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SENSCR CHI P FOR Bl OLOd CAL AND CHEM CAL SENSI NG
Techni cal Field The present invention generally

woeb@tiees6h 0 a sensor chip, a process for nmaki ngCsAGA09/000156

sensor chip and a nethod for using said sensor chip

for localized surface plasnon resonance detection. -
Background Bi osensors have been exploited by

resear CBENSOR OCHIRNFORcBRIOLOGICAR ANPaSHEMICGRARQSENSING

and nonitoring of diseases, drug discovery, proteomcs

and environnental nonitoring. Fundamentally,

bi osensors are anal yti cab-H8Yke8SFiRaly convert a

bi ol ogi cal response into a detectable electrical or

opt i cal Tsé gpakseat| dnyendmountgeietdibkensetareseqpch sensor
efforts have been devoted .to the, eval uation, of th .
r eFAtP v e nBFPEE =5t %\?gri g gﬁ*]aajrgt?%ﬁi‘a’ac?% %8 h8ggrethod
SUgbrafsonyl ealid rRMiseactdivies ebecloeahertaakurface plasmon
pi ezoel ectric, magnetic and micr mechanical . One of

t hESRABARCS| §RAEFCEE@Rsduct i on devi ces used for

bi ol ogi cal applications includes optical spectroscopic

devi ces, such as Surf ace -Pl asnbn Resonance (SPR)

devi ces, which provi de a |Biekgfowrd real -ti ne

measur epent of a sybstance by using,an.optical nethod
that detSCPEIERARGAETS PRE™ cPPRLT} vedi Miex: BPogtcrers for
di ghagt yeerk iR adiacedad cof ABhghosdhtacandHaWRM®oring of
in the era of nano-scal e research, the use of SPR for

nafibseareshi olBeE c Alisaeayat | BHOTEOMESSt | @d argnyironmental

liﬂLh?Qorﬁ?&Qri%%ﬁdéﬂéﬁggﬂfQ?rybggééﬁégrétrgﬁ%ur%%alytical’

are usua
devices that convert a biological response into a

detectable electrical or optical signal. A large amount
of biosensor research efforts have been devoted to the

evaluation of the relative merits of various signal

transduction methods such as optical, radiocactive,
electrochemical, piezoelectric, magnetic and
micromechanical.

One of the known signal transduction devices used
for biological applications includes optical
spectroscopic devices, such as Surface Plasmon Resonance
(SPR) devices, which’ provide a label-free, real-time
measurement of a substance by using an optical method
that detects changes in the refractive index of a
dielectric film adjacent to a metal surface. However, in
the era of nano-scale research, the use of SPR for nano-
scale biological applications is particularly limited. A
variety - of auxiliary optical structures are usually

required to induce SPR (including a prism, grating, or
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required to induce SPR (including a prism grating,
orwaveguides) . In this regard, due to the

wdi20d9icedsd i es i nvol ved in assenbling these auxPCTaGR009/000156

optical structures in a mniaturized scale, known

m ni aturi zed SPR devi ces do not usually have an

integrated conduit for the |iquid sanple. Accordingly
arwavegiepdasent I owhdel | regartip béuesedb T:hn'es d&itflltcmltles
in a constapt need to arduously align the flo

R L

Opgk afi AR nildtiond Kaide above. ﬂﬂﬁiéﬂﬂﬂlﬂéaoéPR devices
| ocal i zed surface plasnon resonance (LSPR)

spetroscupyaidybbazaplasy édlﬁﬁgltﬂ’f’(ﬁ@ﬁ@aﬂﬁua‘fa pfbrathensiquid
S €as Bl TRaLt Al 20 Aasdaeen ARIPNSLIS! S DY e

sever researc Renomenon ot | oca
suigase whasrmr@su&s@nawuce | Sorit el ﬂwe@etbaandumu@uey align
ropertles of noble netal nanoparticles . Noble
na‘?f%%anft P¥l e ekhibFR £h% r%ﬁ@lﬁﬁuw-%?ﬁl egPé‘bs‘é‘?]éiLF%ﬁ before
ﬁh?%ekgt gsent in the spectrumof the bulk noble
neta Is a sorption occurs when the incident photon
frequenty iviewsafanthei t Aboke,cothectalviEl bsyi Idfat ilmralized
conduition electrons int

T UTEReS  PLERPPPngT FHOPARRE i EFR) « GPESRIRRCORY s 0 be

al &egtyyvuideliys UsEGIRYyikia0l 00kShBicdSbbhés akSo idltreasingly
effective tool to characterize the biol ogica

. niEPPHEERBE amd RS tRRCR| AERCRSTRET SerzY t FOveyaihgipsearch
%é%ngg Eé%R Eﬁ%k&‘ﬂgﬁgﬂet :o‘%. decyqlength s(alfrﬁr%aeSn;Brlasmon

urte surtable for nonolayer ecul
orrshon&neehasncENAedebgctEWMalésumqu&r@&o@@ﬁﬁ%&s ‘of noble

which utilizes bl e ne filmand re I es

auReEe 9 Hﬁppg | Fucﬁﬁﬁl?(@ﬁ? p Rano artlcles exhibit a
strong UV-vigible absorption band that is absent in the
spectrum of' the bulk noble metal. This absorption occurs
when the incident photon frequency is resonant with the
cpllective,oscillation of the conduction electrons in the
nano—ﬁetal partibles, resulting in LSPR.‘Similar to S8PR
which is already widely used by biologists, LSPR is also
an - effective tool to <characterize the biological
interfaces, and has ten times higher semsitivity than SPR
within its electromagnetic decay length of 5-15nm. This
makes LSPR quite suitable £for monolayer molecular or
short-chain DNA detection.

As compared to SPR, which utilizes a noble metal
film and requires auxiliary optical structures (either
prism, gratings, or waveguides) for it to function, LSPR
can easily be measured through a normal UV-vis-near-IR

spectroscopy, by the absorption spectrum of noble metal
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prism gratings, or waveguides) for it to function,
LSPR can easily be neasured through a nornal

woNeosiisessear - | R spect roscopy, by the absor pti oRCT/SG2009/000156

spectrum of noble netal (silver or .gold) nano

structures . Furthernore, the peak of the LSPR

spectrumis tunabl e according to the shape and size of

t hesiBtst cmnkiy usahosesuct@oes enFhyth&PRohas beenpeak of
confined to applicati,ons i nvoivi ngﬁl ahor at

¢ iy EAPR KABRRCHERNdd TERIPLT nArREERABE] Gl | G ofhape and

m £f 0l nanofnd yhdli £ deyhcesrakeunet suitable for LSPR
device fabrication. For exanple, the use of anodic

bondi nCuréngly t &R ahesesbasy deembEnede traneppligations

tures,.. which.are_ ipportant on ' f .

| St (1 8REiPek SRR TN Rici] fRiASSs ' Bbea in che
t eedmi Deket i i 6h mSceoynanbyluséadci defiices/ aarofnot suitable
| ui dic device fabrication, will raoughen the surf%%g of

t HePY| ESFRaFEYSCENd" RBTSEP BIPDt  dTOunERTEd S use of
Scé’ﬂé&{éngﬁoﬁﬂiﬁ@PRatThﬁﬁﬁh' Stampeed i@l O¥ade &amage the

sensor chip that”overcone3, or at |east aneliorates _
oneanes oouetefes he wiisddvane agepadesard bedmppoests required

There i need to_provide g, sensor_chip,for ti :

L on@rﬁ ni %‘FH?F%&OECal g?mf?]%‘fe%ul ghﬁeetggéggoner&Chlng

or t 8BhLi §he | hevHidlH oWeNG-irhdreTy ausied biwcenpatd hlamofluidic

robust, cost-effective, transparent with mninumlight

SCAEY2PENGIPTREZLAAT na4taOHIEERd e BHETEaCENRh e glass

theakbpkdanamhLesand §8¢ Be LaRahealed LRUahBS Lopr.

production. Sunmary According to a first aspect, there

i's providetea sensor rded ¢ceonppirsivige a sensor chip that
overcomes, or at least ameliorates one or more of the
disadvantages described above.

There is a need to provide a sensor chip for
detecting LSPR on a miniaturized scale, that would meet
any one or more of the following criteria: is
biocoﬁpatible; robust, cost-effective,  transparent with
minimum light scatteriﬁgs, has an integrated conduit that

contains the fluid sample and can be fabricated through

mass production.

Summary
According to a first aspect, there is provided a-
sensor chip comprising:
a micro/nanofluidic channel;
at least one nanostructure provided in said channel
along an optical path for the transmission of a light

beam;
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a mcro/ nanof |uidic channel; at |east one
nanostructure provided in said channel along an

wopbisaésepat h for the transm ssion of a |ight BeamsG2@9/000156

light transparent el enent di sposed along the optica

path and arranged to allow transm ssion of |ight onto

sai d nanostructure; and a non- transparent el enent

surrourdi NMgight | easénspapoent onebémsntd dpspoakdpathiohg the
at |least partially reduce |light scatter fromthe ,
ORRCAARAE R | OB TERBEEATER AL { TEREpR BRgon of light
el Nt Dfg thend s £ Bk BePECtang conprised of

silicon-based material. In one enbodi ment, the

si | i cora based tnanEpatents sillemeat AguancHgddng yatt heeast a
silicon-based naterial i hosen such ical
SR e hTa pbaset R endbar bt Hipeidniy reduce
siXteywd | scftéhef semsthe cbppiaat paghri sed of a layer

of non-_transparent _silicon disposed between a | ayer

of sil i%‘bnoé‘ieox?‘ﬂléo‘%h‘ae%ttr&#?pa‘f%%?ﬂ’%?@?‘cofejgﬁ“%kt. of the
Advantaggousky, itdhecshbi£98adi@xidle Aanth Al Y8 material. In
gl ass may be coupl ed together by a cured pol yner.

Acoe cémigpd tmensecbhd aspécon-bheed metprdeildds silica.

| ocal i f : ; .
conpr | SRR RS erBL fangPel STar e EnRaRar. AT aRd igngrosen

.na@@@ﬁrm&wr@?@i@andgda'teeﬁahg‘ ¢Bannel milzesdg an

optical path for the transm ssion of a |ight beam from

a | i ghtIBogRee stpOCigwnt r Fispatinval bheff dhepssagor chip

al opg tgghprised of a layer of non-transparent silicon
disposed between a layer of silicon dioxide and a
transparent layer of glass. Ad?antageously, the silicon
dioxide and a layer of glass may be coupled together by a
cured polymér.

According to a second aspect, there is provided a
localized surface plasmon resonance sensor chip
comprising: A

a micré/nanoflﬁidic channel;

at least one nanostructure provided in said channel
along an optical path for the transmission of a light
beam from a light source;

a light transparent element disposéd along the
optical path and arranged to allow transmission of light
onto said nanostructure; and

at least one non-transparent element surrounding at
least a porﬁion of said optical path to at least

partially reduce light scatter from the optical path;
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optical path and arranged to allow transm ssion of
light onto said nanostructure; and at | east one non-

wonremspessent el enment surroundi ng at | east a poPCTSG2@P/000156

said optical path to at |least partially reduce |ight
scatter fromthe optical path;wherein in use, a |ight
beam i s passed through said optical path and over said
nanost rlodeien t inpusdyuce aighdalbezmd surpassedl abprongh said
resonance signal. [n one enbodi nent, there is Erovide

c

a‘?%_aﬁa_rjzea’ ﬁrf%‘?: &S moTE 16 s&@ﬂ%%‘e Pp procuce a
COMBYA i Wy Suft£EO/ FRaohdNi Hb§orhARBEL 1 GANING a base
surrounded by sidewalls, said sidewalls Conprising a .
| ayer ofn nomer agsbadement| | iBwireli spospyovedaders alocalized
silicon di oxi | ace the.ba |.ass
e teg Pl Eet o R P B SR BO S BB e 8T
base capatlerofngmotuai agc! osahhzedhautihace phasmemrrounded
resonance when illunm nated %ahji ght at. an incident
ariyf eS1aRUALGr ase 1%y APRYE e HOBPER S4BT SchmyRy Of non-
adj Acedls Sahd ia3drPYEEsPbssal bt wertkbl Ss{flcon dioxide
allowng light to be transmtted therethrough and onto
salayeranadiacenures Pheobasagand a pghhed dspest, there

ed surface

salatemre 3 | |
oystemBORPPTRIAGY KCcOVEe Ord i BrEChens by paid base

COPeRpaIs1 @ 0o £ a pHodie/iman afddd 1di £ haipehce ablheadh @REonance
nanostructure provi ded_in said channel along an .

opfien| 1 pheningkednbyt + 488k 38i 8R ARCHOGRE BBgkeHr R

the ight %‘éfscelégePr%%%%d%d 054 i_»z%%ﬁi”éﬁgﬁnel adjacent

pl asnmon r €sonance signal; a palr of light transparent

el smbdt gldsspbagdrabbngatiesopdei eall Jgatioramd lowing light to
be transmitted therethrough and onto said nanostructures

According to a third aspect, there is provided a
localized surface plasmon resonance system comprising:

a source of light;

a sensor chip comprising: a micro/mnanofluidic
.channel; at least one nanostruéture provided in said
channel along an optical path for the transfnissionﬂ of
light beam from the  light source to produce a localized
surface plasmon resonance signal; a pair of 1light
transparent elements disposed along the optical path and
" having the nanostructure located therebetween; and at
least one non-transparent element surrounding at least a
portion of said optical path to at least partially reduce
light scatter from the optical path; and

a detector disposed along the optical path for

detecting the localized surface plasmon resonance signal.
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havi ng the nanostructure | ocated therebetween; and at
| east one non- transparent el enent surroundi ng at

woOeami13es6porti on of said optical path to at | eB61/5G2009/000156

partially reduce light scatter fromthe optical path;
and a detector disposed along the optical path for
detecting the localized surface plasnon resonance :

si gnal . Recording to a f bontrhhasrgedct t heheres ipr oyideilded a
a process for k“gg a sensor chip conpri sing the
SUBBSCEES . FOF imG- 13 r S¢NEARs FR4Pe CANETASBE RS Steps of:
SUbStraﬁ@iﬁQﬂﬁtﬂﬁrfikgé fdiiStc Sebst 13l Ravddhdd substrate
| east one nanostructure thereon and the second

subsgetiherbei bhecolifirglr edulstinntr a Ipdcing naabf least one
luidic channel between said fir and second ,
e P FRa0EG "HHER R % dhd | e AHLESIE "upstriate  being

patbnf Ogakeaw o apsfmsH ofieko/nghbfontidisai ¢hannel between
nanostructure; and nmounting a |ight transparent

el BAtft Titity 38F d SEFCTEal SPAPRTEESal IS5AY r BRSHRd sipfpstrate
thédrgﬁg QM Oogéigaﬂa%tﬁ{ rygt Wetowl B E‘l%uﬁ%’%‘i@rﬁeab light

there 1S provided a process of the fourth aspect,
conptossaydt hengsepuoturet chndg t he second substrate

to formsidewalls. In gne enbodinent;. there is .
provi delORTEBEed dH Mo rOKFPTPRETAG: S LOWPTT sidhprg said
t hgpslieplofpat ovbdidlg dwhe tseeerd ssulst r af e haHNJodto said
| ayer of silicon dioxide and a | ayer of glass. The
prBeBSStHHGEUEBAPri se the step of: providing on the

cocond DS el oY ATSRAESA 1 SBiocess of
Adthat Ageptubl gspebe, noomptigisgaréet stidp odn | ayer

etching the second substrate to form sidewalls.

In one embodiment, there is provided a procesé of
the fourth aspect, comprising the step of:

providing the second substrate having a layer of
silicon dioxide and a layer of glass.

