; e3eA. WARRSTT@ UxV6VT. Wak > *@00002* Technical Field This invention
relates to a mcrochip which is adapted sinultaneously to 5 obtain

conplinmentary signals fromdifferent techni ques of detecting or n mm'mm“ml“'
nol ecul ar (especial |y bionol ecul ar) adsorption. In particular, tqmmm mﬂ

invention relates to a mcrochip adapted §o perform m cro-gravi metri G,sg;sos
sensing (such as with a Quartz Crystal M crobal ance (QCV), together wth

el o Therg [ eohn due. A MULTEPARAMETER MCROBMIEDT oY o
grea EREEARIETE R -l

bi osensors in many areas. For instance, in environnental applica
there is a need for sensors which are able to detect trace quantiti esomf-

t oxi ¢ chem C_'Ig%c‘ﬁm%{ ﬁ%“c 15 nol ecul es or bionol ecules. Simlar comments

apply in rel e need to accurately anal yse bi ol ogi cal sanpl es.

Sensors often ne n

derivative chem ca ‘1’3?‘%3‘5 &%ﬁé@%%\'(&égﬁ@%&b@h '?r@%aegﬁﬁ}afﬂf%géwto

t echni ques mbtalnbmmlﬁﬂdmbqpﬁgnéle fetah elifferantifechniguestof detdttingarenitoring
nmol ecul es or bj onpl ecul es i n aqueous sol utions. These techni ques typically

i nvol ve neadlPlesylarn@espgeiay bismaigeuian nadsaspiemnt InhrRasiedarmihis dnwention

bi onol ecul e r

several of tRaes FE3p e, 28 At Peirdim Mot lay ey SnSh G (ELERYS
provi de a grwith e Qeantz«rystat dvlicaoalgncen (QTMY), dogether hwithnahgtherc aensing
results. 25 Sone of the techni s whi ch have been devel oped are nentioned
bel ow. (a) I\;?E'F'?Jqﬂ?é‘\?mﬁ?e'f‘ﬂdénw&gi ng Mcro-gravimetric sensing is mainly
based on the use of Bul k Acoustic Wave (BAW/ Quartz Crystal M crobal ance
(QCM dé¥i ces and Surface 30 Acoustic Waves (SAW devices. The nol ecul es

bei ng anal ysed or nopijored are adsorbed onto a surface el ectrode. The
shift in thhﬂ—@&gﬂéﬁé&lﬂ%" r n ncy on adsorption is usually neasured and
t he mass | oadi ng _before and after a}ﬁ/é&rocesm ng |s t hen determ ned. A

is aquartz cr yst ergdf? JFREhNeswd @lenchgmiealceqnsofe andn biosengoss in
surfaces of 8. PAIInGtRch? if BhiranmBAl MpoRiaid R there iTBoRad) 81 .

resonance by an alternating e eCJ[I’I e | nverse plez
ef fect. The sessorsamdichH raeqmbeyometdeqoeaderquamues tdfetomirs sherniaald, eorigahic

adsor bed_onto the surf tro For inst nce resonapce . frequency

decr e’ T dRoledaled i ARle e oA Poleae NP o X FaHa P GRS TRRe oni 1
in frequenCYadé@PatESI ér@l?ée‘lﬂloldbléeﬂ%aﬂib‘?@é beendorsBresh Heed th BN td Mentify
equations. Wth an appropriate oscillation circuit, QCM devices are

suitabl e forsmélmwwﬁu@ﬁsmndimbﬁteamt@@ phemlctaiemroapgaaitaqhequtoatrm basiouum
envi ronment . ﬂﬁés | oading in the order of about 1ng/cnR can be detected.
A QCM can be enpl oyed as a chem cal sensor or biosensor by 15 incorporating

Substance. Bonef (USOBZICHIRES HALE bEAD BEeRRaaTl Hrild aRuRE' %gﬁ%rf‘hat
t hey carzobe o:gamcamdtecw@mmrmommwﬂ@:ﬁn lambaetsdmﬁon's‘ b‘mrmd esahintqu

directly (ie. ﬁyh no | abelling of the anal %te nol ecul es). 20 bgoiurface
Pl asmon” ResdWRik@ inuplve mapsing heersnt Rawbich ibe relepant ‘i’rgaﬁ'cg’é‘ﬁ Iesn@ft hod

for the det ggGbBlecules are adsorbed onto a particular surface. In many situations, several
of these techniques need to be performed separately in order to provide a
greater degree of certainty in relation to the analytical results.

