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Bens i m dazol e derivatives , conpositions containing
them preparation thereof and uses thereof |

WB2AOKERND OF THE | NVENTION 1. Field of the iPOBRGRO#H000296

RS ke sk §1}@gﬁ%§,%?éh@£pﬁ@§g)%h%u

conpounds, nanufacturi r t hereof and uses
t her eof . PartlcularI§°ﬂgﬁ§a8 E invention is _
rel ﬁ&@dpkeseﬁﬁpqm%t&%t dJenehe 18f factdves | fot bedidibr
pai n, cancer, nultiple sclerosis, Parkinson's disease,
fofﬁaenagngnasbapépgacaAbzhép@@ﬁmSCGﬂSQGS@hemyq&h3ﬁample

di sord rs, trointest safr nd/
MoTRr é?aﬁ%alscullg%sl i s(i):tr[1 ﬂ%{@% lq‘lD ggg’gegllscol%’ “of 9Feef‘5\e/sntt° a
sed@6hNOlegt Pais nanaeeIRnt bAS lmm:&ingled fmrolnml)cal
years. It is known that cannabi noid rece

tor
bigEhepbeapt 0Pt CERCPEERbt (FIMRIfarktRingcl ﬁﬂfe “$rasmon
Re @%qgﬁéé San8Nh2gP8L 5591 ABGri BVEL RS AYOPL §1t11§1 dflﬁé’é’ uce
felief of pain in"a variety of aninal nodels
interacting wiwth CB1 and/or CB2 receptors. GEneraIIy,

CB1 receptors are Iocg%g% gredqginately in the centra
nervous system where ptors are | ocated

pri garfh¥el P1hBRoACREBBABMCANASPRS REHdMidnbgravimetric
restricted to the cells and tissues derlved fromthe

semmgetwmmumu |s1abB12s cQUPEBE SEURILeLs Misirabadance,
are %ngharﬂl e?pcem%k?:ll aé E@e aB&@QB?é%@E 1q{ %1tu,

n-an noci ception no s I'n ani nal s,
1alb@]]d ﬂ]fbeaxesrdqsliﬁn@eshnéd a(ﬂ\ds_}aaldf eftf eloisdimvgg. :eactlons
psychoactve side effects %he a
e

pot |, dru
Seﬂ%‘ﬁéﬁde‘ﬁ%%n%nos?%l Gan&EM éveThg'%%nun‘ﬂ% ‘%r de siati"e?‘%yse

zolsiés%él ar g1 kpAYAI te1 bsn&éhéhfeapysérhﬂ@l receptors
[ocated in CNS. There are |ines of evidence, however,

suggewt |d$gfltd$@t @Bup:avge@ﬂn 8t sTuasttizgeuy sk | fziﬁ@?él having
th
tw%uﬁg%gorgrvr\fb ar},alerﬂeq-t &‘Pso (%ged an gﬁga%%ooaslvl{kvfa{&es

roved overal
of Peaki hﬁfeﬁem{@r@mﬁmr@o i ]Se aaneggstar isewdsBkbed onto
receptor |igands such as agoni sts that nay he, gseful

the n spgrta@cn P baPReort ridit i RgetRefePel ditd

a gh | pBl I a
H g3t SRR L OB RBRALAN Setence b

anpr@kEﬂtn&hVBgtl&m mledidds CBieddcegtior togars whivdrse
sef ul treat| ain_and/or other r1elated
Pl??%ﬁ?%ﬁger d|§ feek: Tﬂgh er M S CHH* or ﬁﬁnq1ené%
depEREeAtONGOH BBl MG | B IRALESIAD ABEGRD bﬁtlcbng:he
mto n carbon atons. The term "al kyl" used al one or as

supfagef plesityedss-i oy cipaner a 5hEurSEOERSFoVidIRIHenCY

b b
deé%%%gglt nfg%rl Engggbou &@1@&@{ 0Gfl %fo’é%l@ for mass

reduction. The shift in frequency can be related to the
adsorbed mass using analytical equations. A mass loading
in the order of about 1ng/cm2 can be detected.

SPR is a known method for the detection of chemical
changes occurring at the surface of a thin metal film.
SPR measures changes 1in the optical thickness (i.e.
refractive index) arising £from molecular adsorption on

the metal surface. In SPR, an evanescent wave (which is
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carbon atoms. |llustrative exanples of allcyls
i nclude, but are not |limted to, Cl-4alkyl groups,

wWGEewh/0z9sret hyl , et hyl, propyl, isopropyl, 2-netTyG2004/000296

-propyl, 2-methyl-2- propyl, butyl, isobutyl, t-butyl.
an Thexp&hdnt Lyl @addying usadepl oraistsas asuf filxe or sensor
prefix, refers to a saturated nonoval ent

sunfiang c ot aFrrhgl iy PO 1B6h i RERCABRAT STRGTRYTY aR

eva!neeaﬁscterﬁ:k upy,Lgeabolt 12 canhersat offen EXaas Ofinternal
cycloalkyl s include, Bbut are not limted to,,

refQdtciyal asfl kilcigtenipsl ighic hoeeusy cioprlapyinterface of a

| I,
o GHELE i, Y SRR o SYE SRR, 19 YR oo

10wy ckeabkyhvean heeinguhst.i tat ed sefs-subst ihuéetaby afe a
or two suitable substituents. Preferably, the ,
prisme) oa$1|21§¢I ocsursnoHiSKt| FerEaby 6PRBLEYERFC WhShy. @ THBD
ot erm" " used as: fis [
Eidmy grfs %@%%di(%é?’é gég?ﬁe%grené%gé?’;r#ﬁ gﬁl%&gﬁ on the
sumhefe] NWRehs tare alikylideBxenplghty abkowyndciotemsic, the

nmet hoxy, ethoxy, propox t ,
£rq8 LRARASEOHNG ) Solt BRyoL HEEDcREPhLTates F FuoPi REFTacS
pl S 1 D8, cREOALAS akd IHAD erlfrgylcortésp®ading 000 a

tenperature. In one aspect, an enbodi ment of the
cettraimt aoalerofi desidessnddeid -ofTheorangle | 1s gcalled the

har maceut_j, cal a ble.s e .
sprgi Eige ?eo%“res,é%%a%g %gltrargr $ oragﬁneépgéeg)fy{ Hasagyring the
invhespiy Gfi scisel eetf@dciiedm T iyht - CAE- t@md SER 22ngR, a

is selected from Cl-6al kyl ,and C3-6cycl oal kyl ;
shasgp cqeEaeRFOPF ORI mbbhy PLCRTARS LoRAETRIET P8 the
suff‘é{’@%:é‘f’%%éﬁ’_aﬁ%%@eﬁé%ﬂ uoro and nethyl. In

anot odi ment, the conpounds may be those of
f ornig a posihizrmi noG | sheel 8BRedahgbe - depands- CPn2- the

i s, sel ected fram Cl-6al kyl. and_C3: |.qal kyl :
re_géa%%}%%t elﬂldlel;%nPgH gﬁ\% %eef%ﬁn%naﬁC%é,gg(F:{ and RS hggl es
upbhdepandentdinaselect ed frasLébudes ant mettnd . Anotther.

enbodi ment of the invention provides a conmpound of
Congequgntly. widieei P8 | §ngdPecFRANERHM ATSC g Q. the

TR R e R S e
1imbheeptodest | §PB el @ camordx tmaf ¢ rimepfemiet hyl .

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

Analyticai devices that utilise both SPR and QCM
techniques 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 1light beam pass through the sample

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

be optically transparent. This has the disadvantage of
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A further enbodi nent of the invention provides a
conpound of formula I, wherein Gis -0-; RL is

w@edoeosaos from et hyl, propyl and cycl opropyl ; R2I/SG2004/000296

selected from- H and nethyl; and R3, R4 and RS are
thd ndependentdyinel #cled Signal)/noisecamdtiret hylbm»btvlarRShe
R4 and R5 being the, sane. An even further e q:dl
SPRof MERE YRR oﬁ%%‘%ﬂr‘&%%ya NP OUndCTEPREY l P sm-

dgl?‘lelg’prgéélsgs -; Rl is selected from et hyI propyl
cycl opropyl R2 selected from-H and net hyI and

R3, THRAcandi®5 ar eneadepdndeMIqvisis ecd edSERBRFf | 88Fo an

h.
anq‘%l}’gilhcea} enﬁgafl%%;’ébs 4%” ﬁggl E\S/é)% oh r&p:égvfzﬁg aQ‘E “1€3st

ameCommatk of oher B andxre Wagr ailies dssa@fntaddsi slescribed
sel ected fromethyl, propyl, t-butyl and cycl opropyl;

abqve sel ected from- H and met hyl; and R3, R4 and R5 are
i ndependently selected fromfluoro and nethyl with R3,
R4 and R5 being the same. In another enbodi ment, Rl of
formula | is sel éhimeady of emvwantimmopyl, t- butyl and

cycl opr o I n anqt.her enbodi ne G of _for
Lasdinlg 68 8TRuRh: HEEDon nile tpyShRiody v
is %r&eméba dn %@séﬁbﬁﬁt edrf nosm TiHoBo ot Bypawiéhof
, R4 and R5 being the sane. |In another enbodi nent,
sunfree oRpaamEnoResRaanEFentSRIN nad bera¥iBeEEdCt FeRsing,

th‘:f eirﬁz-eéﬂltﬂy}(-????re r al?%/dr 0- 2H- pyr an- 4-yl et hyl ) - | H- benzi
m dazeotabhsyphtenephybogtéopropanebatiahanhdeing a first

sl A o] AN LR S MY o

Surigcé r -Butyl-1-(tetrahydro-2 -pyran-4-ylmethyl)-I
benzi m dazol -5-yl]-iV:- net hil but ane- 1-sul fonam de;
JV—E{ foleIStt Bdtﬂ,lfll fll[ﬂ( metadi f plorbegdeomsemidast hgn] the

flrst su Eégédg% the gﬁgstgaQSthylbUtane'

a second thin film metal electrode provided on the
second 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; and

an attenuated total reflection. (ATR) coupler
disposed adjacent to the second thin film metal
electrode.

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 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;
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1-sul fonam de; -nethyl-JV-[|-(tethydro-2
-pyran-4-ylmethyl)-2-(trifluoronethyl)-I

wob@ansrglazol - 5-yl ] propane- 1-sul fonam de; PCT/SG2004/000296

JV-nmet hyl -JV-[|-(tetrahydro-2
- py4 aBedoyidmatind ) £ 210t mekthloreamitwdde | prbehdedi dazdlhe
- 5-yl]cycl opropanesul f onam de; JV-[2-ter
secd yFUrLRER I PRNYRF PPy RER: 4- yI net hyl ) - | |
- benzi m dazalyp-ad | - ¥wihy! pertiaseioh - SYhtRpamdRipler
-[2-te”Buryl -1-(tetrahydro-2
dispysed- 4-adjeestemt ) -toi - Bévezi nsdaesf- 5-thin Jvieiny| edfal
nesul f onam %E; -[2-te”Butyl -1 -(tefrahydro-2
elepUraRC4- 9 %et hyl ) -1 - benzi ni dazol - 5-yl ] -JV, 2-

di ngt hylgiopesepdisyl fesaiuede;disposed between the ATR
JV-{2-tert-Buryl-1-[(4, 4-difluorocycl ohexyl)nmethyl]-I
coppbenzi FdaAdte 55N/ mEtHR pLdpBneretadyl ¢baat e to
{2, - B - 1-1 4, 4 di yc yl Y getdhyd ] -
S a1 1 VR T ek i e dec e | PR

coupPet edBit yhe | sfibdtdadet | uor ocycl ohexyl ) met hyl ] -1
-benzi m dazol - 5-yl } propane- 1-sul f mde; iV-{2-
BASTOTATEG. oats FRGPOGy GrERERy ey Sy, TheFe
isa%Pév{’deéI' 3 "BEHAHESEbhePR2ET HE _
-{2-tert-Butyl-I-[(4,4-difluorocyclohexyl)nmethyl]-1i7-
benzi krdaspRrenty Pl eaPraRESHICoFaWSaatey having a first
-Butyl -1-E(4, 4-di ro Xy ]-LLT- Zidgn
Suﬁg%?é\“/&ar)}{i} %yc?%%é%%an%%ﬁ#%%%an‘% %Iggéb%é #é Q07 e _
surBaeygl-1-[ (4, 4-di fluorocycl ohexyl ) methyl]-1
H benzi m dazol - 5-yl.}-i Vet hyl cycl opr gpanesul f onam de;
-{22 (e phin. [f(léﬁu-faﬁfwﬁo%@farm&yw%vﬁ?f? ] OF the
Fif Fn i 8820! oF Yiha2- B BYh PE OpRe- AcilcfioRam desample
I -1(4,4-D fluorocycl ohexyl)nethyl]-2- (I
thetednf | aodoet lgggond / thbengikindaeslklselectrode provided
yl.].cycl opr opanesul f onanmi.de; .
OnN“][th[ PRCIn MU cPEhasR ) UPRERLS, ((the first and
seedndi f LHORHOEFRAY ) - methlberziditdat)s S5-capable of being
yl ] et hanesul f onami de; i ) . ,
copmled.- [ 2, 42D f?%fa%%%%%he&wy%if hyf9x 2-¢$cilintingr A2
el%&@i‘k%' lflife'ltbenéltm 0'0'1:5'1}{1):]@ selected frequencies to
- net hyl propane- 2-sul fonam de; N-[1-(1I
thetedi’f baoseethyl pubdttaver abhydesofbpyr and4- yl net hyl ) -

11 ahenzipl dazol o5 vl it DY SLIRSEY! 1 9ORAR) dicouper

dié%&é@&r abydeengHrpy tal- 4etort MHi)r #ilm metal electrode
-benzi m dazol -5-yl]- iV-nethyl propane-1-sul f onam de;
and[ xqpableli pifuoppbl @31}V QWY dg dpo- bight beam, at a
plllilft‘é.EXE?nb%_ ¥ LEgkank) éh’lglggr,mif@oq?zaml'i%}}g lbeam source to
the first thin film metal electrode to generate surface
plasmon resonance (SPR) upon excitation.