The process may,comprise the stép of:

providing on the second substrate, a iayer of non-
transparent silicon between the silicon dioxide and glass
layers. Advantageously, the non-transparent silicon layer
is capable of at least partially reducing light scatter
from the optical path to improve the LSPR signal to noise
ratio;

In one embodiment, there is provided a process of
the fourth aspect further comprising the step of
providing a non-transparent element adjacent - to said
first substrate to at least partially reduce 1light

scatter from the optical path. In one embodiment, the



10

15

20

25

30

i s capabl e of at least partially reducing Iight
scatter fromthe optical path to inprove the LSPR

weigaBbeto® noi se rati o. I n one enbodi ment, thePeTIS&2009/000156

provided a process of the fourth aspect further

conprising the step of providing a non- transparent

el enent adjacent to said first substrate to at |east

paftesl | 9 r el dimht ascapnetrbnspatrketoptleabnpatdomprises

In di ot t of .providing a_non-

| 12995 OG0 R Hagken o HOUAL SO artorm an
onophe chilr sheathgt bat ©rieo SfiA@eMaE Y iGH SR NGBy to the
one _side of the substrate prior to the nanostructure

f aBPPOSEF A FURGy atERfESiARl PN t heAdBaatagaguslyhi cithe metal
v aososcloong a0 sgabe sVglists SO

signal to noise ratio as . contr .
LSPRhangral . tha ambghel ehbodhnokse, theie issprwvideds the

f f h t, wherein the
ﬁagggggégFngt?gedggggsggggﬁﬁrhe first substrate by
nanosphene arnddhegr agiod Nebht ; 6@%9%mﬂglﬁfb@%&é&tg rocess

aspect, there is provided a method of usihg the sensor ‘
chgg oFhehe EppEER a3prPert t he'heaeliod ddvepr itsinmpttthecture  is

st egdhheetLng s [ froma |light sour.c
thggﬁgﬁgfﬁeb%pgﬁ%a lgg%hgg%ﬁgﬁ%g%dgﬁ:%ﬁ?9§%ﬂfrefilé%09raphy
nafB8L) ucture; contacting-a fluid sanmple with said

nanostrycture.while light is being incident thereon;
det ect i ﬁc?ﬁglPQgtﬁor@flé’c‘?@a GEPEFAnsnTReRd flifonpsaridded a

nameﬁhbaCbQYQSWH§|%Hé7ééﬂ§6¥“cﬂﬂ§hofakﬂefEEEgtS%Egé%t, the
anrgethod comprising the steps of:
directing a light beam from a light source through
the optical path and incident on said nanostructure;
contacting a fluid sample with said nanostructure
while light is being incident thereon;
detecting the light reflected or transmitted from
said nanostructure while in contact with said fluid
sample; and
measuring the characteristics of said reflected or

transmitted light to determine the localized surface

plasmon resonance associated with the fluid sample.

Definitions
The following words and terms used herein shall have
the meaning indicated:
The term “channel” as wused herein 1is to be
interpreted in a broad sense. Thus, the term "channel" is

not intended to be restricted to elongated configurations
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measuring the characteristics of .said reflected or
transmtted light to determne the |ocalized surface

WO hemnoese» esonance associated with the fluid saapise2009/000156

Definitions The foll ow ng words and terns used hereLn

shal | have the neaning indicated: The term "channe

as used herein is to be interpreted in a broad sense.
Thi8ere h& NS r FFaRAXAREE" 9% AeNJifudiged tdibension greatly

r eskebeled E@m§|Qﬂﬂ§£§gefonQJ.ur@}égg§Mhe%$P§QZXCé%%ﬁgnsion.

-transverse or |ongitudinal di mension E?%
t hBagheret sheortexmods -wwott onal ididlansd oB. RMNSIt of any

th I g, 0eant _to include a conduit of any desired
sh(g%%f%%& c%%??&u?gt (GR ORI SFhi R Rglai Whimhy lquids may

di becti¢ttechetharmekhamnele iy | gd i gpeorymre o
le fluids to be analysed 1n a detection netho

sa , . '
SUBTIRES | 5EdEAEedos B areaprasdpiy @smmet;?hem:ethmd such
"mer j ol 8" o t_of this specification,
rg%ﬁrggﬁé%&é%ﬁh%%??%%%e?gggégétF%ﬁ?ngnSEannel t hr ough

whi ch fThe d Csym arenicapatilei dfcbeiing passedtditext of this
dié 9%%9» w@erein one or nore of the dinmensions of the
chaﬁ%e WE- T he" TR Eéf'weé'ﬁ-b&ml edPIm c_rr@‘ﬁttaﬂd:h tion, a
abehindS00 dHEhes. wilied ermyngnof T uidi ¢ inthe o .
context of this specificati orﬁlrefers to, vﬁqg{%)oue( zfny eing
r (17934 i 9n, Tbreriehel wherelghonhi on fibuedofskhar @imensions
c bLe.o [ ed_or_.di rected, wherein one or .
ng?@ % et%gg'lﬁghgg%%sggft?ﬁ% %ﬁ%ﬁﬁepeﬁwgepb§§?Wthl_mlcron
abFnd gboutcridno Heheeond he term "micro/ nanof luidic" is

a collective termand refers to a mcrof luidic .
channel d&Fidhot " PRk EutRbRhel in  the context of this

specification, refers to, without any restriction, a
channel through which fluid(s) are capable of being
Ppassed or directed, wherein one or more of the dimensions
of the channel are less than about 1 micron. Hence, the
term “micro/nanofluidic” is a collective term and refers
to a microfluidic channel or a manofluidic channel.

The term “transparent” refers to any substance that
allows light easily pass through such that objects placed
on the back can be fully seen through the substance. ‘

The term “transparent element” refers to any object
.that is formed of material that has the‘broperty of being
transparent as defined above; For example, a transparent
element may be the sidewall of a micro/manofluidic
channel.

The term “non-transparent” refers to any substance
that is not transparent in that it does not permit light

to easily pass therethrough such that objects placed on
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The term "transparent” refers to any substance that
allows |ight easily pass through such that objects

wohkemadesom t he back can be fully seen through PO®SG2009/000156

substance. The term "transparent elenment” refers to

any object that is formed of material that has the

property of being transparent as defined above. For

exanpl dack t canspartenbeelfeidnt sagnbeclidwigh dehal Isu¥stance.
a mcro/nanof |uidic channel . The term

" RACPFABBAY ent®hG eFEFE- dPUnPOSULIGMIS ¢ RHPSFENREE that
LI RESPAENpd A {48y | 1 40RSNUNDLT HcH | gt k8reaskipie a
pass” t heret’hrough such that objects placed onthe back
canaheridd tbeky isesmranslogghtt-he subst ance.

Accordi agly the termdoes not exclude sulhstances

t hat rra@g%e %%Ir-[fli aIrR/n ttﬁa aa}%%?i? 5 Cergnegg: f olregfgﬁpl go any
a opjectaltHatatid sforaesl veemateiieal t €18 " RAB- the property
transparent elenment” refers to any object that_is

f oPfre eéﬁgnﬁ‘f’élritﬁﬁntsﬁ’étreﬁ&s 3Eh &l Jd’k?égrt”&b%febﬁ% Feple, a
{ragapacaRkpasetel | nebpliv e, nBpr SAMMLE 358880211 of a
transparent “el enent may be the Sidewall of a

mi wiotradnsholfdiudidd cclediamalel.. The term "flui d sanple”

as used_herein is to he interpreted broadly to include

any fl qu‘enaY%Wal UL x?ﬁV‘EESf F3%i dls'ﬁ%lt ePFEFLDt et ©© b_e
cophakRrpreredor b#BaglgonpONeHE e | RBf egtiuial Raterial or
| ocal i zed surface plasnon resonance anal ysis.. The

fluidteaeerehl Ghuif xmaterdmlel ubhahnt @PRER LN aPne Or more

ei Egﬁﬁoﬂg itg'. ao.#_i gﬂitgr@gﬁsefc% % gfc?@z{:?ffz@&aﬁﬁrfya% lasmon
flui sarrB] e may be a biol ogical sanple, .a biochem cal
sanpkenanca carmailgalissanThe. fTheid| watesamil e omaymbeture of

ungi{lggi nrrga‘gerrfa éi%g.ndué:il_tr.]lgezt:h%e in a 1liguid phase or a
gaseous phase. The fluid sample may be a biological
sample, a biochemical sample or a chemical sample. The
fluid sample may be undergoing a reaction during the
detection process. The reaction may include rigid or
viscoelastic layer film formation, film layer removal,
affinity binding, ligand-receptor binding, competitive
binding and chemical vreaction. Exemplary chemical
reactions occurring in the fluid sample which may be
measured include coupling of amino group functionalized
molecules, macromolecules or particles to a -carboxylic
group terminated surface via an active ester intermediate
(EDC/NHS coupling for aqueous condition and DCC/NHS
coupling for non-aqueous condition), esterification
polymerization and photo-polymerization of the components

within said fluid sample.
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detection process. The reaction may include rigid or
vi scoel astic layer filmformation, filmlayer renoval,

wahbioniBéss bi ndi ng, |igand- receptor binding, PCT/SG2009/000156

conpetitive binding and chem cal reaction. Exenplary

chem cal reacti-ons occurring in the fluid sanple which

may be neasured include coupling of am no group :
functi oriad i zedmmtreEndssrucacresd| esul wsedr hpaetincliss to be

to, a -carboxyljc group.term nated surfacge via an .
ackPear e eed | RERRALH 40 YEPIBSEEORpr TRYS B oF isolated
aguepesls c@ipbhk9Rnand REANES P! 1 f OFh80NpagHEOWE  the

condition) , esterif ication polynerization and .
peiorpohynechanne bnwbichhbayenpéndfestnitie disgngions that

fluid I he anost u erej

JE SRl tlibeis i g T e R

or isolahed thoed di Muatrmabt 411t ur edoksom e basexclude
of the m cro/ nanochannel whi ch havev%g | east

4 t\\V\D 1
di YERBPLREELHAL e | RsSOPRRFEBOH i, Lfpreupstantially
typicak! ys208m 0 800N Theomoi e Bybstald | afddm A0ES Where
not exclude "conpletely" e.g. 'a conposition which is
" subseantil | \cHer eesrd r 9gugsranptbeldyrpieaiel hef opétted from

fr Y.. -Were necessary,. _the word "substantially" my
begg%ig?gan% 6ﬁPtﬁ§ gg?iﬁPﬁ%ﬁ%%%nThe i nventi on.

Unl ess uapeekf igskothiesdv 8ehertigel, ertite " cetmpei Sidgiprising”
and "conprise”, and granmatical variants thereof, are_ -

i nEEAJelCPBOF £pR Ls oD o gERMMRT 20§ 1) c VASHPETS| ahpERget are
sug t | der acideh el.ement s hut ol so, h
pe?ﬁF%H?%glEgyg%%%%%aggitigﬁgf, unreg?te gfenenf%?uige she
s tsed heheiyn, inkduder mreaticued , délendrecoritext aiso permit
Coggggh[s%tolnoro] %%d%%q_'%%%ir)t %n?:fecti eecI oerlrreurrllearg’éso.ns’

As used herein, the term "about"[ in the context of

concentrations of components of the formulations,

o\

typically means +/- 5 of the stated wvalue, more
typically +/- 4% of the stated value, more typically +/-
3% of the stated value, more typically, +/- 2% of the
stated wvalue, even more typically +/- 1% of the stated
value, and even more typically +/- 0.5% of the stated
value. '

Throughout this disclosure, certain embodiments may
be disclosed in a range format. It should be understood
that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of ‘the disclosed
ranges. Accordingly, the description of a range should be
considered to ha&e specifically disclosed all the

possible sub-ranges as well as individual numerical
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typically nmeans +/- 5% of the stated value, nore
typically +/- 4% of the stated value, nore typically

wWe/10093%6%9 t he stated value, nore typically, +PETREGR@O/000156

the stated value, even nore typically +/- 1% of the

stated val ue, and even nore typically +/- 0.5% of the
stated value . Throughout this disclosure, certain
enbadiueentvs ey behalt sebaged iFom edanyelé pr descriibtion of a

shoul d be understqod that the description in rang
f oF RRESI SURY 25 fQ'BPm InvERi énc?éi%tﬁaob“?%vic??s&ﬁ&red to have

ShQﬁE@l&@.Eaﬁﬁgfc‘HﬁcfP&ge@S s@B-ahlexl blgn i Bkt aéfcsm Mio 3,
the scope of the disclosed ranges.” Accordingly, the
degzomptli ¢ &f,. fEramangetehbul 8rbw 2ohsi der dram have 6, from

worl S LG dudl® nifbe G VAL T i ARREE ST dhgain that

Fo&a@ganm@r desamppéi on,of2 2 sange Suchang Br. ormrilld Capplies
6 shoul d_be consi dered to have speC|f|caIIy di scl osed
suBSPRAGEESsuCh &5 RdiRatttb of the ¢im9%0 4 , from 1
t05,from2to4,from2t06,from3t06etc.,

as well as individual nunmbers within that range, for
exanple, 1 , Zetgiled Discloande60f Ehbodipehites

regardl ess of the br eadt he r.a tai
Di scl os F8 o HIFHE] Jé“ &Wb q‘—e #tftn@ensor chip

entgedi MgsEs 1Qf 8heRAsaN Cah@ fks)iroluﬁgeidﬂ caémsclalg apdohniques
bi ol ogi cal senS|ng t echni ques such as | ocalized
ﬁP&r%e sl Frednanetacei PLagegnb& sFonanssed. Wifhe now be
selgﬁ%r gyera conpri ses a m cro/ nanof |uidic channel; at
| east one nanostructure provided in said channel
The sensor chip comprises a micro/manofluidic

channel;

at least one nanostructure provided in said channel
along an optical path for the transmission of a light
beam;

a light transparent element disposed along the
optical path and arranged to allow transmission of light
onto said nanostructure; and

a non-transparent elemént surrounding at 1least a
portion of said optical path to at least partially reduce
light scatter from the optical path.

In one embodiment, the sensor chip comprises a
single nanostructure. The sensor chip ﬁay also comprise a
plurality of nanostructures.

In one embodiment, at least one of the nanostructure
is a metal. The metal may be selected from the group
consisting of Group IB, Group VIB, Group VIIIB, Group
IVA, Group IVB, Group IIB and Group IIIA of .the Periodic
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al ong an optical path for the transm ssion of a |ight
beam ; a |ight transparent el enent disposed al ong the

wopbisaésepat h and arranged to all ow transm ssi 8aT{:2009/000156

light onto said nanostructure; and a non- transparent

el ement surrounding at |east a portion of said optical

path to at least partially reduce |ight scatter.from

th'Eab.’pei calf patlemémtone ewbodielEnt, akhe tdexisor ehllpys and
e_nanostructure. The sensor chip nmay

al gg&%iﬁ%”gégn%ﬁﬁ?g ity of nanostructures . In one

enbodi MeRé, r@indLAShcONEe OmadyneaN3ROSHE UG URBLIE 8netal. - In
netal . The netal nay be sel ected fromthe group

coﬂ@@‘éh@ﬁge@bo@ﬁlﬁﬁtlr BatGlRragstvI®e ®5uphm nlaaos@mmure is

HI A0
Perl on%c abIS o%é%)&eﬁeé%os% agglevve 1%{8 a8 t%e??lsg ?s c?:lfﬁd gold,

coabunatinapscobeleof indThe, navdyhhetiir, e nikkell ,S®dldadium,
ble netal .. In anot her enbodi nent, at | east_one of

¢ HBLREHBIr ubide FLC AR al THDOSCER (71 1 h&81gV6tip copper

cogaist idgninolchs al vrepdms cobalt, Jydi USyinodiment, the
nol ybdnenum ni ckel, palladium platinum tin,

tin&n@amucwggeds ziac, 9oilkdvemamppparctamde. In  another

co ' th f. In agne e diment, the .
na%%%??%@%ﬁ?é |§’ ha(:"clllgol%l ngﬁ'ggfﬁggy ur € OE | n""gHEERERCtUTes  is
enpodsarbl , vhen mapdsabdtyred mawsudeucwrﬁﬁxtﬁre of the
present, the nanostructures may be a m xture of the

di ffeFeRenhebalralai Sérsdeaedhabevepesirably, the

“?”OStrHﬁe %ﬁﬁggy R NQR d E?é)ﬁgg Egl%%%treactlve to

withint sanpl e an nonreactive
the solvent within the fluld sample and may be non-

reactive to oxygen, water, methanol, ethanol and the
like. The nanostructures may be substantially three-
dimensional. The nanostructure may be substantially
regular or irregular in shape. The cross-section of the
nanostructure may be substantially circular, triangular,
rectangular, rhombic, ellipsoid or squarish.