25 Some of the techniques which have been developed are mentioned
below.

(a) Micro-gravimetric sensing
Micro-gravimetric sensing is mainly based on the use of Bulk Acoustic
Wave (BAW)/Quartz Crystal Microbalance (QCM) devices and Surface
30 Acoustic Waves (SAW) devices. The molecules being analysed or
monitored are adsorbed onto a surface electrode. The shift in the



of chem cal changes occurring at the surface of a thin nmetal film It
nmeasures changes in the optical thickness (i.e. refractive index) arising
from nol ecul ar adsorption on the netal surface. The generality of SPR 25
techni ques has proven to be useful for the characterisation of a w de
variety of chem stries. SPR techni ques arg used extensively in the

bi onedi cal area. For exanple one of the widely studied chem stries using
SPR t echni ques i srepmmnrmmfrpquemmonnamwmris usuallspreasured\ante thee massave

(which is an expq nent i deca wave) 30 exists at the sensor surface. In
what is known as ?"ﬁ(@ ﬂ%«?{%ﬁrﬂ[wna F%f?ce%\ﬂ“% ﬁ@?c%?rw i S generated

when total internal flectlon of Cld ccurs a he interface of
A Substance w th % Qs & guis Poatalusten e ke sSe ) clechouphon e
refractive index tiyo. Qurfacéd ass tife rwhfdrer Fase qlark: Rfr*ﬁm cafﬁPBeO%%!ﬂéd Ugader

certain conditions when a thin filmof netal (eg. or silver) 1s placed
on the sérface. \meghaniealinesodiense bvqm altsmabng@ie@iﬁatﬂe& dueetof theeinverse

and-absor b cner g esryedlit et The Yeobarfce Sibilbhy % RgtRREn| Ly ke

angle is called thasSOR ma@rial athkersddRontd e SLﬁ'faii,ﬁt ericeddby FepsHstaRge! he
|ntenS| ty of the reflected Iight. At the SPR angle, a sharp decrease or

"di p” in intensi trgspRANASIRAURNCYdaqieasss forreass aceHsRUIatien and inpreagss farn
The position of t e %rpﬁﬁ fr.ac

sensi ng surface gsfg&ﬁangbs ﬁﬁgn ér?grleng‘énf:)‘?c A 6‘% ‘é%lgrélijﬁ?(tlﬁ’ r?tggghbre ace.
Consequemnt | y, then%anglama@hleagwaaimrdl ng to the anmount of nol ecul es
bound to the surface. The detection |imtation of SPR is approximately

Ing/cn2. 15 Advarwitbesn appiphatesoboillgtims cirouign@COh ideyiossnareosuitable for the
bi onol ecul ar interactjons, include real-tinme nonjtoring of binding events

and | abel -free dét&estianofsubsiancasdngithesa gas diayid PBM%CULEP’IQWVEE megtied are
al so highly sensi 10 e ént]rzecf &§isorption

ki netics in-situ. '{‘%yf'@?”c@éaﬁﬂﬁﬁg%u onﬁd%gqag/ I ca éﬁiet ectl on technl ques are
al so widely used 4 nq C ti@Qn r ia

is used in this s%ec?jtm |o§ét§ﬁﬁed3@a g %er?greﬁqc'&ﬁe 8%‘9’2 é)icpo%%hg&t

t echni qué) whi ch luwsporatgigta Smtatdasoamg tmtfmc&o’fane whlcbfcamuiieaselbetsve for a

(especially bionole u”es% on a surface. 25 In optical detection techniques,
the optical signdl@ I'ﬁ(f"'l' YRS, phot ol uni nescence, Raman scattering,

reflection absorpiio Sl o | es u der . diff ng
conditions are ngé\%'lﬁr}'é fg%iﬁﬂ&[ﬁvf%ﬁs 'ﬂ%‘fﬁ?ﬁﬁ nEf?Wé‘HS a@gtﬂpeoufaﬁgﬁat, theygan
substance or nol %h@edﬂ@% FloSEHSHHE t& RietdcdlinfePSRRIMS SofBiomfsduleyHird & (ie
characteristic response or 30 spectrum can be used to distingui sh mol ecul es
adsorbed ont o t hevitupe fakglingsofit Ea@é\alm\m@aemlsesnor absor ption and

