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WO 2006/031198 PCT/SG2004/000296 SURFACE PLASMON

RESONANCE AND QUARTZ CRYSTAL MICROBALANCE SENSOR

Technical Field The present invention generally relates to a sensor for
weensérglamiological, biochemical or chemical sample. 5 MOrETS&IGw00926

&Ei?ﬂé%'ﬂﬁs@ﬂﬁéﬁ%ﬁ parthakisseapakie b SENSNG &k nsor

lological, biochemical or chemical sample using Surface Plasmon
Resonance and micrograyigagiiit Senseetethniques. 10 Background

Surface Plasmon Resonance (SPR) and Microgravimetric, sensin

rechitcR SaE s DU Loy AN At B AT R & omsoT
foindependentlpad methgdsstitablecdfohamsita 1 label fleensensingandle .
1o3RANSIS O k@ﬂéﬂgl actiqns. 13-96050"s U5ing,pER.0r QGMhave been,

used’to analyse biological, biochemical and chemical samples. QCM
sensvites ¢omMpriseld quarePeiystal wafer hisgiido planarteiggical,
pislestindes dispased-gathewo sysfaces ofthenwales, Fhesamplede-e

analysed is adsorbed onto 20 the surface of one of the electrodes. The
RESRIAGH The S0Hars CRREHTETGE EXCitEF 1S MEEHaRTE 1886 Fance by an

alternating an electric field due to the inverse piezoelectric effect. The
resonance frequency is depgwd ntrUJ)ug{]dthe mass of material adsorbed
onto the 25 surface electrode.ﬁﬁnstance, the resonance frequency
decréasésder AassaeouRrimitinasd iRF8isenfbr Miassysauétist. tHe

=St freguengy.Gan besglated: to thea adsorbegdnass vainganalwical ,

equations. A mass loading in the order of about ing/cm2 can be detected.

argy SpRIR 4 RAGKRTAEMotM o theRtBEh SHdféiical ang8s sity:
1 20RCuUIringeat thessiwiace ofadthinmaetadiikn. SIPRo-mMeabHeS Changeshs .

Setheo ti(_:al thickness (i.e. jrcefra ive 'nd‘?x) %{gg}? frgéne olggular alvee
RFESrtioR B Ihe Th alc%urfa%%. In %%F?, an evanescergg whve (Hen S
bibWEizG06/0831 a8 AU HSGC2004/006R96al samples. -

QCM devices comprise a guartz crystal wafer': having
two planar metal electrodes disposed on the two surfaces
of the wafer. The sample to be analysed is adsorbed onto
the sgurface of one of the electrodes. The sghift in the
guartz crystal can be excited to mechanical resonance by
an alternating an electric fileld due to the inverse
piezoslectric effect. The resonance frequency is
dependent upon the mass of material adsorbed onto the
surface electrode. For ingtance, the resonance Ireguency
decreases for mass accumulation and increases for mass
reduction. The shift in frequency can be related to the
adsorbed mass using analytical eguations. 2 mass loading
in the order of about 1lng/cm2 can be detected.

SPR iz a known method for the detection of chemical
changes occurring at the surface of a thin wmetal film.
SPR measures changes in  the optical thickness (i.e.
refractive index) arising from molecular adsorption on

the metal surface. In 8PR, an evanescent wave (which is
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an exponential-decaying wave) exists at the sensor surface. In what is
known as the Kretchmann geometry, an evanescent wave is generated
when total internal reflection of incident light occurs at the interface of a 5
WOUgaeA3tE3vith a high refractive index and a substance of [RAAF{RGRABE (296
index (i.e. a glass-air interface of a prism). SPR occurs under certain

an cordinens When.a ISRRHIMST mERIRE.g. FOIPbF siliRY) is pice 6T
suskdfage. Wheprhe incidentdight issnenechieatationshe: 16 &eeelegtrons of

the metal will oscillate (ie. a surface plasmon is excited)_and 6};9%9
eVaRBREFEorespolting t§a ceram 3}% & of ncident |8%?[£Ifhe amg%egl%al

ret£aled e SPRianglecTie SRRusignatisdeectethby memfimgahel a
sulnignsity of the refl eﬁtf%li%f%g@@i%g Riangle. 3,15 sharmdacigase gk

Ip7in‘intensity is measured as the surface plasmon absorbs energy.
1oWhecpdsitioh ‘ofehelPRFangle: Gepehd oA the arbfradiVeshtesof the 2

pr3eRsing suefacg.which changes Jepen the bibding-ebmelesuias ta therin
surface. 20 Consequently, the SPR angle changes accc_)erin to the

£1 3ot oFRideculds BoundIhe Surfate Y The défectrfiittatioh JFe
auSPR-is appreximately ingletizrGP R agHtQGM technigies eadch bave:teir
own specific_strengths, weaknesses and have,as jQns
ErRf e?sé{:%%rd:' ata c%ﬁe%?ﬁoen énr% %%a yzéfl’ﬁlsil ﬁ:sgé}rﬁ i n%sf)l%l%%% 'tegar%igé%ﬁ%%
plsemsitiveito difei¢rProperiesbfarthisfitnsangie raARRHeAdgefces>
yﬂ"%%g_@@ SPRiand QCM techpiquesiare knoywn. GermampatenhPE

10024366 discloses 30 an analytical devices that combines SPR and
SPRCHESRY algratifg Roubterahe e S 5ogRRg BoulePfaguirRes e
inthedecidendightheans pass deagh thesample solutiosrorSRRe, a
gt e fow ol e samnle b apicl TaASRAIETh ThE
surface plasmon absorbs energy.

The position of the SPR angle depends on the
refractive index of the sensing surface which changes
upon the binding of molecules to the surface.
Consequently, the 8SPR angle changes according to the
amount of molecules bound to the surface. The detection
limitation of S8PR is approximately lng/cm2.

SPR and QCM technigues each have their own specific
strengths, weaknesses and have agsumptiong that are
inherent in data collection and analysis. Accordingly,
each technigue is sensitive to different properties of a
thin film sample.

Analytica.l devices that utilise both S8PR and QCM
technigques are known. German patent DE 10024366 discloses
an analytical devices that combines SPR and QCM using a
grating coupler. The use of a grating coupler requires
that the incident light beam pass through the sample

solutions for SPR, requiring the flow-cell and the sample

be optically transparent. This has the disadvantage of



Received 12 December 2005 the results having a low signal/noise ratio.

Moreover the SPR measurement sensitivity is low compared to ~ PCT/S8(G2004/000296
prism-coupler SPR sensors. There is a need to provide a seRgotiaadl ENDecember 2005
analytical technique, which overcomes, or at least ameliorates, one or

more of the disadvantages described above. Summary of invention

Agtording, 0.2 fikst-aggegt obthe, nyentian, 10ere is sprouMped 8,369l spr
chi assemeb% for use.in a Sensar Gapa le of Seucgfatccge Plasmon

esonance Pfﬁnésr%cf b%v%ejtﬁc sensing of a sampl&,- Seméggélﬁ]Jb?f SPR

csﬁﬁ'ﬁr‘i’eﬁ'ﬁg: a transparent piezoelectric substrate having a first surface

and a sé&Gid stiffade Bpifosite te R Hist surfeReSerfirsbehinfiim TR ical
elestrodaprovidetiodn thee fisstnsarface ofthd sabstratesforaoritast withe ox
satcksamplehandiaaseeanddbin tlos metad elecisode provided on the '
second surface of the substrate, said second thin film metal electrode
being disposed on said sugsifatesugh thata,light, beam is capable of

being transmitted through the second suyrfa the, substrate an .
locte T St e et Sl ot i SRR At T

rBASHSIT (ATRY Totipler Hitpod8d “RljRteht To HFE seorfd Hif i rﬁj@[’ﬁble
efdctrodd 36F cOUPRRGT I§RERT 8RR USSRAte h P BATGHt LT USint e Aedign P £
isjestd betiweerpirenNT R couplet akathe substrate, said light coupling

mediune substasntatyrmateching tie tefractiveubdexsafdhen TR gcosplet. r st

-anekthe-substiate sasbhaving-zdew \ippesity eladiven o anvindexsmeaieding
oil havi %gdﬁi\%‘éo%lﬂ)_iﬁ)f A00C ?g{le\é{_gﬁr%'lﬂe!e'?;'iéf%ﬁ %f@\é'{g%ﬁ' (;O%g@ﬂ%ifo :h ;:d st
y, illating electric, fie said firstand secor

B e R e St
light beam o shidfirsFHiA il HEt .ecfsctr%’c%evﬂga?%a.? Beeifre  second
tRAAftfed fHroughsarr S tRHdtplefssdd IRpRESplFyiMediddangetal

Sigeipatigtbeing dispoesed on said substrate such that a light
beam is capable of being transmitted through the second
surface of the substrate and reflected from the first thin
£film metal electrode; and ' :

| an attenuated total. reflection (ATR) coupler disposed
adjacent to the second thin film metal electrode for coupling
light to said substrate; and '

a light coupling medium disposed between the ATR
coupler and the substrate, said light coupling medium
substantially matching the refractive index of the ATR
coupler and the substrate and having a low viscosity relative
to an index matching cil having a viscosity of 100 cP, '

wherein in use, a gravimetric signal is generated by
applying an oscillating electric field to said first and
second thin £ilm metal electrodes and an SPR signal is
generated by reflecting a 1ight bear from said first thin
film metal electrode that has been transmitted through said
ATR coupler, said light coupling medium and szid substrate.

In one embodiment, there is provided an assembly for
use in a sensor capable of Surface Plasmon Resonance {SPR)
and gravimetric sensing, the assembly comprising: _

a traansparent piezoelectric substrate having a first
surface and a second surface opposite to the first surface;

a first thin film metal electrode provided on the first
surface of the substrate;
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In one embodiment, there is provided an assembly for use in a sensor
capable of Surface Plasmon Resonance (SPR) and gravimetric sersirgSG2004/000296
the assembly comprising: a transparent piezoelectric substratRdraiiag) @ December 2005
first surface and a second surface opposite to the first surface; a first thin

- film metal electrode provided on the first surface of the substrate;

Amendeg SheelnIPEAAL 31:‘5?&[-1'- / %@QQQMQQQ@PQ&EC%WSQQ:%d on the
DecenberdQ03.a %etcoe'b)%tglmg@rg)c%tal electrode provided on the

second surface of the sybstrate; an aitenuated total reflection (ATR),

coupler a%pgggangajéac%nF o] 1_e S&EoRE WhitPfilrfyHtal STEETSde; Hritpased
liGFH GBI T &dRInT HFSPEs &l Hethith AT Fe 1esTFlefan PR second
~ thin film Inethl Eéctregens isgbstaeditily maicptretefractives FrdextbetheA TR
AFRipdepleraadd thdsubstratedAcaonding i ansecaatkaspectafthede to
inuerdioam theta is puevidedn? SeRFOREOMAYISINGIX FARSPAENLTR couplex
piazoslgeatric substtate having a first surface and a second surface
Opposite, Q. 11e fifst syface a firg thin.filp @%tac'r?ée‘i%%%%@{%"r{'deg‘jngge is
the first sgrface of the substrate for'l_ocatlng a sample thereon, and a
sEESXé‘%ﬁm film metal e(fgrélﬁ(r)ﬁselﬁlr%'\nded on the second surface of the
substrat®, the e ATt Se cBHEMRT Fiffht Hetal BB EldbRs BaBABR Gf béiest
cupletrto aroscifgrnreirenit Toreselikeimbtan ethie fidldsdat one trce;
more seletied fretjuanciésd o therebyedause thie substrate o oresanateirst
anaran Gdtentiaind tetalseflectionATIR:coupler-disprped adaeant todhe a
sesepskthindilm metakelegirode aid capahle ploptigally caupling a light,
beantaaka plraliy ofs jpddent angleg. fram,a o, beam source lohe ¢,
f%gggf]eiectrodes capable of being coupled to an oscillator
circuit for oscillating an  electric field at one or more
selected frequencies to thereby cause the substrate to
resonate; and
an attenuated total reflection (ATR) coupler disposed
adjacent to the second thin film metal electrode and capable
of optically coupling a light beam, at a plurality of
incident angles, from a light beam source to the first thin
film metal electrode to generate surface plasmon resonance
(SPR)} updn excitation; and
a light coupling medium disposed between the ATR
coupler and the substrate, said 1ight coupling medium
substantially matching the refractive index of the ATR
coupler and the substrate and having a low viscosity relative
to an index matching oil having a viscosity of 100 c¢pP
wherein in use, a gravimetric signal is generated by
applying the oscillating electric field to said Ffirst and
second thin film metal electrodes and an SPR signal is
generated by reflecting a light beam from said first thin
film metal electrode that has been transmitted through said
ATR coupler, said light coupling medium and said substrate.
In one embodiment, the sensor may further comprise a
light coupling medium disposed beétween the ATR coupler and
the second thin film metal electrode to subétantially match
the refractive index of the ATR coupler and the substrate.
According to a third aspect of the invention, there is
provided a Surface Plasmon Resonance (SPR) and gravimetric
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film metal electrode to generate surface plasmon resonance (SPR) upon

excitation; and a light coupling medium disposed between the ATRCT/8G2004/000296
coupler and the substrate, said light coupling medium subsBasséigf 12 December 2005
matching the refractive index of the ATR coupler and the substrate and

having a low viscosity relative to an index matching oil having a viscosity

of 101 é),cfl;’ whereln in_use atgraw ﬁég% signal |s§ %@tedcgé{pggglwgg a
cillatin

eectrlg fleﬁﬁ to sald rst ahd se th|n film_metal
SEERBARE T A SR SGHEL T a%a?&&%eb}r%ﬂé%ﬁngaaﬁ Febe TG

S8 fitstIRFPHImSHetarsl et iifat Fas e n%é%mﬁ?é“&ﬂ%ug"h %H st
ATRocobiplar, saidligletleotphng metiuidadd saiddubstbtetinsgndace of
embodiment rihe:sensarmay furthencomyprise a dight coupliig médicrode
dsposaddetreenine AR coupler anst therseeard thim ftmavetal

electiode to supstantially smatgh fhe refragtive index of the:ATR,coupjersne

and thrca1 gbtl)strar%e ACCO£d|£19 e%éhlég aspec of ttie |n\£erg:té%n ltpneren{g
row&led aSur acer[\D asmon_Resonanc e'% an ravimetric Amen ‘am
ﬁé@?ﬁéﬂﬁﬂeﬁhfé@z&&ﬁodﬁ% ec%uv%d&‘éeDééébr%BE?%OSS“l

ArtANEis CEHBIRG I SRS Tsing e s8Rsor Lot pRERf SPatdfarept ractive
piegerleefric-babsfFhtechayingra finst surfaceuiagicrasecand sipfdew a low
Giipesitd ty the-filsttdudace;ca fisst thindilm metaleléotrodeidrovided ng 2
thestiist stvface abdhersubsitaies anshacsepend thin filn: eetabelectrode
provided.on fhe.secand surface of Jhe substrage;an attgnyated fofal meral

rel‘lecyon @TR) coupler adjacent to the second thin film metal electrode,

angaﬁ: ht Coupling medium_ disposed between the ATR coupler.and the
substracfé é&r‘ﬁ@;’ﬁ% cGlplifg $R5EIEm gﬁﬁgﬁntlﬁﬁoﬁ%}fchﬁf}b théﬂr FefiaciRs

iRRIEATOY 0T R EbRpBF it RESKHFIARE aRll haWhgOF I st ed
refativeste-andndex matching oil havingreetric signal; and

generating an SPR signal from a light beam reflected

from +the first thin film metal electrode after beling

transmitted through said ATR coupler, 'said light coupling
“medium and said substrate.