In one embodiment ‘when the nanostructure has
substantially circular cross-section, the diameter of the
nanostructure may range from about 20 nanometers to about

800 nanometers, from about 30 nanometers to about 800

nanometers, from about 40 nanometers to about 800
nanometeré/ from about 50 nanometers to about 500
nanometers, from about 100 nanometers to -about 400
nanometers, from about 100 nanometers to about 300

nanometers, from about 100 nanometers to about 200
nanometers, from about 200 nanometers to about 500

nanometers and £from about 300 nanometers to about 500
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to oxygen, water, nethanol, ethanol and the |ike. The
nanostructures nay be substantially threedi nensional.

wOheoInaesest r uct ure may be substantially regul aPCDI8SG2009/000156

irregular in shape. The cross -section of the

nanostructure may be substantially circular,

triangular, rectangular, rhonbic, ellipsoid or
squantwétera.ofs snbtheneanbehdnenite miess thec Mar®stagicture
substantial ly cirgular cross.-section, .the %maﬁer of g
t HE*RadGST ATt eChay FRhGe FFORT aBoGH 90 ndrbhet BPEERS an
t Ob28QEth8ME N&ReTEL&fSandI&®Maabotudbenafpd®s eséctfons may
about 800 nanoireters, from about 40 nanoneters to

abBEPIBOE TREN GHRAET 570 f PBRPEFSEE S50-NaRBABE e£9 0t granometers,
abput,, 5AQ, hanoypt %%%omfeft%‘%@ a@@“%b%%@ W NELEbRet8rs, Ffrom
about 4 nanonet er s, rom about 1 nanoneters to .

ababibuB80@ tnarmommietrars f tonarbbuodgt 810D nanometers, t drom about

about 200 nanoneters, from ut: 200 nanoneters to

2bSllt ERPTENRLL GPa’ ST r G CabRAPoIB0oRan o =PguE 100
abaghop@eBaROMELEr Sholil anobheneidardarmNt , Mhen _tah&:ut 100
nanostructure has rectangl e or square cross -section,

t hB2RemgERESan&Cbr @Rl oB 00he NEEEMATHLRS or Hiar ébout 100
cr - i.ons _ma nge m nor S
abgéﬁcggggﬁ:gn o%egt e)ré"(sb %ﬂg r offznbgbogltg%%ne?nt%r#(}?fet H&{ 0 ah?out 200
abnahofi6femranomet abeutfl rH0M0 abemonk tGamnandt efrson oabout 300
about 800 nanoneters, from about 50 nanoneters to

abBARCBEESHENGefEPYE PPENPEROTETESE -nanonet ers t o

about 48Q ngReNMBARSSIindrA akow HQQ-BRROERLEES 18 selected

about 300 nanonmeters, from about 100 nanoneters to

- ab8upm2 Gien g erensistomaboiit d2e8snacuinsiser sytlginders and

abaut, 500 ngnoneEters and f1,0m 200U 300, 0RNONE' §° dfka, che
- arrangement of the nanostructures on the first substrate
may be random, patterned, periodic or ordered. The
nanostructure may be attached on the channel individually
or in bulk. Adhesive means may be utilized to attach the
nanostructure on the base of the channel. The
nanostructure may be disposed on the base of the channel
by direct deposition methods or lithographic methods. In
one embodiment, the mnanostructure is disposed on the
first substrate by nanosphere lithography (NSL). When
there is a plurality of nanostructures, the
nanostructures may be separated £from each other by a
distance of ranging from about 1 nanometer to about 50000
nanometers, from about 50 nanometers to about 50000
nanometers, from about 100 nanometers to about 40000
nanometers, from about 100 nanometers to about 30000

nanometers, - from about 100 nanometers to about 20000
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In one enbodi nent, the nanostructure is selected from
the group consisting o f disks, cubes, cylinders and

woephwriee’e9 When a plurality of nanostructures i BCUS6A)09/000156

t he arrangenment of the nanostructures on the first

substrate nmay be random patterned, periodic or

ordered. The nanostructure may be attached on the
chaanehetadbyi diedihy efouth UK. nAdbeasiteesmeass aByube 10000
utilized to attach the nanostructure on the base of

th@aﬁﬁ@ﬁE%Fs Th@rﬂ%no§??ﬁEtu?%onﬁ%a%@mﬂF§E%seE°ona$¢H¢ 5000
ﬁne&eﬁafschaﬁﬁséa ‘bé(b?bEecﬁoéiepﬂéhéﬁlQEePEt hods Yout 5000

I|t ogr aphi ¢ net s . I'n one enbodinent, the

nanesomateuse IS} @ngxﬁmhbdmméme,farsnngabstmameﬁnucture is

her Lithogr,aph NSL Wien there is a
g??y o?nnﬁﬁggt?ﬁ¥5&r§§L Fﬁ?tﬁénostructures nay be
separ at eef NGO Byya disbanee efinkaRghBdized with
fromabout 1 nanoneter to about 50000 nanoneters, from
ab6hemEoahaAEREPEr SULH aﬁo@ﬁfd;@ew r%%%ﬁﬁ:er%arb@}@fﬁrlc amide
0 oy, 4000 mm eLs,
gy B e kD 00 oot aPe CFiRs) with

abbarmiﬁalnahpdebxyi torabmmtbdﬁpmﬂnanamﬁderSgréups1 Target
noneters to about 10000 naponeters, from

D BHPTS0CRIRBMASYS (8 abBHEPE000. nanbRRtas s S1d oYy other

ab@ﬂbm@@@cﬁiégmﬂéﬁs iArabedt SRR, nanosBtehbe | AOREionally
enbodi nent, a single nanostructure is disposed on said

fi pstashbst cat sheThanpsiovctyease my al so be ,
functiopgll éa%%e""'oté“ t(meen?:l%-ﬁlmgi ngy %ﬁ% a3 rizdrqc’(ye'm portion

groups, “carboxyli ¢ am de g dshort

chahas (esg. pp&qﬁecarh&@ﬁbbmdénﬁeudﬁruﬁrdngﬁameﬁtor In -one
car boxyl i c am de groups . Tar et bi onol ecul es such as
re@@ﬁ?gﬁ§eangaﬁag dﬁﬂs%nfj t channel is comprised of

inorganic silica-based material. The base of the channel

may be glass. The base of the channel may also be
biocompatible and/or chemically inert. The base of the
channel may be capable of contacting a £luid sample
containing target analytes of interest for a long period
of time without having an undesirable change in its
properties; that the base is chemically and biologically
inert to the fluid sample. The base of the channel may
have a thickness from about 10 nanometers to about‘lo
centimeters.

In one embodiment, the mnon-transparent element
forms at least part of the sidewalls of said
micro/nanofluidic channel. In another embodiment, the
nbn-transparent element is provided in or adjacent to the
base of the said micro/manofluidic channel. In vyet

another embodiment, the non-transparent element may be
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bi onol ecul es of interest may al so be functionally
attached to the nanostructures . The base of the

woheeéseaay have at | east a portion that is opagee2009/000156

translucent or transparent. In one enbodi nent, the
base of the channel is-conprised of inorganic
silica-based material. The base of the channel may be

gl ased. tdheobasatofldde: chisanel daapralt®e FErst substrate to
bi oconpati bl e and/ or chem-cally inert. The base of the

1y

chEHKEPUREy Ae L8pSbl & POEBRPRCIAIgtRef IRt S@EnpPeth to at
co LRI a Cﬂﬁ§§ , LAt e r n .
pe?%gseo;&ﬁﬁgﬁ}t’ hout havi %E}ngﬁ u%gigi:%gbl%éggagag iorPtlcal
i t paphopefhia espnt-habrisperease e3enbphi oY yadsd be used to
bi ol ogical Ly inert to the flLuid sanmple.. Th ase of
ChEoBHaRhel o) IR ST Chnbs BRORFb RISt ate and/or at
nanegeters Rl @ cenéi MBI, thar@ReodelBAbnt, to
the non- transparent elenment fornms at |east part of

t hENSIrEBYal FSXBf 3Bi CRTEEBL NaPRERLDF di cTRParmRR- tyansparent

an nQe%; e ra e enent :
pr%&?gégﬁin rngg%gcggi ?%g?hgcbgggggfg%hgﬂsaLd oh8 side of
m sidewahds lodi dile chiammmed1lsl nAdetnaagteoers Ignboathiwnimproves

thg non-, tr arent, el enent ma Qggse 0 coat
| e r

d t
BE e et ot PP Y TATLQ Db i FSPRuFRgHRe -atthe non-

Ie%&ﬁnapa%hiton Oferidiec opﬁla?al ANalh tgeat yheash the first
partially reduce light scatter fromthe optical path.

Théupsirateanspacad selhsiamtavayand Mo RE ubest ca cpertion of

?tthgaaﬁaﬂget§%%%p &ﬁ%ﬁff%%%%%g:?qaétéﬁﬁgg$€ﬁéﬁ%?§%%ent, the

east a portion o ranspare )
t hapeby rbaspraanepilerlempatizngbe Eie Nterénansgatend of the
ol eTNL "2 20:8° USE0ond O eal s S 1 Yleast a
'portion of the 1light transparent element. The non-
transparent element may be a layer of metal £film. The
metal film may be selected from the group consisting of
Group IB, Group VIB, Group VIIIB, Group IVA, Group IVB,
Group IIB and Group IITIA of the Periodic Table of
" Elements, as well as their alloys and combinations
thereof. In one -embodiment, " the metal £film may be
selected from the group consisting of aluminum £ilm,
cobalt £film, copper £ilm, gold f£ilm, dindium £ilm,
molybdenum £ilm, nickel £ilm, palladium £ilm, platinum
£ilm, silver £ilm, tin film, titanium’ film, tungsten
film, "zinc £film and combinations thereof. In one
embodiment, the metal is a gold film.
The material required to form the sidewalls of the

channel may be capable of withstanding the pressure of an

incoming f£fluid sample. The sidewalls may be made of a
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sidewal | s of the channels. Advantageously, this

i mproves the signal to noise ratio of the LSPR signal.
wOheoInaetey ansparent el enent may al so be w t hi nPCISG2009/000156

first substrate, second substrate, and/or at |east a

portion of the light transparent elenent. |In another

enbodi nent, the non- transparent el enent may be an

i MRFertat ebhate 16t ?3RaBle spfshissmdatetchetond the desired

subsi gt erpnaRgoradly r & QﬂrtEQ%e&%.the ll% “%§ebgrom a

transparent el ement. The nontransparent
a $a;/1e¢omfwaféeal thatmisThearetakithl & rmyyetie o?eg?@t%@esa.st

th consi sting of. Goup |B, G oup
m eiilg %506‘&‘34 RE & GdR9svB, S@Jo%anBO%mdea sugicon,

|FE&IEcéﬁenfEEh@§|C§%éht% ofa.5 egenL 5. cé§aWEEE 4%oly (methyl

their alloys and co atlons thereof
ernpRehaeRflatg mbPMMA} | | rrpnféyCBe'bgelaeet,ed Pfulcyrtmlene co-

STEUR PO P LA 1L I L SRSl o

flmmtyuaést adihsedot m Tt sl@BWEE skkvehalel Betitkast 2
film titanjumfjlm tungsten film " zinc filmand
c PR e % oﬁgatthet%oppaﬁﬁeonet%%ﬁlmt thetparsparent. In

-a &9t dedibbaymdhe, m%Hﬁ'é&déﬁggiéegr%gﬁgﬂr%éiﬁ%parent to at

sidewal | s of the channel capabl e
wi ket tangpag iefid ypr eedure ohgimtl mearttey f Eubal sael eptical

Sid be .made_.of anat er,i al that i S capable
O]ICE%JEI ngﬁgjt"cﬁéégtéé’“ﬁ&éf 'SP Bd PERYFESS ndokdgher "signal to
enmmﬁéﬁﬁﬁtlbhfcﬁidﬁﬂ@|L§P§r%1@&@§frﬁﬁnéhéthéfogm%ﬁdlment

fer that is coated with a layer of photoresist
| 4GP0 a Gfassthsi| i coanaebxi deresi ldaogrised of

Qédﬁéﬁhﬂﬂfélﬂf 9&3%%%5%@&¥n8&@%&aﬁergg%gﬁ% 1%b¥9ated with

(met hyl et hacry ate , polycdr
(Bt hpbangraggparent element. In another embodiment, the

sidewalls of the channel are comprised of silicon-based
material. In yet another embodiment, the second substrate
is selected from the group consisting of. glass, silicon
dioxide, silicon, silicon nitride, quartz, any other
ceramics, Poly (methyl methacryiate) (PMMA) ,
polycarbonate, Poly(Ethylene-co-Ethyl Acrylate) (PEERD),
Polydimethysiloxane (PDMS) or mixtures thereof. The
sidewalls may comprise a layer of non-transparent silicon
disposed between a layer of silicon dioxide and a layer
of glass. Advantageously, the mnon-transparent silicon is
capable of reducing light scatter and improving the LSPR
signal to noise ratio. The sidewalls may be capable of
contacting the fluid sample for long period of time

without having an undesirable change in its properties.
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Et hyl Acrylate) (PEEA) , Pol ydi nethysil oxane (PDVS) or
m xtures thereof. The sidewalls may have at |east a

wWQQnmi1e6seh hat i s opaque, translucent or transpRCESG2000/000156

one enbodi nent, the sidewalls are non- transparent to

at least partially reduce light scatter fromthe

optical path. Advantageously, this provides a higher

si@halamdawwkmsrmayohhoe theth EPRhssgn&lroml rakset h®0 nm to
h the sidewalls of the channel are conprised

ofag Et% pPaFWy transparent material, which is coated

with a mﬁnbnkr%ﬁﬁQﬁﬁ%ﬁ&n?|Qﬂ%@tllbﬂtaEQEﬂgbarent element is

enbodi nent, the sidewalls of the channel are conprise

of 2§ |ieaft based okt GRisls. amdy@plydmmmﬂn@n@mxanau In one

th ubs t elected fromth

co%gﬂlgég ﬂgngf J%%sgl,l@l | CERTERRSS er&'gg ﬁlel%c is a layer

sipiroomdadtrdyder Qeeatd z, cmnnemt haoxceaaubwsngPonyght to be

(nmeth nmet h crylate) I carbonate, Poly _

(EFE?%/‘EWétES Et hyRTage §?| at %?'1%1PE annel ~and onto  said

POh&HbH@&»ﬂ}ééhkeéaneﬁ PRVR): 108 Mekfdiisader eqf - sJ06na light

dewal I's may conprise a laye r of non- transpar.ent
SI trénﬁpdrgptse&ﬂmmemsa dlagmsm sELbngorth:b opptlécal path
| ayer_of 8SS. vanta eous

tr%ngpaféﬁ %e?lcon P& gpé%¥%“%? ?éaﬂ ﬁﬁplﬁéﬁpt that has

SCphbeédaméﬂdWMQﬂb@grﬁbﬁut§PRTﬁéﬁﬁécéﬁdth%ﬁU“ﬂﬁéhsparent

The_sidewal | s may be capable of contacting the fluid

safpPBSREr Maig E@Fmodt%ﬁ t RS Houtthsavidiprmel. In  one

un ch e S 1 prQpRer

Ay R ko Poa ool AT SERAST Toog Gy T also

Inbenehewmmﬂsuﬂuubsﬁmaﬁeghavimgnapaﬂeabtaamaﬂﬁandsﬁﬁucture

'ﬁ%%%r%&ﬁr " TTOR EPRREBATERE ASMATE T PAygomprised

silicon-based material. In one embodiment, the

silicon-based material is a silica-based material. 1In
another embodiment, the silicon-based material is silica.
In one embodiment, the silicon-based material has a
gimilar refractive index to glass. In another embodiment,
the silicon-based material 'is glass. The glass may
comprise from about 60 % wt to about 99% weight of
silica. The glass may comprise about from 1% weight to
from about 40% weight of metal oxide or metal carbonates
comprising additives. In one embodiment, the glass may
comprise, in addition to silica, additives selected from
the group consisting_of sodium oxide, sodium carbonate,
magnesium carbonate, calcium oxide, lead, lanthanum,
boron, boron oxide, thorium, cerium, antimony, mixtures

thereof and salts thereof. In one embodiment, the glass
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provi ded over said channel for allowing light to be
transmtted through said channel and onto said nano

wenpwatesse s . | n anot her enbodi nent, a secondPCigE2009/000156

transparent el enent is disposed along the optical path

and arranged to allow transm ssion of |ight that has

passed said nano strue ture . The second I|ight

t r dasparontsidlicmsst gimess or int leachadbaiindet chahaelglass is
I n_one_e i ment, the second |ight transparent

el BRERY ggggagiﬁsﬁew?ﬁgrfi rst substrate having at

| east ofrBenangit UekHhephhertONeldienti Gidy t WAREPABENEimilar
el ement may be conprised_of silicon-based material. In '
on&SERBEAL eI NdeHe &7 | FEaRShaded R ePPaAPdigent, the light
Sl raAspasedcmaiehial. nifl ANOLOLra POt BRAL. b £rom about
silrcon-based matertal 1s silica. I'n one enbodi nent,

t he.si tbcebobésed Rakéerabligs thesitmarmparefiracliament has a

i FEEBROAYE VA (&) FEoR) AUe- §pode hout 1.55. The

conmpghse drizamBpheH: 601 dhaht t agb AivO 950 \m@?&l&t tfansmission
silica. The glass may conprise about from 1% wei ght to

frofm abeut £0% Wt gRowt helal &ri gecoempeddment, the light
CaEPQﬁ@{é;S%eBE”péiéhé}% agdit | ée.s% i%ﬂlc 0%%31%‘1@5'1%}1 ' of about
the gla I'n dit 0 Si <