transm ssi on based 4 rreasurenents (as in a spectrophotoneter), the
substrat2® udbd miSurfagcs ) e(SRR)Y i cul ar optical detection

techni que is Surface Enhanced Raman Scatterl ng (SERS). This is quite a

recent spect r oscdopyrfacecRiaismon Rﬁafonfm(l%@ﬂﬁblﬁ ajgeeer@lbawthm fertthei detetion

nol ecul e-specific sur o) n th E ¢hn , | aser
beam | o1 npes. ont® GRatPALcBtsee SEHeR AL e MR Php. R gl .| ¥
transmtted |ightmiasuresaitde@esinahBadptitas peickneutetisy. -refrhétivesindex) @isiigni ng
a significant Ranman signhal froma surface is to enhance_ the el ectronagnetic

i nteractions bet EXR malecylar adsetntioneon de mrtabaudasrd The gengralty of wBfor
contr i on (0 SUEfEIBeTEATBNLe 14 B8 L85l 6 B Eherddahdhhoses L

the genération of “sur can si gni |cant I'Nncr ease
Raman eni ssion. Gaaieiy ft umemlstri@:e PR teckradyes rarehteséd)re)deﬂswmyah the

articles, colloi ds or ticles coated.in t al ene orous
Dot &l Csunt aces. otiomBdigh) Brezh Hok eapls ARe g the e sordig DRgTSSe
pl asnmons. The abcprQQ&hrﬂaueéj%t%{éﬁjbr@@ﬁmfp‘@érabﬁ&%tO be robust and

reliable. Al though the above anal ytical techni ques are useful, they all
have their limtahi w%

t han one of thesghtg’gﬁm%ﬂggg?%&ggtcon ugte SI rru t%z(ﬁtes@%ﬁﬂ% gz’@tg;a(l@)
provi de 3@onpl eneraxisty 20 thesenser shifase. cdnpivbakiis dmpwreasl thse \lv’cretqﬂlmarp‘r ove
the accuracy of the a ytical dat atthereb Obtagl nﬁg} T@ts‘ €€1 n [

di rected towards %ﬁ?’i‘%ﬁ RILEVHKACER W@P’erﬁ‘ BGF W ad %éﬂ 86@rher
with at |east onefofncidimtOliditr oéotteSatoths SRtdrfEer @f&érwﬂ)st&o@bwm a high




25 Summary of the Invention According to a first aspect of this invention,
there is provided a mcrochip, for sinmultaneous mcro-gravinetric sensing
and surface plasnon resonance (SPR) sensing, conprising: 30 a transparent
pi ezoel ectric substrate having a first surface and a second surface; 5 a
thin filmnmetal electrode fornmed on the fgrst surface of the substrate,
said netal being adapted to generate surface plasnon resonance upon
excitation; and refraetivenihdexeand adsybstancee of ddw aefrattiveindexci.ed @ giage-air

Substrate. The sUPGTERBEICARTBBIrg R, GRS Leiier seBit Farariots sy & 1ol cn

is suitable for frapr bﬁﬁ’iétalg(égE.S%tﬂété}f §i|veTrwé Gded ohhthes dhghEat ewhenf fgmed
of quartz or lithiumniobate. 10 The netal el ectrode may be fornmed of any

metal which is abheident dghtrisitmopaehranatis, dbaofrepeslssiinbe abdhe exetal awilon.

Pref erably, the dg_is,f of ot_ Ssilver. er Lvel e
netal el gct r ode qn%sgzﬁ%éé)f Pred %PP%ﬁgt iphags%h%? (E:sop%)éc}['@d‘}h?h ec y’%l 3§?Fé§{;e
is preferably forcrmttspbndingrtarmceﬂ@ihtar@ériolﬁwmrdurghnrTmetaidql@ﬁ@ gslledTthe

nmetal oxide is generally selected fromindiumtin 20 25 oxide, indium zinc

oxi de and zi nc ox3RR.andRii hheIRPR Signd is deteglrkbby measairpgdhe yntgpaitept the
Alternatively, t ; I R'BYqlBe 5f i FY=3 L ent
conductive poly rﬂéﬁnglgpgdg\gwegrgﬁed o?let ﬁeég‘%?sngfgiela%fe?ywﬁﬁ Iﬁé@%ﬁglﬂpg
sufficiently hi gmmeasuredtasvthesurface phasmom absorbiseartargygles for t he above
menti oned sensing devices. For exanple, when the electrode is formed of

| TO, theOoconduct ithe ypositibh ¢fythec SPR/ dnglebeleperds I the oeftéctiveoimdegmef theThe
optical transm ssion, of the secaond el ectrode should he sufficiently hjgh so
D o enabl o a 1 4pAEINGLaHTE6S UGN (GharGeR, Goorh herDIppiocal mdieedes n ik