In one embodiment, the method may further comprise the
step of providing a light coupling medium between the ATR
coupler and the second thin film wmetal electrode to
substantially match the '‘refractive index of the ATR coupler
and the substrate. '

According to a fourth aspect. of the invention, theré is
provided a method of fabricating an assembly for use in a
sensor capable of Surface Plasmon Resonance {SPR) and
gravimetric sensing, the method comprising:

depesiting a first thin filﬁ.metal electrode on a first
surfaces c¢f a transparent piezoelectric substrate;

depositing a second thin f£ilm metal electrode on 'a
second surface, opposite to the first surface, of the
substrate such that a light beam 1is capable of being
transmitted through the second surface of the substrate and
reflected from the first thin film metal electrode; and

attaching an atténuated total reflection (ATR) coupler
adjacent to the second thin film metal electrode; and

Amended Sheet
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viscosity of 100 cP, the method comprising the steps of: providing a

sample on the first thin film metal electrode; oscillating an electrig R /SG2004/000296
through the first and second thin film metal electrodes at on&eesivedel 2 December 2005
selected frequencies to generate a gravimetric signal; and generating an

SPR signal from a light beam reflected from the first thin film metal

electrodg afienbeing HARMEHINIONONRRATR CONDISH SBELIANL, oy
cquRting, medium,andisaid subsirate. I one gmpodiiment, the method |
m%&furt €r.comprise the “ste of providing ghigh c&t}ﬁlmﬁ RRdith

betw

SERThEATRR 68%5?8%3%3 thBSsedsid Bk il midtardle@iodéhs ATR
sGBsRIftaIyRfatchitiie retREGRACMdER6S tHe BRI couplépvand théscosity
subsfaigsActordimy téradfourthaaspsctof thielinvention, thereris grovided ot
almethaed of fabricating an assembly for use in a sensor capable of
SurfacetlasmonsResenance, (ShR) asdngrvimetric sensing. shgmethod,
compreng: deansipo 8 11 DDAl SR OB RS
OL&%E%%%parae ép q%’le se CmcfJ t%lh f% ?erto tﬁlgtfﬁ’ tsﬁr"fﬁ&g,%f%e to

e e%tro %OI’] a second surface, opposhe
1

meta

sl %ﬁ%?él st thal'&ight Heant fRECaphbIEof BERY . HanshftddthreagRler
thESetohFEtiTaEa ot the substrate and reflected from the first thin film
metal eReHOUE: Hhd-attacHibgtdn atteaotterftotakreflectioni@i R beuplet s
aeffacerietd the seeand:thinsfisn enetat gleettede candynendechghegtrrace
IBEAAASLS RCTERG2004/000296 Raceived A2 Recembers200% gealing a ,
light counling, medium disposed betwegn fhe ATR gﬁ!’fﬁ% angﬁg € gensing
S ss{@%ec %dr[{%r%gguplmg medium substantially matching the refractive

8 . retrat
[ of the ATR coupler and the substrate and having a lower viscosity
Index a %ouSLng aving, a chamber for loc%ting the sgample

therein;

a transparent pilezoelectric substrate having a first
surface and a second surface opposite to the first surface;

a first thin film metal electrode provided on the first
surface of the quartz substrate and in fluid communication
with the chamber; ' - ,

a second thin film metal electrode provided on the
second surface of the guartz substrate, said second thin film
metal electrode being disposed on said substrate such that a
light beam is capable of being transmitted through the second
surface of the substrate and reflected from the first thin
film metal electrode;

an oscillator circuiﬁ, coupled to the first and second
thin film metal electrodes, for oscillating an electric field
at one or more selected frequencies to cause the substrate to
resonate at a resonate frequency; ‘

. @& resonate - frequency detector for detecting the
resonate frequency to. enable a gravimetric signal to be:
detected; .

a light beam source for generating a light beam at a
plurality of incident angles; ' A

an attenuated total reflection (ATR) coupler disposed
adjacenﬁ to the second thin film metal electrode for optical
coupling to the light beam source such that an internally
reflected light beam is reflected from the first thin film

Amended Sheet
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relative to an index matching oil having a viscosity of 100 cP. In one

embodiment, the method may further comprise the step of sealingGIIigHR004/000296
coupling medium between the ATR coupler and the seconBbgsvfithi 2 December 2005
metal electrode to substantially match the refractive index of the ATR

coupler and the substrate. According to a fifth aspect of the invention,

there is provided a sensor system capable of performing surface
pRishoFlessRanee ESPR Y afd graviMtritiSérshgfon a Fidlofidal, cause

bioctemigalanmche micairsample| BB )sersingcsystem comprising: a

housing havigg: a cwamberdor lneating theisaropie: theeensartransparektR
iszoelectrig.gubstrate hayiagaficst surfage andyasecenebauiace nedium
%BB?%gé?atffyﬂr%é%fﬁq? a figst thip film, metal elgcfrpde previdgd.onary

st surface of the bstrate.a d |n f|UId co unicat i
fﬁouE% berd(z;secondS !f'fm%metgp ro e rowdr;%nonlfhe@gggér% ty

EGHAREYSE 18 q%tz%ra@aE%%%co%thWﬁW métal BIEEREUEY
BEhglispdsed on said substrate such that a light beam is capable of
being teamsmittesd throug hbeesadond turface ofthé subsedteargl 1ight
reflected drom theifitst dhim dilmwsetah electrede san @scillatas wirctiiat are
sauRled.ta the,first and sesendr, thia filametal €lectrpdes, ferosailatingr-st
apsleetric, field .at Qne of mare selected frequenmes to cause the

substrate tooresonantfg aéa restonate fre%uen resonat Egrleqs%encyll ght
detector for d%?ectlng ﬁ1e resohate reque %X o ena e% rawmetnc
rlaé

SRR 18 DTt RF gt bdkim s%}f]rcce n&rAting & g BEam At
BrAaIitpOTaRCIHERERRPRSS; BA aftehtiated totat YefScioh (%hﬁ?)%%%&ft”e
disposett adjackit tothe secondahinfilmyhetalegleetrode for optical

dccording to a sixth aspect of the invention, there is

provided a method for Surface Plasmon Resonance (SPR) and
gravimetric sensing of a sample liquid using a sensor, the
sensor comprising: a transparent pilezoelectric substrate
having a first surface and a second surface opposite to the
first surface; a first -thin f£ilm metal electrode provided on
the first surface of the substrate; a second thin film metal
electrode provided on the second surface of the substrate;
and an attenuated total reflection (ATR) coupler disposed
adjacent to the second thin film metal electrode and a light
~coupling medium disposed between the ATR coupler and the
substrate, said light coupling medium substantially matching
the refractive index of the ATR coupler and the substrate and
naving a lower viscosity relative to an index matching oil
having a viscosity of 100 cP; the method comprising the steps
of:

(a) providing the sample liguid on the first thin
fwlm metal electrode;

(by transmitting a Light beam through the  ATR
coupler, the light coupling medium and the substrate;

(c) reflecting the transmitted light from the
fifst thin film metal electrode;

(d) detecting the intensity of reflected light to
generate an SPR signal :

Amended Sheet
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coupling to the light beam source such that anrﬁtanally reflecte & (32004/000296
beam is reflected from the first thin film . Amended Sheet IREAIAU:. £ pecember 2005
PCT/SG2004/000296 Received 12 December 2005 metal Slectrode at
an angle of incidence which will cause surface plasmon resonance (SPR)
to occur a light coupling medium disposed between the ATR coupler and
the substrate, said light coupling medium substantiglly matching the _,
refractive indeS?bft 'Aﬁzhn%od%le? %%Itﬁ%csu’éls r% e gﬁa%sasvir%h% IGwaF
\REEoSRY ORlatilid o Bhthdesd matehifg BRIRRing 2 viscosity of 100 cP;
and a detectof for retedngithe intéhallyseftected lightepeansandsdr the -
cdatectinixthe ehdractegsties of SRRothat lavet dépentemt bn the reaction
between the sample apd shedisi-dhi fillnyveialalestrode. In one
embodiment, SeRsoL Sysierp comppiises ight Geupling-mediymbaiween

the AR gouplsr.apd the segond fain Jlmmetal glectiade;to substantally,
ateh the refractive _index of the AT ni%%lé%ler and the substrate. .
E&goﬁd}ﬁgtt%na %lxatﬁeasaﬁlect ojfttﬂe invention. there is, provided a method

for Surfdte PRGhoRREsITaf@@IBPR Pand c§RAMEtc $eRing 8% at @
sanpletifan usiy arseisorother sBisorTompaginge atfadsjarerie thin
gitkoecledtrt sebstratedhavibigea firdtrsfifdce mata sedend sutfaceterial
apposHe tostie:distisuriaee; acfiest tiofihm oweial elecitpde providesh Omam;
thefirshswrfacerhthe substate; gsegondthinfim metabflaathode;crel;
provdad,on the second.surface af the gybstrate;  and.an attepuated totaly

ré.f!rtlactlon (ATR) coupler disposed adjacent to the second thin film metal
&lettrode and a light coupling medium disposed between the ATR

coupleF3fdth&r EuBSRle "l GHIE Sping BBl <iRaRGRly 11 avid
iizREhihgs the refdictiveliftlex titke RTREBUPIRREMJIALSSIFSrat&Fhd-he
group consisting of: 1.50 to 1.60, 1.5L to 1.5%9, 1.52 to

1.58, 1.5%2 to 1.57, 1.52 to 1.56, 1.52 to 1.55, 1.53 to 1.55.
'In an embodiment where the substrate i1s gquartz, the light
coupling medium may have & refractive index of about 1,54 at
wavelength of €3Z.8nm. .

. B cavity may exist between the substrate and the ATR
coupler, which may be filled with the index matching medium
and sealed. The distance between the substrate and the AIR
coupler may be in the range selected from the group
consisting of: 0.5mm to 2.5mm; G.75mm to 2.25mm; and Imm to
2mrm., The light ~coupling medium may have a low density
relative to that of water, the density may be within the
range selected from the group coﬁsisting of: 1.05 to 1.3; 1.1
to 1.25; and 1.1 to 1.2.

The light coupling medium may be an agueous medium or a
non-aqueous medium. In one embodiment, the light
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having a lower viscosity relative to an index matching oil having a
viscosity of 100 cP; the method comprising the steps of: (a) providing the
sample liquid on the first thin film metal electrode; (b) transmitting a light
wheapi/throdgh the ATR coupler, the light coupling medium RBEE3G104/000296
sub_strate; (c) reflecting the transmitted light from the first thin film metal
cowtdcinstieRe dBtecthgrth@iERSRY BPFe eyt 15 gehetafddn SPR
th%%ﬁsn%'zég%%@eﬂﬁrﬁﬂdﬂ@ ?{f&ﬂ&@%ﬁ%@@ﬁ@%ﬂ?emei&mdmﬁ
ecember e) applyin electri¢ field across the first and second
2 #fin fifi métat Blebftédes: Sﬁdai‘rr}[ "megasgﬁbngg%"e rggl(c)ina%nt ﬁce)ql?gn'cy 0 %the
1Ligiactriediatd imgenesateum grazimelric sigriad cDisglosurenof sldodinfads
co Thf Al aj,_rlllsaparggt: pleégflree%ric supsirate may g%rﬂgﬁe a, naissial selggted
TonT thé roup consisting o?:’quartz, lithium tantalate and lithium niobate.

buttyriymetaittat is capuie dtyesemamt-imhaeMt at a pARFEARRERORS,

pedVaVelength o produce; SRR matbassed as thedhin, filmimetal electrode.
The thin film metal electrode material may be selected from the graup

PYEHASRENG BFERIBMINUM; chromium; GoBSTE BopREP GBI i
phg}%u@@mgnénickel; palladium; platinum; silver; tin; titanium; tungsten
and_zinc. The light coupling medium.may be any arent ligui
has fra f‘l%l ?nde&ofr%#g}%ngnem;%éﬁed fom téllie% R]rgéfou§ co%%?s%tr%%%‘:.
dedS0t0 16680, kbleto 1159, tis52Mends58e ¢ BXHRPt. 5 £1PE2 {918, 56T PR

co%%%_t-é?i&gfs%ko: 1,55 5In.an mbodimentyvhergsthe subsirate igquatiz, the

in one embodiment, the second thin film metal
electrode may be provided with at least one opening for
allowing the light beam to be transmitted therethrough.
The second thin film metal electrode may be provided with
a plurality of openings. The opening may be large enough
to allow multiple light beams to pass therethough and to
be reflected by the interface between the substrate and
the first thin f£ilm metal electrode.

The gravimetric sensing may be selected from the
group consisting of: quartz crystal microbalance sensing;
surface acoustic wave sensing; bulk acoustic wave
senging.

Tn one embodiment, there is provided a ATR coupler
may be a prism having a shape selected from the group
consisting of: substantially hemispherical, subgtantially
rectangular, substantially square, and gubstantially

cylindrical.