S may conprise, a nt i ca,
adtiobkvesTisel édpbd fromsperenouplemesitstinay de sadipamle of

sodi um car bonat 'ed magnesi um car bonate, cal ¢ci um
aa]d'iﬁ b

oxFaBEaFE4RS | Sheh 1o odPlg, PROEPGM Of time
Cefh URbudNtiARmg 48 xhHEeS 1kheneofcandsaths iktheredperties.
In one enbodi nent, the glassis boro-silicate gl ass. ?n
on8henbadihfentranspaxgnis sel smppice ay7 402Gt ass biefcdmess from
OB o FATSE°ERLShETR, T e o S
light In one embodiment, various parts of the sensor chip
may be coupled together using a curable material. For
example, the silicon dioxide and the layer of glass of
the sidewalls of the channel may be coupled together by a
cured polymer. Exemplary curable polymer includes epoxy
compounds, polyethérimide and acrylic-based compounds. In
one embodiment, the curable polymer is UV curable epoxy.
In yet another embodiment, the curable material is one
that has a similar refractive index to glass. When a
material such as PDMS is used, the coupling of the PDMS
and glass may be carried out by oxygen plasma activation.
In oné embodiment, the disclosed . sensor chip
comprises a reflector arranged to reflect light that has
passed over said nanostructure back toward the optical

path. The reflector may be any material that has light

reflecting properties. In one embodiment, the reflector
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transparent el enent has a refractive index of from
about 1.4 to about 2 . Preferably, the transparent

weleamwanésehhas a refracti ve i ndex of from about PBCZESGRL@9/000156

about 1.55. The light transparent el enent may have a

l'ight transm ssion of about 50%to about 100% In one

enbodi nent, the |ight transparent el enent has a |ight

tr apsgbaproseaf ogbauinet@Q% THee xiéﬂ;mcﬁdzamamtdlsposed on
el ement may be capabl e of contacting the fluid sanp

f oLl eRgSPerdsd H¥I% i A whﬁhdiﬁr%\ﬁ%%s%ﬁa'aﬁdegu rtalm dase of

chgﬂgechgnhga_propertles The Iight transparent .
1l enment may have a thickness fromabout 10 nmto about

10 mm Eheonéhemm®ﬂinﬁhtth&ardbaslpaeds s¥nsbe sEnigormay be

FoFgggiﬁglgo ﬁpa§ﬁﬁucgﬁmgﬁgﬁ1 quﬁg Curaqgﬁﬁgaterlg'a fluid

gl aaﬁlﬁ% thecsi dewal | shehnthe Shanael naysbe cﬁiélpb@@let for
er by a cured polyner. Exenplary curable polynme

in raassispicy cofp , Tpatiget REPmNi %ﬁelcénd:hannel In one

aC@ﬁ%}DalR@ %d %Q:”pf g oh% g{bq:te.l.rg}i)d{) nnel allows
curabl e po curabl € epoxy n ye Her
enddheento fblaae tnaabhxé.tm:atiermntm $a1rde hlaabsluamca;ures The

simlar refr cti e index to glass : ﬂgg mat er i
suCH2RESEDMBY s HiSed SR olpHithg “&ﬁYt BOVE angteast  one

gl a3mermY ohe gar rfxeémOLab&Yt OXyHemaplRARTRACT ibvat BBBut 1000
I n one enbodi ment, the disclosed . sensor chip

COMPLiroBs -a reflector arranged to refl ect Ilght t hat

oS Pas380 R LrARABNOS IO Lt e hark L0l

opti cal e ATy er| a}%%]% §ectlonal

ha&ﬂ@gyﬂséxéémailﬁgcpro@ﬁét@esuqinc@ﬁ@igﬂbﬂglnﬂmttrapez01d,
the reflectoris caonprised of a netal. The reflector
ey We LG s FREPHEH it 2PeasSt TEiée s Washf thRe 44qeg-section of

SuRskr 2R o1t NG BAS@iPE1e, the diameter of the channel may

range from about 1 micron to about 15000 microns,' £rom
about 10 microms to 10000 microns, from about 50 microns
to about 8000 microns, from about 50 microns to about 500
microns, from about 50 microns to about 5000 microns,
from about 50 microns to about 2000 microns and £from
about 50 microns to about 1000 microns. When the cross-
section of the channel is a rectangle, a square, or a
trapezoid, the breadth and height of the channel may
range from about 1 micron to about 15000 micromns, from
about 10 microns to 15000 microns, from 50 microns to
about 8000 microns, from about 50 microns to about 5000
microns, from about 50 microns to about 2000 microns and
from about 50 microns to about 1000 microns. In one
embodiment,- the channels are 100 microns wide and have a

depth of 50 microns.
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t he channel . The channel of the disclosed sensor chip
may be coupled to at |east one inlet for transm ssion

woRo@/1Bés¢hd sanple into said channel and at | eB6T/SGR@9/000156

outlet for transm ssion of said fluid fromsaid

channel . In one enbodi nent, at |east one portion of

said channel allows |ight to be transmtted onto said
nanoschﬁtﬂ%ﬁFlOSﬁ@ skasesl IR HeageRSoused priddy a light

h%\é) ¥ l%@iﬁ.tchoggﬁg% lon Ofl££30_ ﬂ@ouil%l%%oc}zeam on the’

naiomet er $ ni-Er ofs n one
tiﬁanﬁyﬂﬁvﬂtdﬁﬁszitmossheﬁ@Bylogaheshape sebetteddf r surface

the group consi sting of trape20|d are, rectang|e
afEEE e TORRIRRGR ¢ r7ds s AAaHSn O ngRinngl ~ pEogdband

CidfilRe tHEHI ATPIRLIQ eﬁhgaﬁﬁﬂQﬂﬁi ga%dﬁaﬂﬁéfiQQ%E source

about 1 mcron to about 15000 m crons, from about
mmEyonbet cus_@@oo I cryerts, ahpchﬁaboembg@lment on& t parrowband

about 8000 crons, . from abo ns_to t
S DR 2TE: 1 LG00 SROKLiRG BLShE"Bx 2 ARk FdBer s
fruggdﬂxnn 50 mcrons to about 2000 n1crons and from

about 50 m crons to about 1000 m crons. Wen the
cr osss&t@y ohef AereHehePt | @SgRr e afgRBIaKds fRgrErometer

ori 8 {f f%glo hﬁoﬁ %Qt%. @hﬂhgé EgerBB Inormal
PARY.

may range from about n1cro out 15000 mc
frtnntﬁﬁnﬂeﬂibrnchnpspl@n&Smaﬁ hecusaé fron150
nicroni%to about .8000 ni crons nm crons

To oot - SoB8 HreRon FRBRPRbaTE BE et R oy i pleo be

Zthjﬂ(ﬁéﬁﬁngﬂ hegsuabaeht50 mcrons to about 1000
m crons. In one enbodi ment / the channels are 100
m cr ond'heniethad brpasihpand light source is used, after the

light beam from the light source has passed through the
sensor chip, the 1light may be transmitted to a
diffraction grating and a photodiode array may be used to
analyze the spectrum of the device. When a narrow light
éource is used, a photodetector can be used to detect the
power of the specific wavelength after passing through
the sensor chip as the power detected at a £fixed
wavelength changes when the LSPR extinction peak shifts
in wavelength. Advantageously, this method of detection
is more cost effective, but is suitable only when the
spectra of the device are already well-characterized. In
one embodiment, the sensor chip is used together with a
photodetector that is capable of detecting the intensity
of transmitted light from the nanostructures.- In another
embodiment, when a reflector or reflective layer is used
on the firét substrate or the bottom of the channel, the
reflected light may be detected by the photodetector. The
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depth of 50 m crons. The di scl osed sensor chip may be
used with a |ight source which provides an incident

woOigi13688am on t he nanostructure s to thereby gensGa0/000156

| ocal i zed surface plasnon resonance. |In another

enbodi nent a broadband source such as hal ogen | anp and _.
a tunable | aser source may be used. In yet another ;
enbbdiodatecé&omar meybahd sanycedsutheastlaati gh¢ capable of -

em tting diode. or di ode, | aser | s used. For.the

dorebrran oF L g aniaRE o gk EiterSFrector may be a
t r pRsabasktertRde sakhanysang e gllodes r oughl Yo d oge, a
to the sensor chip plane may be used. A hone-nade or
cuBbBRPEEaNSESEPronet®r FhpraEseoPledi | tddvice SPRan  image

t ! l.igh ES . -
TEBSHSSEETS pIRECh UE, Bieachny HLOY BULERAS puier.
pasbked Lhghirgh ishe detrstedshi phe heidtegidigy d® the 1ight

transmtt to a _diffraction grating and a phot odi ode

ar 5§nﬁg§,%ggd8§gﬁ€gt§ al ygreor?hetgﬁgctsr‘?ﬂﬁ tRalp may be
devigfsmBieRda AAGHOWHd OhL o3RUr §8testd8etho 8a computer or
phot odet ect or can be used t0 detect the power of tﬂg

speepfipt wabateny® h cEpadrlpasfi ngreyedgly t hbesenssults and
chj t . detect.ed _at. a fi xed_wavel engt h '
ch%%ﬁ'gé’mﬁenﬁﬁqﬁgiﬁée%qcﬁgﬁz& p%‘éﬁf%tﬁ?fpza%ﬁlon tesonance

wapebéngeh. Advant ageously, this nethod of detection

Is nore_cost effective, but is suitable only when the
spect r a"8E™ e lddhtc 2 af rdadperdriccavadeadatiedis used,

S B PR, gh0 SENSH S ISR RE! ion,  che

i niafishtyedf tregéonttedr|ightttaemiohetnanoegion of  the

Stﬁﬂ%&%&%%agnétkg‘ﬂ%@éﬁ?ﬁm. The light beam may be a laser
beam. The laser beam may be emitted from a laser light
source. The light beam may be substantially s-polarized, '
substantially p-polarized or substantially unpolarized.

The wavelength of the light beam may be in the range
of about 500 nm to about 1200 nm. In one embodiment, the
wavelength of the light beam is about 543 nm, about 594
nm, about 633 nmm or about 1150 nm.

The intensity of the light beam may be in the ranée
of about 0.01 mW/mm®* to about 100 mW/mm®. In one
embodiment, the intensity of the light beam in the form
of a laser beam may be selected from the group consisting
of about 0.014 mW/mm®, about 0.029 mW/mm?®, about 0.057
mW/mm®, about 0.0111 mW/mm?, about 0.14 mwW/mm?, about
0.228 mW/mm®, about 0.30 mW/mm?, about 0.337 mW/mm?, about
0.452 mW/mm?® and about 0.568 mwW/mm2.
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enbodi nent, when a reflector or reflective layer is
used on the first substrate or the bottom of the

woheneésedt he reflected |ight may be detected BgTASIER009/000156

phot odet ect or. Thephot odet ect or may be any devi ce that

I's capable of sensing or detecting light. The |ight

detector may be a phot odetector such as a photocell, a

phot odi Gde,orse peobotitaeatst Ahe adthal geedCplsRYt: chip is a
devi,ce, ,an igg e sensqr, .a photo-electric tube or a

phBLGRAY BRBPFEFIdIAs AR¥iGeght 105 @a1disdd, qpediment,  the
i nheBenbeal sh@dd PHigr MLt gdlge Ee%.t A &Q{Eéﬁ,helab—on—
e |1 ght detec

sensor chip may be transmtted fromt tor
t o2acbapputdavigre r eaBler-tmhatronechapabit oklacdiryriing system

t he_res and hence eneratjng a |localjzed surface

pl Z?%ﬁ%&%&naanré% %%8??%59%%@%11%?1%?@?)@9% LCJ‘&"l?eS such
spesi ficnwelenghdly | §186ethe t hgcdi@htabeam ABYHRE dikclosed
the visible Iight region, the infra-red region or

ul BRRSPFoFBiPregi on of the El ectromagnetic Spectrum

The Iight beam may be a | aser beam The | aser beam may

be emtted froma-laser Iight source. The |ight beam

may be subst ant i Siiigfs Deslcadipteicon Qo Praavtiiragd y

-pol arized or substantial Ly unpol arized. The .
\a/a\rl)el eng%’ﬁ o?cFﬂépfimjﬁPbbeg#Wﬁ IBe ‘+ﬁf‘tlﬁEr‘?5‘ﬁgea ofdisclosed

abetibod@fienf) tndbet-vE2000 Nraxdik ienergabediimMp1ddecr the
wavel ength of the_ |ight beamis about 543 nm  about
59415/l OgBSute B HIRYY - aBbutin1so e Thderatendit ynowever,

th li b%ﬂ@ e Ln_the f ut 0.01
W\Fmgrf‘z t%bout f{){?@rﬁv méhgﬁ ) ?én eeé(;rrbo %rrengflr%)ﬁcse‘es of
i niédsistyatfiohhenliyghtarheamt nagha Beftmotianl @aferche limits

beggl my glelvsegltggtrﬁd fromthe group consisting

Fig. 1la i1s a schematic diagram of a cross-sectional
view of one embodiment of a sensor chip as disclosed
herein and Fig. 1b is a schematic diagram of a cross-
sectional view of another embodiment sensor chip having a

non-transparent element as disclosed herein.

Fig. 2a is one embodiment of a schematic cross-
sectional assembly view of the sensor chip being used in
a localized surface plasmon resonance system. Fig. 2b is
another embodiment of a schematic cross-sectional
assemblyA view of the sensor chip being used in a

localized surface plasmon resonance system.

Fig. 3 is a picture of a prototype of an assembly of

the sensor chip as disclosed herein.