SPR appl | cat | ons sufeRe! bisecuBRtPECSERIAE Ehafb el abborblity fEFRNEmount

el ectrode shoul d be greater than about 70% ness a ogy of
the el ectrodes araf naelapuled bounddo the sorfacabl e t he excitation of surface
plasnons. It is known that extrenely thin netal el ectrodes_are unsuitable
for QCM oper at i orheTthatectiom biitation bf SPRSiscapprofiniatelyiimgéernf.on, the

t hi ckness of the netal electrode filmis typically between about 60 nm and
100 nm 156 |t i s Adwintagesd dfh&PR Hechhiqueseins anfalyisirg/fmiohitoing t iie modemuiar

| trode i bet bout., 10 d about 1000.nm The fil f d
Sl eotrode Shout o Taela s inf s TERRRRe mehtading of BIRAG £vTS Sag e

room t enper at ur e.defe@RirbfMaatdntolE6H8P htéraRa6hs. OBPRMezhhit(REEre alsd Righfy | S
provided a 5 microchip, for sinultaneous mcro-gravinmetric sensing and

optical sensing, seosjliveseagy to usa andepablerthesitedyvel adsarption kinetiesiiresiiavi ng
a first surface and a second surface; and first and second thin film

el ectrodes f(6) medOplicad detagiiont i ve, 10 substantially transparent material,
said el ectrodes being forned on the first and second surfaces of the
substrat?d, wher ei@ptical ddetestionodeshniaues aarehi alkneyddely lused tinabicmedicall500

"t ended uses. 1 Ao ThaAERR, Bblitey tPRton I8 kT SeiidatEr o

conduct mean any generic method (excluding SPR technique) which uses light to
measure the adsorption of molecules (especially biomolecules) on a
surface.

25 In optical detection techniques, the optical signal (fluorescence,
photoluminescence, Raman scattering, reflection absorption or
transmission) of samples under different conditions are measured.
Typically, within a given spectral band, each substance or molecule has a
unique optical response or spectrum. The characteristic response or

30 spectrum can be used to distinguish molecules adsorbed onto the

substrate surface. Obviously, for absorption and transmission based



15 electricity. On the other hand, if they are too thick, their substanti al
transparency will be conpromsed. It is generally preferred that the

t hi ckness of the electrodes is between about 100 nm and 1000 nm Again, the
substrate may be formed of any transparent piezoelectric crystal which is
suitable for fabricating resonators. Typigally, the substrate is 20 forned
of quartz or lithiumniobate. The conductive, substantially transparent

mat eri al is genermeasurementsl (as$ i asspactophdtaneterydhalsubstrate uged snustthe
oxide is prefera&lﬁl selected fromindiumtin oxide, indiumzinc oxide and
zinc oxide. |ndi HAMSPAYi de is, however, generally preferred. As mentioned

b , electrod f f th terial 25 w Ll h ffici I hi gh
cbove, ol eetoes, | 0r gt e oG TSSO ot 1, SLRe AT Bt
in the above sensgagtciipyl GERS).N 'ﬁ}i@ﬁ@fcﬁﬁtbeéi_r@mﬁldéﬁ&iﬁoscw? tgbl‘fﬁiﬁﬁ@!tﬁat

further includes a SERS™active surface deposited on the first thin film

el ectrod®. This ihasbean developdd dorspRiminingselpaule-speditin dneasurenants @mabl y
the SERS active surface i,s , or f a.30 material which. can ner at

SUr f ace pasmons SsPSefith RS epdhdiens jaed hea yhaids AP s Slfrcesce
is athin filmfanedithér a% Gack-sshtt¥Rid oNith@ tishiged light is¥cdrded dlian
filmformed of platinumor copper. In a preferred enbodinent, the mcrochip

may be formed w tfR@managpagjrosieter. e ctheoliey t¢ abtaisingoansianifigamt Remanasigngki s.