Best Mode
Non-limiting examples of the inventien, including

the best mode, and a comparative example will be further
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coupling medium may have a refractive index of about 1.54 at wavelength
of 632.8nm. A cavity may exist between the substrate and the ATR
coupler, which, may be filled with the index matching medium and sealed.
woheodisianse between the substrate and the ATR coupler may/bezindlerzss
range selected from the group consisting of: 0.5mm to 2.5mm; 0.75mm to
degcashatd afdithired SHARTe Hedighb o @R RIS &F AYTESS 0w
whilensity relative to that of water, the density may be within the range
selected from the group consisting of: 1.05to 1.3; 1.1 to 1.25; and 1.1 to
1.2.5he light couplingaredisns euayibeahn agusousinediwmmser chip
nop-aqueous medium. In. on m% gﬂé the i nended Sheet
Caffﬁ%&ﬁﬂ Wg&ﬁ‘db%;oﬁi“égﬁaé] /% Q; 4‘?0§8§%%P%§1upling medium is a
hyd&@igrbohhavirg carbes atongiavwthe fangéselcted@ HHm B Brodh
Fi%qngiﬁtjng of: 1to 25; 2to 20; 3to 18; 4to 15;5to 12; and 5to 10. The
[

ght Cp'upling medium may be selected from the group 5 consisting of:f
styr&i,-toliienel Berfzy 2RGHBE. akdBltyHfenidife, sensor chib ©

riletrahydronaphthalene, acetophenone, benzonitrile; diboromomethane,
benzylamine, 3:,:I‘gyr|dmemetha;go!:E Z-Q%hxlr?enzengm%th?%argmeh

phe )J/'I%Xira%e. The ﬁ’gﬁjteénoauplhng mxe(firumgr%ay%ave a rélative. d%%nslﬁy

cotofwatersinthe rafifesetscted frormphé pyoapreomistiig-of A0SR 1.3;
1.110,1.25; and 1,1 tg 1.2.,1g.ane.embodiment, fhe gecgrd thin filra,metal

electrode may be provided with at least one opening for 15 allowing the
aplgEdeEm tolse trarkerfiedhsrethr@idh. TEELecoRbRthin fFMEAFa+

r cBlectrode mayibe-prayvided with andutadifset-opaningst Thempenjing may
be large enough to allow multiple light beams to %Jass Ihereihou%h and %o
VIeWS O

be rEf&cteditndTfiteF AR ttvEantthe SUBETats and- >

e an
four different ATR optical coupling SPR configurations;.

Fig. B5A dg a cross-sectional ~view of another
embodiment of a sensor chip <capable of ;combined
similtaneous QCM and SPR;

Fig. 5B is a plan view of the sensor chip of
E.’ig. 5A;

Fig. SC.‘ ig =a cross-sectional view of another
embodiment of a Kretschmann configuration ATR optical
coupling arrangement using the sensor chip of arrangement
of Fig. BA;

Fig. 6A is a cross-sectional view of another
embodiment of & Kretschmann configuration ATR optical
coupling arrangement that is disposable, using the sensor
chip arrangement of Fig. BA;

Fig. 6B is the plan view of the sensor chip and
Kretegchmann configuration ATR optical coupling
arrangement of Fig. 6A;

Fig. 7 is a cross-sectional view of another

embodiment ©of a sensor apparatus for performing QCM and

10
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20 the first thin film metal electrode. The gravimetric sensing may be
selected from the group consisting of: quartz crystal microbalance
sensing; surface acoustic wave sensing; bulk acoustic wave sensing. 25
winhoeeeermsodiment, there is provided a ATR coupler may e a§iisng/000296
having a shape selected from the group consisting of: substantially
S%m@l@ti&@ﬁ%%@ﬁ&ﬁ%‘ﬂ?%td&@lﬁ% ShbsibrfialF RGuSRRSE chip
Ozsuﬁ%antia}lly cylindrical. 30 Best Mode Non-limiting examples of the
invention, including the best mode, and a comparative exargple Wi”tkiqeer

furthf 99 W@ 2066/03 #1908 PEITSESBbARIT096 ¥ d6¥cribdd with >
eneferensaio 8 accempanyingdaviagssn fdichpdifodaisa multi-

cross-sectional view of nsQr-chi capa le of combined simultaneous
TB/e %%%%Sﬂ?% i%%l Eﬁa%%% r\%’%}\}v o?ﬁlie%ssén%br chip of Fig. IA; Fig.

1C ig"adbottodd vieheof the sERSSSCINIpBTLFRALA; HEW s scHeaieT

eoflf8440gS, of a Kretschmann, ;10 copfiguatign ALR oplicah Couplng rodes

arrangement for SPR; Fig. 3 is a cross-sectional view of a sensor

DPEPpatl O rh ety TYERERFSPR analytical techniques, which
utilizegdhe semsof ghipsof bigad; Fighadd-Dodre easpestively, of metal

cross-sectional views of 15 four different ATR optical coupling SPR
e]t%c];]tﬁzé% gﬁ;onéj,rcﬁlzé“ggil on_a _ to foarc):e og ]c%% artz

sa cross-sec%onsa}l\lhew of another embodiment
swifsstsensor chip capable of combined simultaneous QCM and SPR; Fig.

5B i%‘%g?.lanéléewigthg S%%g&@ip@e%o %g%‘i array of metal
electrodes having openings provided therein, the metal
elactrodes being provided on a bottom surface of the
guartz substrate;

Fig. 10A shows an angular scan curve obtained from
the sensor - chip of PFig 1 wusing toluene for index
matching;

Fig. 10b shows three angular scan curves obtained
from the sensor chip of Fig 1 respectively for toluene,
styrene and benzyl alecohol for index matching. |

Fig. 10c shows SPR stability measured from an
Autolab SPR instrument;

Fig. 11n shows a graph of simultanecus frequency and
motional resistance resgponses of QCMs with the exposures
in which the quartz crystal has a lowe:.t‘ face exposed to
alr;

Fig. 11B is a graph showing simultaneous freguency
and motional resistance responges of QCMs with the
exposures of in which the quartz crystal has a lower face
expoged to toluene;

Fig. 12 is a graph showing a frequency response of
activated QCMs to BSA adsorption from a PBS buffer on an

upper elactrode;

il



Fig. SC is a cross-sectional view of another embodiment of a
Kretschmann configuration ATR optical coupling arrangement using the
sensor chip of arrangement of Fig. 5A; 25 Fig. 6A is a cross-sectional
weiswsoBansther embodiment of a Kretschmann configurati@e RFRGptiee6
coupling arrangement that is disposable, using the sensorﬁép
arr&igemant oiEFig. SARRR). BEPIEIRE JrS vERro Pthe SBITSSH Hip BRES30
Serﬁrg%@nr&,ﬁogﬁmygtion ATR optical coupling arrangement of Fig. 6A,
Fig. 7 is a cross-sectional view of another
a

embodiment of r
poStusifor pErErIgROCRIBRE %0 Wo 188 r23piae of
thdPCH/BG20R4/000286 SPR-analjtichl techrquées, wHigh uthideg g ion
sensor chip of Fig. 1; Fig. 8 is a cross-sectional view of another
reRBSifent of a sensor apparatus for performing multi- 5 mode

measigenict b QGCzaRh SPROUAR SR of DRTRER RYoSE SRRl Yew
-1k Another . embediment thatdiselosgs ansyrayref raetasleciiasiesatus

provided on a quartz substrate; Fig. 9B is a plan view of an array of metal
of 1Bi8lecttodes provided on a top surface of the quartz substrate; Fig. 9C is
a bottom view of an array of metal electrodes having openings provided

therein, the metal, electrodes bein péogi fg &a&g%éﬁfgge of the
15 qu%?t%ash%% ra?é’;sﬁngﬂﬁ %\Oghoovgs an a%guﬁr scan curve obtained from
the Begsor chighof FigEL using toli8ne fbt s9d@Eeatehin§erRPIOb ShéR's

=rJYge anaular seap, cuves.abaned, 20 frop,ihessensps ehipof figdole

respectively for toluene, styrene and benzyl alcohol for index ma&chlng
of being used in an sensor systém that 1is capable OFf
utilising combined SPR and Quartz Crystal Microbalance

(QCM) gravimetric sensing.

The sengsor chip 30 comprises &  transparent
piezoelectric substrate in the form of a gquartz
substrate 1. A first thin film metal electrode in the
form of electrode 2 is provided on the top side of the
gubstrate 1. A second thin film metal electrode in the
form of electrode 3 is provided on the opposite side of
the substrate 1. The electrode 3 is 'provided with an
opening 32 to allow transmission of liasar light omtc the

subgtrate 1 as will be described further below.

The electrode 3 is connected to a metal strip 4 that
wraps around the right edge of the quartz substrate 1 as
shown in Fig. 1. A gap 2& is provided on the substrate 1
to allow a sample to contact the substrate 1 in use. The
metal strip 4 enables electrode 3 to be electrically
connected from one sgide. The electrodes {(2,3) and guartz
substrate 1 enable QCM sensing to be performed. As show
in the Fig.1C, the opening 32 (or “window”) at the center

of electrode 3 enables SPR analysis to be conducted by

12
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Fig. 10c shows SPR stability measured from an Autolab SPR instrument;
Fig. 11A shows a graph of simultaneous frequency and 25 motional
resistance responses of QCMs with the exposures in which the quartz
worystabhassa lower face exposed to air; Fig. 11B is a graptpshicuag:/000296
simultaneous frequency and motional resistance responses of QCMs with

a1 fe Bexposeas ofdh whith SRaguaESy stichaB 3 RwER R R fdked

quigiouenei g 12 s a grah showing adrequepeyreasponse ofleciivated

QCMs to BSA adsorption from a PBS buffer on an_uppet electrode; 11
angie 200670 3HYEP CFFECSBEAERTT06" ﬁj‘.ﬁs%tae%g‘é’éh 734 o the”

_ sﬁ’owmg
torﬁéﬂfiitﬁﬂeﬁd@ﬁhﬁﬁ@sglmﬁwm@&hﬂé; RigPRY isa griph shoRéms
the frequency response of the B/P and P/R electro G
Ofad?b?pt%%n% cfi rﬁe;ci{;@? 5 is2 a g%r%phws'lﬁofw?ﬁg '[!%e% r%uléz-ﬂr%ty8 Cri:)s%p%%ge
thef sipritingoBE2SRR kmd:QCMbignale obteseASSEabpatatitef Hige3.
Su%}%é) é%geeQQescription of disclosed embodiments Figs. 1A, 1B and 1B
sclose a sensor chip arrangement shown generally by arrow 30 that is

Capag% aOfS %ﬂ%@f@d ihamseese=systentihalls cagieof cutili<ingr)
combine and Quartz Crystal Microbalance 15 (QCM) gravimetric
PRI RS Se i< &ﬁ&S@r’c%ﬁﬁﬁﬁgés g%?anaéjﬁg?g é%p%lz%e eécztr%%' 2
1 esupstrate-dthedorms of Hiptarthrseivstraterkngdirstthin findmengludes

electrode jn the form, of od is.provided on.the top.si 2
* Shbsffate f1ré A s%%o%?h%%%r% mgélt?gl%fee%)trc%% ﬁ%ﬁg i-alfo?ﬁr% o?%llg%ﬁ%%die%

sanprodddd on thE oppbiRs side sedte SupstrdeucTile BETOAE 358™
~d¥ovided with 88e of the prism 18. The air gap between the

senging disk and prism 18 is filled with a quantity of
index matching fluid 17 for light coupling. The index
matching fluid 17 between the quartz substrate 1 and the
prism 18 ig used to enhance the gquality of the SPR signal
that is generated upon SPR excitation, in particular by
reducing any noise associated with the generated 8PR
signal due to refraction affects. In particular, an
increase in the distance between the guartz substrate 1
and the prism 18 from S5nm to 15nm to create an air gap,
can significantly increase the oscillation of the SPR

signal, and therefore the quality of the gignal.

The upper surface of the sgensing disk is coated with
a thin metal layer 19 (e.g gold). This layer 15 provides
the conductive surface layer in which, in use, surface

piasmons are excited.

Fig. 3 is a cross-sectional view of a sensor system
36 for performing SPR and QCM sensing. In this
embodiment, the SPR and OCM sensing is performed
simultaneously. The sensor chip 30 of Fig.l ig shown as

being clamped between an attenuated total reflection

13
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opening 32 to allow transmission of laser light onto the substrate 1 as will
be described further below. 25 The electrode 3 is connected to a metal
strip 4 that wraps around the right edge of the quartz substrate 1 as
wehowmimbsg. 1. A gap 2A is provided on the substrate 1 toratiosgmo4/000296
sample to contact the substrate 1 in use. The metal strip 4 enables
(2BRLtrodwB B eialeciical§BOTcoPheBEHTTOh néide. THE BheCibdss

cokdeILand OUaKZ - substratad-arable Qe sensieg to be peHermedwAs £
show in the Fig.1C, the opening 32 (or "window") at the center of

cedibcfod8re FRE SR fhaly sl ts be W dGEEH By "R fugameie 8.
Th2006{031E98: RCT5G2004/000296 adlowingadeeam ofineidest lightieo
. _pass.through the quartz substrate that, at a particylar incid le,
* iﬁﬂﬁﬁ b&arf UR e?gole%it%%al ?rﬁréﬁlaocrefge%tigﬁl c?o aexcl:él’t%IEI g&%ac?cg& t?%%
copldsiion Esontnce (SRRpatieesvfacesoithasendity) elkerdietAng

ou\%%'z%%aB@eEi?ée%Q?gh@.e apening 32 alows Jighi te pesa ditestly opie
the substrate 1. Fig. Z shows an Attenuated Total Reflection (ATR) prism

saggisterifor SPRIARBI SIS 2PRe BFan§emRtt oPRigFoVET e reféffe 1085

emiksatsehmann aHangemant” asd ibeludessnprisnh8,«n theshase surface
of which is mounted a sensing disk 16, which is made from material
havinpsamen sefractivegndex ofshecprswets. The icgapriemeth tisad

th%ﬁ;?‘l’qgfg%:% %QQS@_}%%QUG{Q y\gt)hpa quantity of 15 index matching

T ght coupling. The index matching fluid 17 between the quartz

substrate 1.ang the dori(}rmekﬁimedagt@e%ncw@ opaliynof the SBRa
signal that is generated u i

: d upon SPR excitation, in particular by reducin
ISP HORE comotGH it o g e SPR 30 Elorar W B e ac
iraffedcts fisrparticutaidar ineredasion thecgistante between the quartz
substrate 1 and the prism 18 from 5nm to 15nm to create an air gap, can
significghtly inerédseetiedséittatidieobthiesgpassembly from a light

source in the form of laser 14. In thie embodiment, the
laser 14 has an output wavelength in the range 500 nm to
QGorﬁmi The incident beam 15, passes through the index
matching liquid 10 and guartz substrate 1 and refracts at
the interface of the guartz substrate 1 and the
electrode 3. A reflection beam 12 passes back through the

prism 11 to a detector 13.

Under certain conditions, the light undergoes total
internal zreflection at the interface of the quartz
subgtrate 1 and the electrode 3, causing SER.
Accordingly, adsorption of the analyte solution 8 can be

monitored while it is exposed to the sensing electrode 3.