- In one embodiment, the sensor may further comprise a
light coupling medium disposed between the ATR coupler
and the second thin film metal electrode to substantially

match the refractive index of the ATR coupler and the

substrate.
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- met hyl cycl opr opanesul fonam de; N-{2-t rt-Butyl -
1-[(4-fluorocycl ohexyl)nethyl]- | -benzim dazol -5-

wQ kdoepsamesul f onam de; PCT/SG2004/000296

i V-{2-tert-Butyl-I-[(4-fluorocycl ohexyl)nethyl]-I
-bg{@écfﬂcﬂ;a@'l [l(ié% iaytthdytd loapsr}_:m:cane:sﬂltneatm@e' nthlofi2- tehere
. t-Butyl- 1- -fluarocycl ohexyl)nmet hyl]- |
is . HRROYHI@AzZOP- 5-35‘/11}fra9§- n%{]‘?ﬁ%( op%ﬁ%‘?l]?@@ﬁ?for{gﬁi%e; and
gr%@%hégfg@acggélfékgy aeeRRtabl ensalds theiggf. aA sensor
urther

enbodi nent of the invention provides a
commpimingl: sal ¢raedtireTSURFACEOFLASMON: RESORAKEECANBViIng

ARTZ CRYSTAL M ALAJNC.SUK .Techni cal Fi.el d e
a ;?1%? tsﬁlﬁgf%ﬂ?i o"’l’P%eﬁer 3???/n(rielséfref§acteo gpggﬁ»ggﬁ f%-$ the
fiSSNsSinefacd) ok ogiest, thiiachemncaktran eesealdes ampveded

More particularly, the present invention relates to a
onseheofirfht stgtagpalife Wie seMFHER e bi BRdgpcaiecond thin

figm%%ghcaél oy p%_v%aga! edising Swd EL.agnma of

esonance and m crogravi netric sensing techni ques.
thBaekpsounade Surdrat ea?l asrmenuReésdnanceal SPRf leption (ATR)

M crogravinmetric sepsing techniques,. _such . a artz
cowplRy a?glﬁ‘%‘f'%iba‘:‘én’& e §%§°Eﬁ0\ﬁlﬁ‘ Pn%é&@hmﬁy sctrode,
thdBhEOMSa sethtsb! 5491 in-situ, |abel free sensing and

anal ysi s of 'bi hding reactions. Sensors using SPR or

QCNphewEd ben aussdmpd eanaly sidai dliggitcaFhipi oEhbwi dgtal
eland chem cal sanples. QCM devices conprise a quartz

TFVEYAT’ waf er having two planar metal el ectrodes

di spesET onitdeahwelsutirdeestiafl d hehvafigh . tEhe foampl eand

to be anal %_sed is adsorbed onto the surface of one of

seeped et ot r bYER. "FRel s R PETFROERe 2GuaiPez & J A Geed
fr%ﬁéﬁ@ﬂeéotgem&ﬁ} EeaeBange bydrAlter pat ikdhte;

ctric field due to the inverse piezoelectric
anéffect. The resonance frequency is dependent upon the

ot e PSS 8 A B o398 e
angﬁéesséﬁicj?wlnaéﬁéén farGd mtm%seﬁlmr %@S&lrﬁéﬂ,@éimﬂe to
generate surface pﬁgggg% gggongnég ?éSR)FO the

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 metal electrode to
substantially match the refractive index of the ATR
coupler and the substrate.

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

depositing a first thin film metal electrode on a
first surfaces of a transparent piezoelectric substrate;

depositing a second thin film metal electrode on a

second surfaces, opposite to the first surface, of the

substrate such that a light beam is capable of being
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adsor bed mass using anal ytical equations. A nass
| oading in the order of about Ing/cn2 can be detected.

WGRHR6/031198 known net hod for the detecti on of cher@l/86£004/000296

changes occurring at the surface of a thin netal film
trafBRifeasures-aingese i setbadopurcidcd hofkidss gibgtrate

refractive_ index) arisi,ng fram nolecul ar .adso ' )
and; peehladied ukremr eFﬁFn %ﬁ%}t aﬁ“%‘%aﬁégg‘emetﬂéveé%%\%?%ﬁgg’
and San exponenti al -decayi ng wave) exists at the sensor

surface. In what is known as the Kretchmann geonet rx
an agvacksognt amnyeatseereedt eBoRRdn REHICGEHE nafATR)
refl ectj.on of incident |ight u t [
coupr ey SHEEaRe T PR EPTRoEi9d PREEY Sagoh ooe:
subst anee ehbbavmest | achievandtiteX fbye. fuartdleassecanprise
interface of a prism_,. SPR occ%s under, certa\_idy th
thec HeRR | 0fis SRAGANE Ehi H-IHY nForPHdRd| megigm ffies™ the

aTR ddEled SaRhaged Quddi surfRCes 1MNgRCENe dncddanie to
o I'S nmonochromatic, the free electrons of the
submeizalt iwilllly osaickhat ehéi erefirsgtfiziee phdswonofs the ATR

exci ted). and absorb energy corresponding to a certain
Coup§ite G & tFF‘Sﬁt'. The angle is called the SPR
angl&ordike SRR $i grathi ssgetectodd dne nbasemt hont hehere
intensity of the reflected light. At the SPR angle, _a
is gheorpldRet resener "SERen reapriekRi o) Perfersirddsystace
the surfa l.as SO h PO Ad Q4 O
platsﬁ'éor’SPﬁeg’ng'ﬁglc egg%ggpon&?ﬁe re@ﬁa%?tﬁlhgi%c?&élo t%él 2
bigleRsidyl subfackemhiah ofrangesnigmh tshepbenditite ofensing
nol ecul es to the surface. Consequently, the SPR angl e
SYIRih GEERICcI i ng to the amount of nol ecul es bound to
the, sypfiacty RhG:idet ectiwambém Eaki AbRftiSRR the sample
approximately Ing/cn2 . SPR and QCM techni ques each
thdwain t heir own specific strengths, weaknesses and have
assunptions that are inherent i 0l pQn_a
Yo B T e e fech iy et S Bapehg ot et
suk{dLr ed propeseldoesl ofsua flien bippmsdaepl €o Athleyt fdaist
devices that utilise both SPR and QCM

surface;

a first thin film metal electrode provided on the
First surface of the gquartz substrate and in fluid
communication with the chamber;

a second thin film metal electrode provided on the
second surface of the quartz substrate;

an oscillator circuit, 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;

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;
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techni ques are known. German patent DE 10024366
di scl oses an anal yti cal devices that conbi nes SPR and

WOXNG031198) a grating coupler. The use of a graPCTI§G2004/000296

coupler requires that the incident |ight beam pass
t hrzetighathensanpte sobtdl onsdfidrec3BRN r ed@TRIng €hepler

flowcel], dth le b i cal .
a1 eRARE o TATRET SRIER Ot e Fasti ke R gELePBRPde
faé' LAPi sgupathg. tMorapveridghe BBEBmMRASIH®IMEMICh that

ensitivity is | ow conpared to prisncoupl er SPR
an sjanlsemrmllyrhmﬁl¢@tgd %éght obpaBviige ze erd afgemnthe
. anal ytical.technjgue ' ver.c S at el ;
1500 S b IR LY g et Epagy SEORE Gl Soe | €A dence
whid@scriinad ahewe . sSuferey pllasmeant rescAeccrdi HPRO ato
first aspect of the invention, there is provided an
ocemser®ld, for use in a sensor capable of Surface

Pl aégg]@tgaﬁega@&( SRRk 13 6hg0T BN Bt GriRenS) NgefliBeted

assenbdly comprising: a transparent piezoelectric
1ightbsbeaie ahdvifitg adétestisyr thee chwndaateutioid surehcFR

opposite to the first, surface; a first thpn fi t
th%ﬂeﬁﬁ?cé%??ﬁ%ﬁ?ﬁéﬁnoﬁh?hﬁe??$%?ns%??%%%nokﬂ?hgggbﬂg Bha
theUPStd@l@ii Seaenekddll rellddunomri.al el ectrode provi ded

on the second surface of the substrate such that a

i gEn dMT:‘ egbedpaBnE , of SBRFE tTEHR t (I RHRTyh LEAET
second surface.q S tr gggp I 0
Co?ﬁig?gtﬁéglﬁﬁ|%%ﬁﬂ%§heﬁg§tf%%§; and1§% gﬁ%ﬁﬁﬁ%%egbbgﬁd
thi®t atilvef heekilonelAERrodeupter slilsyosedialdincamtdly the
the second thin filmnetal electrode

( ol

re ERbEE TRNTDOThAve T2 i P T ASEb S TE TS a
SeNgOLoF@PAR! €00k SURLAC R JJR%HE ResONaneent8BR) amdre
gravi netric sensing, the assenbly conpri sing:

ist panspdedni pE@b@Qeﬁﬂﬁi%ﬂ@ﬁﬂ%ﬁr%}%SM%viﬁ@sﬁnﬁgF§t(SPR)
and gravimetric sensing of a sample liqguid wusing 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 £ilm metal electrode
provided on the second surface of the substrate; and an
attenuated total reflection (ATR) coupler disposed
adjacent to the éecond. thin film metal electrode; the
method comprising the steps of:

(a) providing the sample liquid on the first thin
£ilm metal electrode;

(b) transmitting a light beam through the ATR
coupler for reflecting light from the first thin film
metal electrode;

(c) detecting the intensity of reflected light to
detect SPR;



surface and a second surface opposite to the first
surface ; a first thin filmnetal el ectrode provided

womoshe1198 rst surface of the substrate;a seconBCT/bGI004/000296
filmmetal el ectrode provided on the second surface of
t he(clﬂulzq%g]@ti&ig Zﬂm atleouniedfieldl acebbscttiben fiAy and
coupl er, di sposed _ adj acent _tqg the_second thin film

Se‘%?é’t‘ﬁlthéneétlllgh@?tﬂﬂd egelcﬁzgﬁ?ieéduﬁpl g nedi um di sposed
bet wgend e AR cplss@itht hersqeansy thi nché | sleetaic

~electrode to substantially match the refractive index

filgfd.t he ATR coupler and the substrate . According to a
second aspect of the invention, there is provided a
sensor conprising: a transparent piezoelectric

substrate havimpseldsunsé ofirdripsdimshiss second surface
opposite to the first surface;, a first thin filmneta

el dhe JoATIRAI I RIFTMRL §TTstC sTHIUCR 0T THe SbREE Tt
a rrt%ﬁfeﬁ}#aﬁ} e d Ul REatiAg EnsaRb s t ESRE0H: 1 AR doR: S§6aRTz,

m metal el ectrode provided on the second
1itduinfa dermifaltate soiss tlddthd unt e obatet- and second thin

filmnmetal electrodes ca e of bei . 1
os ¢y a‘f‘%’faﬁi Ega{ﬁt lf‘gorc%g%ijbjr? a?lffnéc %g%%gl%gg’gr i%gl%k?e?gght

at & PRBc PEuTRF ewsebBeLEERS EOqBRBMAUEs PR henellye casse as
the substrate to resonate; and an attenuated t

the eftileigt | g (ATREtEduplEde EropEsed TRE] abBAP t Slilt?ﬁ‘:! metal
elg’cquogcg t %Qtéf:#ﬂ msltng% eEECt rRde g capahl e ohe group
optically cou -1 ght f

opt plitng a beam at a plurality o
congiodttten abgl edumfnom; a dhirghti uppamamirice ceppéere; f gpdd,

" thin filmpmetal el ect t t f |
s e b S -B00%, Lo SEENALS HAL B5G P RRTRE
tiﬁbetmmmﬁ%gﬂéierarc@mﬂcs.e a light coupling

nmedi um di sposed between the ATR coupl er and the second
t hiPhé i [liommst atoebbérgodeedions uBatane® aldry transparent

liquid that has a refractive index in the range selected
from the group consisting of: 1.50 to 1.60, 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,
1.53 to 1.55. In an embodiment where the substrate is
quartz, the light 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. The distance between the substrate and
the ATR coupler may be in the range selected from the
group consisting of: 0.5mm to 2.5mm; O0.75mm to 2.25mm;
and 1mm to 2mm. 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 consisting of:
1.05 to 1.3; 1.1 to 1.25; and 1.1 to 1.2.

The light coupling medium may be an aqueous medium

or a non-aqueous medium. In one embodiment, the Ilight
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match the refractive index of the ATR coupler and the
substrate. According to a third aspect of the

WO pwensiles, there is provided a Surface Pl asnoPCT/SG2004/000296

Resonance (SPR) and gravinetric anal ysis sensing
coupatimed risdhgm aisemss diydmpriisimghaai hg ansparentatoms  in
pi ezoel ectric subst raté1 having a first surf%_e And a%5_
thes geiaf SRISREDIFRT 11 FHP G AR ' 11T s2°7
2 Eé"?of;"i“t?@t qlg .electsode; provigedaon drdee §i kst 10. The
surtface of the substrate, and a second thin film netal
1igéitectpugéipgovindéiiuon mahye becoseleckédcd s t fhe group
sybstrate; and an attenuated total reflect] 1R)
consd ke atﬂfgcer'ﬁ%ytr&ntehe 2828 E%t' hi Heﬂz%% n%? gf)ﬁél’ and

putS18iARdR, the mRithetydespabsihglepeqvi di ngcatspiphene,
on the first thin filmnetal electrode; osci]lating an

bengiaguittmid & el d tHHIPPINIFIG st andPFREOHRIMMEN filnt "
pyrtr}Lg&j,?Len% gef{gdes at one or nNHL{-§R Eﬁéﬁgefléﬁg’égﬁﬁéﬁﬁne,

ereby cause the substrate to resonate; an
phearsflecidange a |ight beam at a plurality of incident
angles, framthe fiyst thin filmnetal, el ectrode .
ge%’%’?eatel % aceW? n PeLBMRNCEEY sPRTVS | # o“ﬁ%igtlve

derRRQHI gBNtyadde AR hatk Mednlr thale I E26mt thest §poup
of providing a light coupling nmedium between the ATR
corpoigiiarg arft: thed S e 3ihiln I iYanlmé@al ackedt-fod® to2-

subst anti al | ch the r actJ Endex: Qf Ehe ATRera1
cosllsﬂ er°&nd %‘ﬂléngéb‘g%’wét et.‘eﬁ%ﬁ\cc%%%ﬁ% tgﬁzélﬂfourtrltﬁ1 d
ela@spasde Ohath®d pentiden wieh eats lpasti dete nepdonthef for

fabricating _an _assenbly for use in a, sensor caggglrgugfx

allqpring e thPaditintRIRAMANER CSPRITIMMYY &9F mEPPE

The eé‘ec‘c'x?igcl'l Lhen et DROLEPAP! ESLARGrodEPRsYt bAJpRolinsl with
thin filmnmetal electrode on a first surfaces of a
a planshatenofpiopeodnget r iThes wpsmiage matepesi Lakge aenough

o SEERRY, B BeDAEATELD SRHFEL 1% S, S RSEONHL B 2680
be reflected by the interface between the substrate and
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.

