deposited thereon;
depositing a suspension of charged particles over
20 the coated surface, said particles having a charge that
is opposite to the charge of the polyelectrolyte
coating;
depositing noble metals on said particle-containing
surface; and
25 etching the deposited noble metals to form

nanostructures on said substrate.

23. A substrate that is incapable of readily adhering to

a polyelectrolyte coating comprising
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a layer of silicon on or within said substrate
that has bonded with functional groups within the
polyelectrolyte coating; and

charged particles substantially evenly

distributed on said substrate.

24. The substrate as claimed in claim 23, wherein the

charged particles are nanostructures.

25. The substrate as claimed in claim 24, wherein the

nanostructures are coated with a metal coating thereon.

26. A localized surface ©plasmon resonance system
comprising:

a source of light;

a sensor chip comprising a substrate having a layer
of silicon on or within said substrate that has bonded
with functional groups within a polyelectroljte coating
and nano-sized reflective particles substantially evenly
distributed on said substrate, said nano-sized
reflective particles being disposed along an optical
path for the transmission of a light beam from the light
source to produce a localized surface plasmon resonance
signal; and

a detector disposed along the optical path for
detecting the localized surface plasmon resonance signal

emitted by said reflective particles.
27. Use of the substrate as claimed in any one of claims

23 to 25 for Localized Surface Plasmon Resonance or

plasmonics signal detection applications.

47