The sgensor system 36 also includes an oscillation
circuit 6 and a frequéncy counter 7, which are utilised
for performing QCM analysis. An electric field in the
form of an AC power supply (not shown} is applied from
the circuit 6 to the electrodes (2,3) over the gquartz

substrate 1 to stimulate a shear mode oscillation. This

14
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signal, and therefore the quality of the signal. 25 The upper surface of the
sensing disk is coated with a thin metal layer 19 (e.g gold). This layer 19
provides the conductive surface layer in which, in use, surface plasmons
wargemites. Fig. 3 is a cross-sectional view of a sensor sysRsiF/S8RI86 296
performing SPR and QCM sensing. In this embodiment, the SPR and
COERBsERSIRG S perforhed DSinRiaHEBR s Th isanshr eRip-B6of Eidi 4

sBhRUN asPeiRg slamped between agattenyated totakeeflection 43 V¥Or
2006/031198 PCT/SG2004/000296, (ATR) coupler in the form of prism 11

SRR rthrfafr LR hgirdtiGiFan G 8 BRI RN CER P IS fofnP St

agelldnthatisaniprises a chamber for receiving a sample B. The cell 5is
exposed to the electrode 2. The cell also 5 includes a sample inlet conduit
Ba afdassantgte Buttet leeidutsb oprespddthaty eateiiiR arkpupling

pPSLRItiRG quifiew af the sample. Jp thisdisclased embodiment. the. .« qr

sample is an liquid analyte sample 8. However, in other embodiments,
i@ sdMpletRay bE irfthéForm oReXFasi$0 TheEengorddiip Jers @ampdd

st@ thenprisprdl andnthe gell By tweuTings (Hk caty isarovidede .
between theﬁ]rism 11.and electrade 3, which is filled Wi}[?h a Ii@ht C(()JZJ%)"ng

T%égdiumcﬁlnt &FBH A ofHdex AR ?Pf'gs quuic‘i’1 10. Ei_gfﬁ ¥ Girected T the
herisnyassembbyaftomea g ht- senegsinetine folmadf |agsershd dn this focus

a® gcgﬁmﬁ%ﬂ‘%?sﬂ 14135 a0 opput wavelengd in they tange S00Am
to 900 nm. The incident beam 15, passes through the index matching
m3iG ol g afd guaftz Sibsthtetand E¥Rteanre tefinterfdc@ofthared

pAbartz substiate;hanathe £lectede, 3.4 refiectioneanol? passemback
_through the prism 11 tg a detector 13. Under certain conditions, the light

L RINtRIGEESTHtAS hidthat rE &St S Mtdffaceof tHe"Gaanss -

Fig. 4B discloses a configuration that employs a
trapezoidal transparent bibck 21 to focus a light beam to
illuminate the electrode 3 via an index matching liguid
10. Fig. 4C discloses a configuration that employs a
rectangular transparent block 22 to focus a light beam to
illuminate the electrode 3 wvia an index matching liguid
10. Fig. 4D  discloses a configuration employs a
cylindrical shaped transparent block 23 to focus a light
beam to 1lluminate the electrode 3 via an index matching

liguid 10.

Fig. 5A ig a «c¢ross-sectional view of a disk
arrangement 40 that is compact and which includes the
sensor chip 30’ coupled to a supporting slide 24 that is
provided with a sghallow cavity 15. In this embodiment,
the sensor chip 30’ is functionally similar to the sensor
chip 30 and thus like elements are labeled with like
reference numerals followed by the prime (') sgymbol.
However, it will be recognized that some differences in

structure exist between the sensor chip 30 and the sensor
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25 substrate 1 and the electrode 3, causing SPR. Accordingly, adsorption
of the analyte solution 8 can be monitored while it is exposed to the
sensing electrode 3. The sensor system 36 also includes an oscillation
woiroostcd1asrd a frequency counter 7, which are utilised 30 f@CF&EBAHIAPL296
4CM analysis. An electric field in the form of an AC power supply (not
crstowd) is agptied forrmhe cirddit s toeiecslénrodesizosrover fledduattz

ca a%%éﬂoﬁ§9¥ﬂteéﬁsg%§& eéﬁgﬂgﬂmfhghgké4f§gén of the
2006/031198 PCT/S(G2004/000296 causes adsorption of the analyte
olgbigish 82 Rat BRICRPEHRE chite bRl HF¥hSg R ReatiBedot

pdhatar SPRosigrakandaQ6M stgnat cande ehtaiees simubaneeusipar
asynchronously, 5 Figs, 4A-D illustrate four different ATR coupling ,base

pﬁgﬁ%ﬁﬁraﬁ%ﬁs o%ﬂt“aﬁf?lczoltppﬁfed E’) e s&fser %ﬁ?pSSO.?Fgﬁgg 9 (aS)t;}19

cdhetesissshoverl aweconbnationafic8PR and QCM using an ATR coupling
based SPR technique. This configuration employs a fan-shaped (e.g. 10

hemigylirdrical RASPEANSHEenEbIBERDD Brism 16 fetlePatrfht BEAWRR™

cilunyinate the glectrade 3:via apiadex matchingeliosid 49. Adfull dischosuse
of a fan shaped prim for use in ATR is disclosed in EP-AI-0305109, whi
ofs FedfSordtedt irfits BhtRTy by way oFfet&rente™15 g “AE TisHosas 8

sTonfigwratiorthat eneploysra trapezgidal ransparentiblaeld21wafocud aw
R HacTHEb S & ForCHvALn (o Srulye & Tobamgr Tanparons
sdteek221d fodis)a fightBeamad 2oniamiigethé Sectfode3 VRRERIRIEX
S aleal Shaped raneparent blodk 25 t focus a iht beam to luminate

the efecirode \daandndermatchlings tiguichkthe?f Figo 5Ads tached to
pz?sr'_ossms-slelc't iog Ii\gleqwfé aigeiasf{!i(ispherical in shape, as described
for the embodiment of Fig. 4A above. The sensor chip 36’7
is compact and advantageously can be incorporated into an
existing commercialized SPR machine such as an Autolab™
BESPR {electrochemical surface plasmon resomnance) analyser
manufactured by Eco Chemie B.V. of Utrecht, The
Netherlands.

In this embodiment, the supporting slide 24’ has a
thickness of 0.82 mm, a diameter of 25.4mm and is made
from BK7 glass. The cavity 15 of the slide 24 is disposed
at an obligue angle 25 to the surface of the
electrode 3‘. Thig is to minimize the responses caused by
compregsional wave resonance, which can be significant
when the liguid depth is as low as ~1lmm ({(as for the
compact sensor disk arrangement of Fig. 5).

The cavity 15a’ is filled with an index matching
liquid in the form of a styrene solution and covered by
the sensor chip 30’. In this embodiment, the sensor

chip 30’ is a 6 MHz combined SPR and QCM sensor disk

16



arrangement 40 that is compact and which includes the sensor chip 30'
coupled to a supporting slide 24 that is provided with a shallow ca®At
In this embodiment, the sensor chip 30" is functionally simil&eesid 12
sensor 30 chip 30 and thus like elements are labeled with like reference
numerals followed by the prime (') symbol. However, it will be recognized
that some differences in structure exist between the sensor chip 30 and
the sensor 15 WO 2006/031198 PCT/SG2004/000296 chip 30'. For
hayamgleathisémbodiifestShows® sialionnavity Barteiag &f oBguen.
T8Rgle: Ehe prawsionof the ) obligne angle Ipkensuses fatihe ﬁﬁx% the

.surface is not parallel to the sensor disk to thereby improve QCM
e pEfHvAITCe 65 miniMfhg fHe re¥pBRES cadsed bV%iné’Ss@ﬁ&lernal

dwame tresonrance. i this embodiment, a slide 24' is disposed between the
lass with a

ubstr te 1 he pris ,The slide 24' is made of
TP 8 1oL BA R wieltOF 132 o S Sk 2GRy 2
glbis fillad wathilonb Viscosifrandtew deasityiindex matehingiigisd 101 ass

P S T e i DFand ot A0 AP S s SAUREL

seal |ng hows the sk arran
Oﬁ/fﬁ@ﬁ?@;ﬂ?@?ﬁl@ph@m@@laﬁ@tQpeUas’deécﬁb‘@té@r the émbodirsent of Fig.

TAE abpve, Thesepsorelip 36; ds COHW%&Q%M“&%QPO%%X&&”%G be
incorporated into an” existing commercialized SPR machine such as an

UatdoIEEN ESPR flectfochemiedl sutkite plasihEHPe86narfi&y anafyser a0
ndfdmanufagibired hyrEee Chemie B.V. of Utrecht, The Netherlands. In this
embadiment, the supporting slide 24' has a thickness of 0.82 mm, a

Thtan] Jf&kof SETARACHRA s fhade Tovn BR7 BRRETPRe ORGR 1576t i ism
1slidex24 isshsposed 25 ¢ an obligee argle 2hde thesitacenef the1 177 .

Tﬁ“leecgl %%l@&'&éﬁem'{‘ ”lfée thgarIQS%%nS%Séggused b! bicsensor in
that it can be used for measuring biclogical, biochemical
or chemical samples. ‘ _ .

In use, SPR and QCM can be measured simultaneously by
connecting both the electrodes (27,3") to an oscillator
(such as the oscillator 6 shown . in Fig 3) and freguency
counter (such as the freqguency counter 7 shown'iﬁ Fig 3)
to initiate QCM as is known in the art. Exemplarj QCM
methods are disclosed in US Patent Nos. 6;156,578 and
5,201,215 which are incorporated herein in their entirety
for reference. At the eame time, laser light is incident
through the opening 32’ of the electrode 37 to cause SPR.

Figs. 6 1s a cross-sectional view of a disk arrangement
507" that i1s compact and which may be disposable. The
disk arrangement 50‘’ includes sensor chip 307’. In this
embodiﬁent, the sensor chip 3077 is functionally similar
to the sensor chip 30 and thus like elements are labeled
with like reference numerals followed by two prime (')
_symbols. However, it will be recognized that some

differences in structure exist

Amended Sheet )
PEA/AU 17

§5§}2004/000296
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compressional wave resonance, which can be significant when the liquid
depth is as low as -1mm (as for the compact sensor disk arrangement of
Fig. 5). 30 The cavity 15a' is filled with an index matching liquid in the
wéormeofi a1styrene solution and covered by the sensor chip BOT/562hid/000296
embodiment, the sensor chip 30' is a 6 MHz combined SPR and QCM
besurson diske 16 RETISGCRO04/000296 RdteiwaneRDeteirbet Y005 For

<-1aying a thiskness.f 0. 276.mm agdf,diametesof 20nmThe electsgdes

(2',3") have a diameter of 10 mm while the electrode (3') has an opening
PR ifafad ntehalPEiffetet of 5 mm. The edge of the disk 30' is sealed

with grsealantsucheas gleeaAsditable adheste-wetlkhe 3MB' Astoing

Glass Adhesive from Mipnesota Mjnipg & Manufacturing Company, .0
2 VRSO EE A Do Grateo b ATaia: THE 1Sk ARSashert
' isrcantpactauickaliette bé  Utilisethia askaisling SPRVRLIrUBiENt suth
o 38au0RD" SHR machie, Thedsk arrgpoemen! 49,J6ay befougied
the prism 11' by

onto " by coating a thin layer of index matching oil 171. The
hegidisnhergenient 2ol 8in bedlded adBioséi®r iFERaPH cafb®uséd

sdermeasyrigghiclogical hiaghamical; or chemical samplasin sse 1 8RB«
and QCM can be measured simultaneously by connectingﬁpoth ths 3

madEEtOTes (2985 %o &R oscill¥tSt SRudiPadithe BEcilfAlT & shdwr i Fig™H

deang frgquengyi gounried (stchcas the frequeney coynteh& shewsdn Fig:3)p
19 Jjnitiate QCM as is known in the art. Exemplary QCM methods are
disclosed in US Patent Nos. 6,156,578 and 5,201,215 whichare
incofPotaterbhéraid irmgieihdmiety Horicferbfte. Arthessakredintel thdar

cHightisjncident thraughthe.opening 32 of the electrode3 da cayse SR
Figs. 6 is a cross-sectional view of a disk arrangement

leaking or evaporating from the cavity.

Fig. 7 depicts another embodiment of an analytical-
device 60’’’ that includes a gensor chip 30’‘’. In this
embodiment, the sensor chip 30¢’’ is functionally similar
to the sensor chip 30 and thus like elements are labeled
with like reference numerals followed by three prime (')
symbols. However, ‘chié embodiment includes a waveguide
28} L .

The senscr chip 30’7’ ig attached to a prism 11’7’
on one side and a sample receiving cell in the form of
cell 577, which is filled with an analyte sample 8’7’
and which operates in the same manner as the system 36
described with reference to Fig. 3 above.

Accordingly, the disk arrangement 30’'’ 1is capable
of undertaking combined SPR and QCM analytical
technigues. As shown in Fig. 7, in this embodiment a
suitable waveguide 28 1is coated onto the sensing
electrode 2¢’’. The analyte solution 8’’’ 1is exposed to
the waveguide 267'', leading to an ATR induced wavegulde-

based SPR analysis. The waveguide is made from multiple
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50" that is compact and which may be disposable. The disk arrangement
50" includes sensor chip 30". In this embodiment, the sensor chip 30" is
functionally similar to the sensor chip 30 and thus like elements are
wiaheledswsth like reference numerals followed by two primegd)T8ymlhoisiozos
However, it will be recognized that some differences in structure exist
1 aAmendet] Shestd PEA/AY 71 WO Z006/03%1 83 PEIE/SS2004/080296 2.1

hetween the se chj he;sensor chjp.30." exam i
thé}r(‘rj] %%ﬁ%er% éhgi\s/% a%ﬁﬁ%v%%%%ity%ﬁ1%%prg\tﬁ%e%ﬁlf ée pﬁgm %%Jbﬂ?e
nigiemetEr i§A moleaTsIBstiepismZe" Maringesta repaetvelifoex bhe

1 rRRONCE-24 sodhatitds matehed te theqiarty subsiratedy '3 J hershallew
cavity 27" is provided at the center part of the base of the hemispherical

defpsih 28, Ekelthe™SensdrehiF 40’ described above, the cavity 2711 is
filledewith an inslecwk) matsbingkiguichid" wikigh isfa lawaistasitycanddaw

ensjty liquid, and which is_covered by the sensor chip. .50". The optical
S W P S e R T
cltpmevedtit fiem Asveakimg bt evaporaiing from thbeavisneiy. TcHépictd 0
arfPofherembediment.of an analyticad devices6Qy: that ingludes a-sensere

chip 30™. In this embodiment, the sensor chip 301" is functionally similar
nugage enser &RIES0 Bid BRSs like eBEIRe ard beRs80%vif ke 20
i Jefergped nemerals folowed-bydhregnprime (3 symbalsdiewevsr, thior
embodiment includes a avgauide 28é,, Th{g sensor chip3?éQ' 1 1-£S .
AR a %H?mtﬂ"g%% S ATeCE Ra e TatRiviAg calTin the =
tdottheofopBitid 114, whidthis filkstewitle bacmalytessatdple’8 3 * and WHich

of p@fzaéesoWQF SUEPANNET %?r&%ﬁ}fgﬁ%:% The opening 327 is
large enough for multiple light beams to pass through to
enable multi-channel SPR measurement to be carried out to
gain more information of the interface of the electrode

2% and guartz crystal substrate 1°.