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

cylindrical.

Best Mode
Non-limiting examples of the invention, including

the best mode, and a comparative example will be further



substrate such that a |ight beamis capabl e of
bei ngtransm tted through the second surface of the
wgeivsosape and reflected fromthe first thin fPCTsaEO&D00296
el ectrode; and attaching an attenuated total . _
degcafilbedt ivoitH Ad&Rjecoups efoatihac emtconparyd nge cOmWingsH in
filmnmetal electrode. In one enbodi ment, the nethod
Ffurther conprise the step of sealing a |ight
coupl i ng nmedi um bet ween t he ATR coupl er _and t he secolqdp

t hifH S [H néBaP FRRET RRETCKbsYHNY i 9FI ¢ fEIEHOT he™t
cadgifiPtd oridRn ofinkieABREOYRhERaNGPRNE substrat e
ccording to a fifth aspect of the invention, there is
5 pr @iigled 18 sémson sysaemctpablaf otheer sepsiolg ShiPacef
,O_{pjl asnon resonance (SPR) and gravinetric sensing on a
Figyi dllptigi cal, biochem cal or chem cal sanple, the
sensigig $ystedn cONpbL8bhg: viekows nghbavéargser Chdviper of
_for l'ocating the sanple therein; a transparent
Figi eifgel ectric substrate having a first surface and a
se syrfage op [ :Q, t | f acej [ nn
R I A
10 corsidaes iafn (AER oquEritcals Westplding andangefemitd for SPR;
conmuni cation with the chanber; second thrpn film
metiHi9 el ebt ridtle Pr oSFIRT SRS HED coWde‘gur?gceaof SPhe’r
ap s SUBSLT at BeraBrRsSall | ad@m Cidrkli t spRoupbadlyeical
the first and second thin filmnmetal electrodes, for
teawsriques i nhiah altactijes fiha asBdheoP @ &€kl dot ed

freguencj to ca . tr 0 :

ST e ReR oy BB SO P L CoLEEOBRLE Bhefy of

15 fouwet@rtidgeithaTresuie ) resgdnng tPrerablfdgurations; .
gravinmetric signal to be detected; .a |ight begm sou%ﬁ?
forFifener2®i ng®a B gHr BETRSHT 2 ur A/ 1T ofti nePAERE™

emBOGLASEN Bt eyt edrbatal diefd eckhpAbiATRIoLOURbRbined

simultaneous QCM and SPR;

wh

Fig. 5B is a plan view of the sensor chip of

20 TFig. 5A;

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 view of another
embodiment of a Kretschmann configuration ATR optical
coupling arrangement that is disposable, using the sensor
chip arrangement of Fig. 5A;

Fig. 6B is the plan view of the sensor chip and

30 Kretschmann configuration ATR optical coupling
arrangement of Fig. 6A;

Fig. 7 1is a cross-sectional view of another

embodiment of a sensor apparatus for performing QCM and

10
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di sposed adjacent to the second thin film netal
el ectrode for optical coupling to the |ight beam

waoweosl1stich that an internally reflected |i gheCheamoi/800296

reflected fromthe first thin filmnetal electrode at
SPRNafAlyei6hli netHengeerhi shiwhl htdddzess ihicacensicas radvp

resonance (SPR) to occur; and a detector for receiving
oft RéJi nternal | y reflected |ight beam and for detecting

thepeharagteristigs QfrcaRRddvdlicH-A depeswenbron ditcher
reaction between the sanple and the first thin film_
embetahert ectfy ode sansheapRbarHENtEOB eRSEFOERERGMMUL EL -

onprises light co [ LU n the ATR
mo@?)z‘g?%?uﬁﬁtae’?geoge@@lr/{dgigﬁin?% %ﬁ?&%@?' el ectrode to
subgtgnti ahl y imat ch tBeosefsactivral ndeteal e AfRRther

coupler and the substrate. According to a_ si xt%lras ec
emppdipent nvdih oflseheresi $pr8vFa¥d &f nBERed forectrodes

pr§%ééaeoﬁlf QS&HQrB]‘ZSQ{iBQEEaééPR) and gravinetric

sensing of a“sanple liquid using a sensor, the sensor
conpigsi ngB aisr amspplant piewoedBctam c aohay r apfe metal
havi na a first .aurface and second._surfac osite .,
e1EGEERdeF (RYOLLIFdcesa FirEPBt HT A F AT et altDe Y
sudke¢hrade provided on the first surface of the
substrate; a second thin filmnetal electrode provided
on Fhg.se2@nd-susf abetEPM HEigUbAY afd - agRgYanct metal

atten ed. tot ref .0 0 dj sp d
185 S0HREC P (Bt Y e d Yl e PDRRE  ecar
eleethodesgoripsisd nprdva &tepenofa (@t yomovistinigceheof the

sanple liquid on the first thin filmnetal electrode;
quegy zt BYRShFEEFAG a | ght beam through the ATR coupl er

forphigf | @6hl NG dWOMinf LeutiRe fddal EhiGel idbPal®ic@l from
el ectrode; (c) detecting the intensity of reflected
thei ghtensordetadrie SRIE (d¥iappl yhagnan élodaeniec gy d index
cross the first and second thin film nmetal
maglci‘&fl?odes; and

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

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

Fig. 11A shows a graph of simultaneous frequency and
motional resistance responses of QCMs with the exposures
in which the quartz crystal has a lowef face exposed to
air;

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

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

upper electrode;

11
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(e) measuring the resonant frequency of the electric
filed. Disclosure of enbodi nents The transparent

w@r@sosliextri c substrate may conprise a mat eri BECT/SG2004/000296

sel ected fromthe group consisting of: quartz, |ithium
t amtiaj.atiss aind d ididphn shobme. thayradial dépendsgnt mass
capable of resonating with light at a particular

senghkeivVaigt Pt @B 6duce SPR may be used as the thin film

ety electyode. o ldph tdhdwihd MnBt 8l §h&6EY OB€sponse of
material may be Sel'ected fromthe group consisting of:
theal tithumnd hrvfR ureleoivedded copPés; ol dBSAndrémprPtion

l.ybdenunm nickel; palladium platinum silver; tin;
re q&?ﬁﬁ?unl tungsten and zinc. The |ight coupling medi um
mayrike any id anspedsntshowing that fheguancef rasponge of
index in the range selected fromthe group consistin
simyfltanesmis SER 680d 1061 £dIpadg of 5phe Squser 3PBITRBUS
of %ﬁ§1,3;.52 to 1.56, 1.52 to 1.55, 1.53 to 1 ..55 . In
an “enbodi nent where the substrate is quartz, the |ight
coupling nmedium may have a refractive index of about

1. 54 _at | engt h, of . 632, .8 i t ¥ exist
vet vRoFe ] FEd RSEFIRELon o f el e tP A PR
be didd ed with the ingdex rmtchinglsed um ansersest edchip

The di stance between the substrate and the ATR coupl er
aryanganent shewpaggacsaldrt &F faBRPYhd0giddy cohsFePphye

of:.0.5 2.5 . t nd; A of
e R i i
ut Tl strig/ e coabtihatl ofPraterd, Qbertendirtystwly Hécwbbhlance

the range selected fromthe group consisting of: 1.05
Q@Y PTRVHNSLRIE SSWI0gd 1.1 to 1.2. The 1ight

coupl i ng medi um may be an aqueous pediumor a

nothRue AERSAdi uRRiPN oR@ erfIJERTAETRS t e transparent

pi a%c%}feccoéipi%ngsﬁﬁgkgg}:. s g lydggear bafhavbeg Garbglartz

oms 1n the range selected fromthe group consisting
suldtrdtd a 25A 2fios20thint of 1Bp 4natmllSelsctpode; igndthe

foqtrﬁe%g'r @E%%tlrio%gt ZCO:Lng | ipr%%vr{%%idurgnm’ghg etg}%l es%tdeed éf e
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 1(aser light onto the

substrate 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 2A 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 quartz
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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consi sting of: styrene, toluene, benzyl alcohol, and
but yl benzene , tetrahydronapht hal ene, acetophenone ,
whewsosibs i | e, di brononet hane , benzyl am ne, 3PCT/SG2004/000296
pyri di nemet hanol , 2-methyl benzenemet hanani ne , phenyl
alpd\?ziﬁ@ea. d%@ml ioght i celfdning lighicunt orapalsay eckirough  the
relative density to water in the range selected.fra
quaFe? groths teeHs siti ngP oftaf 0530 3. ﬁaﬁFllc‘feloaﬁ. 2@;‘31@?&‘:

and1d, 1Pnd- 2ighP 9REmeNREd-EBBE, tbRal1seaeeenbhi keffll®tion
tal electrode may be provided with at | east_ one

to o;ﬁgnihﬁ fsmrﬁaldeomm@m negginansEani $RRbeat r Bhgmistrd@ce
t her et hrough. The second,thin fi.l a :

of bggﬁr ogﬂﬁr@e]%’%vi § ecét]b?%f afity @‘oleolprEe ﬁ%gépﬁ#ﬁgaéggﬁi Wt

th&BYRe iRy 982 ergugvd ol adhowosul paps e diirght: liyeaomst o o the
pass therethough and to be reflected by the interface

subgtiieed the substrate and the first thin film metal

el ectrode. The gravinetric sensing may be_sel ected
fr oRighe Zr shpweormsi shihgneatedudiatalerjafhpction (ATR)

m crobal ance .sensing; e ust| ensi rg;
o CaRBES | Eohag R e SRRt he ol n e BT Ry Crherd”
isi sefedtededt @ A R Koepsehmamy berangeinsnthawndg imcludes

shape sel ected fromthe gro consjsting. of;
a QAN Fal OF HOH SPREFI CHEL Aot bniPafhy 18 mounted a

seflgﬁhﬁngﬂils@{lr 1 eUkgtan | A | Ha@duarem aRdesilst ARkial Ysame
cylindrical . Best Mbde Non-limting exanples of the
refmaehtvenindesl odi thet bribasf8nodle aid Fapomedgsrydhe

exanpl e, wi.l | _be furtherdescribe it . ef h
SR8 L Blp H G AR RS 1% i cBe ToR gitFa SBfEnboeloe
inBEQS SneeStimpalFiview of &osensbghehiqoupdpal).e The index

conbi ned _si nmul taneous QCM and SPR; Fig. IBis a pl an
magchivngf filnd s difs dreterigi dihe guarta; S%Pa‘?r&%?i 4 gnd the

prggnt L4 \iise\{\.{s%fd tt%e SERSYe TP d?lfality of the SPR signal
that is generated upon SPR excitation, in particular by
reducing any noise associated with the generated SPR
signal due to refraction affects. In particular, an
increase in the distance between the quartz substrate 1
and the prism 18 from 5nm to 15nm to create an air gap,
can significantly increase the oscillation of the SPR

signal, and therefore the quality of the signal.

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 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 QCM =sensing is performed
simultaneously. The sensor chip 30 of Fig.l is shown as

being clamped between an attenuated total reflection

13
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Fig. A, Fig. 2 is a schematic draw ngs of a
Kret schmann confi gurati on ATR optical coupling

wa@eeoag@oent for SPR Fig. 3 is a cross -sectiPOESGMOEM0296

of a sensor apparatus for perform ng QCM and SPR
(AERAl xabiu@é.lext eicrhntkqeeiomhi@f] prilbized tive sefgetschingnn

. A4AA- res ectively,, cros
Coné ]?%‘ﬁ%\?nv?’éas oisaf“&?{ erentd Asl%%]t)pjtrllc e form of
cePPU9|tHQtSBBmEQBEéQUéaEthEer fbirJre@Ailv$ng ar eafiple 8.
-sectional view of another enbodi ment of a sensor_chip

Theapeblle %fl%o%@@%%ﬁs'\:‘huﬁihan@&l%lt@d%r?d SPre epgl @éso
1ncfu§eglgp gg 15 Sts%% %Pl%hlg%ognﬁ % éém%féQOUQQet

rsYaTCr 5ssTEect ofial Vi 6w of ~ano nmbodr ne
coﬂﬁﬂ@ischsr}annf@:@nff@peaiumWR wfteicalngc owpld npermitting
arrangemsnt usi ng .t he sensor chi f arrangement of
oupfhowsal Ehe sGARlS-a Ié?o%}%1§e‘giLESFO18Fegl @Wg8geg‘ﬁ8f9’helthe
&5@@%@8% of 1 Gu i ehasDYREN eaARhicIW at hORe IR Ophi Gher
coupling arrangenent that is disposable, using the
emsedsoentchi pthe rsmgehemanfbdi i Be J?<i>lgm @B a4 Yahe
pl an view of the sensor chip and Kretschmann
confhgursatisor ATRpPE cdls colpiped) tor &bgermenisof 1F gnd
h6A; gﬁr 7 1s a ross 5S onal vi ew of anot her
thenhs ]PYOT'W% g—g'a atus for perforning QCM

andSPR anal yti cal technl e whi ch utilizes the
senBor CRWEBY of 1 gprc?t"ldefﬁl gsb Hveen dhfss PR | drial 204

el¥b€}f“%ﬁé §n0&,t1§&hegpomr§aa afita %eﬂi%a%@tﬁ% ¥ i um

perform ng mul ti nmode measur enent of
inapnbeySosm BFgindeximsachingslsaeidob@l vi ew of anot her
enbodi ment that discloses an array of netal electrodes
prouided on digeatéd sobsheapeishi gsseBbly drplam iight
of an  arr net a
source in t e(¥orm o% lagser 14. In this embodiment, the
laser 14 has an output wavelength in the range 500 nm to
900 nm. The incident beam 15, passes through the index
matching liquid 10 and quartz substrate 1 and refracts at
the interface of the quartz 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 reflection at the interface of- the quartz
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
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 quartz

substrate 1 to stimulate a shear mode oscillation. This

14
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el ectrodes provided on a top surface of the quartz
substrate; Fig. 9Cis a bottomview of an array of
woreaoalo3gbect r odes havi ng openi ngs provi ded t heP€i/aG200iYe00296
netal el ectrodes being provided on a bottom surface of
cahfte s uatdarsiitst raf echdri ghalhe SHONGE Bén aM0sd aFhs€a8 OCM
.curve obtained fromthe sensor_chip of Fig 1 using
siggdef@ g€ | ingd chithgshetd heprepbihged npleat an SPR

12R%4! aln P CRMHEHT YESHOPt @hfiede f 6L E e SERR0T + SHEB. OF

=4 g1l rnespecr:?i ve%lgﬁ?or t ol ue%e, st%?gﬁegang Eenz@lll ¥ or

asgincdhoindusrlyi.ndex mat ching. Fig. 10c shows SPR
stability neasured from an Autolab SPR instrunent;

Fi gFitEA shaws ai Phagpthratfe sifoubt aﬂfﬁﬂérém’ﬁqwﬁlmyc@mﬁling
notjonal resistance,responses of QCMs with the
bagech < bs PR HATERC fres qaaFﬁsaiiyspaumgg 49 ovie FaRECr
cheyposed tQ @iy £ ga)H Bt e 88 aBAoRAOW Nebmbination of

si nul taneous frequency and notional resistance _
SPRe sprrhs @6Mofusians et ATRhecewpbing ebaskd rBREhi tachhique.

uartz_ crystal has a | ower, face expos to.tol uene;
They, ﬁgrllgléuﬁ?aﬁﬁnshovﬁmr?&og%reqﬁenc?darnéss&?ﬁf of (&-9-
head iy dtneltiQas T BSA adsigitdran BTk o PES-Duth fes Bbcus
an upper electrode; Fig. 13 is a graph show ng the

2 ra@td BepBndent Hesynedssithyi ejeehregns2 mlg apy jrdex
oo 58] FIOA0 A 1SN HLEERAONE O S R e
prif ior yaphnshbRi ig diedloegeenioy ERsAbAGR0®I09, which
o PP REIE A F g 147, Lt AF e BHeSaY BT SRigFence-

di scl,os:ed enbc?flsic nts Fi gs(.:mllfA:,L I B and IBhd;tscIe%s§ a o
sengdd Chflﬁ oses a guration t ploys
trapezoidal transparent block 21 to focus a light beam to
illuminate the electrode 3 via an index matching liquid
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 liquid
10. Fig. 4D discloses a configuration employs a
cylindrical shaped transparent block 23 to focus a light
beam to illuminate the electrode 3 via an index matching

liquid 10.