Fig. 4 is a flow diagram showing the steps taken to

make the sensor chip as disclosed herein.
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of about 0.014 mMW nmm 2, about 0.029 nmWnmm 2, about
0. 057 mMN mMm 2, about 0.0111 mMWnmm 2, about 0.14 MmN mm

wa 20@h0e8690. 228 MV nm 2, about 0.30 mMiNmm 2, aboussG8008800156

7 MV nmm 2, about 0.452 mWmm 2 and about 0.568 nW mm 2

.1 n one enbodi nent, the disclosed sensor chipis a

m cr o/ nanof | ui di ¢ device. |In another enbodi nent,

t hedi scFbged S=ensad chig. mBb beresefliatda difsshop, scanning
| ab- ona- chip device, Bio-m é‘%ﬁo hani cal el ectronic

sySteRFFER o- MEREITARTCBY 0senSTh= cr o prUpFeF on ©Ff the

dexNh RESt PHEPuRSs M HUHPS i AR 1R] S8eRs6ri REBHPOLEL & sclosed
in the disclosed Sensor chip. Brief Description

Drhekags: Th&@igoconpanyishgwer avikigys FEPEYt r Rdecture of the

o AP BFELEERERRG At sl DD enBRdT BEAr 2 CLpEy oWPh1g Fig- 80

ungrowsottle bFEsEvenidiiate tde thawhanssaracdasegned 23000 X
for purposes of illustration only, and not as a

dePREPLE bREBECPhe Iinits of the invention. Fig. lais

a schematic diagram of a cross -sectional view of one

enbodi nBAE - ofé3 3BAsHiEhi pPast¥l sEhescbShRr GRPEP ©of the
2 . S ) e |
| 8iphiobiar, SISEL nih R OhAOled, A0S (a2 BIAR! opics

View o ing a non-
t r apsparemetekeneRigas ¢k sclosed ldweei BSPRI gspatrsm for a

one_enbodi pent of .a schematic cross - sectiqgnal S
Ao GLRBPy ST SHPB BLARE STStitidih il nehnsBaIPReRT media of
| ogaki zedas Hahae® RIS resonaNeea sy Stiferll Gri2b 5 shows

anot her enbodi nent of a schematic cross -sectiona
as§BRLIYERR edPSFLEHE sEpsothehi pamei mFwsddyey with a 3 mm

|ogﬁkgﬁedl§9££acgfplﬁﬁﬂgn &i&&fﬁnQEhégst§Hg nanostructures’

adjacent medium is water.

Fig. 7 shows the LSPR spectra of a glass sensor chip
with gold nanostructures fabricated for biotin-
streptavidin complex measurement in accordance to the

experiments disclosed below.

Fig. 8 shows the extinction peak wavelength shifts

of the LSPR spectra of Fig. 7.

Fig. 9 shows the LSPR spectra of a glass sensor chip
with .gold nanostructures fabricated for BSA measurement

in accordance to the experiments disclosed below.

Fig. 10A and Fig. 10B are pictorial representations
of sensor chips without and with non-transparent metal
layer Dblockage . respectively as described in the

experiments disclosed below.
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Fig. 3 is a picture of a prototype of an assenbly of

the sensor chip as disclosed herein. Fig. 4 is a flow
wdizeriaeregshowi ng t he steps taken to nake the seqass62009/000156

chip as disclosed herein.Fig. 5a and Pig. 5b are field

em ssion scanning el ectron m croscopy (FESEM pictures

of the nanostructures present in the sensor chip as

di scl oFedy .helrlA 1L 1 gho®a tshewd.SPRe FESEM i talger when with

t he pangstryctures at. 2500 X magnification-while Fi

S5 SERGHE P i Thae S oY FAoRahosrr BeEaPEemBFel layer
230 GsdmdHd | Gatded expeHimdae andistYos68 BeBolhe

LSPR spectra of the disclosed sensor chip neasured

with an Ocean Optics spectroneter. Fig. 6a shows the
LSPR spectrum for a glass -silicon-glass structure

when the adj aceilcdipfla plsthfpdbd BEnesphuckures are
6b shows the

air and water. Fig. LSPR spectrum for the
sanme stRaftmringv t hta 3 Bmpt hi cka ayerhexfe PDMBs addetipwn a

when t he nanastructures' adjacent medi um.i ter. .
FITG o5 SHONAE § L SPPORPBEL FRLBr 3§ o %o CBBRE Hghipealized
W dil- Bt gTanasd Ued sb@sndabibsat edbar with a £luid sample.
bi oti nstreptavi din conpl ex nmeasurenent in accordance

to the expgpkaRAts dirsclisedohal ¥ £ @v:r@:5henso t §eass 26,
extinction peak wavel ength shifts of thé LSPR specira

of f¢imy the Bgton showsethecrsPraspditidicf sgngioasship 10.
sepson g W T dgldananost LUStuLes Labsh cabed O snapes

| ccor dance € eXperi fren
di sed esste bedbpWLSBRY apbDAcand dri,g.a AR dspopedt oni ahe glass

V resplgbesstel[lat‘géigrés. A combination of a silicon dioxide layer
(810,) 16 and non-transparent silicon wafer (Si) 14 (l4a
- 14d) collectively form the sidewall material 17 to
define a micro/nanofluidic channel 23. The silicon wafer
14 is attached to the ends of the glass 26 by means of a
Loctitte 3301 UV curable epoxy 24A. The sidewall material
17 is then in turn attached to a transparent inorganic
layer, which is also in the form of a Pyrex 7740 glass
12, by means of the UV curable epoxy 24. The glass 12
forms the top layer of the micro/nanofluidic sensor chip
10 and is optically transparent to allow light to pass
through. The glass 26, silicon dioxide layer (8iO;) 16,
silicon wafer (Si) 14 and glass 12 are arranged in a
manner such that the silicon dioxide layer (Si0O;) 16 and
silicon wafer (Si) 14 are sandwiched between the glass 26
and the glass 12, and the micro/nanofluidic channel 23 is
a substantially enclosed chamber. The glass layer 12 and

sidewall material layer 17 are discontinuous such that
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of sensor chips without and with non- transparent
nmetal | ayer blockage . respectively as described in

woheosasesep i ment s di scl osed bel ow. Fig. 11A-11D sOos626¢00800156

LSPR spectra taken when with and wi thout Iight

bl ockage by non- transparent netal |ayer as descri bed

in the experinents disclosed below. . Detailed

Destecirpf nanodfiufddgor enaRabér pidnd st @dripyideal tdferam iinlet 18,
shown_a m crol ngnofl ui dic sensor chip 10 for detecting ‘

| otal FROSEAFFaEe BPAEHOR réQon@ite Bsoditted WRREEOR 22.
florensgaPbac AcBARSET alfory dRe SO Bl PHEEXpL440 of an

glass 26, forms the bottomof the m cro/nanofluidic
sepBBicehi pridightppachl ROR dory imdiflemnd ightudtaresach the

28 V] it e.for LSPR applicatiqn, e

di %%ggeggglﬁ%t e%gﬂlgfs%és' su sc%st?sROesi © g‘é’ﬁb?ﬁfﬁ% isor?asg'f Cglannel
si b3 carl Idbwaxi diel afeuid Sis@fip16 Bod 1w EfomSpai€ntnlet 18
silicon vvaferﬁ&ii ) 14 (l4a - 14d) collectively form

t hRCEPREWAPF ARt Er PEPCFPTUSTHERSn 8 A & PAdRtIAh <

channel _23 . The silicon wafer 14 is attached to the .
ends of RERBTHLATs REVYby tReadd%f dloctihaxe 3361 whown the

C%?Ql‘@{ ﬁgﬂéglaﬁéic-rgéngo‘}e‘é@llilp ) &fd als 17 48 ﬁ%ﬁﬂj&tna non-
turn attached to a transparent “I norgani ¢ 1-ayer, [
| staasspamebhe dlamardf nPyhex fodh) gfass extal byayer 8, on

means, of the UV _curabl e epoxy.24. The glass 12 forns
TeaBe:oh st ue L o 2k The Al a5y 123 LT - e
ang ’m&gollié Cedbyidd 8 PREEAt aho @di%il&ﬁéniﬂ%%ss so as to
t hr ough. Thewgllass 26, silicon dioxide |layer (SiQ2) . .
16P1erki dére wateht( gigom4thad apens Ofhsre hamngbe isensing
a er h th gi n ixig‘nla.er(i@).m
ang?gjlgl i(g%%cc W%#lg‘r%%\%i )%h% a?lgr%%%%vmec 168 céé)tg&/ve% =t ﬁégnal to
glasss@6ratio of LSPR. The silicon layer 14 (l4a - 14d) is
also capable of blocking the visible light, but in infra-
red range the silicon is transparent and hence the metal
layer 8 is required to block the infra-red light from the
areas other than the sensing area. It should be noted
that the metal layer 8, may not be required for the
sensor device if the portions of the silicon wafer
14b,14c are non-transparent to light. However, in a
preferred embodiment, the metal layer 8 is used together

with the non-trahsparent silicon layer 14.

Referring now to Fig. 2a, Fig. 2b and Fig. 3, there
is shown an assembly 11 of the micro/manofluidic sensor
chip 10 as depicted in Fig. la. The assembli/ has a number
of technical fel‘atures that are the same as the
micro/nanofluidic sensor chip 10 described above which
are indicated by the same reference numeral but with a

prime symbol (/).
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and the glass 12, and the m cro/ nanofl uidic channel 23
is a substantially enclosed chanber. The gl ass | ayer

wa2o@ndessh dewal | material |ayer 17 are di scont PAQESG2009/000156

such thatm cro/ nanof |l ui dic channel 23 is conprised of

an inlet 18, a transparent portion 20 and an outl et

portion 22. Transparent channel portion 20 serves as

part of Aan eppwsal ior Fiight 2pat ht2@A feesemidiyderitl, further

[igh h the. gol 28 di d
| Bhpkegbseid e, 001 0,000 UGkt 22,20 oposed on.. o,

f | omd Ehomird heutm| erelBtacictrs the gbkd JIAMSt THGEHI @D/ | The
28 to the outlet 22. Referring nowto Fig. Ib, there .

i sSE$RBRRIFhE Snicdico/Hibf FRFRT RS edbh Ehep mignst/manpiluidic
| aghaykLag tya € i g.the Homnm a :

net al Igyé? g@? on ottdﬁ%s?%gg§§E¥hglggaég%gﬁégﬁgéﬂEEUblngs
26(3Zhe3kBYeravé nehatrBedanyibe fabrivased i ttoanprovide a

optical enin sp as_to_hlock .the |light fromthe ,
ar%ﬁ?ngFgantﬁ%thﬁ% %%ﬁ%?nan' é§h¥¥%h ?ﬁéﬁ@ﬁi? Fﬁhsand 22

f urebpecenkangl naridiegssenal 3® Bersesr ald OpPbveaPR unwanted
The silicon |ayer 14 ?14a - 14d) is al so capabl e of

bl BRKkFAGLERe OF siBI%E | EgRm,  BRESFANENS e r étl qrmgwndiluidic
P bERSBS SEFpRa aand SO MBI ARl 8 crusa
ot sempl baertkeisgnsimge=sat ebng | hishoyhdnbelnatied tdeaisor chip
P RS el e B e o o2
ar@hé?ﬁssbfnﬁmzpéﬁ.e&% bephcghls jHOWBVEr od N e erdethaving
enbodi ment, the netal layer 8 is uséd together with
t hehaorruliimass p&a? €ht 34B] | dowwerppst Gvom Reher riay abwthe jig
L0368, 78, o9l B St B LIIS.8 YR AL ctcee of
the jig 38B.
' When in use, a fluid sample of interest is passed
through the tubing 34A and the fluid sample enters the
inlet channel 18’. The fluid sample then flows over the
gold nanostructures 28’ which contain compounds that can
bind to the target amnalytes that may be present in the
fluid sample. An incident 1ight 40, passes through the
channel 20’ at an incident angle and illuminates the
nanostructures 28’ to produce an LSPR signal associated
with the constituents of the fluid sample. The LSPR
signal is then detected from the light intensity profile
- of the light beam transmitted thfough the nanostructures,
by a spectrometer (not shown). From the data obtained
from the spectrometer, the shift of the LSPR extinction

peaks 1in transmission relates to the refractive index

change of the adjacent medium of the nanostructures. The
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chip 10 as depicted in Fig. la. The assenbly has a
nunber of technical features that are the sane as the

waizemasesamof | ui di ¢ sensor chip 10 descri bed abeee/seRe0o1s6

are indicated by the sane reference nuneral but with a
prinme synmbol (')A s shown in Fig 2a, the assenbly 11,
further conprises two fittings 36 connected to two

' gawhe&ieﬁgth\/\mmge n dfur bhar espddachestéo tie ghesR spectra

| ayer e fitting - are held together. with

th cﬁflchﬁ/ Pﬁﬁ Frfr&fid it SD@VIZCS)@ PO %Y h §94 @ ofull wavelength
asgerll Yofi 9ené38AsBRB) S?J@‘@fﬁﬂs (%A 808 ogbe np f%r real

inserted in fittings 36 to provide a connectlon to
i NPEPlaAdtdgnBedsc Hthe? &0 118 Uﬁdelghglthsp:@atga/eigectrometer

SRS EBateryEs Lo provl ATLE] R ELS 000 une

dusf from en erlng m C

10LapH aksdnteiphepesak lieakagetlle thedd Wid e sze and the
ent ring or exiting mcro/nanof |uidic sensor chip 10.

SEPGe2IRT t haf e HRIOSHTIME AT oA t et hat@tard hifRyesreRe ¢idjusted

thg assenhl ¥ o3l gpi R {
haV|nng tgﬁg tS%I r?gg ?134A %—l )b&nﬁgﬁoéﬁ%ﬁdo%{%&ml%atlons

thél}'lr:g MRtmgthl hgs ¢SAN BUB}y dre [pméemmtfmcmm of the

esy ninu a fluid
i ﬁbgr es gjpréé % tﬁ?%u ABTe ?%blti]lbe 3RANGR r?lﬁgures, a
fI mu.deaaﬁpbﬂiaeﬁltzéﬁrs (b ishlbéh)Chamnele Hideq The ﬂ‘zldﬂ@' of the
sanple then flows over the gold nano structure s

whPERTcoRBEFN éénpé@n%éiemﬁat B buwtmwttwcgrezres The

P HERLY, B Y, oackooth Clgh TR LoRARRLI Tt dfbvn) for

anfﬂnWIQéna driglisl ssminple und nahesehbtosadosihantiair.eR second
m:Ln:L Broguc?m‘%‘@ Ls PORWI%i grt‘naa! a Séociv?:toxer?_ded in the outlet
channel 22’ to remove f£luid sample from the enclosed
chamber 23’. The removed fluid sample may have a
decreased concentration of an analyte that may have
reacted or have been bound to a target compound disposed
on the nanostructures 28’. Fig. 3 shows a prototype of

assembly 11 as depicted in Fig. 2a.

Referring now to Fig. 4, there is provided a flow
diagz;:am illustrating the steps taken to make the sensor
chip 10 as disclosed above. The sensor chip 10 as
mentioned above is made of Silicon and Pyrex 7740 glass
through microfabrication technology. Here, a microfluidic
sensor chip is made. The fabrication process starts from
a standard RCA cleaning of a 4 inch (~100 mm) silicon
wafer 14 with a thickness of 400 um. After which, a 1 um

thick silicon dioxide layer 16 is deposited by Plasma
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with the constituents of the fluid sanple. The LSPR
signal is then detected fromthe light intensity

wonrefiiBessof the |ight beamtransnmitted throughPCisG2009/000156

nanostructures, by a spectroneter (not shown) . From

the data obtained fromthe spectroneter, the shift of

the LSPR extinction peaks in-transmssion relates to

t Embaaideatt ¢hveni calexvapangpepbstihe oadj EREOVD)mesth Wooh sides
the nanostructures. Thewavel ength range of the

s R tTRAmet i1 4B WEERE shfectra scan is preferred to be

200- 3000 ran for a full wavel ength scan of the LSPR

spect r %P—O%Olg’ocﬁlnn?ﬁoﬁ‘lgeaﬁ:ap%]l'*?cétlﬂ-éﬁ@naé“’afer 14 is

490 AP0 VENEL SR AL HDECLE OBL o] BRAREELERSE 50 on

Because t wave ngt
eMmmtsmhe:pea'khes su.una:blnemmd Ian iﬁessbseqaadtll?leexposed

sha\ltcj)gY gff&W r];anost ruct ur n‘?ﬁY%%@l%g ywﬁgﬁ %12 ggyﬁ}gper ot :

Opdih e Zadd Oﬂf’omSCM&@léﬁE’RC@r@BEa}%Qoiﬁnﬁdﬁ Vet to open the
pol ari zation of the |ight depending on the shape of

t HelpREes t rQﬁ:t et a 1§ ne@utgsitar i22er 3psot t@l@omﬁ)‘—”a@ﬁﬁ’a’fent
be]%g%%&. 985 96 %ﬂ c9e§ Aﬁggt'éf'ﬁﬂ%dgﬁ EQ%Oor light
e e ed fo

the nanost ures . asse 11 can

a patih - pUKp ﬂhuns$hbmnm ﬁdbﬂﬂdmNIﬂ asf laicheshnp) ebud fered
t he encl osed ch rrb r. A segond m

mEyE 1S pf o d%‘a T-nl?ﬂem%ﬁ’tl %Ftl'}ﬁﬁah?ifpg{? etg’?ﬁf ﬁénrg\?@n aining

f 1 G %@'@Ffé@”ht '{}%lﬁ{?@' esed chaTer1 233t . adh8tch rate of
rennved fluird sanple may have a decreased

codzenrdfmtnon of an anal yte that may have reacted or
have been bound to a target conmpound di sposed on the
nanost rictiicescB8nne 1Fisg. cSEshOO\rsum prigieot ypetbén patterned

FaE BhE i | SEofottacths Prger by BhoLSTeDfEt! Coating,

exposure, developing and oxide removal as shown in S2.