Fig. 9A 1is a cross-sectional view of another
embodiment of a sensor chip 30%". In this embodiment, the
sensor chip 30" is functionally similar to the sensor
chip 30 and thus like elements are labeled with Ilike
reference numerals followed by two (**) symbols. The disk
arrangement 30%" includes an array of metal electrodes
provided on a gquartz substrate 1°". The quartz
subgtrate 1" includes an array of electrodes (2°7,3"%).

Fig. 9B shows a plan view of the top surface of the
quartz substrate 1°" having a plurality of electrodes 277
provided thereon. Fig. 9C shows a plan view of an array
of eiéctrodes 3" with their openings 32" provided.
therein on a bottom surface of the gquartz substrate 177,

It will be appreciated that the combined SPR and QCM
sensor chips (20,30°,3077,30"77,30",30™") disclosed

herein can be ATR coupled to a priem, a focus lens, or

is



described with reference to Fig. 3 above. Accordingly, the disk
arrangement 3011, is capable of undertaking combined SPR and QCM
analytical 30 techniques. As shown in Fig. 7, in this embodiment a
weuitabe maveguide 28 is coated onto the sensing electrode@tisEhe4/000296
analyte solution 8" is exposed to the waveguide 26", leading to an ATR
waneguedavavBheideapasad SPRognalpsls3Phe 3Vegtide is-made¥fom’
capuliiple 18, WO2006/031 198 PLTHS§:2004/090296 Hayersof rigighsplid
film. In this embodiment, the total thickness of the Waveg]u'de is in the

of FRRGMHAD £iRRIemeterTys HicFomBetesithas t55tn fotilFrom the
in ' i that, f lid film_,QCM is,abl 5 detect up. t
s s o sold i ool sl s egniods

micr ve viéw of a combined R an
deREMt sensarichipido it fhis efbyadimeht; tHel saisr ehig 30a@ps. It

wiltiictionall sijay o dhe sansglchin g0 nd e ke elomenis are:hac
a eleg with’like reference 10 numerals followed by the () symbol. The
nussERR ThR30= 14 eBpalsehf fese iR ihifpid eREnm&Y oPsprade to

cHoeasHremen-dugdo dae larges sizeshepening BRotelatg dethedpentng
32 of the ather electrodes (3,31,311,3"™) of the other describe

ibed
ERSmb&8ierits. Phie oPERRTY 35%is Farga BHSUghBr muttisie IRAEBeaMS
erbdassdhteughstos: enablermidti-ehameel SRR meassidrentto be carled
out to, gain more information of the interf ctrode 2" and
reqsfa%zt%ry%?al n"s%%b%tsr%frea%vﬁggé% %%;g c%gs%%ég%%\}iew of another 20

rAmbodiment fansensenshipasenpithis .embodiment, the sensor chip
30" is functionally similar to the sensor chip 30 and thus like elements are

labetedawithdikec1efeeence sutmsetals folawed by dwaifl)isyenbotsad he disk

c rrar%zgaer%?snt 30" ia Iuggs an array of metal electrodes 25 provided on a
%?faJr tFite T & quartz substrate 1™ includes an array of
electrodesn2t432"). crystal  substrate can be obtained

commercially such as, for example, from Maxtek, Inc. of
Santa Fe Springs, United States of BAmerica. The quartz
crystal substrate is planar and in a disk gshape. The
quartz crystal substrate can be obtained pre-cut or cut
to a reguired size.

Approximately 50 nm of metal is vapor deposited on a
first gide of the planar crystal substrate to Zorm the
first t]?xin film metal electrode (2,27,27+,2:71,2%,2""). A
circular patch may be placed on the opposite surface of
the electrode before wvapor deposition of a further 50 nm
on the second opposite face of the substrate to form the
second thin film metal electrode (3,37,377,37'',3%,3%%).
The patch is then removed to <zreveal an opening
(32,327,327*,32777,32%,32°%) . A layer of metal
(4,47 ,477,477¢ 4% 4"") is be deposited on a side of the
substrate 1 to connect the electrodes

(2,27,2'',2'"7,2%,2*") and (3,37,3'7,3'"7,37,3"7).
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Fig. 9B shows a plan view of the top surface of the quartz substrate iA'

having a plurality of electrodes 2'A provided thereon. Fig. 9C shows a

plan view of an array 30 of electrodes 3" with their openings 32"
wprowele serein on a bottom surface of the quartz substrat@dr/SGRowil 9296

appreciated that the combined SPR and QCM sensor chips o
(30,361280" Boefestmgg ™) disticded Hkeiidan.bé ATR colipfed told™ ")

1 prigomadoctsalans, Hra19 WO2006/Q31198 RCTASE2R04Q00296 jena
Wavegﬁide. The sensq&gzhips (30, 30, 30%30" ',30",30") canbe

Singié hiode or multi-mode in that they S5AMET6f receiving singfe-§F
(multiple intident light bearms1 The)sebsorsdigsetkdisaasedkereineean-bae

(y§§d fQr. B’Qet.eptign ojad)sor@%pn from gtgréiquy&%ré@gas%gt vii:l.LI k;let
appreciated by pérsons skilled i the art that nuMerous variations and 7or

cepdifieationsdhay bd hadd fo kRé invdrition a9 tes6ribed hereitniithted

b&epading from the spigtor scope of thg.iaventign. The present 10 .y..4 oo
embodiments are therefore to be considered in all respects as illustrative

Bha'rot rhtrictive. Fabfidating Sehsor CiBAssemBiyarhe disekgerode

(seBsoBchipzassesbiies'hay aed fabsicatediasifolows. 15A guarkz enystal
substrate can be obtained commercially such as, for example, from
Maxtek, Inc. of Santa Fe Springs, United States of America. The quartz

rrfsiabsustiale ig-planar and in a disk shape. The quartz crystal
substrate can be obtained pre-cut or cut 20 to a required size.

Appraxisnateiy- 50 nwe pimetakds vapor 8epasiiad o anfirst side.gbthe- e
fPIanaf,cQ/lst | substiate to form the first thin film metal electrode (2, 2', 2"
i L35 SRR e 5aB R bRSBCBE SRR oS ShrE b St

a28 thieelettwdeiefdrbevapdragposition ofkantwthersstnor0n the segomnd
agg@&gEgégcgggﬂy§§Q$ﬂgﬁgtggggnggethe substrate 1s exposed
to the sample liguid and the other side of the substrate
to air. For most biological adsorption analysis, for
example, phosphate buffered saline {PBS) is the
frequently used medium, under which the QCM quality
factor is about 25000 {ie such as for a 10MHEz OCM from
Inﬁernational Crystal Manufacturing Co., Inc. of Cklahoma
City, United States of America)l. Thiz oscillation
quality is sufficiently stable and the frequency
measurement is precise. For the same 10MHz QCM, when one
face is exposed to PBS and the other side to an index
matching oil, the ( drops badly below 500. The 5 times
lower Q factor means a 5 times broadening of the
frequency spectrum, which makes stable ocecillation and
precise frequency measurement difficult, if not
impogsible. Moreover when the QCM is placed on a prism
through a highly viscous index matching oil, the drastic

damping effect makes the oscillation barely detectable.
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second thin film metal electrode (3,3',3",3",3",3""), The patch is then
removed to reveal an opening (32,32',32",32",32",32""). A layer of metal
30 (4,4',4",4™,4",4™) is be deposited on a side of the substrate 1 to

woanneaithe electrodes (2,2' 2" 2,,, 2 2AA) and (3,31,31r 3"p81R63002000296
WO 2006/031198 PCT/SG2004/000296 The Kretschmann prism

(11,1151 8el DrésEntl Suisccbimmereially availablel kessHellha@patik s
Gmbh of Jen rmany. The Kretschmann prism (11,11'11",11."",11
u,sleqa) %Sco%%lgél %) %ﬁemeal%g rode 5%(2%[% r%&'%é }11%1)} ac,jplr%s'm %?&eer. *
Sl’F%‘éﬂigth:o@EWﬁ@dimﬁc{ll_zg,ntt)i,ﬁ@" ad a'16e¥0' Y ganjectetplvents
cRebvegntheKretachmarp prismg(id, 1dohby vl L 1ihd angi e o seq

electrode (3,3,3",3"',3",3"™) and is sealed 'sucﬁ as by c-rings 10 7.
SRRk Rfitthing Bluid"TAESSEHafiSh o GBIy bF QO Siqls déndited M
ofnem ligdiersamplesiemaialydaelersinedday thaoviseasitya aad densityfa
. thgli %id. &n known sensors for QCM 15 adsorption analysis, one face of
“the &0 %trat‘e is exposed to the sample liquid and the other side of the

substrate to air. For most biologica} ggsgrption analysis, for example,

c&faikioms Interaationsy (ytaldVanylasiyi
City, United Stateg=nifamericagcliiegscillati

stable and the &efuency mea%léﬁment IS presisgade the Same 10MHz
QCM, when onégsfide is exposed to PBS ameIvesnther sifle to an index
matching oil, the Q drops badly below 500. Thé&@s f#s. fower Q factor
means a 5 times broadening pf the frequengy®pectrum, which makes
RPRE psciffatjon and : 2.5
PBS/Styrene | 0.907 0.76 1.55 T -1.38
PB3/Toluene | 0.867 0.58 1.49 ~1.38
PBS/Benzyl |1.540 5.0 1.54 ~0.7
alcohol
P8BS/ MO 0.820 - | 100 1.51 T-0.5

Where “PBS” is Phosphate-Buffered Saline and “IMOY ig

Index Matching Oil.

Example 1

In example 1, 8PR and QOCM measurements were
generated using the same sensor gystem arrangement as
described above with reference to Fig. 3. Aéccrdimgly,
the sensor system arrangement f£or this example will be
described with reference to Fig 3 using the same

reference numerals.

Simultaneous SPR and QCM measurements were obtained
uging gold-coated guartz disks as the substrate. The ATR

SPR was generated from the electrode 2 on the first side
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precise frequency measurement difficult, if not 30 impossible. Moreover
when the QCM is placed on a prism through a highly viscous index
matching oil, the drastic damping effect makes the oscillation barely
waeiagtables21 WO 2006/031198 PCTYSG2004/000296 In the/prasemnion296
embodiments, a low viscose liquid is used as an index matching fluid
ofthérethgnaoit: T ablesttshows the Mategatpropeticsofiafewoigaricven

v, .used light ¢ ling in.the disclosed
b%?nb%%%smgl}% 'ig'gg %e%?ure%?b(%% q%g?tyv%ci:%argeilomﬁﬁ: IC%IjeQ(fﬁ?rtz
sylgerdifiereht expusuahcondtion besatsoimeludéd 3h TaBferl. AEbleSPR
cRxResired-dquidhVisgasity Refractive Q fagtaty Gondisignssdensity-of,gfy.

organic index of (x 1000) arganic solventthe solvent (cP) organic (g/cm)
mEdiGaR Y@ X2Eees nn‘\%; PRSHRE -2%5PEd/SERENE P07 (F 789555 (7) -
Td138rRBS/Foluened).86¢ £:%2 1149 -ha3b- REGiRanzyt 1.940 5.0:0541 ow
-0.7 alcphol PBS/IMO 0.820 100 1.51 -0.5_Where "PBS" is )
VRS Ao Ral AT AN 10 ks MR P ife
maekkampld-¢ . 8RR and QEM measwrenmeatsvese delgratedadsing the

1 SRDESLNSOF Syslem arangement as, descrbgd.ahove with sgference to

Fig. 3. Accordingly, 15 the sensor system arrangement for this example

will be rdeseribedwiteierense ta:higk3 Hsing the same eefegencer- cut
qﬂggﬁﬁa%late having a thickness of 0.276mm and a diameter
of 25.4mm. The a layer of 45 nm gold with a 5 nm Cr
adhesion layer was deposited on the quartz substrate 1 to
form the thin film electrode 2. A gold electrode layer
having an opening with an internal diameter of 6.35 mm

was depesited on the opposite egide of the guartz

subgtrate 1 to form thin film electrode 3.

The prism 11 was made from BK7 glass and was
disposed adjacent to the electrode 3 with the index
matching  toluene (10) ~ sealed Dby the ©O-ring 7

therebetweern.

Ag light source in the form of a p-polarized He-Ne
lager (14) (632.8 nm) from Melles Griot of Carlsbad,
California, United States of America was used. The light
beam 15 from the laser 14 was mechanically chopped in
conjunction with a lock~in amplifier before entry into
the prism 11. The intensity of the beam reflected at the
interface of the gold electrode 2 and the guartsz
substrate 1 was detected by a photodiode detector and
recorded as a function of the incidence angle for the

“angular-scan”’ measurement.

Fig. 10a shows an angular scan curve obtained using

index matching toluene (10). The curve of Fig. 10a shows
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Simultaneous SPR and QCM measurements were obtained using
gold-coated quartz disks as the substrate. The ATR 20 SPR was
generated from the electrode 2 on the first side 22 WO 2006/031198
wBGHEG1A004/000296 of the quartz substrate 1. The QCM psaifiation wasos
driven by the application of an AC voltage over the quartz substrate 1
athdeugh theteloetiogesi(®:3). Eor ATR SPR excifatomandfdex matshing
rliguid iy the form.ofdndex & matching folyene (10) was sealgd betweeqy,
o-rings (7). Toluene Is an electrically non-conductive and has low

1pREESHFaNdABA densifrerathrRSto WaRdT. THedndernRRAchiAY Y6B@Ne36
a8hiS-A%3 Rassivelight coupling tgriace;farexgitatien ohaurfage plasmen

resonance. 10 In this example, the substrate 1 is a 6 MHz AT-cut quartz
EBfdtERaving a thickness of 0.276mm and a diameter of 25.4mm. The a
Elaﬁgrff 45 nm gold with a 5 nm Cr adhesion layer was deposited on the

pd e . .

quatPtz substrate 1 to form the thin film electrode 2. A gold electrode layer

15 halingeaaapenind withansaws ngkdiametehdfs.38 me wasg 5 was

udepesited anthg,pppesite sidle i the srartz substrate 1 i farmthin filmg

electrode 3. The prism 11 was made from BK7 glass and was disposed
CompREnt td the adttdad FwifiF itk ifdex Sermatchihg toluehe PEBPCRE

Thealg bydhe Dding 7 therebativern: Asdight seuseein theiformof a for
-polarized He-Ne, laser (14),(632.8 nm) fram Melles Griot of Carlsbad,
B o S r A R E0E S ot 1 o

Ates’of Aferica was use

utherfasend 4sgae medhamcaly chopped M. conjunction with a lock-in
amplifier before entry into the prism 11. The intensity of the beam
reflected BRdRe FitaMace of HE8|dRIBEF6dE Rhiariiesq Ut 3VibsFate

tRiwandstected by a photagiodasdeteqiorand 30 recpededas: a fuaction; of
the incidence a,n%le for the "angular-scan measurement. .

prism 117 with a supporting slide 24’. The supporting

slide 24’ Index matching liquid 10’ was injected into the’

cavity 1ba’.