Fig. BA is a cross-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 shallow cavity 15. In this embodiment,
the sensor chip 30’ is functionally similar to the sensor
chip 30 and thus like elements are labeled with 1like
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
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arrangenment shown generally by arrow 30 that is

capabl e of being used in an sensor systemthat is
weapalbaof utilising conbi ned SPR and Quart z ErySGzi04/000296

M crobal ance (QCM gravinetric sensing. The sensor

ch8i B30, COBRT i SefmE1d ) aRBRAr bl BFQR] e6héwS a shallow
substrate in the formof a quartz substrate 1 . A

capiicyt 16k n Mevimanaml okel ietite cugle tHee fR¥QvpIion of the

o3 SHE% 0" ST 000 SRl e i o

patrBe 180r mcof ehect seteod | dipkovidedthartbe opppsote QCM
side of the substrate 1,. The electrode 3 is provided
PeRifPRMERCEpertig BETHBIZAPGw tTlfhsntSSPERSEE) f qﬁé@@% by

co}jn.gggﬁsggh%lt BeveuRsld Mg ck as will be described
rtner

bel ow. The electrode 3 is connected to a netal

stri hat i ght,
2bpil, S St aRE O], ISy 9 S lpdle et o
then sbvastswtst rlatand tbeapkbdsmaldanplThaet sldok i’ tie made

substrate in use. The nmetal strip, 4 enables
OToBAaErolE F th TREATAT IS COhnecT bkt rERTBHRnatD of
6391.88m. Thenel echpades (2a3kicgndiguartz sebsicateydth low
enabl e QCM sensi ng to be performed. A s showin the
f

vigcgsitg, ante bpendagsdvy (éndew maswhingt ltilgalident®r. ofhe
el ectr enabl es, S ysi.s to pe;c uct ed
Se&?’gﬁ g\%lq%g%g bgaém 0 ea:)‘%cc?}% © I%%tsflodep?s]% t ‘?o%% jre @
goble sguatihg.substrate 1 so that, at a particul ar
i nci dent angle, the |ight beam undergoes tot al

intengal gef bpeboRH0 &XOt t groshfaaen! asmomkttached to

resonance (SPR) at the surface of the sensing _
prépectilgdewich| d sy hemigphaiiash ated sbRRe t R opeprRyPed
£o32 t3ld %d%é { 0o Pagsdi RCLEYANt Gpihe r L6
O. I5 5. %g%s olvvs I:'B\n %\ttenaate %ot XF RePl ectel%c%lr??(A P
isprompacaupingt drarBRieanallysican The mncangsrerdd afnto an

Fi g 2 is referred to. as_"Kretschmann arrangenent” a:[wdbTM
X FE e LA SHA LB DN PRe BT SUITUCE BF R HUFQla
ESPRUNEAE R r2RMIME Al ShurifhcaP Kdbnidh MBEeoi 4058 T8l 841 Per

havi ng sane refractive index of the prism18 . The air
magabapgsurwedn t Ry 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 obligque angle 25 to the surface of the
electrode 3’. This is to minimize the responses caused by
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).

The cavity 15a’ is filled with an index matching
ligquid in the form of a styrene solution and covered by

the sensor chip 30’. In this embodiment, the sensor

chip 30’ 1is a 6 MHz combined SPR and QCM sensor disk
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sensing disk and prism18 is filled with a quantity of
i ndex matching fluid 17 for |ight coupling. The index
woradossngs fl uid 17 between the quartz substrat BCTUS@IE4/000296
the prism 18 is used to enhance the quality of the SPR
hasiigwala tited clise genef aved 76pawn SR exCcidiaeteyr IdE 20 mm.
particul ar. by reduci n% any noi se associated with the
RerAEE@ISAR (2 'gilgHaMife & SIAMSERT i Oh B f@Rt¥hi{g the
e1Rigi a3 an Laerease bRehRBgdi §bancg: PRt WeRN §HEernal
quartz substrate 1 and the priSm 18 from5nmto 15nm
dippetesabd &nmai.r gap, can significantly increase the

oscij)lation of .the SPRr signal,. and therefore the
quaILIJihley %cfget h8fsit alﬁﬁlﬁegﬁppé‘rs sﬁ??g%‘i B’flq:ghea sealant
susBNSisNgy1tiesk Al s1EaaiAd Wdhe S ddiwourl abe | Byeradfo (€18ss

d%ol d) . This layer 19 provides the conductive surface
Adhggdpe nfxgm cMinngsgse, Mning eSplMswiretareing creegany,

Fi a ¢ - ti [ f..a. g€ .System 36
of MipldubBaf, FUOREEPER, Ml Selesl ctPARE NS
enbatienehitsk t drer Siferaadt QEN sdrksi cgmpacipeahdr sidde to be

si.imul taneously. The sensor chip 30 of Fig.l is shown
w34 5e0ng 10 affed OIS arf bt { GHBBITH i Such a8 an

auehlkeet con( ALRhigeupl er in the formof prism1l in a
Kret schmann configuration and a sanpl e receiving cell

in The &k ofrgangementat 4ebnmaBebea nhiamped fomto the
Leceivi,n ,e 8_. . The cell i xposed t.0.the .
prég'g‘ctl\riodgo}g éggrﬁ!éggeﬁl tiali'f& f‘J’rl'Pé?é L matc}fler%g oil

S0 1 udés a“sanple in
17¢andinet BiaskandrBarsgequees o4 | etanobeduidseBb f0ra biosensor

. respectively receiving and permtting outflow of_the
insaiad.  13F t PR di 881 088§%nF G nefRaSWh S anplel peianl

biblfkhd canabyt enedlibhe 8amphiauever, in other
enbodi nents, the sanple may be in the formof a gas.

The Izens, cHPp 30di DM argedbeo ndrsyprads ns u hbanedesly

Il 5 b i 7,9) - Acavity i i d
Yot BB Iy | BAFED aNie of SAPFEARTE" Wi or 1 b 1) o™

osWiflla@ol gRtuctowy i1 NBEELUM dot he EBbIMOfin MdeX 2) and
matching liquid 10 . Light is directed to the prism
frggggﬁsyycpp@ﬁﬁ§|q§ﬂqh as the frequency counter 7 shown

in PFig 2) to initiate QCM as is known in the art.
Exemplary 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 same time, laser 1light is incident through |the
opening 32’ of the electrode 3’ to cause SPR.

Figs. 6 1is a cross-sectional wview of a disk
arrangement 50’’ that is compact and which wmay 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 labeled with 1like reference numerals
followed by two prime (') symbols. However, it will be

recognized that some differences in structure exist
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source in the formof laser 14. In this enbodi nent,

the |l aser 14 has an output wavel ength in the range 500
woros03080 nm The inci dent beam 15, passes thrOUusG2008@00296

i ndex matching liquid 10 and quartz substrate 1 and

betGbeaC tthaAtlsdii® Migid age ghat kecquridsorsWisty ad® 1. rFor
and the electrode 3 . Areflection beam 12 passes back

expfibdggh thésprembediment o grawet & EhalloWderav¥éivai A7’
i.ti ons he_ L Lght ~undergoes total internal
oxERREH Mh cab"Bratfnee

iona e interface of the quartz substrate 1
andThie pelieaf 2ede 3s, ecauslideyl SPRstAcecwdisgl Y6’ having
adsor ption of the an%yt e solution 8 can, be nonitore

2 FRIFE G VEs 18868564 PEMe ‘settsity Etaicttlode’ Fnat e to
th%egﬁgérﬁﬁt&%é@ré’&éo 1incl Uges aRHas ik aE!a?E]t?' Q?"“’t is

a frequency counter 7 , which are utilised for
prpeifledm g QOMenatgster Apagltectof c thel dbaset heoff orvhe

of. an AC power supply _(not shqwn) .i.s applied fromthe, ,
hepi ppher 1800 PRASR] o6 odes R3] Wer THEGuarcsip | 40
desdbsbedt ebbvie) SHHandatE-y shear igoda10sel Wil Gl index

Thi scauses a_dsorgti on of the analyte solution 8 so
matgRing AAMEignk?’ canwWhd bt bF ned. 19w ¥hsgpgipg and low

i : PR.skANaly and,&- LM Si I :
de%%?lgﬁggﬁl%l %d:oﬁrsl%ﬂogsasync% onoug I%ll% i%l gsé.ls chip
504A-D illustrate four different ATR coupling based SPR

confjgqurations optically coupled tao, the sensor chip,, . .
S0, Th Ht Ry ek iBiat SRR adonpimatratesr Bphin

than@&aQEMWSING afy A Re6oHRb1 80sBasaatSeR ¢ Uit from
This configuration enploys a fan-shaped (e.g.

lepkaney bicngvpparakéng) freanspar eaviblock 20 prismto

R i S S

defrapestEped pthan f bncls@ebn aATRnsoxli shipsed’irn. In this
EP- A1- 0305109, which is | ncor por at ed inits entirety,
empeddaenSs E8PePERERT ENGP A8 'di's ddsEnat khat hir st hbler

tol Rafe &R RYS Ghiy apezohdatnli5ansRY NerflRSK Ao tPabeled

focus a light béamto illum nate the el ectrode 3 via
wigh ilidex reftertenag |nupgxhls followed by three prime (')
symbols. However, this embodiment includes a waveguide
28777,

The sensor chip 30’’’ is attached to a prism 11’’’
on one side and a sample receiving cell in the form of
cell 5’’’, which is filled with an analyte sample 8’’’
and which operates in the same manner as the system 36
described with reference to Fig. 3 above.

Accordingly, the disk arrangement 30’’’ is capable
of undertaking combined SPR and QCM analytical
techniques. As shown in Fig. 7, in this embodiment a
suitable waveguide 28 is coated onto the sensing
electrode 2’’'’. The analyte solution 8’’’ is exposed to

the waveguide 26’’'’, leading to an ATR induced waveguide-

based SPR analysis. The waveguide is made from multiple
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10. Fig. 4C discloses a configuration that enploys a
rectangul ar transparent block 22 to focus. a |ight

whemasa9s | | um nate the el ectrode 3 via an i ndBXI/SG2004/000296

mat ching liquid 10. Fig. 4D discloses a configuration

la}f‘é'ﬂ%l Qs 2igidissrigatishaped thapgspabedimbhackthd total
ocus a light beamto illumnate the electrode_3 via
thigknerfex Ofat Erf nyavieguiidelois Filg thej gapge of from 1

mlgroqf?éct%e %Olﬁalm Ve 5. t#; ﬂééagg%ﬁerﬁoﬁgith%m' fhe

whi ¢ |nclu sensor chip 3 coupl ed
mtréhﬁbﬁeu'pmtpe:rtgexsd:e deh24 forat sobigr ﬁyluLiedQ(?\Mt hsaable to
shallow cavjty 15. In this enbodi ment, the sensor chip

detget @ ity JHEFF G HiSar to the sensor chip 30 and

thus;likg eipypnts peesbabelied Widy | bke o ebefbieed SPR
numerals followed by the prinme (') synbol. However, it

andi QCbeemMgrﬂl'z:'&d 30at Sonmehdief femkodieent, sthaceensor
~bet 0
e e S L

xanpl e oWs a
anda¢hty 158ke hatengnan Qab&el guebabglie witie pikei me(flex@fnce

t he oblique angle 15b' 3ures t hat t he cavitx surfa &~
nuperybt FatbPYef Py the sedssyYHk tHR¢ ngfREg 'FrEfL §

13@%@%&@%6 Py-8iHifg i &altagleesm%lc@ussé byrr

conpressional wave resonance . In this enbodi ment a
messh temeAt dsedi:s’pctsh@d lkmtgmrswﬁdsgbsnlage@ amelefid ve

24’ de,, of I Ah.a 5. ..
T LR s D S e YRS
of Th@iesShathow G bke érﬁbcﬁdim@ﬁtg\atmlleovxbyeﬁm@w/ is
and | ow density index matching Iiquid 10" . The sensor
laxhe peBnghs fereavddipieo Jtliﬂéltslb%ﬁé“%to t Bafisifgoyah to

engng ﬁ&g&;nshaﬁﬁgl gﬁz Vﬁgﬁguwﬁ HESanEEa%%%%%H 4)911: to

rismi emsp erical in shape,
gafs deser |1bﬁ’nbﬁ:mtntdne efibodenemtt eaff afeieg. oA At hboed eCHrde