The microchannel 52 1s then further etched to a
depth of 50 um using Deep Reactive-Ion Etching (DRIE) as

shown in S3.

Following that, the 4inlet 18, outlet 22 and
transparent channel portion 20 are etched through by Deep
Reactive-Ion Etching (DRIE) to connect with the fluid
path of the microchannel 52 as shown in S4. This silicon
wafer 14 is diced into chips for the folloWing bonding

process as shown S5.

In the next step S5, a pyrex 7740 glass wafer 12 1is
diced into a chip 12a-12c with the same size as the
silicon chip 14a-14d. The glass chip 12a-12c serves -as
the top cover of the microfluidic channel and is regarded

as top glassg chip. Inlet channel 18 and outlet channel 22
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diagramillustrating the steps taken to nake the
sensor chip 10 as discl osed above. The sensor chip 10

waovanéieoned above is nade of Silicon and Pyr egT/8G4@9/000156

gl ass through mcrofabrication technology. Here, a
m crofluidic sensor chip is made. The fabrication
process starts froma standard RCA cleaning of a 4
| nghe (£ABA &lﬁliéhl ¢an el e:’op14gué£1 anipi akResSRfitre 3301
400 mm . After which, a 1 hick silicon dioxide
| a%r cm@aﬂoéedeqmm et bylphaﬁraEﬁﬁancéavawémd@q cEpdr 48 - is
CVD) o ot id il f

1 o0Eh SRabRE B “BplR oB, "Bl ikl el FLisning
|Spfd3per$p; n ttheat el iddh a:hl:@yeandf %6€6ppfyllaysestﬁ‘ip are
50, on both sides. The_silicon wafer 14_is subsequently
expoREE atOBSHAE i 304 0 RXPS58 % AR e ¥p et Gt hahz 7 ~mW/cm®

deygkopgh m@E1e9§Ehwe%o&r @ﬂnqﬁrtén&uger%éate?e&y a8 form
45 s to open the Wi ndows of inlet 18, outlet 2

t heherbangangnstehaghel portion 20 which is part of

the optical or light path 20A. The silicon dioxide 16

is etchad bymhufféaydroxidé etpdl S ol nenostractfuaetsur ell8  is

B T N L L St
52404540Qnap Wode tisrdhen Raideidied-on 1t ke cRkhiehySi ¢Rs) as

of the waf er by photoresist coating, exposure,

dedePoprAg and ox¥ele r¥fbvalizs ghowrrwerBzl . tﬁéhﬂlque to
m en furt f

I EhSHBHAClRD] | Sublien e LML AR N 8 on e

i ngB3ss Fehbemmagethas whehi mgahtﬂhlkaﬂl(ﬁhéﬁéznublze and

transparent ,channel portion 20 are etched throu
Degﬁ grpartlcle spacgng, and its fabricated n§£

are suitable for LSPR sensing because of their tunability

ructures

and varieties. A layer of Loctite 3301 UV curable epoxy
24 1s then spin coated on the silicon surface of the
previously bonded Si-glass strﬁcture, which is then
carefully aligned to the bottom glass chip 26 with gold
nanostructures 28 fabricated to bond them together. After
UV exposure, the glass-silicon-glass sandwich-structure

device is completed as shown in S7.

Referring to Fig. b5a, there is shown the FESEM
picture of the nanostructures 28’’’ at 2500 X

magnification while Fig. 5b shows the FESEM picture of

the nanostructures 28’’’’ at 23000 X magnification. The
figures show the discrete gold nanostructures
287'7/28"'"'" after the sensor chip 10 as disclosed above

have been pried ‘apart. It can be observed that the
structural integrity of the gold nanostructures did not

adversely change .after carrying out the steps disclosed
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Reactive-lon Etching (DRIE) to connect with the fluid
path of the m crochannel 52 as shown in S4 . This

weiibivaaesenaf er 14 is diced into chips for the PoriScesm®ooise

bondi ng process as shown S5. In the next step S5, a
pyrex 7740 glass wafer 12 is diced into a chip 12a-
12c with the sane size as the silicon chip 14a-14d.
Theoglasiso chake 12hel d cyeriremasl uiiid opensver chipt he. This

mcroflyidic,chanpnel and is regarded as .to | ass ,

Chi, 1P Rt iTanhERt & Be Bk PETBRENAE BEar it ReNill not

drdé%l%jdé N il t @Rell 388 rehePtaktele0CELERE 3804 lghék‘ing the
is

curabl e epoxy 24 with a refractive index o f 1.4

spiicromanPbiuidec t pngpasshébi po0 Atreensgdi-gni ng

properly, the silicon chip and the top glass chip are
bonded Refething and Bkgoséd andeFigV lelghtthatre7 imNVedmwn the
2 (3-65 nmwavel ength) for 5 mn.to cure the.epox nd
T nEPBOhaF nBSRPORTERE AT abr CBF Gy Lobed Sensor
n I gt #hf esar? 8 Oceastibspstieds | Ve £l | Gtk Ospectrometer,
anot her bottom pyrex 7740 gl ass chip 26 through

naFOEPPEe@ @ﬁtﬁoéﬁaﬁw PrepfibasddspEceEd en Us$200¢sispectrum
S f Lque-to | [ y, f [ ;
R AN S Bl i N
c camhdi oboped cellapEibesrze whd aint @aipaweild| enespacreigthandpectra

its fabrica nanostructures are suitahle f LSP
seheP ot bEoh T PE "R Rl PRk Al B i T g 0 36 m.
| ayige 0 fihACt | $8oR30kHY CuiBlod epoxyhed igodReN of the

spin coated on the silicon surface o f the previously .
borpledt BPMgEassisgt FOEPLRE, tehitdle ilaH@sedhrsmady chip with

oShetto U el an alasei B LLOPLE, pne viche i
Aftercoupled into another fiber that is connected with the
USB3000 spectrum detector. Figure 6a shows that the
disclosed sensor chip functions well in sensing. It can
be seen that for the disclosed sensor chip, when the
adjacent medium changes £from air to water (i.e., the
refractive index changes from 1 to 1.33), the extinction
peak of the LSPR spectra shifts from 642.16 nm to 677.35
nm, which is equivalent to a LSPR sensitivity of 106
nm/RIU, RIU is the unit of the refractive index. It
should be noted that this sensitivity depends on the
size, shape and the material of the nanostructures, and
is not related with the micro/nanofluidic design.
Fig. 6b compares the LSPR spectra when a layer of 3
mm thick PDMS is added on the top of the disclosed sensor
chip. The PDMS is transparent and allows light to be

transmitted to the nanostructures. There is a spectrum

'broadenirig due to the addition of PDMS. From the
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UV exposure, the glass -silicon-glass sandw ch-
structure device is conpleted a s shown in S7.

weebwrsessy to Fig. 5a, there .is shown the FESB&I/SG2009/000156

pi cture of the nanostructures ' 28 '' at 2500 X

magni fication while Fig. 5b shows the FESEM picture o

f the nanostructures 28 ''' at 23000 X magnification.

Thexpéglestashorethietdi paoetigegolith MaPstsBict Ut esad8be  seen

"1128' "' after the sensor chip 10 as. disclosed above

havieabeBRMSr msy aphtil. bet Lﬁaﬁéb@éb%}e\/e%abwa%@l of the

st | tyao £t Lgd n

ot Eavered) JERREr e B ERUE, (BRI TR (FIE ep ana

dlErgosedahmV@an)kaebsbevedcm@amaWEdegcgrassnasrthe top
This_is d|c t|ve th erfor nce, o f

CheBTSPRIGHER rost® dblPade 1 BPERA Oy L5 2 DSPR

St ep§nd or stipkirAert ke Nbgé OBBea@_hehu deiech slﬁms)r i§hbBihg used
O are used. Referring to Fig. 6a and Fig. 6b, there i

s 3folhet READSPRTSFECTTD eRKeRF e MAPTePEeT| t BDYSE ighe porous

d'xﬁ&{;&?fg S%}ﬁi’rl‘éh'i"s 'bf"l %%%‘18 %o'rcsléfagertewlﬁse in

spec rone composed 0O broadband= source,

a cBJSBéeﬂﬂ)ngpbdbﬂmgldﬁlecﬁmple@nbesh&se fita geadlsngo absorb
and a photodi pde_arra and_optic i.bers, which c ,
%Pmﬁe?agafeg%ﬁ@ sﬁé‘ ﬁ&%@mmw %%e'aﬁ%&% 3%%116‘79‘1

re@HEHttH@ 9e81@u%53913ﬁDM§tmayTQ§sb'gﬁklhb%%étmﬁé]é%curacy
000 light source o f the spectrometer is coupledt

th@fdllescﬂRosr@la@emmnbﬁl ptdwemeéyfl bemr ceznpéusw@m @Lthough
negyan Lhe dovice, Lhe biohi L re-coupled Lnler 1over sor

ano Fyb & tHaT i 28 gr?neczf TR IEJSE?B&E Y

Spener L&é:@@iﬁctdyv1da,gurtele6assmmma tihaged henidiss/meaeFluidic

sensor chip functions_well in sensin It can b e seen

t h@evige t‘-ﬁE BPBR| aopd isafdeon disi o helesigable in terms of

durability, stability, reliability, repeatability and

high optical transparency.

Experiments to determine the biological sensing

‘ function of the sensor chip

The following experiments were carried'out using a
glass sensor chip with gold nanostructures in accordance
to one embodiment of the sensor chip disclosed herein.
The glass sensor chip with gold nanostructures was
fabricated by dispersing polystyrene nanospheres of 170
nm in diameter onto a glass substrate and subsequently

- evaporating 50 nm of gold f£ilm on the nanospheres.

In order to verify the biological sensing function
of the LSPR device, two kinds of experimeﬁts were carried
out. The first experiment was carried out using biotin-

streptavidin complex which is a c¢lassic agent for
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adj acent nmedi um changes fromair to water (i.e., the
refractive index changes from1l to 1.33), the

wexbinseicon peak o f the LSPR spectra shifts fPOmMSG2009/000156

642.16 nmto 677.35 nm which is equivalent to a LSPR
sensitivity of 106 nmRIU, RIUis the unit o f the
refractive index.. It should b.e noted that this,_, .
serfST T 93 d&pehlls SREERELS Fom e dr?ﬁi‘?lme dynamic
met@idedos f . dhe SPROSaEWCEEES eTheaNBthes Nakpbehiab8e was
with the mcro/nanof luidic design. Fig. 6b conpares

t RATISHRL s PEEL r AY WSt Sridyiarg o bov3ing nFeriek FHowmin (BSA)

a t t f 1.SGJ. n kR

P e | 8 2Rl ol PERR I SO E B lf of cne
t reBRT déetcd otd he aown sdeuttares . There i s a
spectrum broadeni ng due to the addition o f PDMS. From

t heexperinmental results provided in Fig. 6b, it can be

.seen that PDVS may still be used for the fabrication
of E¥PRFHPLRF oked sensor chip. However, by conmparing

Fi e £8u Aot JoBapibt 1828 PEpLRSEAYAI bR RAVI NY

glass as the top cover |ayer for the channel (Fig 6a)
resul t Sb$PRa LSPRcSirgnal weager i draken onebpbt abrednwhe@ptics

PDVS is_being us as t transparent to ayer. , .
VOTRBUEFSE BN | £ 8 Shor QLS nABBP AT ey  CRkSRofin air (as
SUsh@dh bl Ot heONfHd Bf 8 USEoéDedeneGld N i o pgi éBkn ethanol
sanpl es because it tends to absorb sone bi ol ogi cal

satipf e3d9per and tthee LSER SReqrpe| Vadedaeam (3R shown by

re 'Qusgé@t%)'\/? BBY 8! 804} ”%HF}?”%‘? B@%a%.%%uﬁ:%%yﬁqfotinylated
LSPR neasur enent s adverse y. Fn conclusion, although
PDMEBLohywae tseetisiridie t¥sangpareft biopinglekebaydiol (with

for tE ,sensor_ deyi ce, Iﬁg siELc .based .

m B9 oF RAAGF| GIEHAC TR k- of PSSR Epl ot FBRR| dnipgEed and

desheabh€ed N el BBofll whihidtiye $680I1i bur, rinsed with

reliability, repeatability and
ethanol - and the LSPR spectrum in ethanol was measured (as
shown by the spectra labeled C in Fig. 7). Since
streptavidin was in phosphate buffered saline (PBS),
before adding the streptavidin, the medium was changed to
PBS buffer and the LSPR spectrum was measured (as shown
by the spectra labeled D in Fig. 7). Finally streptavidin
at the concentration of 100 pg/ml was injected and
incubated for 1 hour, rinsed with PBS and the LSPR

spectrum was taken (as shown by the spectra labeled E in

Fig. 7).

The extinction peak wavelengths of these LSPR
measurements were 643.48, 741.01, 747.52, 740.21, and
748.47 mnm, respectively, as shown in Figure 7. The

respective wavelength shifts are on the other hand shown

in Fig. 8.
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hi gh optical transparency. Experiments to determ ne
t he bi ol ogi cal sensing function of the sensor chip The

woabdonssssgy experinents were carried out using BCEISE&3®9I/000156

sensor chip with gold nano structures in accordance to

one enbodi nent of the sensor chip disclosed herein.

The gl ass sensor chip with gol'd nanostructures was

f abri caBechbye dispersingcpbrgsinpdeneofianbbphetessofi .36, the

U Y Py 2B E 0P At S50 e B Mol (PO HY 74101

nagwspher @3, 53N D dekhdRoVer ihiitheihyotngtcaheseaakAgivity
function of the LSPR device, two kinds of experinents

wet® cErei ebSBRt. Clrhe VRSt 8XPePineRt/RAY caFpleylated by
uswgsfi.@i I el{eDIAYI ¢4 coqnl %ewfg%nyor?d cégsmgtin onto

agent TorTnvestigating the specific ng an
r egthe t igeldly memastfmumdtues dof SRRl cesiusethea further

th i ment ' t by d i ni i
ST EFBEh n T LBha hotto BRoLK e TRRERY: Doty 137 52-
coppat 6D i 8y) Of wee LORR GRIHGEM Gad kilowWbhSleViEee PRS, the

Experiment 1 Measurement of biotin-streptavidin
cofpYekeRTHR epktltbeder edeareaspy ofcdanloplh dsalculated by

S rosc .ckirst, es um n 4 1r.(as
P B RY 2L CT 4 N bel o | HerEp o P ks (8% Lower
et hafichcwiage atldéex andmpheel SWRthpethanoiywaghtiakeis( as 33467.
shown by the spectra labeled B in Fig. because t he
b@%le}%yﬁ&e%& t%rm {vﬁa_srcr% $haREPeCsEs Morﬂu_ftlpfymg LSPR
bi 9éﬂ1§ytﬁ&§e¥t BEOk heWidleh Y- 1dH 0} Syath aghedrwet-Betive index
biotin) was then injected and incubated at room .
t epipRRAe ur e Wiyrchl hogr, 3Feised wiatB6 nm (calculated by
270.91x(1.36-1.33467)=6.86215). As will be apparent from
the above, the calculated value of 6.86215 nm was very

close the previous measured result of 7.31 nm, exhibiting

relatively high predictability of the sensor chip.