Fig. 16b shows the angular scan curves obtained from
the sensor chip measured with the Autolab SPR instrument.
The Autolab SPR instrument uses a laser diode at a
wavelength of 670 nm and a vibrating mirror to modulate
the angle of incidence of the p-polarized light beam on
the substrate. A full description of the method of
generating the S8PR is disclosed in Ward et al, Anal,
Biochem. 2000, 285, 1739, which is incorporated herein for

reference.

Three different SPR signals were generated by
injecting three different index matching ligquids 190’
injected into the cavity 15a’, respectively being
toluene, styrene and benzyl alcohol. The SPR gpectra for
the three index watching fluid can be seen in Fig. 10b.
Accordingly, the toluene, styrene and benzyl alcohol are

shown to be promising solutions as index matching liquids
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Fig. 10a shows an angular scan curve obtained using index matching

toluene (10). The curve of Fig. 10a shows 23 WO 2006/031198

PCT/SG2004/000296 a deep intensity loss at the SPR angle of 43.5
wdegnes1Tdse smooth reflective intensity changes verses thednsidsneso296
, angle indicates that the sensor system 36 achieves excellent light

1 BoulinGHiET the Fdéx maichasy S tofieie: ExanpletZ#teXampled dbe
pSAme sansoighip30| ofhigsS was, utilised inan AUTQLABESPIRITM
- Pa%jrrsf’str%%evpt thaé]i's commercially available from Eco Chemie BV 0
frecht, 10 The NEMSTAHIS ABLBrdiRgIP IhB EeNnsdr cRR3D' fseghrant
Fesangpie vl be described with reference to Fig 5 using the same
reference numerals. In this example, 10MHz quartz substrate 1' having a
thickfiésk of 1 T66°Rtiavdsiplabe® o théd hemisphesiealiASdpristarn 1 with

agcgupportingslide 24’ Theygupperting;slide Zﬁlnd X matching liquid 10"
injected into the cavit%/ 15a'. Fig. lob show%tt eaaﬂr:guféfrssgcea{?f cur%g‘?

was, in
b%%%h 8 frohf tiRPSFsof B iEaSuredSHithIRe MidBkeESPRs  about

+(nstromientre20 Thieshuiolaln® PRNSimaent uses A laser digdeata . 4

wavelength 0f 670 nm and a_vibrating mirror to modulate_the angle of
Wlincidenc% of the [)S-%%Ya?r;ﬁzted ight bEANT Bn TRE ShhEFate RSuIRER}bESN

SiGtihe htethod of germratingthe BR&iscdisclosed imWard et ab-Anala%
addieghenn 2089, 285,179 which E,liggggaé)éc%tbegngﬁrein for reference.
y

Three different SPR signals were generate m@&?ﬁﬁ% ‘three different
Exadged enatching liquids 10" injected into the cavity 15a’, respectively being
30 toluene, styrene and benzyl alcohol. The SPR spectra for the three
indetatching=fluid eaadye seen inEiy. loksActatdingly, thelolene o

(d§¥§§¥%%@$geaagf¥99h%g§eétability) were gtudied when one
face of the quartz substrate was exposed to an aqueous
solution and the other face of the quartz substrate ithe

index matching liquid.

| Bovine Serum Albumin (BSA) adsorption on QCM was
measured using a 10MHz, AT-cut quartz substrate from
International Crystal Manufacturers Inc of Oklahoma City,
Oklahoma, United States of America having a thickness of
0.166 mm and a diameter 13.66 mm. Both sides of the
quartz were deposited with 100 nm- thick gold electrode,
the diameter of electrodes were S5mm and there were no

openings on any electrodes.

For in-situ frequency measurement in liguid, the QoM
crystals were fixed into two plexiglas blocks with
neoprene O-ring sgeals. The upper face of the guartz
formed the base of an opeﬁ iiguid cell and the lower face
forms the base of a closed liguid cell. The open cell
aliowed application 1liguid up to 1iml and thé closed
liquid cell was about 70xL in volume with an obligue
angle. Using this set up, the upper face of the crystal
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shown to be promising solutions as index matching liquids 24 WO
2006/031198 PCT/SG2004/000296 in a sensor chip having a quartz
substrate/BK7 glass prism arrangement. This is because all three liquids
wshmes/asleasly show reflective minima points at their resonantCraguangieRs
S Fig. 10c shows the SPR stability measured from the Autolab SPR. For
wagheSTRRESM AGoRSsytéethe Paseline SPrahglchabiligrever3oe
toMigtesspasRboHb ). ssndaates,dVhenusing the-sansor ghp eneiry
incor,porateld with organic solvent for index matching, the baseline 10
TRy ROABEZ miboree SN FATORBI ScHep B B TBstete
Pzinterface lanatiwiccExample Soiftthisrexamhple; QGM eseitlationdzehatiers

rsescilation uality and siablityLyere studied uhen.ong, 13 face of the
quartz substraie was exposed to'ah aquéous so Ution and"the ‘Ofher face
Frefrogiart: shbdtiame thesindeianaihing imedaBorinersdys Alburhin
safBSALadsoRHaN 05 QACM was. iegsutach using @ 3Gz, R Taclqparlz

substrate from 20 International Crystal Manufacturers Inc of Oklahoma

Eremy, SRITHGHE, UnitdtF SRR 6t xmefies h&ing Bodirtkifess 6 D268 -
Unfitedndeadiameter 13.66-1wa., Boih Sides of the- Quarte werer deposird,

o \évgg 1&%{({) nm Ctlhicjlf “%%lbg aerllec%trodgt rithgtdk:lameter. of il\g%trodes were 5mm
PEnd there Were A6 openinSs onmany ERttroddd PO sif fr’éﬁﬁ‘é‘ﬁ&/

Theeaseumiereny irefigind ! e QEMt bey Sfalsweerk fixeallinte tvorptexigas'
blocks with neoprene O-ring seals. The upper face of the quartz formed
the BaSe of drt opethfdiFid celtaind HET W ReER0 KRS HsEsase ahd

moetosedliquiskeelt hesopensehallowed applisation Hauiddipde Hnland
fth):()eBcI sed Ii%nd cell was about 705 in volume with an oblique angle.
“*Usiny fhits set U théﬁ%ﬁe?ﬁc@%ﬁ thethrdtg (Fig. 11b) measured

from the Network Analyzer. The crystal with the lower
face exposed to air had a noise level of 4 Hz and a Q
factor of 2.5k (Fig. 1la), and the crystal with the lower
face exposed to toluene had a noise level of 10Hz and a @
factor of 1.35k (Fig. 11b). When using the PzTools
instruments the noise levels were 1 Hz and 3 Hz,

respectively.
Example 4

In example 4, SPR measurements were generated using
the same sensor gystem arrangement ag described above

with reference Example 3.

In example 4, the radial dependent OCM mass
sensitivity of the sgensor chip 36 was studied for a BSA
adsorption reaction. In this example, the BSA adsorption
experiment indicated that OCM with this exposure
condition was favorably applicable for an actual
interfacial analysis. To perform the in-situ protein
immobilization, the £reshly cleaned QCM crystals were

first treated with 10 mM 1l-Mercaptoundecanoic acid (MUA)
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25 WO 2006/031198 PCT/SG2004/000296 was exposed to PBS buffer
solution, while the lower face to air or to non-conductive, low viscosity
and density organic solvent. The frequency response was measured with
wBziiwols mrdware and software from Universal Sensors, 5 hacr/ef2004/000296
Metairie, Louisiana, United States of America. Frequency stability was 1

SOt EBRinfREUahee halygis, tHe: S Seivip vias cditfectédPd Hrsups

on250R:Netwerk AnalyzendronnSaundersriAssecites: e A BNnanixvas
Ar'zor&g}, Unite%fStates of Americg?%which recorded the frequency 10
re@éé’ct th and'i Séjd:arﬁ:sep’pgrtatfﬁ r?E‘&IJI‘Fit:Iuding Q factor. The frequency

stabjty qffje Netwprk Aly2gLps Az, Fig 11 8hows e,y o o
simultaneous frequency and motional resistance responses o 6 s with

thigkagsssupés of RESiRERg Ald PR StolnedR iy Wby ieeskre@hes

asiTom the NedwarkApalyzer. the @y%ﬁ@itmﬁgdw&é BXROSGd tor
‘had a noise level of 4 Hz and a Q factor of 2.5k (Fig. lla), and the crystal

SURRhTAE TowkP fat@BRpoSedTbToeRe Had d’noisd el Bt $BREST aQ

infetgiedf 1235k dbignlibly When usingithe 27T qeishinstrgneants-be noise

3 leyels were Lz and 3 Hz, fespectively: Exaple 410 example 4, 5PR
measurements wers generated Usmng the Same sensor Systam

J. arfamgemenizasidéscribed dbate 2Badth réfetenceEkample 3990, 1,

s4xample dytheyadial dependent QCMymass Sensitivity of e sepgorchip

36 was studied for a BSA adsorption reaction. In this example, thé BSA

refqsompten dipRIiMBATinaRaBERS: GBRM WRRHTS cXFBSIeIS mass
seg@Adition wastfavoralyepplicadedae an@etual interfacialanalysisgEo 2
perform the in-situ pratein immobilization, the freshly cleaned QCM ,
Oncryé%%‘wersel%& trei?ég) withi %C%Jﬂﬁ"%él\/le%%ﬁoun% anGicTAcid?t 1
el@Mta)dge (2,3) (P/R electroded QCM). [NB. P/P stands
for plate/plate, where the plate electrode is a solid
electrode with no opening. P/R stands for plate/ring,
where ring electrode where the ring electrode is an
electrode with an opening.lThe BSA adsorption reaction
wag monitored usging these QCMs. The experimental setup
for BSA adsorption study was the came as described in the
Example 3. After pre-treatment of the electrode 2 using
MUA, the QCMs are fixed into the Plexiglas block liguid
cell and connected to the Network analvzer. The electrode
2 ©0f the QUM was exposed to PBS buffer golution to

calibrate the frequency baseline before BSA application.

Fig. 12 shows the freguency vresponse of the
activated QCMs to BSA adsorption from the PBS buffer on
the upper electrode. In both PBS/air as shown by arrow 70
and PBS/Toluene as shown by arrow 72, the application of
BSA solution (5 wmg/mL in PBS) results in a ‘steady

frequency drop of about 150 Hz at saturation. This

.indicates an accumulation of the protein molecules on the
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WO 2006/031198 PCT/SG2004/000296 solution for 12-24 hr. After
activating the COOH groups on the surface using EDC/NHS chemistry,
the sensor was ready for covalent BSA attachment. A 10MHz, AT-cut
wQquasersubstrate 1 having a 5 thickness of 0.166mm and aRfidretes/06029¢
13.66mm was used. The 45 nm of gold and 5nm of Cr were vapor

infepBERER ORYRE SubkfratePtb BiEle tRsde8 M Tie BleciBie dower
rap@udag aaapening 32 having nadneiralciametesof 1B5em. tiheér the
"Dot-ink calibration’ mr?J;hOd aséau%ht in P. 10%3/. Cumgson an% M. P. b
EXREAT MEART & ciTREChhY STo0bT- 5EAREE Which iSiHcorporat€d hierdth
sdits enfirety forFrefererice, wastisedgoStadyi thecradiat depéndent mess
sensitivity distribution of the S wit trode |des
Si?gﬁi % é‘%:y%éi ed B_J(‘:M)%}n% QQC;,EI%J/IXIWith}i%I %?ﬁ%%’cfés (%%%%F%%?ﬁ%rodéds
acydryeqdNB. P/P stands for plate/plate, where the plate electrode is a
solid electrode with no gpening. P/R stands for plate/ring, where rin
electfdde RRefRSthE MG EREH0dBE ah 8l BHBAE With oﬁ@ﬁinaﬁ‘\?héo
aBSApgsomfibareacteafiwas sadnitaied usingi thesetQCMEEddte the
o ?er%(g]feg%e%%l setuR . %)r BSA adgg{%ﬂ%q S%Jgg was the same as described

Xamp ar 6“%-&8atmen 0 electrode 2 using MUA, the

- QCMs; gre @gedg'ﬂtgm@eﬁlsxiggéiggc%g%g@dgﬁ% apd gonageted:iodhe.,
Network analyzer. The electrode 25 2 of the QCM was exposed to PBS

- opufiesSiutitie: calitRatithé frelaeRey B Ndfore BSACA HIation.

oFig: A2 shows ¢he freguenacyorespease af the activatesd-QCMsato BSA the

adsorption from the PBS buffer on the upper electrode. In both PBS/air as
=GB O 7050 PP ARG AT ain BY RSN, (e Te
cappécationiof BSesolefien(Foidg/dL iaRBS) reshltsimwagiteadyhe P/R

5 rop.qf akout 159 £z, atsaturaton, This Jndicatgs an s ., 5
eia%?ﬁ%%%%ﬁ%n %ﬁfwe protein molecules on the 527 wO 006/0311&138u R
aprT/Sectoamborgyerall mass sensitivity, experiments

indicate that thege QCMs can still be used to monitor
adsorption reactions wilth a reasonable freguency

regponse.