.sensor chi i S . Co ct and advantageously can be

2 |W&6r%‘6‘?‘5’f£dcﬂﬁ?5ajan @%’ﬁ“ﬁ tomercial i zed” SPR
machi ne such as an Aut ol ab(trr) ESPR (el ectrochem cal h
surFige pPAsndR r Gsor@Fedy sefjpl  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 1like elements are labeled with Ilike
reference numerals followed by two (**) symbols. The disk
arrangement 30*" includes an array of metal electrodes
provided on a quartz substrate 17", The quartz
substrate 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 2"
provided thereon. Fig. 9C shows a plan view of an array
of eléctrodes 3** with their openings 32" provided-
therein on a bottom surface of the quartz substrate 1*%

It will be appreciated that the combined SPR and QCM
sensor chips (30,30’ ,30’7,30’77,30",30"") disclosed

herein can be ATR coupled to a prism, a focus lens, or
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manuf actured by Eco Chemie B .V . of Urecht, The
Net herlands . In this enbodi nent, the supporting slide

wQ4006/03199% t hi ckness of 0.82 nmm a di aneter of PQBESEIN03/000296

and is made from BK7 glass. The cavity 15 of the slide
wavdgi$d6i spbredsatisan ohlipgue3anglos 29 t'g 30He ‘s acd” ™)
of the electrode 3'. TEis IS to,ninhniz% t he response:
Ca%ah@¢6}891€OWBQ§S§FOWH_t%@WQdFe§Bn5 &, “BRVCcRTEATHE
of Sf&@%iﬁﬁgt sPh§Det B hiipit gh deptdy don@sl 1 Qe aseathsm
(as for the conpact sensor disk arrangenent of Fig. 5
) - e ' g1 g4k W . i X gt GhEAO £
li q?u % is;é%t‘%?ér%f cl)'?%e%f aégg?brggﬁe %%eﬁltq% ogggné{%oggr ed oF
debyct hens eifs adsdiyt 381 . fromt hbsheMiogiidentand hgaseasorlt

hi 30" i , 6 nbi d SP
wi 51 o BieavF R SOk B S B¥s B R0TS, 6o S A7 ot BF Eofthat
nuﬁ§¥gﬁb T8¢ i8keehk0des (Ar mbdi v @orth anBy ebeOmalieé to

while the electrode (3') has an opening 32" with an
thentlevealt idhamest etesdr edn harpindygetbput hdeppskizgg frem

sealed wth a seal ant ch gls A _Suit e
the 4hEBLTE S wodF d t?&ogﬁ(t?# AR ditvengiohs vzitﬂfer offresent
embbangsata Mamieng thdvitdfract wd ngoonpangideted in all
Mapl ewood, M nnesot a, Uni%ed States of Anmerica. The
regPSREEr RENGEHBRET2BLVE 2RO MRt TRRHE LBFEVE 0 be
utilised in an existing SPR instrument such as an
FabH@@BﬁéPgnfespﬂrnﬁthng$sqﬂ%1ﬁisk arrangement 40' may
be mounted onto the prism 11" by coating a thin |ayer
of Thdex degckbsrd oi senpor Thehdp sk agseavddment way be
£ ﬁgn bg sgd gs gogiosensor in that it can be used for
aREASAFPRGEi 6PSGPESr, bi ocheni cal or chenmical sanpl es.
In pse, q@ER-and &EMicdn beueasurted seaul t aneousihtained
connecting both the el ectrodes_(2' '

. 3') t
copgerriatéy (Wih a% t ReT oS&PMPator & HF<F e r grs-) of
Sagiﬁgm;ﬁ?ﬂgiﬁ_?gﬁgg?u%ﬁrte@_u§tba@§st be fARIMEACY ¢RBNRlarkz

toinitiate QCMas is known in the
crgstal substrate is planar and in a disk shape. The

e

quartz crystal substrate can be obtained pre-cut or cut
to a required size.

Approximately 50 nm of metal is vapor deposited on a
first side of the planar crystal substrate to form the
first tain film metal electrode (2,2’,2'',2''',2%,2""). A
circular patch may be placed on the opposite surface of
the electrode before vapor deposition of a further 50 nm
on the second opposite face of the substrate to form the
second thin film metal electrode (3,3’,37',37'',3%,3%%).
The patch is then removed to reveal an opening
(32,327,327 7,32717,32",32"7) . A layer of metal
(4,47 ,477,4777,4",4"") is be deposited on a side of the
substrate 1 to connect the electrodes

(2,27,2'7,2*77,2",2"") and (3,3’,3"',37'7,3%,3"").
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Exenpl ary QCM net hods are disclosed in US Patent Nos.
6, 156, 578 and 5, 201, 215 which are incorporated herein
WO poobloziins entirety for reference. At the sane PCTEG2004/000296
| aser light is incident through the opening 32" of the
el eCireodKr@Csdhmagauser$BR. Figs116,ns’a,1177’,11%,11™")
, cross-sectiponal view of a_di sk _arrangenent 50'' that
1 SISt L P Lhinkg F5OR: Epasas) OPCHFe QK Of  Jena
cedffzangenent 50" fmel udes senspreChbpnad’ - I N thisyrign
enbodi nent, the sensor chip 30"" is tunctionally
(15,4 'art 1'd A1 'Jorddlor 1dRTP 30s anduphed Iticketted eabatsrode
& l-abeled with Jike reference nunerals. foll d by.
(3?\/%10 ’pfi e (') 3s,)/r#ocjlss,. \Neaverl?rlﬁmvm??f%%r? ecOgn| z%ﬁlght
cdupdti rgpneedifiher(@oges i, nost ruot ure16x%i sbbeyween thgected
sensor chip 30 and the sensor chip 30" ' . For )
belyg% e, this enbBfiment showkr&tsidmasw cavity 27'Prism
(1Ar,Q4i-ded /im jhhe priyemydes)’ . TREPriSMpas " i Sefectrode
nmol ded pl astic prism’26'' "having a refractive index of
(3aBdu3'?.,34 'so 3t hat" ")t amd masclsedlied tdsclquast by o-rings
substrate 1 ' '. The shallow cavity 27'' is provided
‘at the center part of the base of the hem spherical
IS 6'.',. Like the sensor chip 40" described above,
Inglex %W%F Uid ti|led with an i ndex matching
liquid 10" ' which is a | ow viscosity and_| ow
denditey PPEhildatans wiRRhLESE fveRSH byignalsergemerated
i Qo - ti : i QU L 1S, .
FERL RIS oo L M e S B ehe Fipgoniey
angr edeneity fobmtheakilnguod. evaporkaidwry feamoidse for QCM
dcavi . _Fig. .7 depicts ot her_ enbodi nent of an
ad el opn FARREGE 660 TS AR GLE ethor % Hpposed
to3@he .sdubldli Bi QP diR@Nthet BEHE@NEIHCRHIM 32 SibdiSrate
functionally simlar to the sensor chip 30 and thus
tol i ReTel eheht Snepte Ibdisdiasd opilt hatekepEébar eatalysher al for
kawed ri ' ls. Ho this
S rentioREhEEel” P e By T UES) TN one
frequently used medium, under which the QCM quality

7

factor is about 25000 (ie such as for a 10MHz QCM from
Inﬁernational Crystal Manufacturing Co., Inc. of Oklahoma
City, United States of America). This 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 Q drops badly below 500. The 5 times
lower Q factor means a 5 times broadening of the
frequency spectrum, which makes stable oscillation and
precise frequency measurement difficult, if not
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 detectable.
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The sensor chip 30"'' is attached to a prismH "' on

one side and a sanple receiving cell in the form of
w@edob/051198 ' ', which is filled with an anal yt e BERpGE08000296

" "' and which operates in the same manner as the

systieM e desssbRedembblihehesenee 11H, Ribcost aPAYEiq

Accordingly, the disk arrangenent 30'"'"' is capablée of
uaeeders o ngnéem)mﬁeehsm éﬁulecmaa;ﬂnelxytnhaai oil. Table 1

e own. i hi s, enbodi ne

S T T e R e e tidn Sf ot She SEE oo tvants
tieltectandee vsed Theraralgtie solplias 81n 'the Sdisclosed

exposed to the waveguide 26' "', leading to an ATR
embsiEER tnay et BEBESEEISERMnENyLity FRECREFegUl WEE STCM

d r d I n;

A B e DS oL i et fgea
int Mebdandge of from1 mcronmeter to 2 micronmeters. It

has been found fromthe inventors' experience that for

solid film QCMis able toTdbflectt up to 10

m cronmeters. Fig. 8 shows a perspective view of a

Exposiieed SPRigaddQCM slevbsdoeity JRefrddtivd $Q  factor
coRihediomant d&ﬂsﬁ?nw &hi BrdQAiks Jfﬂ&"lé%é' ongkll x 1000)
simlar to 5 §aAg8Sor [Chbix and |t l'i ke ellements

are | abel ed w4 {8, # i ke [reference ny an doll owed by
the (A) s Q’S% he slef@®Y chip e(r)g? S ctapable of
recei vi ng | pI e channel s of SPR assgire due to
the | arger| sized openijng 32A rel ati &%‘ 2 )peni ng
32 of the pther electrjodes (3,3 ,3%W3 ') of t he

pPBY/AGR- descfi bed enbodijments. The gpening 3ZA sl arge
enough for|multiple lijght beans tqQ pass througgh to

PEARLE I T ol ogHanmel |SPRgTEasur eneNiz 40 be cqr,
i ’ of1 tﬁe

out to gaip more i nf orjmati on of tre interface
t PA ' quart|z, st-al—sthst 7 te—1A 9A
Png%iaOﬂél;égl%s g\egl Ji‘7lonal Vi ew of anot re'ir nbodi mept 1!‘45

')I\I\ ] + hi anhodilnnnt +hac~nc~nr
LE= A4l

PB§I4 ﬁnf?@' A 1s540nct i on 1%/ simlaf &% he sensaP-dhip
al38hand thus like elengnts are |abeled with |ike
reference hunerals fol|lowed by twg (A A ) synbols. The

pRA/TK0 0.820 ~ 100 1.51 ~0.5

Where “PBS” is Phosphate-Buffered Saline and “IMO” is

Index Matching 0il.

Example 1

In example 1, SPR and QCM measurements were
generated using the same sensor system arrangement as
described above with reference to Fig. 3. Aécordingly,
the sensor system arrangement for this example will be
described with reference to Fig 3 wusing the same

reference numerals.

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

SPR was generated from the electrode 2 on the first side
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arrangenment 30A A includes an array of netal

el ectrodes provided on a quartz substrate 1A A . The
waee@sozi1stibstrate 1A A includes an array of el PCL/66L®0$000296

(2 AA,3AA) . Fig. 9B shows a plan view of the top

oSuthacguattzheuByerhee substrhat 8cuAACRATERE0A was driven
plurality of electrodes 2A A provided thereon. Fig. 9C

b¥hdlie a2pPad CRitdanof Ofin &t r &F ofvodtager odesr 3AhR wiathrtz
j [ A 0 |n nHa b 0
sxg%%fa%ig&gp' Pﬂlgrgguﬁh e Vé?SQFEB%\ ( ) t) F‘{ﬁ: RTR SPR

tz substra
e:ecp:ereemm,edam hihdet emaoaii mgdl S@Ehdnﬂncx,‘h/ésensmr o€hiip8ex
" o" ! gOA 30A A)) disclosed herein can

m%tec c&?glu?@eto(éo iR S°PdEGs Pehecer: Rivadidsde (7) -
TdNee$ensy &hi RS1dA0% i3 1y 3%on- c%glductu.%g Aan§0 HAA Low

can be single node or mult  i-nbde in that they are
ViEggremi ey ofNfedaiw i dgnsinyl ecdmtmvet i mewamelrderﬂ’hél ghtiex

Th d di sclosed herein use
m%)te gec% ?%ﬁg% aaégrgpt %on F o BoTh T i qgi*_% anﬁ_oupllng
irgasefacd tfcw'r | dxdnier e o fatat- e ep e 1S kiddehnde .
the art that nunerous variations and /or nodifications

my e tRie bRamBeel NteR! iAbasesc]i bgd hey QWII@Z AT-cut
W t hout_ departing fromthe spirit or scope of the
YaRfentRGH:© 'I*F\%V%}'F%s% n‘fhb@b@%ﬁﬁ’refhf sO a2 é6mheppflopediampeer

0BS§i ed a i LLus ive npt
S e el T W
adhiescilays elchysen s s odinpmmbm eshavyudet £ a.buﬁ]b@ﬁ:f@lde as to

foll A Iz cr st al ubstrate can be obtai ned
EQIghmbPe ] AP SHEIT a8t SFbFORSary A SPaM MMAGHE O clayer

hefi rdAnsa B%eﬁﬁh'gn%twnbhecir@eaﬂr%i Ocﬁléﬁgiéfa fThse 35 mm

quartz crystal substrate is planar and in a disk
W%ap%epqiﬁéi@ar@lz cEdst apppspbsﬂcleat eiden bef obtlee nequartz

Lﬁﬁ;setnrgﬁ Hled hl%qlf'l O;:ll S gpr OX| mately 50 nm

|s vapor deposit sSide of the

L. m
ﬁla? r cr st al s_,LLf{gstratgmg_:1 fotrfrrnot?’I;erEkrzé}gQ%\n iul’ld was

dl@p’c@écﬁr aﬂ@b@@nﬁfHYtBe Phacesh &t tdifs OpPOGiikd SUhEacendex
magcching toluene (10) sealed Dby the O-ring 7

therebetween.