When streptavidin was added, another wavelength
shift of 8.26 nm after rinse indicated the specific
bonding of streptavidin to biotin. Accordingly, the
positive wavelength shift after streptavidin was added
demonstrated that the sensor chip was responsive to the
specific bonding of streptavidin to biotin and the
biotin-streptavidin complex worked well with the sensor

chip.
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et hanol and the LSPR spectrumin ethanol was neasured
(as shown by the spectra labeled Cin Fig. 7 ) . Since

weoeromutedsh di n was i n phosphat e buffered sal i nePCPRBER009/000156

bef ore addi ng the streptavidin, the nediumwas changed
to PBS buffer and the LSPR spectrum was neasured (as
shown by the spectra labeled Din Fig. 7 ) . Finally
streptavidin at the concentration of 100 ng/m was
injected and incubated for 1 hour, rinsed with PBS and

%EE@E‘ gctrum was taken (as shown by the spectra

Iabé#p I'n ?I g. 7 ) . The extinction peak
amuperendf ofhéssrinSPRamas mBenis (B3X) 643. 48,

741 01 747.52, 740.21, and 748.47 nm respectively,

as showwrger Fegaterd fcﬂ‘lebrcﬁ/&lﬂﬁ?t beeumaveliengin  (BSA). were
shifts are on t he ot her hand shown in Fig. 8 .Because
t h@SPETHRS | V& | nBRRK SRE &DRENoISPES EE 56 OPhe IBSpret 2 LSPR

%‘ﬂfg%g‘?ﬁ%gga Lo 53 2n (€BhewhAbFOAY 2ALc0Ta 1apelea 2

In et han I ndi cati ng
sensitlF\ugty af theubSEauetmtaywaé 276/81 nph8ephate buffered

cal ulate 7.53/.(1.36- 0.9 T if i
ot DPPY REEL ek T FAIRRE Pt hre o cPhErbfum was
Calt‘a&ﬂarﬁ fwnbhﬁr viavehengide i t 18bebe81BNMn Fig. 9), and
(caI cul ated by 747.52- 741.01=6.51). Wen the nedi um

d BeAPBY2% he W\%I%t ha§$21h| bipegoated at room
%e?@:s&% :7e 3%0 mfcﬂo BS ;E%EXJA&S&@& %ﬁ 5gnd the LSPR

IS IS pecause as a | ower active

| ncmoeammmrmb wh¢dserddndehowhi Oy ithel. 83467 -a Thabeled C in
shift cars be roughly expected by multiplying LSPR

serfsi9ivity of the sensor chip with the refractive

i ndex change, which is around 6.86 nm (cal cul ated by
The spectra of the experiment are shown in Fig. 9.
The extinction peak wavelength of LSPR in air was 789 nm.
As shown by arrow (1), BSA bonding shifts the spectrum of
the PBS buffer slightly to the right, so it has to be
discerned carefully. Since even in the insert (a
magnification of spectra A and B) the peaks of the two
LSPR spectra look close, the wavelength shift can be
better identified by averaging the two wavelengths at the
extinction intensity of 1.35, because at 1.35 this shift
is discernable and is very close to the peak intensity of
1.37. For the PBS buffer, the left and right wavelengths
at the intensity of 1.35 are respectively 798 and 873.5
nm. This renders a central wavelength of 835.75 nm. After
BSA bonding, the left and right wavelengths at the
intensity of 1.35 are respectively 802.5 and 881.5 nm.

This gives a central wavelength of 842 nm.
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- biotin. Accordingly,

270. 91x (1.36-1.33467) =6.86215) . As will be
apparent fromthe above, the cal cul ated val ue of

WO 28023&86mm was very cl ose the previous nmeasur edT/SE63001000156

of 7.31 nm exhibiting relatively high predictability

of the sensor chip. Wen streptavidin was added,

anot her wavel ength shift of 8.26 nmafter rinse

i ndi cat-ggks t ESnéEZ%‘i'vfl'tt%/ honding ekpat rc‘%ﬁtgﬁVWQénctanulated to
he positive wavel ength shif

afer 1% .¢ft anmiRLUas( (@didﬁed75d-e'7i‘&9ds/t (lat3edt & hat) —111339 69).. It

SEER TR VBRREPRASLYeLL O, Neuaberh i handl 0 Rlecere

CO@ékh@i(tWitL(ﬁddVi@ leov thet BRgaensof teﬂﬂi@knégeeaurmetre&ce of
Measur enent -of bovi ne serum al bum n (BSA) LSPR spectra
fo‘Fh%O\H%'léi SEPBRSAITIGR n BPBSAY- SRr &NfeasGFEdtsy above, the

&@ﬁ:&%f S§§§t Egﬁ gayth@ %beﬁe'r@@@e%egédj@m 6.25 nm

enln air t he spectra led A1n Fig
) (calibsbauedt | Pyl rBad83IFhdsPhat &. BBIT f er Edosaldtme atl1 also

(PBS) buffer was add t SPR spec take
( SHEARTES s e BT PLCRaRE iy o & boPE "GHip *Sln mea
f i pahdynBSA Mewetraieciad ead IQEUb@I ed the 0¥Ap was first
tenperature for 1 hour, rinsed with PBS and the LSPR

sptERe Rt RasifeaBeie da3(1§ hown8§4t haY s Pe&Er a ther| eried and

[ ) S f il t_.ar
fAdurg) g, 102, RO £ e SUBLURAC R i o,
al Gawast 789 dateAtedshovinnby samfdrwl(nl)az,r BSA bondi ng

shifts the spectrumof the PBS buffer slightly to the

right, sheits&Asok0 bRifdi sCAr negWisanefeddyt Stnserbwent had
Inhg.grele;:ngggs:. ?.v1ty of 139.69 nm/RIU, thus by proportion,
if the present sensor chip is dried in air, a wavelength
shift caused by BSA bonding is expected to be 8.89 nm
(7x139.69/110=8.889). Moreover, because in the present
experiment, the LSPR measurement for BSA was taken in PBS
buffer, while the sensitivity of SPR or LSPR should also
be further adjusted and be lowered by a factor close to
the ratio of the refractive indices of air and the
liquid, such that the expected LSPR wavelength shift in
the present experiment is 6.66 nm (calculated by
8.889/1.33467=6.66). This expected value of wavelength
shift through a series of normalization of the values
obtained in Gao et al is very close to what was actually
obtained experimentally, i.e. the experimental spectra

shift was 6.25 nm.

The biological resultsg indicate that the sensitivity
and the function -of the sensor chip 1is comparable in

performance to device of the literature (Gao et al).
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magni fication of spectra A and B ) the peaks of the
two LSPR spectra | ook cl ose, the wavel ength shift can

woeobatéssy i dentified by averagi ng the two waveCesgréng/ 000156

at the extinction intensity of 1.35, because at 1.35
this shift is discernable and is very close to the
peak intensity of 1.37. For the PBS buffer, the left

anﬁo%&ﬁ@%,“@ﬁ%'@@Héﬁ%5%h%§“ﬂi§@ﬁ6§é&¥h@&eln3Qsak%mpact and

respectively 798 and 873.5 nm This renders a centra

wabres ergshmpfleg38rEs efifiechfiver dBSA o rmATRRTachetq dfte device
and_ri ght wa at i it 1,35 ar .
reggec?$$%ly¥gt§£%£g%8 8§§£§ ﬁﬁ%ﬁgﬁis¥ggj bé Bofe sasily

I“'ves a central
wamMehepgtiuetd8éa am Theluserdialli wdaylenf- the LSPR chip
was cal culated to be 139.69 nmR U ((835 .75-789) /
(1.33467-1) =139 .69) . . It should be noted that each
LSPR chip has a different sensitivity due to the angle

or thicknesgxglit{RERACLOOfet BEMIRE dsﬂgﬁaii theAncEBased by
on the results above, the bonding of BSA caused the

wavel ength to red shift G.aigﬁywﬂjggga&éued by
842-835,75= 6.25). Gao et al T al so neasured the

wavel en shi f ; P [ D Wi B ondi1g.
I—lovveverQ'lltl%sGaoe 1 ajln?eﬁe% [ pg%SE [ rgﬁo%mrgrﬂs%gd e|fnfeCt ot
BSAecandiritised hhdBSEmélnen dofedlagtitneasacddrion dhe LSPR
Wth the chip sensitivity of 110 nmiRIU, Gao et a
dePERBEICRSETMEIHiIF]- in air: The sensor chip in this
present experinent had hi gher sensitivity of 139.

69

nn R U, CPREs IRPAHTEPBITIEF, 1T HEPredrind seshe chitpstrate
' Sog.r : @l‘;e' sdidor @ é)@ﬂgﬁl §Hgt%§$¥één£§u§ﬁdcrpy oBeA embodiment
bondi ng 1's expected to be 8.8 9 nm
(7¥13€166£8108:1830), . wbtbower, thecauseesantbde of a non-
?;E%%%%Rexggg e'gﬁeﬁé“%&fﬁﬁﬁﬂﬁ¥ﬁé”§ﬁﬁ éaégraeggigfgn of the
'Aoptical path of a 1light beam transmitted through the

sensor chip. The LSPR spectrum for the sensor chip was

then measured.

The sensor chip was then blocked with a non-
transparent metal layer as disclosed_in one embodiment
herein, to partially block off the amount of light
reaching the spectrometer. The LSPR spectrum for this
sensor chip was then measured. Fig. 10A shows a pictorial
representation of a sensor chip without a non-transparent
element, viewed from.the position of the spectrometer.
Fig. 10B shows a pictorial representation of the sensor
chip with non-transparent metal layer, viewed from the
position of the spectrometer. The numerous small circles
50 represent the gold nanoparticles. The circular line 52

indicates the size of the light spot of the spectrometer.
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buffer, while the sensitivity of SPR or LSPR shoul d

al so be further adjusted and be | owered by a factor
wohoa3eswsot he ratio of the refractive indi ces BETAGR009/000156

and the liquid, such that the expected LSPR wavel ength

shift in the present experinent is 6.66 nm (cal cul ated

by 8.889/1.33467=6.66). This expected val ue of

Wl eshpdedhifeat bt ovghbreseatiseangashormete zhigon bas been

t val u obt.ained ih Gao et al is very cl.ose to what

mgguﬁg?ﬁgﬁ?%b%%?dW%%ﬁPé§$%?¥hentaIIy, i.e. the

experinental spectra shift was 6.25 nm. Th giolo i,cal ,

Fesul t THRGRGTE THRETIIENS (RSPt FOFE)SHndUEnEORanetigs with
- ofsdie SERser ehipsi aneONPR Al -tk PESF OERBNEBUI-O0di fferent

device of the literature (Gao'et al) .However, the

SEARFOT hFrpivss arednpaseradi snsbnpaeserhddhads aFigs. 11A-

LI S8 076l P L5, d85, 00 DRGS0 IS WS ror s

ure an eénce ma
nmerisst uckiipoahan dodgstidtalhseal 2. nEBxperenephreat element
det er m ne_ si gnal _enhancenent, by |ight_ bl ockage Thi s

eRRTHHRRY sPSIRg <ol LHEM | SERCBAMPost 1% cFRRGErometer

trthT@u%%eeErbiwﬁ FEHIU NG t PRLIPRIBASWSIRMed for the

devi ce. | d nanostructures were fabricated on the

supsnser e ofhithe thator halsi p hanattenspacend t meopel layer

enbodi ne i sclosed herein it hout .the, presence_of

T by chESeRERe v L oo e ai PPosBF - BERSFERERTer

of the gptical th,of g light beamtransnitte . :

Chr oUgh iheE SEHEBE &1 FLothe 11SPH Bpebrh bt F offiphe the light

SeRBOEk&GE PmeRS st Re: At €df the spectra prominent. This
may be due to the fact that the gold nanostructures are
more evenly distributed in a smaller area (less than 1 mm
in diameter) than a large area of the whole light spot

(about 5 mm in diameter).

Applications

The disclosed sensor chip is an ultra-sensitive
device for LSPR measurements and has precise control over
ultra-small amount of sample fluid (nano liter or even
smaller). Advantageously, the disclosed sensor chip is
low-cost, robust, biocompatible and capable’ of being
ﬁass—produced.

The disclosed sensor chip may be used for a variety
of applications in pharmaceutical industries, research,
medical diagnostic testing, detection of biologics or
microorganisms for food safety or security purposes (such

as bio-terrorism monitoring) or in environmental
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The sensor chip was then bl ocked with a nontransparent
nmetal |ayer as disclosed in one enbodi nent herein, to
weoanwitaédey bl ock of f the amount of |ight reachpag/sGh@9/000156
spectroneter. The LSPR spectrumfor this sensor chip
mas then neasured. Fig. 10A shows a pictorim
resentation a sens - . :

@?%%%?eﬁ?gele%heﬁe Vi O%l £Eo?ﬁe éﬁtlo%m%¥l?% ligand
sw@fé@ﬂﬁh@r 1&@01@$h@m1ab@babgyl abignal transduction,
representation of the sensor chip wth non-
t r ZASPAFRAL ne%%?e¥%9E%°n§|emeénﬁron1PHQlﬁ&QHQQﬂ$WﬂieOtlder
t The . n rc 5
B A T
52imhdraatéenshe size of the Iight spot of the
spect r of1et er, ded _area %ﬁﬂée resents areas

Th ere
light h S bainchPEe eFBY Fhe Y ayer U5 PHe SHo e S ensorS

experi fBntivas Tapeledredt aﬁau_?/stl»srr@% wihk i heUresRRSOns .
chips and the spectra for the tour different sensor
chi ps wERe fRBSO¥eBhaRIMBYebENEGS AOm geteckingultra thln

Spfggéacﬁ%;%ﬁ;tef%gtg&easg % S%%:Ct rr%m%%@.' negut:ﬁr ége thin fllm

sens have "a non- "t ranspar ent
-eléapusipaoniaklgﬁdwmﬁdd@;métalsghmnoegahmng thganic, bio-
pectroneter whil ectra 60 represent t
o DESTHEUEAST SFne SHAEGR CHF p AT Tac hof. SV RS RCp s REures

"ETﬁé béi@&t@@ﬁtb§|kngH0Q5y%& @E&ﬂéﬂﬂ@h'6§ﬂﬂBéKbBﬂ&ined at
spectronmeter. The results in Figs. HA- H D exhibit

t hehet lreifiaglet dfl oekagaamarssuttainssaler o2t the lnterfaual
hggg%? d%re%(peré nttw TEiﬁ;LHHéh%%e%“e 'fl'? tQ%méigt m%tl%gglal may

nano structures ar nore even
i Nnba sa@bbebedr eantd esishé hasudfawe i rofli afd emarddwiriectures,

| arge area _of the whole |ight spot, (about 5 mMmin _

dlgﬁEPEFFEd onto the surface wvia vapour deposition in
vacuum or at ambient pressures, chemically bonded to the
surface as a result of a chemical reaction océurring at
the surface or as a result ‘of electrostatic interaction.

Advantageously, as the disclosed sensor chip has a
high sensitivity within its electromagnetic decay length
of 5 - 15 nm, it is very suitable for monolayer molecular
or short-chain DNA detections. More advantageously, the
sensor chip can be accurately aligned and is capable of
being further miniaturized for biosensor arrays.