Fig. 14 shows the frequenéy regponse of the P/P as
shown by arrow 76 and P/R as shown by arrow 74 electroded
QCMs to BSA adsorption reaction. The saturated freguency
decreases are 140Hz/130Hz (before/after rinsing) and
125Hz/110Hz (before/after rinsing) for the P/P and P/R
electroded QCM, respectively. Despite the declined signal
(about 10%) the freguency response show a similar trend,
which digs well reflective of the interfacial binding

process. B)

Example 5

In example 5, SPR and QCM measurements were
generated using the same sensor system arrangement as
degcribed above with reference to Fig. 3. Accordingly,

the sensor system arrangement for this example will be
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interface over time. Although the system with the lower face exposed to
toluene has higher noise level than the system where the lower face
exposed to air, it can be seen from Fig. 12 that sufficient stability and 5

WEeri8inAty%h the BSA adsorption measurement is achieve® (T E4iH16¢/000296

concluded that the exposure of the QCM tq an appropriate grganic
deggRhedill Htdiect e ostfiftiort ualfy fh %ter%%léigana%ys?s. 15F45.
refidshows thenadiabdependent mass sensitivity on these QCMs. The bell

shaped sensitivity distribution of the P/P electrode QCM reflects the fact

thatSntha tsirearm o8B scilaticiChore eHersyRPERtraper] iRthe 18askter
usPhiheglesraded areas Hlthoughdhe PR Iogleciipded QCM hage arr

e
complicate sensitivity distribution and declined overall mass sensitivi,t)é,

SPRyMEFMERRETINESeTRAFHERS GeRRTEEP&IPhERsdd o foritor 519€
of adsrpieRreactions with-a reasonableirequencyl Tespensersd) Bigitdn

_ shows the frequency response oé{ P/P_as shown by arrow 76,and P/
DY o & FontFY %1?1%‘3\?“¥2 el(ggtro%le M%rt\g%%‘ %ﬁ%org o %gg%tio#?%ﬁi

MasatsikatBodfreduahoy: deBreades g 40k 130k 2 {befodeybied ridsg s
ordng 42 egﬁgl%gx(beé%e’a&%%%ng&ws@fﬁg apd RAR-2Bo1  the

electro CM, respectively. Despite the declined signal (about 10%)
elgrrfredasncirethonIendw aCBIRMEY tréfEFPWMIEh Rty n@ti e 6te

rethedaterfacial Bindingprosess-Ridaxamples2 B0 In example 5, SPR and
QCM measurements were generated using the same sensor system

arrapgemerk asraeseribetabiowe, with referénce e Figi3gAdcopdinglyi n
e e R
begsiagrthecsarnags (7). Toluene iz an electrically non-
conductive and has low viscosity and low density relative
to water. The index matching toluene acts as a passive
light coupling interface for excitation of surface

plasmon resonance.

In this example, the substrate 1 is a 6 MHz AT-cut
quartz plate having a thickness of 0.276mm and a diameter
of 25.4mm.. The layer of 45 nm gold with a 5 nm Cr
adhegion layer was‘daposited on the guartz substrate 1 to
form the thin film electrode 2. A gold electrode layer
having an opening with an internal diameter of 6.35 mm
was deposited on the opposite side of the gquartz

subsgtrate 1 Lo form thin film electrode 3.

The prism 11 was disposed adjacent to the electrode
3 with the index matching toluene (10} sealed by the O©-

ring 7 therebetween.

A light source in the form of a p-polarized He-Ne
lager (314) (632.8 nm) from Melles Griot of Carisbad,
California, United 8States of America, was used. The light

beam 15 from the laser 14 was mechanically chopped in
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reference numerals. Simultaneous SPR and QCM measurements were
obtained using gold-coated quartz disks as the substrate. The ATR S
SPR was generated from the electrode 2 on the first side of the quartz
WOUIs8erstE 3 The QCM oscillation was driven by the applicatioriseRan4/00029
RQCM instrument obtained from Maxtek Inc of Santa Fe Springs,
Cenlitbifiia Wnitdd States HPRMéfcacbvdithbaqualRe SBstr Bt thrcuie
tihe 3o-elgctrodesBed) i dihenfseqyensy response.of theQEM WSt the
N cogr(?ed by thg ROCM instrﬁgentfs well. For ATR SPR excitation, an
“HdECRAEching liqhin H818rm Bt Fdesafiatching fBitfene (D) wEart2

sgbaletk betweencaringsty@&d.CEdludne is apkltaciddalijenofltz condyctivad

rB0gasdoVLYIscosity, ANG IpsIepelty LRalive (g walet, TheNdeg oy -
matching toluene acts as a passive light coupJnng interface Tor excitaton

mepsUHaEEslasmon resonance. In this example, the substrate 1 is a 6
MHz AT-cut 20 quartz plate having a thickness of 0.276mm and a

" diam&tet - of' 25 BT STIRCTAYRE oPAS W Gofatiitita SR CrRierPesion
playesdvas: tleposiecondhaamasizysubsitaiedetd formm the thigfdaey  as

lectrode 2. A gold.electrad er having an opening with an internal
S aEme e¥o?}6.f3%"r§7r% 2§r\l/%ags epo%lhga%laocr% %lgjﬁp(?sﬁ%es 8g%f'§¥e qaary
8%ubgﬁﬁ&tebﬁmidm%tkﬁwﬁﬁn@mrm.rﬁﬁépds_r.iwl]:yva@cﬁspme@rded
widiacept o the glaciiode 3ywith,the igdex matchipg wg%eneeg&asseeé'e%

by the O- ring 7 therebetween. 30 A light source in the form of'a
PROsHaAT 80 PR 2 41 B SFBHImPHEREKelles Griot of Carlsbad,
CaliforptaUnitechSlates of Americaanas used pHhetight; heaori$ from o
. the laser 14 was mechanically chopped in_29 WO 2006/031198
ST o"o%/o’c’)%%g%c‘&n‘f Ctioh With A Tock-in Ampiffet b&fSte Bhin it
adlseprisiril. THeintenkity okthe basedeflectdd atthe PBS buffer to

remove unstable adsorption.
From Fig. 15 it can be seen that both the freguency
and reflectivity indicate the accumulation/desorption of

the protein molecules on the gold surface over time.

Applications
The disclosed sensor embodiments can be used as
biosensors for simultaneous surface plasmon resonance
(SPR} and quartz crystal wmicrobalance (QCM) sensing. The
sensor embodiments can be for iﬁ—situ, iabel frae

analysis of binding reactions.

The disclosed sSensor embodiments enable the
monitoring of interfacial phenomena using two
fundamentally different measurement techniques
simultaneously. The complementary SPR and QCM signals
acguired by the combined device take advantage of the
strengths of sensing technigue while testing the validity

of some assumptions inherent in data analysis.
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interface of the gold electrode 2 and the quartz substrate 1 was detected
by a photodiode detector, and 5 recorded as a function of the time for the
kinetic measurement. Fig. 15 shows Bovine Serum Albumin (BSA)
walrsosptions probed with simultaneously recorded QCM freqB&nSy: 2g4/060296
shown by arrow 78 and SPR reflectivity as shown by arrow 10 80. The

baselfifie frBGuehasams pefletEvitp Wermbssbited twhe F e aleerods on
1 ensustacech wasLxpesesto- Phosphateshuifered satins(PBS) buffer. ¢

After stabilization, BSA (5 mg/mL in PBS) was injected to replace the
BB SHIRAT ACTHPend6f 1321 PEdSSptich tREFEIFRAL IR e @ Hith 1HET
n®&E bufter to gegioveimsiable adsorpien bromdoigud bdhcandgiseene

that.hoth the frequency_and reflectivity indicate the ,
Ao SSHAEh of 6 proths ARG Esh 1€ dRF&ifRce 2
revertiree20Appilcationt eThaatisdesert sensoreembodinents tanvere,

1 used ag, biogepsars for simultaneaus.sytfage plasmon. resanance. (SPR).

. and quartz crystal microbalance (QCM) sensing. The 25 sensor _
1eholitfents €3 be TSidhvEiu e8I frdee afsipsissg bifbirtpeactiide -
cdhe-diselosed sepserempedimeasts anabledhe Jeonitoring-elintedaciahe
henomena using two undamental{lg/(?different measurement techniques
a

T SPSRtitanedtRl” THE compteme Rk ‘PR AP QCNPHifhls AT
mbiehelcomnbined deviceltalkedadvantdge ofdhecsitengthsiofsersiag, as

i le testing th 1dity: .of some-assumptions.inherent in dat
A O o r b DU ee e, BEEda
CRerfdt? eMBOJIREHIE SPRPéSaNaiien BUsised balthe inchiehcabElasER

sbgamsfrapt e back ohdhesgnserghip via the prism, no penetration of
light
It will be appreciated that the disclosed sensor

embodiments do not rely on’ grating structures for
coupling to quartz substrates. Accordingly, the SPR
measurement of the disclosed embodiments do not rely on
the incidence of 1light beams through the sample
solutions. It is not therefore necessary for the sample
undergoing analysis in the present disclosged embodiments

to be optically transparent.

The dizclosed sensor embodiments produce SPR and QCM
signals with a lower signal/noise zratio compared to

grating couplers.

The disclosed sensor embodiments that utilise the
openings on electrodes (3,3/,377,37:7 3% 3", gllow
light to pass directly onto the substrate. Accordingly,
the disclosed sensor embodiments do not necessarily
require the use of transparent indium tin oxide (ITO)
électrodes to allow the transmission of laser light
therethrough. With ITO films, light at a wavelength of

632.8nm, the refractive index of Quartz crystal and
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needs to pass into the tested solution and the 5 sensitivity' region for the
specific substance is restricted to the extension length of an evanescent
wave, i.e. the depth of an electromagnetic wave penetrating into the
wicid/eaedium from the sensing surface side. ConsequentlyCHeraofilpgase
minimum of influence on the 10 response connected to specifically bound
SEHBREE imledgps Form honl BBun8sampleihvlecifes IMdfe o¥BH ad - 95

rdesedbedabpve hersansitivitn of theoSRR devices hased wmithe AkRut
rism coupler is much higher than the SPR sensors using grating ,
*B3Elors. T8t wAFGEHprERia G RS tiscRBa SRR SFBORHENR
iflaanot tely engratiigstitctures fer cauphngite quarissubstigies. /noise
l”Q\é:ljcfgrdingly, the SPR measurement of the disclosed embodiments do not
rely on the incidence of light beams through the sample 20 solutions. It is

not therefogg, necegsary frdhe sampley syndargoing apalysisdg thepresent
disclosed embodiments to be optically transparent. The disclosed 'sensor

sehtiodirRnisSpreeaEE S PR Bhd ©M2SRRaEWith £IGFREFSERaAbIe
shatio conapaged to1 26igrating eoidplersnihedlisclosad seRsGmg on the

bodiments that utilise th ' lectrodes (3,3',3",3"',3",3""),
o5t 110 phes RSB BRS (oS LaTare, ALK (e HaBdsr
10 1_$gt_1$or gmbd)_dh:ﬁémstdommssmky 3fukeciire Eh_be_:Se“mteransp_hrem
| rt%gé&{mttﬁéog"ﬂséﬁo Slgetqdes o gloythe Ir 2pam %Qégastﬁgélg%n

_therethrough. With ITO films, light at a wavelengt 2.8nm,
i fefeactiviesihdex of Quartz crystal and 31 WO 2006/031198

PCT/SG 2004000296 wspritteringigpogiied dhe himflm is-kpd:and 195
respectively. Although the ITO film is very thin (about 100nm), the

ARGt AL CHUSE oy GnmBfe b idftattiVe "indéx ResigReaNt ind festits

15 ph#radew sighal/edisen the art after reading the foregoing
disclosure without depaxting from the spirit and scope of
the invention and 1t is intended that ail such
modifications and adaptations come within the scope of
the appended claims.

20
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S ratio. Tn"one disclosed embodiment, bothrthe quartz —substrate-iscoated

with a planar gold electrode on one side and an electrode that includessG2004/000296
an opening on the other side. The windowed electrode allows farther 2 December 2005
laser 10 light to incident through the quartz substrate and to reach the

planar gold electrode where the surface plasmon is excited. It will be

apparent that various other modifications and adaptations of the invention

will be apparent to the 15 person skilled in the art after reading the

foregoing disclosure without depatting4eom 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. 20 32
PCT/SG2002/000296° Recdhied 12sBevkAtber 2005 Glaimsri. Avsensasor

chipmssepblysior tiRein @ s8Rl RaRARIERISUIRGS Plasmog, o vinetric
Resonance (SPR) and gravimetric sensing of a.s_ample_, the assembly
Sgélrﬁ:bﬁgin%et: aﬁrﬁ%&}?&%ntﬁ&c%ﬁ@?ﬁﬁ:@uﬁﬂ?ﬁf@ Havitdg a first surface

and asetond sprfacetoppbsite ¢a the rfitst surfaseraadirstdhipdgmanegal-s
sgieetiodedevinet.anihe fisleshilace QL ING BURAITAEIOE LONaGi L ce

said sample and a second thin film métal electrode provi onthe

secorfd stiaRE of thtPsubdttate alid secoheithiPfitn el idr@trode the

fheiny dispasesd onsaitsubsisatersueh that adigmal@eami@pa@@ﬂge Qbmp1e
ing, transmitted through second. surface of the substrate an

a?egﬂe%te Foathe ?r%tr}thirﬁﬁrrh rﬁ“é?%?Jé|e8"t]?§§§;ra°r$%tté°rﬁi’£fé8€f8talo“ the

SRt oFATFR Peodipleh elispdaeir aldjacert id thesendntithin flblmetakal

eQEE%%KH%“E@@Q@D@I%B@Q%@?%ﬂd§%$§“§35§¥¥¥te such that’a light
beam is capable of being transmitted through the second
surface of the substrate and reflected from the first thin
film metal electrode;

an attenuated total reflection (ATR) coupler disposed
adjacent to the second thin film metél electrode for
coupling light to said substrate; and .

2 light coupling medium disposed between the ATR
coupler‘ and the substrate, said light coupling medium
substantially matching the refractive index of the ATR
coupler and the substrate and having a low viscosity
relative to an index matching oil having a viscosity of
100 éP,.

wherein in use, a g¢gravimetric signal is generated by
applying an oscillating electric field to said first and
second thin film metal electrodes and an SPR signai is
generated by reflecting a light beam from said first thin
film metal electrode that has been transmitted through said

ATR coupler, said light coupling medium and said substrate.

2. A sensor chip assembly as claimed in claim 1,
wherein the second thin film metal electrode includes an

opening for allowing said light beam to pass therethrough.

Amended Sheet .
IPEA/AU o1



a light coupling medium disposed between the ATR coupler and the
substrate, said light coupling medium substantially matching the PEH#8{AS04/000296
index of the ATR coupler and the substrate and having a @noaigeééj@l)ecember 2005
relative to an index matching oil having a viscosity of 100 cP,. wherein in

use, a gravimetric signal is generated by applying an oscillating electric

field to said first and second thin film metal electrodes and an SPR signal

is generated by reflecting g light beam from said first thin film metal,

electfbde tHat FASB8EN frAAEmMIREEHPdghERid AT ESuptr, SHiatgne -
witeupling thedisrcand saidisubStiate rié: ta sensemdhp asserlyas enough

+Slamedinelaimk Whetelp he.seeqnd %‘ﬁ%@”&ﬂ@%@&ﬂ%‘%ﬂ#ﬂe includes
an opening for allowingsaid light beam to pass therethrough. Amended
Sheet IPEA/AU 33 PCT/SG2004/000296 Received 12 December 2005

3. A gensorhigeassembihap clagpeain ¢lage 2,avheneia therseeoad:thin,,
flipdmetal opsaing s Jarog enoug, to.alloy multple ot brams g pass
erethrough. 4."A"sersor chip assembly as claimed in claim™1, wherein a
ngtaraligy of fikstbrscvon didisbempe thiarfilivh enetab alatifatles are disposed
on the substrate. 5. A sensor chip assembly as claimed in claim 1,

wherein the first and second thin film mftal electrodes are electrically 1
coupfed to BacRBHRBF 6 R'SendSP e dssémbly & ietfin Ebfih™, 1
whygirergin tihe lighitrcoupiing mediumd hielsiarefidctivesndéx mleheradge are

- Belected fram the group qansisting gt .50 to 1.60, 151 to 1.59, 1.52 to
1.56,1.52t01.57,1.52to 1.56,1.52to 1.55, and 1.53t0 1.55. 7. A

sensor chip assembly as claimed in claim 1, comprising a transparent

blocksdispogedshetwaen ¢he ATRs cexpler and theisgeand thin fiknanetall,
wheel?:ce:t{%d%htg e‘light coupling medium has a refractive index in
the range selected from the group consisting of: 1.50 to
1.0, 1.51 to 1.59, 1.52 to 1.58, 1.52 to 1.57, 1.52 to

1.56,- 1.52 to 1.55, and 1.53 to 1.55.