As light source in the form of a p-polarized He-Ne
laser (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 gquartz
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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the el ectrode before vapor deposition of a further 50
nm on the second opposite face of the substrate to
wo eooasties second thin fil mnetal el ectrode (3,BCT/SG2004/000296

, 3 " ,3A ,3A A) . The patch is then renoved to

a r@yeal 1ﬁlﬁeQBQ|ﬁynglc(8332 32" thé2"spB2angle3dfA 435 LAeyree.
A layer of netal (4,4'" ,4" ,4" "' 4A 4 AA) is be
TheepodNe@e onrafipabive t ABtemsitiat es:hPrmScon\r@meq hethe

1ﬂﬂ§ﬁgﬂ' e%n%%e? zﬁ% 'eél t%aé E En@g 1%yﬁ§em 36

e Kretschmann pr sm
ac,h:b;lé‘ve,sl Excgllilht, Tlight )cowpiomreriilal tlye avadéabinet ching
fromHellma Optik Grbh of Jena Gernmany. The
LM Shnann prism (11,11 , 11" ,11' " ,11 A ,11A A)
upled to the electrode (3, 3 , 3" ,3" ", 3A,3AA
’3"“‘%3" Zorism hol der. The Iight coupling medi um (10
G O

10' ' i t
P o ori sml% %%Aﬁnéér Bh3 %1 AT1TA A

utddd seide Bh e@ir CHETQIAB' ESBTRIZ™ "SDR3 An$8r1émén¢ aicht sis
seal ed ch as -rings 7 | ndex Mhat udTe

BB RrRLaN S GBIy b SR SogharoBune Paed T aifec

Thid QU €hSaIPh@S. | S Awdsyimteler ntRed danddie ah§§ogcolt\'/ly for

and density of the Ilgw d. I'n known sensors for
th&@so%%mjfﬁ aialysike @pecrabedofwitthe sebsreace it® Fig 5

4‘%0%@1@ %%n{eh%e%%qgn%el o IVIK %agL d the other side of the
S or

trate to air nmost bi ol ogi cal adsorption

analysicy; § oL suanw e opfosphate bl (eted. saling (689

IS t requen used medi
thd,@ainletg)s fatt ar. 1]656 ahRutwadb000ated8 stichtas fladmisgidMEZoal
QCM from International Crystal “Manufacturing Co., Inc.
pragpmokt hhote td t §, IWRRIT iGicht 8316 Aferi cg*}le T@pROrting

5198l blsat i1 Qualddon iy SUldic] el Yot the’

fregquency neasurenent 1s preclise. For t e Sane 1
ca@iMy Wheri.one face is exposed to PBS and the ot her
side to an index matching oil, the Q drops badly bel ow
500Fighe 19kt isﬂmd ke QRJdcorsamanfidres tobEsined from
br oadeni n% of th
the sensor Thip 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 SPR is disclosed in Ward et al, Anal.
Biochem. 2000, 285, 179, which is incorporated herein for

reference.

Three different SPR signals were generated by
injecting three different index matching 1liquids 10
injected into the cavity 15a’, respectively being
toluene, styrene and benzyl alcohol. The SPR spectra for
the three index matching 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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frequency spectrum which makes stable oscillation and
precise frequency neasurement difficult, if not .
WO ppossiithe e. Moreover when the QCMis placed OPCESGI0$000296
through a highly viscous index matching oil, the
indr ast sendanpi ciyief hectingakes dierosciddmidren darel Yglass
efect e.ln the present enbodiments, a | ow viscose
P i S s § i PeRAER LY | theee al henidpashow
claidrly Telhdbwe LeFhewsitBe nialigld %OPI?QQe%.tt' 65 & - aFES(évnant
organi ¢ solvents that can be used for [ight couplrn
Ered 1§Sscl osed enmbodi nent. The neasured QCM qual ity
factors (10MHz I CM QCM under different exposure
con@iﬂl-osﬂ% eshbws ithel @R} $mﬁﬁbieylénea§i\&/%b§_ ]fr}%grﬁhe
PBSY, | osphat e-Buf fered.Saline and "I MJ' is |ndex |
Aul%/ﬁ’??ﬁi n?@'| . p%%rrp €1 Fﬁaﬂ%ﬁﬁ e MItolgbr F¥EtGIM  the

basedineensrR s anglle gengsal 8, Usiag tHe § %%Pglgrgncaebout

rangenent as descri bed above wt

ioﬁgséﬁgg‘%r@eé %@@6& dsddngy ,tll%@egmwlsuﬁtm} aimmmmﬁt ed

ikar ' a il | | bed Wi t, reference to
v S RN £OF R FReiad S FhF drmastisine
stgpRlang QM medsurtenesl s meegrodf ai Gadcusi NG favorably

gald-geated quartz ?i sﬁs as_the substrate, The ATR SPR
acvvaé aenerg?gdm??gn? hERg| LREFHERCS anaineisirst sideof

t he ugrtz substrate 1 . The QCM oscillati on was
Ex%?‘?%%n by the application of an AC vol tage over the

quartz substrate 1 through the el e_ct_rod_es_ (2,3). For'

ATRIBPR EREFt at PEATPAR, i nde@%Mnmt @Iglcngllaltormﬂl i lbbdﬁmert eriors

. bhd hj e was seal e e

o i o) BaYEfone, LehEER k] DhelfEy 2031 ER When®Che
fagenoforithet querand shdstraweviveoskiporsd W §8NSfidous

' t ter. The_index matching toluene acts as
S0 Séféﬁy%sdf’itéfﬁ VR i F3°¢ nPér frhee TWrTiex chubetvatef the

a passi

indett frctecl @g DIy £$onance. In this exanple, the
substratelgéis a 6 Mz AT-cut quartz plate having a

t higdpass ek Qn? 7RMBANg a(&A%metdgrsorption 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 thicknesg of
0.166 mm and a diameter 13.66 mm. Both sides of the
quartz were deposit'ed with 100 nm- thick gold electrode,
the diameter of electrodes were 5mm and there were no

openings on any electrodes.

For in-situ frequency measurement in liquid, the QCM
crystals were fixed into two plexiglas' blocks with
neoprene O-ring seals. The upper face of the quartz
formed the base of an opeh liquid cell and the lower face
forms the base of a closed ligquid cell. The open cell
allowed application liquid up to 1mL and the closed
liguid cell was about 70pL in volume with an oblique

angle. Using this set up, the upper face of the crystal
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of 25.4mm The a layer of 45 nmgold with a 5 nmCr
adhesi on | ayer was deposited on the quartz substrate 1

wa 20060818 he thin filmelectrode 2 . A gold el BCI/86L®4/000296

| ayer having an opening with an internal dianeter of
wa$. 8sporedasod ®BSs idudifean ddieitopponsi wiei k¢ dehef 1bher face

uartz substrate 1 to formthin filmelectrode_ 3 _. The
to TaRE o B T IR ol hOY ARt el odentity

orgéh BEesbliént herpt eetegdendy Wb Bpbhgel REEXMEBLGREATwith
tol uene (10) sealed by the O-ring 7 therebetween . A's

PzTogle dodidwayen ene f aphfvnra pfnp@h?rurziéfﬁnk?@llxleSba§@rs,
14 . f Ve i .
In I%F(%%&ég{ﬁgteéeghg?ghgs %E%?e& S%%Ee% %%? % Srlca.

orni a, es of fica~was use

Frdd@hicpeatnadbl {tpnvadel | Hzer Fd4 wapedaabanbaall¥is, the
chogged in conjunction with a lock-in anplifier before

Sagmt FyC Rt YAPhEOPPPSHPEL LOTHRE i HendP Pl Betvagkplamlyzer
erdef |eehpidal theaknteifaes, ofxﬁ@eecgﬁl %x%egﬁt){,odgrgzaﬂg,

the quartz substrate 1 was detect by a ot odi ode
Unigeg@ctoptesd oecdmgedcas avhimitt rerooflethechacifdequency

angle faor the "angul ar- scan" nmeasurenent.. Fig, 10a
oD A g bSO RSS2 not HU ™Y ndkx FoCtor -
Therait dtiighdw | sted18i (i) of TR ot rH Ay 7Ga wshowss: .

deep intensity loss at the SPR angle of 43.5 degree.

Thersgpot har efdipGld verhat eRsidd tehRGES VEFSffeddlf  and
i nci dence angle indicates that the sensor system'36
motgdiial eseakeeiient refphnsesuplti REMA thithethadexposures

os TEREILD (BLYCT ) ST RN IR 2.2 o4 B8 e

frdoSPERET (NewSHR Ansilvueent That drystemrewtthl lghe lower
avail abl e from Eco Cheme B .V ._of Urecht, The
faqgt FEPPERds oA dRAgl ¢, RN ehebRLchitp B0HZF 61d 1# sQ

Fac@Mbe Ml kﬁﬁggsfiépﬁdaﬂﬁt@h%géf?%@&f.%QtﬁiQh lower

usi ng the sane reference nunera thi s exanple,
facko M¥paret to sibkbieng éad 'a havisg) bevel of 10Hz and a Q

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 dgenerated using
the same sensor system arrangement as described above

with reference Example 3.

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

first treated with 10 mM 11l-Mercaptoundecanoic acid (MUA)
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t hi ckness of 0.166 nm was pl aced on the hem spheri cal
prism11l' with a supporting slide 24'. The supporting

w@hkiod®3adds | ndex matching liquid 10" was i nj eCPEHSGIING000296

the cavity 15a" . Fig. 10b shows the angul ar scan
sobwries Sbtailre®4 rlom t AEternsmt ishkity nge dshe edOQHt kyricups
SPR. I nst runent

on ($hE Fhalite GRoctOa e (S SHEPH 2B T e g i SrOEGE was

reddPredi NGoWh1&0F BOA NBEtd ctkerithe angl e of incidence of
the p-polarized |Iight beamon the substrate. A full

desgri @bMﬂ& of Amenyeet h&ﬁlaﬁfz genehati-aget he Spﬁairf'ng a
disclosed in Ward et al, Anal. Bi ochem 2000, 5,

thiidignesvhi eh Dslﬁﬁmmrpodaaedlh@ﬁéen figr 66@mewaﬁcelsed The

Thre di f f.er ent n re era

|nJ e%tfl rgr’g]t renedst> e?gnt@r W\A% r?g‘?%?ﬁn‘%e??qw%% 7% the
sub@tj:mtt@d tdt of e c@edwd&ea;, (rmsapect imte v heictgode 3

tol uene, styrene-and benzyl al cohol. The SPR spectra
ln%wd%q%e ahr @RCREASx 3t BAVAROS 131 d iBsRTBe s cbtAmet & gof

iy éor‘qjd%@l)ﬁkté‘zﬁb L ENG - SMEE?S and hengwl sn p.

al cohol are shown t e prom sing solutions as |ndex
J. nﬁ'umpsng |aI1quIMSIR aSeahsoMealsi.p Jraivi nfgefahzq@brtzwo, l,

ratel Iass rismarr enment, . is i
sedr Dok Rt o 8 B2 b BRLER! BRERTE e, B8 bR ingon
refP@FAhSe At whlkeiisd®seBat ddyeqtraciRsi Al gdeﬁ&@déxh@v\@ass
the SPR stabili t%mmsasur ed fromthe Autol ab SPR For

senHEt 5Y B af ds ot orabon yaf e‘ﬁ%iet%Mﬁayérhn'éhspﬂlaﬁglr@de 2
on SABLA! T sQuer 3%7@”“58&&@&@80“ gém.%%h

usi ng the sensor chi I'ncor por ed WI ani c
el sot vedds f 2, Br)deXP,fmt eflengrotipd baRMe) | ne[NBtam,mtystiasds

abot 2 ree, which |sfa orab abl e for
e et orhes " s | BYSEE A AGSTLLE 1Pt soLia
el@d@:%’ch@ wWeM osei | bt ary belpaw 0@§aﬁ8§0'ﬂd:@t pqate/rmg,

quality and stability) were studied when one face of
whe¥e qUEY z Seisdimasee wWhsrexpbbed rbnan elpmdoipgde is  an

electrode with an opening.lThe BSA adsorption reaction
was monitored using these QCMs. The experimental setup
for BSA adsorption study was the same as described in the
Example 3. After pre-treatment of the electrode 2 using
MUA, the QCMs are fixed into the Plexiglas block liquid
cell and connected to the Network analyzer. The electrode
2 of the QCM was exposed to PBS buffer solution to

calibrate the frequency baseline before BSA application.

Fig. 12 shows the frequency response 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 mg/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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solution and the other face of the quartz substrate

the index matching liquid. Bovine Serum Al bum n ( BSA)
wa@eawenptipon on QCM was neasured using a 10MVHz, P@WSGM4/000296

quartz substrate fromlnternational Crystal

inemfaact usess tAameof Adkdmhemn €hé ysySkbahairh Uthé ellower
States of America_having a thickness of 0.166 mm and a
fagiean®tReSa3. 668 HALUSHEH RateRigher naodssr tlARdy ethan the

}%ﬁ:%%'&zﬁgrc‘é" el 00o08% teiek g9bak&h ety oy, the can be

aneter of electrodes were 5nm and there were no
se@qmnem ﬁg@mn Bny . ellact rodlels. Forffijeigntu f ségbdddyy and

e i,n liqu e crystals were fixed .

1RG50 1 60 1 ok Ples TRTRENELGP endir e 18
a&ﬁ@@dfhe upper face of the quartz fornmed the base of
an open liquid cell and the |ower face fornms the base

of gl asedodi ghd1664- thhE 2Ren e@@dsu@ Wecdhe QeM to
application liquid up to InL and the closed liquid

arceldppmepnipdig  @rganiq vedlrentn tibh obdt queféagte. the
set of the cryst al was

.h f,
Osg%&g%eéég%lb%&fl& lsnt)ﬁlpeﬂrt%lragnl%ﬁe r’I & | ovver face

- duct t
den gjr%aﬁ?“g“g%o gntur%dfvg f %&f\@%&o?@ n§8nﬁé§wlty

‘orﬁ”B@ﬁélé@dQ‘@M%h Paoobel Pard) \é%(be@ a¥hsof {vare 8i88ribution
Uni ver sal Sensors, Inc. tairie, Louisiana, Un| t ed

ofstthesPdP /ﬁﬂ@qtclavdq:r@@neﬁeile?&eu IGhe GGt 1that Far the

oHP AR BRALYILSohyo A SRR 1E5 CAURRGLEN. [ e
celmerof Fhoenri, /&ﬂmddmlteﬂe&atealahoeghrlaﬂ;e "P/R