As the sensor chip disclosed herei'.n is made with
material such as glass, it .also has reduced unwanted
light scattering, improved optical contrast of LSPR and
better bonding of the different components of the LSPR
sensor chip. Due to the use of a material such as UV

curable epoxy to attach the different components of the
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Applications The disclosed sensor chip is an ultra-
sensitive device for LSPR neasurenents and has precise

woanrieésepver ultra- small amount of sanpl e fl BCTSGR@I®00156

liter or even snmaller) . Advantageously, the disclosed
sensor chip is low cost, robust, bioconpatible and
capabl e of bei ng mass-produced. The di scl osed sensor

hcﬁ@v{@é/ b%h%segn{é){“ﬁlglvag’éreetgs o&ligBR#E gt?%éa lor.%:%nis%r _chip 1is

c
phar maceutical Tndustries, researc

- di agrastagetesly ngedihetelit i Do ef beshdyj exher durability of

m cr oorgani sns_ for food safety or security purposes

(st 8SNBPB- ChéPr BRYs RSO ORT FRY hdi gdvantageously, the

enyih onresh 8l RN 9L 1 881 ThESG1iaRRLLAA! FORSUERYE handling.
conprise i gand screening, inmmunology, cell” biology,

si gnal Thanddeciperd cimnA@al chiperisctdles aapable of being
nucl eoti.de -nucl eotide, nucl eotide-protei .

or B ERn I GT0i FONAG OBTETRRr: TPBT BT hOSr A0k Bl | apfdinical

jons . The

di achgsedt sensBfstadi p emybboRediedl a shdliasensersthbar and a
in-situ, |abel free analysis o f binding reactions.
The1SeASBPCERPD F¥§LBMe used for detecting ultra thin

rigid l@MQrmEeBBBMHE.%éﬂsterde in SHEMmaKs thieh dddd®r chip

deposition or gro nmetal s, 1 norganic, organic,

bi bsorplemdsinor epbligiens aand ardsingrite omedlhmdat wiich can be
pressures. The detection o f rigid layer rmation _ca

b 33016 AdPERCT neotuTate BEPUERS LSt RLERPaRoRRly, as
a ththgRetnbar fastabskay terbehaen ot Wow-lddnbdiases .and low-
The sanple material nmay b e adsorbed onto the surface

o Prefsukandsidirtahkekcatipesmeddasht othfe diFrheaedi grethod

‘éﬁgr?nﬂféaﬁ%;i}og%énrﬁaag% 't ?%ﬁg&ﬁ‘ﬁ@&&&%&@é e0bnPLEASH" Githin the
sensor chip, which are required for the generation of
LSPR. More advantageously, the discloséd method will not
undesirably roughen the surface of the glass wafers. As a
result, unwanted scatterings in the sensor chip, which
would adversely affect the LSPR signals, will be
minimized.

While reasonable efforts have been employed to
describe equivalent embodiments of the present invention,
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
modifications and adaptations come within the scope of

the appended claims.
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surface as a result o f a chem cal reaction occurring

at the surface or a s aresult o f electrostatic
wonw®riaedsh on. Advant ageously, a s the di scl osed#CTSO3@O/000156

chip has a high sensitivity within its el ectromagnetic

decay length o f 5 - 15 ran, it is very suitable for

nmonol ayer nol ecul ar or short-chain DNA detecti ons.

Mor e advant ageously, the skeferemdep can b e

accurately aligned and is ca | e of being._further

nﬂnid?un?§8d r "G endor .&%n%(sagﬁe%ée pr Schultz,

c REFSRtdQro Rfd T M3k $iaglPRFER_ MRt B¥FARCELER gPgctra of
glvassblie Lighte nass gl ddeerudhapptd PRERECLEEH! t BPPAg, PRYS.-

i Htoved® LptdTH0oRFYBL o f LSPR and better bonding

of the di'f-ferent. conponents o f the LSPR sensor

chip. Due to the use o f a material such a s W

curabl e epoxy to attach the different conponents o f

t hedevice, the internal stress within the sensor chip

is - . advantageously reduced. A s a result, the

durability of the sensor chip may be nmaxi m zed and

advant ageously, the sensor chip may be able to

wi t hstand frequent handling. The discl osed sensor chip

is al so capable of being used in an environnent al

nmonitoring system a clinical diagnostic system a

bi onedi cal anal ysis system and a bi o-detection system

The nmet hod di scl osed herein to make the sensor chip is

al so an efficient and sinple nethod which can be

easi |y adopted for nass production. Advantageously, as

the net hod disclosed herein is a |low tenperature and

| owpressure m crofabrication nmethod, the disclosed

met hod will not danmage the nanostructures contained

Wi thin the sensor chip, which are required for the

generati on of
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LSPR. More advant ageously, the disclosed nethod will
not undesirably roughen the surface of the glass

woaimriseseA s a result, unwanted scatterings i nPCISG2009/000156

sensor chip, which would adversely affect the LSPR
signals, will be mnimzed. Wile reasonable efforts
have been enpl oyed to descri be equi val ent enbodi nents
of the present invention, itclsiinds be apparent to the
person skilled in the art after reading the foregoing
di scl-osure, that various other nodifications and

adapt at i,0 t LN [ npy. be made therein
mﬁth%ﬂthdg%gggfngﬁfkoégﬁkgqggi t and scope of the
i nvent i onaamd cirb/maniofifl eiddd tdistnradll; such

nodi ficati ons _.and adaptations come wthin the,scqpe,of .
t he appen&gd a%%%ﬁs. eﬁﬁﬁ%%55¥9cfy?eCQBFOV&ae%heﬁP said
A . Milghandani a1806 &n Spridshuldazh Delecthent@bnsmission

tunor markers based on extinction spectra of visible
| i ght pa%sdnbigihk oeggimyol d nanohol es, Appl. Phys .

Lett. 90, 073904, ( %%%g-}nsgaﬁ:lé@t 1e-1hé%e etlnse_gFﬁP'sgd along the

conprising:. a Cro uir di c ¢hanne east one
nanost rast Leel ppathdethd nasaadgetianreladlongtaansmission of
optical_path for the transm ssion of a |light beam a

li ght t+isdbarehe %?%ﬂé%?n8?§§H§EHrSVoﬁ&d?he optica

path and %FG&%W%EéﬂéﬁﬁféHEté@@&@h%ﬂéﬂkfﬂhﬂéﬂwg 20l Qeast a
sai d nanostructure; and a non- transparent el erent

surrourgdngien béastisl pepticalobashi dcomt cakaght parrially

at |east, géélfgéﬁt scatter from the optical path.

2. A sensor chip as claimed in claim 1, comprising a
second light transparent element disposed along the
optical path and arranged to allow transmission of

light that has passed said nanostructure.

3. A sensor chip as claimed in claim 1, wherein the
non-transparent element forms at least part of the

sidewalls of the micro/nanofluidic channel.

4. A sensor chip as claimed in claim 1, wherein the
non-transparent element is provided in or adjacent

to the base of the said micro/nanocfluidic channel.

5. A sensor chip as claimed in claim 1, comprising a
reflector arranged to reflect light that has passed
over said nanostructures back toward the optical

path.
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reduce |ight scatter fromthe optical path. 2 . A
sensor chip as clainmed in claiml , conprising a

weeaepndedsd ght transparent el enent di sposed al orgT/SEE2009/000156

optical path and arranged to allow transm ssion of

i ght that has passed said nanostructure. 3 . A sensor
chip as clained in claiml1l , wherein the non-
transparent elenent forns at |east part of the

Senchr B AFnAdE, ShpdA el 4t BRI, {ovflgrein saia

tranerarlqrguqtelta:raam drferf Qv &feht nhé)é adjraﬁeabtheet hedex of
base of the said m cro/nanofl uidic channel. 5 .

sensor éhi%pt&@s 2claimed in claim1 , conprising a

reflector arranged to reflect |ight that has passed

over said nanostructures back toward the optical

pat h.76 A Asesestsor chhpp aas cc:laaimecﬂi in cllzim 16, whetein said
said |ight tracn§pareéeelenent h arefractlve i ndex

of 1..4 e ipdexy I nsdto ¢ pla¥cl aimed in

claim6 , V\hereln sai d refract|ve|ndeX|sl45to
1.55. 8 . A sensor chip as claimed inclaim1l,
wher &i- nPsaﬁ@1$¢lght3hﬂpa@§pa¢fbmm%qiem;ntchag-ﬂat1l eblbt—?r@me said

of g|a$ 5 |h%§%ﬁ%§g§%% 'g? Q88 f% PENSOT %f glass

as cl ai ms eéréin said non- trans arent

el enent argl poBtAlndAyildandhe sensor chip as
clainmed in claim1 , wherein the sidewalls of the
m cr o/ nanof | uidic channel conprise a |ayer of non-

trangpanenie it CORip as claimed in claim 4, wherein said
non-transparent element is a metal layér.

10.The sensor chip as claimed in claim 1, wherein the

sidewalls of the micro/nanofluidic channel comprise

a layer of non-transparent silicon.

11.The sensor chip as claimed in claim 1, wherein the
sidewalls comprise a layer of non-transparent
silicon disposed between a layer of silicon dioxide

and a transparent layer of glass.

12.The sensor chip as claimed in claim 8, wherein the
glass comprises from about 60% wt to about 99%

weight of silica.
13.The sensor chip as claimed in claim 8, wherein the

glass is doped with from 1% weight to 40% weight of

metal.
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11. The sensor chip as clained in claiml , wherein
the sidewalls conprise a |ayer of non -transparent

weizbioiaesedli sposed between a | ayer of silicon dpoxisde009/000156

and a transparent |ayer of glass . 12. The sensor chip

as clainmed in claim8 , wherein the glass conprises
fromabout 60% wt to about 99% wei ght of silica. 13.

The sensor chip as clained in claim8 , wherein the

glass is_doped with from 1% wej éﬁ fo 40% wei ght of |

net aft - T FRESGIMTHRED %Jsa%‘lg ned ?i‘a%]“aﬂ%vl@’?lerem the

wher ei npihemetal Lsiselegt egrbhonide ﬁf&]&tga(fonsisting of

consi sting of sodium magnesium cal ci um

| ant hangedibor,omagresiumg cel¢iwm, aheddonjaattanum, boron,
nixture§j§hereof . 15, Thetgensor cQ%p as, clainqg in

cl ai m 1 "R i ¢ at T eI fEh AN FURY U TR
netal selected fromthe group consisting of gold,

al um num .cobalt, indium nplybdnenum _nickel, ‘ .
palléérgke;ﬂ%ﬁﬁQﬁuﬁh%ﬂrﬁSt¢¥%&W%ﬁ]lFuﬁé§#@n}IzWﬁ@FEln said

silver, ,GORRE/@ANHLL ;é?g#&%@ufgeiggg metfa H9ected from

sensor chip as claine aim1 , ereln a
pl ur al i ttheof gmanpst conbusesngs ef owakd, | mlsanihum, .cobalt,

channel ,. 17. The sensor chip as _clained j Jaim1l._, ..
wher oi n 05T naRRAYREE IR | ALTEShe BRI of Platinun,
from abautn 10 DeARIBRET TurysReUt 3DR0, MLINeRS:, 18opper and
The sensor chip as clainmed in claim1l , wherein said

channel doskiaadiians chargad st one inlet for
transm ssion of a fluid sanple into said channe

16.The sensor chip as claimed in claim 1, wherein a
plurality of nanostructures 1is provided in said

channel.

17.The sensor chip as claimed in claim 1, wherein said
channel has at least one dimension of from about 10

nanometers to about 1500 microns.

18.The sensor chip as claimed in claim 1, wherein said
channel is coupled to at least one inlet for
transmission of a fluid sample into said channel
and at least one outlet for transmission of said

fluid from said channel.
19.A localized surface plasmon resonance sensor chip

- comprising:

a micro/nanofluidic channel;
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and at |east one outlet for transm ssion of said fluid
fromsaid channel . 19. A |localized surface plasnon

woesDnaesse sensor chip conprising: a m cro/ nane€r8icadine/000156

channel ; at | east one nano structure provided in said
channel along an optical path for the transm ssion of
a light beamfroma |light source; a light transparent

el ement di;gposed &l onghd he, opticahopall apdodihaRdedn said
to allow transmssion of |ight onto said nano

st ruet whkannehdadrngeast apelicah- patdnsher ehheeltemmsmission
surrounding at t_a portion._of. said optical path to

ot | oastt pfr PranFyBrafl B8oh Snr 2upkr e egm t o

optical pathiigher etrandpdisent a diicgiintbeaispsspdss€long the

t hrough said optical path and over said nanostructure,
to prodeRel@atfofath anSrFaeeIpfadforre@WniKaesmission of

Si gnal 2 8 AchosakLigdoatipLaceoplasoaLesOnance

system compri sing: a source O sensor chip
conpri si ngit aleast obnanafor UimismEreeme| elanehbastummeinding
nanostruct yre rovideq?jn s%%d chgnne

opt | cal SpatRorSy 2 RERHLSs s oI OPSFEGRE. BERh FPoRE least

the |igbareul e tPefhOHUCEight OCAZEEr SUFF&RE the optical
pl asnon resonance signal; a pair of light transparent
el enentBalihsposed al ong the optical path and having

the nanostpjctane Eﬂcq}seeq a light beam is passed through

said optical path and over said nanostructure to
produce a localized surface plasmon resonance

signal.

20.A localized surface plasmon resonance system
comprising:

a source of light;

a sensor chip comprising: a micro/nanofluidic
channel; at least one nanostructure provided in said
channel along an optical path for the transmission
of light beam from the light source to produce a
localized surface plasmon resonance signal; a pair
of 1light transparent elements disposed along the
optical path and having the nanostructure located
therebetween; and at least one non-transparent
element surrounding at least a portion of said
optical path to at 1least partially reduce light

scatter from the optical path; and
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t her ebet ween; and at | east one non- transparent
el ement surrounding at |east a portion of said optica

woabdy/Beeat | east partially reduce |ight scattecTRGom/ 000156

the optical path; anda detector disposed along the
optical path for detecting the l|ocalized surface
pl asnon res nce al. 21._ A Rroces for makin

opa Si r a
sensor chiPp 5%%??8?%3111%?&%%%9 8fR9: § npﬁ(’jlé’aﬁgrg?th for

subst r ajer apgi Bg sagndisuhstizale tagehbher pidndhr Yesonance
substrate having at | east one nanostructure thereon

and t hess@eahd substrate being configured to forma
m cr o/ nanof | uidic channel between said first and
second substrate, said second substrate having an

opt-i cal. paptodesal Fow m=Aristy sai @enelod | ghip oabapgaking the
nanostructure; and nounting a |ight transparent
el ement X8y %&i d optical path to allow transm ssion

of !ight_ont?0§§5g nanost EUCLYr € ourrAL P 0GE3S 38§ second
clained in clTaim 21, wherein the second substrate

conpr i segbatnebe thogedpwmment theenbhrst o saosteadte having at

i al duce_l i gh f h i h
D3, A prbYEEE a8uEl afBASTACEEAT 2L ooty | Sy L second

step of sgbgbtaget he pecond subsddsifutadformo form a
sidewal l's. 24. A Er ocess of as clainmed in claim 21,
wher ei N RECABABSE HUétlife FBRBNSposRATUASRheSHdstTirst and

SUbStraégggﬁd substrate, said second substrate having an
optical path to @allow transmission of 1light onto
said nanostructure; and

mounting a light transparent element along said
optical path to allow transmission of 1light onto

said nanostructure.

22. A process as claimed in claim 21, wherein the
second substrate comprises a non-transparent
element to at least partially reduce light scatter

from the optical path.

23.A process as claimed in claim 21, comprising the
step of etching the second substrate to form

sidewalls.
24. A process of as claimed in claim 21, wherein the

nanostructure is disposed on the first substrate by

nanosphere lithography (NSL).
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nanosphere |ithography (NSL) .25. A nethod of using the
sensor chip of claim1 , the nethod conprising the
woetepsdedcy directing a |ight beamfrom a | i ght PEOSGE@®9/000156
t hrough the optical path and incident on said
nanostructure; contacting a fluid sanple with said
nanostructure while light is being incident thereon;

det eci s ng Inlaehbagfaf refd 5t edeOrsdd RS ik d Er Qﬂ"i‘as.’@rl d,

nanostructure while in contact with said f d sanpl e;
and neasnethgdt hemphasdngethst sEspsf ofai d reflected or

anem 11 o0 B L0 AoLer Sug ! B Loz SUILRER  sonrce
through the optical path and incident on said
nanostructure;
contacting a fluid sample with said
nanostructure while 1light is being incident
thereon;
detecting the 1light reflected or transmitted
from said mnanostructure while in contact with
said fluid sample; and ‘
measuring the characteristics of said reflected
or transmitted light to determine the localized
surface plasmon resonance associlated with the fluid

sample.
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