7. A sensor cﬁip assembly as claimed in claim 1,
comprising a transparent block disposed between the ATR
coupler and the second thin £film metal electrode, the
transparent bkleock having a cavity i1in which the light

coupling medium resides.

8. A sensor chip assembly as claimed in claim 1,
wherein the ATR coupler 1is a prism in a Kretchmann

configuration.

9. A sensor chip assembly as claimed in claim I,
wherein the prism has a shape selected from the group
consisting of: substantially hemispherical, substantially
rectangular, substantially  square, and  substantially

cylindrical.

10. A sensor comprising:

Amended Sheet . .
PEA/AU 24



transparent block having a cavity in which the light coupling medium -

resides. 8. A sensor chip assembly as claimed in claim 1, Whert_airllj'@ﬂr?gfsGZOO‘WDG296
ATR coupler is a prism in a Kretchmann configuration. 9. ARSSRESH dgifpecember 2005
assembly as claimed in claim 1, wherein the prism has a shape selected

from the group consisting of: substantially hemispherical, substantially

rectangular, substantially square, and substantially cylindrical. 10. A

sensor comprising: Amended Sheet IPEA/AU 34 PCT/SG2004/000296

Received 1215BE&fber PO6E °F HaHephFent Prlods i 8UheRatd hadhg™
safifsicsurdace angdeasadost sfisfacecpppasitestotbetiirst stiface swacfitste ;

thin film reetal eleciiede pipvideq.nihe Jystautace ofiae suBSIAIR fofne
locating a sample thereon, and a secondethln Iilm metal electrode
Lhigiided SREUTE seBdnd Siffacebrthedithstite, thbmataRE setontP ke

chileraeeial electrades eapablimehbeinmcaupted teanceseillatosreguitron
scillating an electric field at one or more selected frequencies to.thereb

B e | AT reborle. SHAREROLRA (B0 rotettbn FRT Ry coohd

théapléi dispussd ladjdemittodhe seapalithin difm pedadelectpdedanto an

oG2pable: of Qnticallycoppling adightReary. ata pluakty:Qf incidents: one
angles, from a Iight beam source to the first thin film metal electrode to

hefi&rite SEHATEGTadhBR1RREAERCE (SPRY GPsn SXER&tI I At R ® ighte
tooupkngatedium disposed between the ATR coupler and the substrate,

said light ceupling pediym,. sybstaptially matching.the refadtive index of .y
the ATR coupler and the substrate and having a low viscosity relative to
adpangek nvachity SfRaRthg-& Wiscostly c’S‘feml electrode and capable

of  optically coupling a light beam, &t a plurality of
incident angles, from a light beam source to the first thin
film metal electrode to generate-surface plasmon resonance
(SPR} upon excitation; and “

é,'light ceupling medium disposed between the ATR
coupler and the sﬁbstrate, said light coupling medium
substantially matching the refractive index of the .ATR
coupler and the. substrate and having a low viscosity
relative to an index matching oil having a Vviscbsity of
100 cp | |

wherein in use, a gravimetric signal is generated by
applying the oscillatiag electric field to sald first and
second thin film metal electrodes and an SPR signal is
generated by reflecting a light beam from said first thin
film metal electrode that has been transmitted through said

ATR coupler, said light coupling medium and said substrate.

11. A Surface Plasmon Resonance (SPR) and gravimetric
‘analysis sensing method using a sensor  comprising: a
transparent piezoelectric substrate having a first surface
and a second surface opposite to the first surface; a first
thin film metal electrode provided on the first surface of

the substrate, and a second thin film metal electrode

@unﬁndmiSheet .
IPEA/ATT 35



100 cP wherein in use, a gravimet'ri(':"signal is, generated by épp;l%' 004/000296
oscillating electric field to said first and second thin film metal el
: chnberZOOS

“and an SPR signal is generated by reflecting a light beam Ry

thin film metal electrode that has been transmitted through said ATR
coupler, said light coupling medium and said substrate. 11. A Surface
Plasmon Resonance (SPR) and gravimetric analysis sensing method

USII’]g a sensor co I’ISII‘]%‘. ad[[rans]_ga%gnt plez e|e$HIC sub%raég h@VI_ng a

PERSHTiface™and A SecBid RtfacE Bpposte t8 the first surface: afirst thin

atfitrarmetaleleotiode prefidectdwthe (HERsurfarerdfe theasliisstrats, dned athe

565014 thin filmanefal glecrode, AAmendad Shegl{PEA/AY coupling
PCT/SG2004/000296 Received 12 December 2005 provided on the

magtfid SLFRRESS the Sittratd an’Rtentatdy ftfadefledith @HR)-<ate.
s@ﬂﬁlplgxiajjiaceMdoghengecarwﬁhjﬂ filreubetahelecirode, andtachighiy the
re: £‘§i':'@gvé”e9'“&2xd'%o seg befyaen the ALR coupler and ing substrate, 5
said lig tcouprﬁng medium substantially ' matching the refractive index of
haé 79T Recoupiler shertei sibstadd hhtehdvinga@® lowrdssogity relutive te1l
n&hindex matching oil Jhaying gogisegsity ofd00eRhthe metedi sing the
comprising the steps of: providing a sample on the first thin film metal
STEEGr§dé; oscillating an electric field through the first and second thin film
metapelectdiles atone anmiere selectgt: fréduerniciesiiogentidte ametal
el%gséigg%téip signal ; and generating an SPR signal from a light beam
reflected from the first thin film metal electrode after being transmitted

throughdaid FiRToaplers SafFFdft coipity MehiFPant Saidddsstraf®
sdaarumethed cf:ifabrigating an assembyforstse 4ha or more selected.

freguencies to generate a gravimetric signal ; and

generating an SPR signal from & light beam reflacted
from the first <thin film metal electrode after being
transmitted through said ATR coupler, said light coupling

medium and said substrate.

~12. A method of fabricating an assembly for use in a
sensor capable co¢f Surface FPlasmon Resonance (SPR] and
- gravimetric sensing, the method comprising:
| depositing a first thin film metal electrode on a
firét surfaces of a transparent plezoelectric substrate;

depositing a second thin film metal electrode on a
second surface, opposite: to the first surface, o¢f the
substrate such that a 1ight beam is capable of Dbeing
transmitted through the second surface cof the substrate and
reflected from the first thin film metal electrode;

. sttaching an attenuated total reflection (ATR) coupler
adjacent to the second thin f£ilm metal electrode; and |
sealing a light coupling medium disposed between the
ATR coupler and the substrate, sald light coupling medium
substantially matching the refractive index of <the ATR

coupler and the substrate and having a lower viscosity
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sensor capable of Surface Plasmon Resonance (SPR) and gravimetric

sensing, the method comprising: depositing a first thin film metal E6BGE004/000296
on a first surfaces of a transparent piezoelectric substrate; Rieposiding Becember 2005
second thin film.metal electrode on a second surface, opposite to the first

surface, of the substrate such that a light beam is capable of being

transmitted through the second surface of the substrate and reflected

from the first thin film metal electrode; attaching an attenuated total '
TRHIBEHTIT (ATR) ToupiBHeAdjdRRRER e Stebnd#iikHHm etal MecHdde,; of

10w @ealing a light coupling medium disposed between the ATR coupler

and the substrate, said light coupling medium substantially matching the

refractive index of the ATR coupler and the substrate and having a lower

viscostty - Arfendéd ShieetIPEAAU S8rRETESG2D0#ENIB2Y6. IRecavedace

ph brsember 2005, Jelativedg an iﬁ@@Xf're@gfom%eM@f\/irweaiyix@sitmf a

10Q cP, 13, A sensor system_ capable of performing surface plasmon .
RN e e 1 A -l SyRRERE

hemicat sample ithee: sensing  system comprising: a housing having a |

chamber jorJocating.the; sgmple  therain..a tanspaient plezpeleglic s, .
substrate having a first surface and a second surface opposite to the first
{FEEI a first thin film metal electrode provided on the first surface of the

quartzasubsiiaieanehio flgitk osiBuBicRtion Wik iherehamherng seconttrst
Jhinim slgl elestroge povided on the, second surtaceafhe quartz, .,
substrate, §a|dasecor](§|1t fjﬁim metal Slectrode being disposed on sal
substrateBueht thif:adight beamms tapalsté ot beddg transmmittéedhreughthe

first surface of the guartz substrate and in fluid
communication with the chamber;

a seconﬂ thin film mnetal electrode provided on the
second surface of the quartz substrate, said second thin
film metal electrode being disposed on said substrate sucﬂ
that a light beam is capable of being transmitted thrbugh
the second surface of the substrate and reflected from-thg
first thin film metal electrode;

an oscillator circuit, coupled to the first and second
thin film metal electrqdes, for oszclillating an electric
field at one or more selected frequencies to cause the
substrate to resonate at a resonate freguency:

a resonate freguency detector for detecting the
resonate freguency to enable a gravimetric signal to be
detected;

a light beam socurce for generating a light beam at a

.plurality of incident angles; |

-an attenuated total_reflection (ATR) coupler disposed
adjacent to the second thin film metal electrode for optical
coupling to the light beam source such that an internally
reflected light beam is reflected from the first thin film
metal electrode at an angle of incidence which will cause
surface plasmon resonance (SPR) to occur
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the second surface of the substrate and reflected from the- first thin film :
metal electrode; an oscillator circuit, coupled to the first and secoreCTi8G2004/00029
film metal electrodes, for oscillating an electric field at one @erebral 12 December 2005
selected frequencies to cause the substrate to resonate at a resonate

frequency; a resonate frequency detector for detecting the resonate

frequency to enable a gravimetric signal to be detected; a light beam

source for generating a light beam at a .plurality of incident angles; an
attengatediotdl reffection (ATRcdUpter disppseddadjaetretanthetdecoddR

chhig film metad elegirode faraptigal coupling to;theyight BoYree, syehn
that an internally reflected light beam is reflected from the first thin film

SHistEPRIBLELYE afat SR of fiSdeREE TAFER WAl chigg*sufficethe ATR
cplashean rescnanne (SRR)yto-aceur Amented-Sheeta|PEAMAY 3%iscosity

BEL$620041000296 &gge' gg 2 December,2005 a light couplin
rme-cll-t:’um disposed betr\}veen ta(e AQ]I% c%uﬁérgan%aﬂr}lengubgtra‘fé,s S%lji %Fgfht of
1RBufpfirg aisHium substantially matching the refractive index of the ATR

coupler apdibessibstrate andkaving:ylowervisgesibrratatiye 9N ected

index matching oil having a viscosity of 100 cP; and a detector for
R Ay R e o o e B Hotbatty o SeR that

rhafy Fe
atharaeretisties tof SPRithat apedependénttoretite rehetiorebetiveenrttie the

fsampleand the, firstdhin fil metal glectrode. 14. A sensor system as
claimed in claim 13, wherein the second thin film metal electrode includes’

an opening for allowing a light beam to pass. there through. 15. A sensor
systehias claimedspclaipstdnwhereidliaimed in claim 13, wherein

the second thin film metal electrode includes an opening for

allowing a light beam to pass there through.

15. A sensor system ag claimed in claim 13, wherein a
plurality of first or second or both, thin film metal

electrodes are disposed on the substrate.

" 16. 'Abmethod for Surface Plasmon Resonance (SPR) and
gravimetric sensing of a. sample liguid using a sensor, the
sensor comprising: a transparent piezoelectric substrate
having a first surface and a second surface opposite to the
first surface; a first thin film metal electrode provided on
the first surface of the substrate; a second thin film metal
electrode provided on the sgtond “surface of the sibstrite;
and an attenuated total zeflection {ATR} coupler disposed
adjacent to the second thin film metal electrode and & light
coupling medium disposed between the ATR coupler and the
substrate, said light coupling medium substantially matching
the refractive index of the ATR coupler and the substrate
and having a lower viscosity relative to an index matching
0il having a viscosity of 100 cP; the method comprising the

steps of:
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plurality of first or second or both, thin film metal electrodes are disposed
on the substrate. 16. A method for Surface Plasmon Resonance {PR§G2004/000296
and gravimetric sensing of a. sample liquid using a sensorRtveivedrigoPecember 2005
comprising: a transparent piezoelectric substrate having a first surface
and a second surface opposite to the first surface; a first thin film metal
electrode provided on the first surface of the substrate; a second thin film
metal electrode provided on the second surface of the substrate; and an.
attenuated tdtal réfeCHibm- (8T R BoFFIEP Hfspbtediadpiehbfo fidsécdid™
Fitin fitrataetad Bleatredi and a light coupling medium disposed between
the ATR coupler and the. substrate, said.light coupling mediu
substantialIyPri'ﬁatcrllgllﬁaén%fr1“éL %gﬁggtivg ing:égqg? th%e%'}faR g:%ﬁl%%n(} ?hee ATR
ceupdteate Bhe HaVIRG sclovrdrivigcasitiratatveltc-ba inaes ratthing oil
having a visqegity ot $00.aR -he method comprisingdhe: $taps Okrom the
fAmend d Sré%eérPEA/AU 38 | PCT/SG2004/000296 Received 12
e mtgélrnz N prévidiing e §8%ble liquid on the first thin film metal
electrode; (bjdiansatitting. adighitbeanttneugh the AdR leauper, thaghight o
gggggg%nﬁgig@kagq(%gfupstrate; (c) reflecting the transmitted light from

the first thin film metal electrode; (d) detecting the intensity of reflected

light to generate ARBRRIGy R (&) 57ing ahiGéetrie ek acroRrs tHd rst
afitstsand secend:this: filin metal electodesiand (Hnmeasuring the resonant

requency ofae_eleciic field to ggnerele a.aravimetie gnal Amepded.,
electric field to generate a gravimetric signal.
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