Whl ch recor ded t he frequenc spectrum and i npedance
CMncPa; ngD"%’ S*Fﬁgzlﬁlﬁ.gdli}é(nn‘glstrlbutlon

an%it ab&ébiYnQﬁ t ke, defwor km@@él y%@né’fﬁﬁ\f‘fﬂﬁf Fi @xpdtiments
shows the sinultaneous frequency and noti onal

inddsiadreanthat emsQ@Ms Qo wethll hé)eexpee@r é¢® ofionitor

a PBS/ %t 5 (F| o I eL) iy PBS/ i"Tl ugne & gona%gg asur ed c
dfsr -3 Net G IRRA yzer he®cr ys?a t he F%%?n Y

respemsexposed to air had a noise level of 4 Hz and a Q
factor of 2.5k (Fig. Ila), and the crystal with the

| owetig. 14 shows the frequency response 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 frequency
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 is 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
described above with reference to Fig. 3. Accordingly,

the sensor system arrangement for this example will be
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face exposed to toluene had a noise |level of 10Hz and
a Qfactor of 1.35k (Fig. lib) . Wen using the

wW@2006/081H98 nst runents the noi se | evels were 1 HCHEHHGE2084/000296

Hz, respectively . Exanple 4 In exanple 4 , SPR
desmaswdement sh werefgerocat ek @si Rjgt Be s@mimcsenthr same
stem arrangenent as described above with reference
re %39§“Fﬁ%§f%nple 4 , the radial dependent QCM nass

sensjtivity of the sensor_chip 36 was studied fo

RS ABRGAREEIT rEER L RBR, QG (IFAS SR PRES gBREAined
us P UPLd PHLLRETENEPE | BdLRAt oG R LXBbvkdte ! htBe ATR

exposure condition was favorably applicable for an
SPRactaml gémexatfedi Bromnghysiesectaoser foron t Heei fAixptuside

ot BEBL S TR ZBH Ui 99085, ocsven

© by linMergapt aandiesaneifc acirhadMVUAhselruhens febtdihe¥ Mirom

After activating the COOH grou&é on the surface usin%
Maxiydy NPss (lerfasttrdy, Fe nePsengsr (adifernyas oPnébed ehates

of BRAALtAChMEDL - A afdzC Uéukgé‘tgfét,ze sups tt'i'%téa%g%imnthe

having a 't hickness of 0.166nm an di anet er
elawmsradsed. (The) 45Thm dfregpleh@ndrésprose Cofwdiie vaPér was

depopsjted qon the substrate to form.el ectrodes (2, 3)
recﬂﬁeé#éﬁirtgﬁe Rgzq]\ﬁ&r{ﬁe%méeﬁltoﬁesni%egl 2 having an
internal dianeter of 3.5mm The, Dot-i nk calibrftion' ,
metfRId AER t BBRhEXFATRLIOR . A7, ARRCRRLNP Ligaaq in
thdBaSrmCios TR0 mak¥0ngl +A%ERDS, (1) ChralsS sealed
I ncorporated herein in itsentirety for reference, was
betyszmsh t o-stindy t &) r adTal udepententamass ssdpsiceildiyt ynon-

dj st.ri bution .of the wi.ith the.electrode.2 on h
cord Rt L s D EXRT ARG R G CoN g el St ve
to (WaBer( PARee!| BedspdadtQblihg. {dNRierd¥ Pagtands for passive

_plate/plate, where the plate electrode js a solid
lightect podRl MY h ABLEREAFRY. TR R¥GHHREH™ pl @f e/ FRRGECE

#Hh trode where the ring electrode is an
ple eg?H%%e ﬁﬁ#ﬁganvopening.] The BSA adsorption

reafﬁi&[l]is 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 mnm gold with a 5 nm Cr
adhesion layer was vdeposited 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 deposited on the opposite side of the quartz

substrate 1 to 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
laser (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
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was nonitored using these QCMs. The experinental setup
for BSA adsorption study was the sane as described in

wWo b@osanpl e 3 . After pre-treatnent of the el PCL/66LO4/200296
using MJA, the QCMs are fixed into the Plexiglas block

cdrifuict ieal | wasH Caonmee:kednt Cahhe; Ned Mok ranel Yaefry Theto
el ectrode 2 of the exposed to PBS buffe
the rEism 1b- cﬁh?bﬁ&tténfgﬁéyf @%d@r%yb%er@ﬁ%e%%@@r at the

i R4 142 fr AUED po

lof t he activa?g%e(})%g to %2%\& slglr%ptl%n {:ﬁ P%@grtz

suhdtferteonl t Wesuppeteetedt ﬂocydea pEnolnaﬁlioBBS/@tecasor, and
ene as shown by arrow

sho y _arrow d PBS/ \ )
reflf,r\g]eﬁﬁ &5pl Pca Fﬁﬂgéf’n BSA so i JtS rﬁg?m%hﬁ pEspetic
mdRRWdnferdth a steady frequency drop of about 150 Hz at

saturation. This indicates an accunul ati on of the

protegign o egihes gav&hel @e%rJnﬁCﬁmdn A A%LQE%gg'elon

the systemwith the | ower face expose uene
prsikgiser widhs e siiewdlt apieamstllye syesbm@ewhegemt hérlequency as
face exposed t can een fromFi t hat

. 1
SO i ettt |F‘P9 &%& S eﬂ KR e hl%l%E?gA Yy arrow

demfdJmaEElmtﬂnﬁé@iénéﬁ 268 p¥Llectivid) H€re recorded
concl uded that the exposure of the QCMto an
tdssitgatie sol Vbt SWrfagt hffees thwposed  to

Phgy%?ﬂalt%t 'b%@f%%ld' 1110 d N m%a%u%l fegnalysis. Fig- 13

ws the radial dependent SS senS|t|V|ty on t hese
QCMAEtElme Isttlalbidhisgeed ggnsiBIAi t §5 dimg fbutien PBS) hewas

R/ P electrod flects t t that t he _shear
1%&5%@2‘?% loggpé%l\cll rrgt?légeﬁ%rgg:}“?éfa 5 <t rﬁgpé{z}{% nSpfe of the
adeRRiRAoef, e ebectradad aigasa Aithoughe t BesPiRffer to

el ectroded QCM has conplicate sensitivity distribution
remed@@rsmbéeoaés@mtn@@s sensitivi ty experl ment s

md@gtn an still dto ni t or
adsorpti on react| ons W tﬁgagfeggsé:r%la | & "grequency

andespfiisetivAity dddsbavs the fa(c&ﬂlhﬁﬂ%’cicﬁﬁ/ﬂm’k&ﬂf;ﬂ:fldrheof

P/P as shown_by arrow 76_and P/R as shown by arrow 74
th§|QEpF8&Qdmolecules 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 microbalance (QCM) sensing. The
sensor embodiments can be for in-situ, label free

analysis of binding reactions.

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

of some assumptions inherent in data analysis.
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QCMs to BSA adsorption reaction. The saturated

frequency decreases are 140Hz/ 130Hz (before/after
WO 2owsiosigys and 125Hz/ 110Hz (before/ after ri nsi nEQT/862004/000296

the P/P and P/R el ectroded QCM respectively. Despite

t he mectheedistyoskd( seagbrl MdbddigndHtanuesey &*é&@ﬁﬁ%&on
show a_.simlar trend, which is well reflective of the

19 hagehGmIthe TSR s lasey bxamp| 6rom| hhexhagkeof
the » sehEANGhIM-PRASURE iBme fo 9 '%?1% g%gllééo\'}gf t/mﬁs[ﬁht

same sensor system arrangenent as d scri
neegiser ebce sk g.113to Atter dittegityed t heodendon sywmidem the

nt for.this xarrp w || bedescribedq with i
arr%rlgﬂgg’torﬁgbog t}igesan%p?%il‘ encé &. 1s

reytRildraiieads 3RR mmm@’m SaMeEGaRlEaEAEdwave,
usi ng gol d-coated quartz di sks as the substrate. The

i.£FR BPR @ePigenefat el felnntumnagnaityodea¥eonpehetrating
. i t te
et N i TR R G s e

Canzstquemedty  obtleeredwil bnobbxtiekinne 6f Safllachee on the

rin s, California, United States of Anerica, over
“Cf%artfogﬁﬁﬁ:ﬁgte Ot hr BRGALF hEadl¥ct r BEBRY( 2, Bpalyte

mo-ﬂé%uflre%q UeRGY ASSPONSEl Ofahbte Uil WRS 1 LeCOnMRd bdvélhe as

RQCM i nstrunent as well . For ATR SPR excitation,
dQSﬁd-‘éﬂ@elﬁiata@ﬂV@g Ithguiseeriat tihve thorafi dthe gl da‘h:ches;lgbased

ort OLH seal ed bet ween n Tol

stan él'ect rx\lgﬁl Y e (n?Lc“fadfndu%t |%cqé ié‘ %ggg‘ﬁl OW‘WS&: ?PR
sem@ﬁsovxzsdagsgtmtriagabbuplte@swater. The index matching

tol uene acts as a passive light coupling interface for

excirtat wonl ofbes UbbpeecRhASADN-KHSORARLE G4 sbAoLBES sensor
exanpl e, the substrate 1 is a6 Miz AT-cut quartz
emprdi@eRF ngloa tteknealy of on. 2Zemmiasd & titrteiEss of for

o B on Ty S aasbB AR Mt e i e $2°
mebsufrementheft hile f dhm:ebeeﬁr et odimehtgol db eheet reds on
thleayelrncidence of 1light beams through the sample
solutions. It is not therefore necessary for the sample
undergoing analysis in the present disclosed embodiments

to be optically transparent.

The disclosed sensor embodiments produce SPR and QCM
signals with a lower signal/noise ratio compared to
grating couplers.

The disclosed sensor embodiments that utilise the

AA) ,

openings on electrodes (3,3’,3'7/,3''7,3" 3 allow
light to pass directly onto the substrate. Accordingly,
the disclosed sensor embodiments do not necessarily
require the use of transparent indium tin oxide (ITO)
electrodes 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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havi ng an opening with an internal dianmeter of 6.35 mm
was deposited on the opposite side of the quartz
wenipsosape 1 to formthin filmelectrode 3 . TPET/PEROHD00296
11 was di sposed adjacent to the electrode 3 with the
spiiexr iRy C idipdidlddeneTOlOhshal ediky ide 1C3d ngnd  1.95
therebetween . A light source in the formof a |
respREITYEH HRINeoYSRethe1 HTQ 68D1B AR) 92omMm Meinedabout
of, r i forn |t 0 .
lé%ﬂ&ﬁcatjﬁﬁskégg%Ctgﬁé &2 ég%eg%%l rg%%%%% %gggﬁc¥ive
11\1@: rmshaamgmlﬂl}caaitop@nd maxsumijtls;nciﬂloa Wi sibaeR/nbise
lifier before entry into the prism11l. The
@nsity of the beamreflected at the interface of

theéggld el ectrode 2 and the quartz substrate 1 was
det doB§ a FsHOHSSHe HBpediment andkﬁﬁéb delte as artz

Jk’fé'@} Ehmg it 4 t
° Fi g. %L%]sﬁ%mggégw ne ‘Serum %ﬁ%fnb%égi) absorpti Fonw "€
sxﬁ®bed&ma¢|sﬂautradeomﬁqtrénoldédsQ@MfC@qnengy<as the

hown by arrow 78 ef |l ectivi
o e " THES ACERIEY rehrS and LLeMBedtin FE wdpger
1igeor ded iMI@i‘tiérhﬁ eheslugBdec e 0RSHtACEubs MRSt EXRARED Lo
to Phosphate-buffered saline (PBS) buffer. After
reaqpithe sl anar pEplq sehegtrods wWesye webei apeéaed pdasmon
lé(ﬂ&é%ﬁﬁ dhe PBS buffer. At the end of the adsorption,
the cell was rinsed with the PBS buffer to renove
unstTathve:.]aldS]m papparet orhdt gvatbous ocahebemsdedithatons
bot h.the frequency and. refl ectivi di cate the
AR AT TS or Bﬁ?oﬁnaﬁn{:ﬁen i ARG R the
pémxgogﬁlwéaa% ovgek tipe. ARRL CALLADSy Thedi $61-R5684ng
sensor enbodi nents can be used as biosenSors for
d@qﬁmmmm}rtf st g dir e sdraneei { BPRyndndcope  of
uar I r obal an ( nsi n The sor
tﬁé %ﬁ gégan ? foﬁélnggltu é%e‘f ghagnaligﬁs gpch
nﬂﬂﬂﬁﬂd&;ﬂdﬁxﬁaﬂdsadaptatlons come within the scope of

the appended claims.
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The di scl osed sensor enbodi nents enabl e the nonitoring
of interfacial phenonena using two fundanentally

waledobesapg nmeasur ement techni ques si mul t aneousPyT/SGEI04/000296

conpl ementary SPR and QCM signals acquired by the
conmbi ned devi ce take ad¢datizge of the strengths of

sensing technjique while_testing the validity of sone
1. SedurBeREnE CRIB: AT ot P ANIPS il i THSGF serBeB)e
of SegsPFae8LOBI ABRAbE, FRBIASRRAt | @bH)S based gﬂabhﬁetric

i ncidence of |aser beans fromthe back of the sensor
sentiing vitdh e e gamisly JrnpEmdincEt i on of |ight needs to

pass J.nt ' a he sensitivity '-.
oo R Rt il bR S e bbla ¥ o e
suid@nsiand | engtdeceindan sevdaescenppvaiee | te. the depebt
of an el ectronagnetic wave penetrating into the liquid
SURERFi®im from t he sensing surface side. Consequently,
theyepyi Ll 06y NE UMD Rlorbnf | UENGE ML t BEoYSERANSS, the
connected to specifically bound anal yte nol ecules from
firsn-shotiate anpl e dmiimese ;More over, as descri bed

above, the.sensitiyity of the SPR devices based on t
ATR poeehfaoEhRe S Rrea] oREPCEREHer RSB e b L

sedHd G OF R dN D £ ot esvbsttatd | dudle awppr egi BigAtt Bahm is
t he discl osed sensor enbodi nents do not rely on

capplh ngt sbriecureRIBr tdnthl Fgoweh qlider Aetand r gusiace
of Qenggrghﬂgwaggh%n?%{@fé& Proff Eht;_le ﬂ'xgq Ogrﬁgh £ilm

odiments do not rely on the i1ncidence o [
me tedaresl ddrmmdyh; tded sanpl e solutions. It is not

| Aho. BREEOURLarsel bOba omod IOt o RATR: | CRPIDIeT

}di§<ﬁ£§par§a acefbe discl pred senepig enpbrsh Mentis|Pr ofuesl

PR and signals with a |l ower signal/noise ratio
ele@ireed to grating couplers. The di scl osed sensor
enbodi nments that utilise the openings on el ectrodes
(3,3 ,3" ,3" ',3,3), allowlight to pass directly
2. oNnto tdemsibstdtaie. aAceabdiynghy, claimed in claim 1,

comprising a light coupling medium disposed between the
ATR coupler and the second thin film metal electrode to
substantially match the refractive index of the ATR

coupler and the substrate.

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

opening for allowing a light beam to pass therethrough.

4. A sensor chip assembly as claimed in claim 1,
wherein the second thin film metal opening is large
enough to allow multiple light beams to pass

therethrough.
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t he di scl osed sensor enbodi mrents do not necessarily
require the use of transparent indiumtin oxide (ITO

web@ensuges to all ow the transm ssion of | aserP¢T/862004/000296

t heret hrough. Wth ITOfilnms, light at a wavel ength of

5. 632a Swnsdhe dlefp acddsemblidexaof c@;lﬁl‘rrteﬁ criyst @llaim 1,
andsputterlng deposited ITOthin filmis_ 1.54 and 1.95
whelebect i eVl AFYhefighitfie PTCSePPRA| OTyEPFhy htRin film

meé@foéﬁeét%@&s »atdeq] §HS A6 | D QY Ly Anmat ched

ractive 1ndex 1s significant and results in a | ow
signal /noise ratio. In one disclosed enbodi nent, both

th quartz su rate i ated w nar gold
6. ol by rHAT MR | RESHIP N EFbcTadaRhan neTgdEs 1
wh@flei)rpeﬁh@g fARrdtheasd h@éc§hde thike Mnfomedael eqdcededes
allows for the laser light to incident through the

arquateetsigrt huteownted 9 eadh (g anar gol d
el ectrode where the surface plasnon is excited. It
wi ||l be apparent that various other nodifications and
7. adaZpt mémofchm | aneentblon wd | oﬂamm&rdm icdatie 2,
erson Skl gﬁln the art after reading Ee fore oi.n

skt okhr e 1il Jf%r%?&lfﬁe sEF‘ FFCEM s¢OpE*
n0£hé h%ah?ée%@l%t%@d firton %Hé“@f&fﬂ tbatistingush: 1.50

nodi fi cati ons and adaptati ons conme within the scope of
tOt heGQppénééd tsl al 2. L abaste 1.A8serfsd2 chd plablenBl.-p2

5éjsel|§%§:%efs§§ aar%bi %ff SLirf%ce Pl asnon

esonance and’ gravimetric sensing, the assenbly
conprising: a transparéent piezoel ectric substrate

having a first surface and a second surface oppgsite
8. to AheSensE schiRcessealst ashi plaimedredsy claim 2,

corﬁﬂngfét aprtqéélr%%xfé}htt '}?]fc&’f}ESHléBstéBe Bt the aTR

e; a second In m netal el ectrode provi ded
commletme asxeicohuesma‘ca:uei ofthihe Siibst matelswlecthatde, the

Lght, beam, e, Gapable of belng fiansl thed f higuon. g,

coupling medium resides.

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

configuration.

10. A sensor chip assembly as claimed in claim 1,
wherein the prism has a shape selected from the group
consisting of:Jsubstantially hemispherical, substantially
rectangular, substantially square, and substantially

cylindrical.

11. A sensor comprising:
a transparent piezoelectric substrate having a first
surface and a second surface opposite to the first

surface;
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of the substrate and reflected fromthe first thin
filmnmetal electrode; and an attenuated total

wo edobmstipon ( ATR) coupl er di sposed adj acent t oP€T8G2004/000296

second thin filmnetal electrode . 2 . A sensor chip
assenffliysgs i mEdlinn medtalm ¢lectvagei pineyided ghe the
. coupl i ng._nedi um dj spose etween _the ATR coupl er and
E e SUEARS hEh PR MO R dot £500 {0 RTNTart | APpLe
thewdsh, t Bedr af reeidnde dHIdEXE Ofm t et AT Reteupl-edeapdoiged

substrate. 3 . A sensor_chip assenbly as clainmed in
on cfthem 9econh e sttt acke Qcbhe tIPSEFIER nefthe of Fett ogad

i u ..an in a ' li m p
SR o g T, Rebah ot SR E0aBs,  BrbabteT be PREing
cowpledn lto wrer edstilietzecord rduire f ifom nmeisalildpeingg an

is |large.enough to allow nultiple.light beans to pass
LG FREE NTdGUR BE. R enBoMa pPaLeEhtry He Rt | o
th&teb dausdheiei sussdtalaldd Yrorddtst g second or

both, thin filmnetal electrodes are disposed on the

subztr ataEteqruatkEGensotradhi prafbeshpignas ARImedcprpler

. iml .. ip t f] n cond_t hi il I

a1 G0 i BE Po. Pe 4 ondobP BB, Hehal; e EEYBae
and\ sepa®lechbp asseiddllyascolipiitied ia dligght 2beamherad na

the |ight _coupling nmediumhas a refractive index in
Plynpl 10 gef sERetdRt 1 7o%tehe HFOMpacohghst PRgMopOVECSO O
thd Of1rB80, thidl £01d mdral. e3eb@rbded,td: 9éndPate Sburface

1.52 to 1.56, 1.52 to 1.55, and 1.53 to"1.55. 8 . A
plasnworresvpass edfR) apal axmiddtiaiaim 2

conprising a transparent bl ock di sposed between the

ATR coupl er and the second thin filmnetal electrode,
121 hea tganspar £8t cbh dekd hayi 8ladmCayvi FMrtRewhtehpihging a

_light coupling nediumresides. 9 . A sensor chip

LighfserBplaadc | Bediedn | A1eParafil betirgne| fhehATRIRcoupler

and WP €LelSnd PﬁiﬁnfkfmaméfgiCQ?@BErode to substantially
match the refractive index of the ATR coupler and the

substrate.

13. 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 provided on the second surface of
the substrate; and an attenuated total reflection (ATR)
coupler adjacent to the second thin film metal electrode,
the method comprising:

providing a sample on the first thin £film metal

electrode;
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configuration . 10. A sensor chip assenbly as cl ai ned
inclaiml , wherein the prismhas a shape sel ected

w0 e@a08t1e8 gr oup consi sting of : substantial |y PCT/SG2004/000296

hem spherical, substantially rectangular,

substcintiatt ing sgmaedechnic s dhsfldntttatdugic yhendficat . and

11. . A.senspr. conprising: a transparent piezoelectric
secTIh TR hevT HEo et i FERCEiPeet ctandns SocBRECs GPfaEE=d
fraprasies t fot Mhdrebst SdiiddiCEhe suddursitd Ed kebBhate;

netal electrode provided on the first surface of the
andypstrate for locating a sanple thereon, and a second

t hi [ r prqyi de ecpn .
LS S SLERE popt 01 Ao AL G0 e done
andlidem nérain efcket r 6dest cagahh e iflheimrgadouplledtiredan to
oscillator.circuit for oscillating an electric field
gengrafife WIS Fg‘é]sé‘lf’c”ed:efsloé’(?ﬁ’é:ﬁci Rlg thereby cause
the substrate to resonate; and an attenuated total
reflection (ATR) coupl er disposed adjacent to the
14 sedondurhree f iRlasmornl Repepenode 3Rk apadl egpavimetric

j.cal oupl | light bea at_a pluraljty of
an i peaf Tl hBPnda) SRR a0 el 4 Prrrer
condriifrid raHeetsderelofct rode t o generate surface pl asnon
resonance (SPR) _upon excitation. 1 A sensor as '

2 .
cl ARG IIRLI & MIBRY uFPHet RSPty BetvepR the ATR
colfAW | Bgaedihum dispeged ipat ween of he AR Ceyaehaoagfyto

the second thin filmnetal electrode to substantia
subsdtegtt ittld v efmedcti véhendeefohcthweATRndenpl ef andet h&TR
cors ké%trat . 13 .bA %urtf ace Pl asnon Resonance (SPR) and
Gravi i FARPGTE E€ensi ng met hod using a sensor
conprising: a transparent piezoelectric substrate
having a first surface and a second surface opposite
15t o7 neekhedt fur fakeicating spry egsenphy ndeal use in a

ser@o@‘:t Eggg{bﬁ.’éovéfje%u%a Qteh?%ééﬁxoﬁurﬁeaé:oqqaq{cet hQSPR) and

substra and a secon
gravimetric sensing, the method comprising:

depositing a first thin film metal electrode on a
first surfaces of a transparent piezoelectric substrate;

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

attaching an attenuated total reflection (ATR)

coupler adjacent to the second thin film metal electrode.

l6. A method of fabricating an assembly as claimed in
claim 15, the method further comprising the step of:
sealing a light coupling medium between the ATR

coupler and the second thin £film metal electrode to
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filmmetal el ectrode provided on the second surface of
the substrate; and an attenuated total reflection
w@ 200Rp3aeRipl er adj acent to the second thin filPCTEGZI04/000296
el ectrode, the nmethod conprising: providing a sanple
suirstidt ifalrist kit | kheTet@lfelegieodenassl | bat i pgesany g
el ctri%é;ci Id through the first and second thin film
cc?ﬂﬁ%ﬁré"’l {0 SUPEE TG or nore sel ected frequenci es
to thereby cause the substrate to resonate; and

reflecting a light beam at a plurality of incident
17anglfes,sens0w t hey$temst chpabflel mafet apert@ahiiogle E0rface

r at urface pl n resonance (SPR) . 14. A
plgH 510_egsggg%ﬁel?egﬁgﬁcear(*%Pl%raé’ri’d‘?ed:ﬂ%?\ﬁ mEErsdng on a
biafaysiad , S ERbddigembdaiDd 08S hh IR | BabBEM e sensing
further conprising the step of : providing a |Iight
SYSEEH CRYPFEFiitRM bet ween the ATR coupl er and the second

thig fy et a trodg. t bst anti al match the

r ef raac}%c%d\?elﬁ e?f%l?éjt he d%fﬁ%e% pféé]f %ﬁga% ry‘i]élgs LFg"s,et rigwple
thegein;met hod of fabricating an assenbly for use in a

sensor._capabl e of Surface Pl asnon Resonance (SPR) and

gr adi MECFEEALERS ﬁ’g‘,ezﬂ’?éer?&% hRbedien diavtigisn ot t§ept
suafhckst ahBi Naf i Larsrgal sglegtgod ﬁ%%f%éiré$ Sgﬂ%aQEﬁrst

of a transparent piezoelectric substrate; depositing a

suxéagld thin filmmetal electrode on a second surfaces,
substrate_such

oppQgsSid. fid, surface, .of . th

thatg aéﬁqisgﬂt Egggmﬂll?nca%% fe SFEFErRGS Rt don the
firbtoughrfaeesesbndelser f qagerotr thgpsthstd ateh@ndin  fFiuig

reflected fromthe first thin filmnetal electrode;
COUMERACRELATNYLIER Sheerbarkariotal reflection (ATR)

coupl eecagigacanis t p;ihe nd, +t '

el ect rode. 12‘9&,&1 ng%%@dn%%%?ag%%zﬁ%({]dgé %@%@%ﬁ%l 39nasthe
segpafingdrfacel af nths, quhet restost fatre her conpri sing the

SteQnOféscillator circuit, 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 fregquency;

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  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; and
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sealing a |ight coupling nedium between the ATR
coupler and the second thin filmnetal el ectrode

wao o®ebstiamti al |y match the refractive i ndex of P€TIBGADR000296

coupler and the substrate. 17. A sensor system capable

of perfQJuRg Sgplace i BsTR) ERSONANCE PR} ardlected
gravinetric sensing on-a biological, biochemcal or

ligihenbeam smdbl €or t Hetsehdnag thestedmuashnt i thks qof SPR
housi ng . havi ha r r.locat] e I
EhhePErR n‘;ie%e?a%?épé?en 8plrteeglg gbéiét %’}%g‘%% st ?1%{7% aﬁ‘g\:} ng' nd.
tha first skHdaEElmnaetaleshacksadd ace opposite to the
first surface ; a first thin filmmetal electrode
provided on the first surface of the quartz substrate
18 3NGy 1 dddthd SOURMA Cabi Qi atiddy { Be CERIDRT 17, SaeRitther
thin filTmnetal electrode provided on the second
cospriategolighe goapilingubsidiame;betwesyri that 3FR coupler
ircuit, coypled ta.the first and,second tAhj ilm.
anubbp BEebROGELn FolMoBE aF Ny el Sat ARl AR
mafB8 GhdOrersgbested iiRgUEnEl ehet ATRUSOUPN@r and the
substrate to resonate at a resonate frequency; a
sulpgsvabee frequency detector for detecting the resonate
frequency to enable a gravinmetric signal to be
detected; a light beam source for generating a |ight
19beam atnaopl wyakietny aaf dleinmehtimnglabn an, avhemedtedhe
total reflection (ATR) coupl er disppsed adjacent .to
seeRRds BEGH LA TS 1Bl R SRL A OBt PeaPing for
a1£8WPhENY 1 oghbenbi@htobgasy sene s hhat an
internally Teflected light beamis reflected fromthe
first thin filmnmetal electrode at an angl e of
i ncidence which will _ca es
20(SP&) Ste(glsggcu?}{Sta%%aage@%lor ?ﬁrgggﬁ\{ﬂ) nnlgrf’t hgﬁé?gﬁn @
plusbeiogl lof reiteet ek | kgbbnlieam ahdch pr tdetecfiby tecal

characteristics of SPR
electrodes are disposed on the substrate.

21. A method for Surface Plasmon Resonance (SPR) and
gravimetric sensing of a sample liquid using a sensor,
the sensor comprising: a transparent piezoelectric
gsubstrate 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
gsurface of the substrate; and an attenuated total
reflection (ATR) coupler disposed adjacent to the second
thin film metal electrode; the method comprising the
steps of:

(a) providing the sample liquid on the first thin

film metal electrode;
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that are dependent on the reaction between the sanple
and the first thin filmmnetal electrode. 18. A sensor
wey®bemias clainmed in claim 17, further conpriBCT§G2004/000296
i ght coupling nmedi um between the ATR coupler and the
secolid thirardshiminieical =l etigiode beagubshastgRl | ¥Yne ATR
mat.ch the refractive ingex of the ATR coupler and the.
COMMSTS af 8% 1@?&7@%r 298€enh BN ¢ (thiene L FHE ctdiim 1711m

mat2gr ilddigecond thin filmmetal el ectrode includes
an %gfning for allowing a Iight beamto pass '
t her@hreaghct 200 Ahseniptenyitemass téhleaededn ldlgitm to

m?ﬁ; in a plurality of first or second or both,
dﬁH%ﬁ% |F§1netal el ectrodes are di sposed on the

subslid) atappBAindA et 8DEcE 01 c SEhbage JRrasEo R HRESPMBNC Cand

%Sgg% ggq ravinmetric sensing of a sanple liquid using
SeFolEh S tid s E8EG E3MSTirordsg; andr anspar ent

pi ezesl G4 t ' ' u an .

Cecand SoTAsH I e TR FrouiSlel 8 00 Fhedyrac
fieRidn fil mmetal el ectrode provided on the first

surface of the substrate; a second thin film netal

el ectrode provided on the second surface of the

substrate; and an attenuated total reflection (ATR)

coupl er di sposed adjacent to the second thin film

netal el ectrode; the nmethod conprising the steps of:

(a) providing the sanple liquid on the first thin film

netal electrode;(b) transmtting a |ight beam through

the ATR coupler for reflecting light fromthe first

thin filmmnetal electrode; (c) detecting the intensity

of reflected light to detect SPR; (d) applying an

electric field across the first and second thin film

netal el ectrodes; and (e) neasuring the resonant

frequency of the electric field.

39