That is, the ele i ; Iy: i se
S oluraiity of sSMSlrbigig Gnhifieetid bRLuBHEGAERe MiracBng BelyediPIRY | >
formed a® a grid substate anectheodedsorbeeipardléaudedy Aapmjorovonthibutiompor such

Th b-el ectrod be i [ : | des. T .
AT angement / cont | URACPHIPTS ot ahalacal el RIS SORRECTPBILS §8peraioneotr
vary i dely. 10 AGGHIA ddshind, Whichedtt BRfincahul MSob B B Fellad BAGSL,

provi ded bi o-anal ysi's sensing apparatus conprising a east one m croc

as descri bed aboveoatifigethe surfad withsmetahsinrthedpparcft mstatparticles réadleidsnor
array or plurality. of such mcrochips., |n general, each sub-e|ectrode
(sensory T the dhikypditcias st T Mesaly toHENSESL or oS hesfs SHUagHs otc

i ndi vi dugl sensora|seassist iNGhE geHBraticRdf sidpg(ffRaplasthohdle array may be
used. Alternatively, any nunber of such sub-el ectrodes (or sensors) of the

array nmay be usedTh®abb@ bpficdldetédlion mefhodeaéh@fo béFoBudtidrif reliable. _
(non-limting) exanple, for the array to performboth QCM and SPR anal ysi s,

the elements in tAghdRjetHe bBov@anaftieaPiRMnUe’ ahef fissfanithef MoV Beils
the sensing materials. These coatindgs may be chosen for their specificity

i n bei ng abllimitationsnsEhere igea eeed frfa devige whigdenablasamgee than ene of shege

nol ecul es. ThL.S... ip. th i bl " i
noser for aaeeipERgs 3B, 4 B Shitiotsl 88 4S8 IPvER SRR .
a bi oserpgor reBultdl cTnedé seormplensdrtadi résulenivduid daiproved ehel gscuracy dfi the d.
The mass | oading,. 25 informati on of each el enent can thereby be obtained

t oget her wi t3Nalyica) datatnessPywebtgmedangl es. As a second (non-1imiting)

exanple, for the array to performboth QCM
i This ¥nventign is directed towards an improved device for micro-

gravimetric sensing, together with at least one of the other types of sensing
referred to above.

25

Summary of the Invention

According to a first aspect of this invention, there is provided a microchip,
for simultaneous micro-gravimetric sensing and surface plasmon resonance

(SPR) sensing, comprising:

30 o a transparent piezoelectric substrate having a first surface and a
second surface;



and optical / fluorescence detection, the same coating process as nentioned
above can be adopted. The chip can then be used to qualitatively detect, by
30 optical means, various target nolecules or materials, or it can be used
guantitatively as a mass | oading sensor (QCM. The optical detection
function can be used to judge the kind orgspecies of the materials since
each species 8 may have different characteristic spectrum Then, the
correspondi ng QCM si graalthinafilnbemetal delectrode sformetdhennties fisstssutfack ofhthe can

be very useful in a nunber of fields eneti ¢s engi neerjng, .phar macol ogy,
food | ndustry, etc. ASDRRlRy saif motal befiGndatd 3 tietietbiensuraeonasiing, o
i's provided a nethod 3e8bnAftd iiscH EX@tatioR! Sh@chi p, according to the first
aspect of this invention, conprising the tollowing steps: depositing on a

first surface of @ trang %rﬁ“bﬁ%g‘égg?f&ﬁbﬂi&tﬁﬁ‘ﬂ’lﬁtéf'a BURGICRES sAbdtahfiallfE! al

filmfornmed of a material capa generating surface plasnon resonarnce
under ex®itation, sai drarGpatardr insdtebal, nfprowde coredthier sacgodd susfabeeof the
pl ati num and copper; d,’puix)tkeggi ng the netal filminto an el ectrode shape;
depositing on a second®il'P%te of the crystal substrate a thin filmof a

MRAGARTIRI T BT A L MO T R
the nmetal fidyRadRffiorReoritRiting resonsstofd. | TYy@ERINd ane sLbsratans rsRrEsk gwdrk or

photoresists and the el ectrode patterning is effected by photolithogr a%hi o
t echni ques. lifhiuer niohketepat t er ni ng has been done, the photoresists are
renoved. According to a fifth aspect of this invention, there is provided a
met hod d0 20 fabrifeatmelgl electeode thay ke dormedgott @nyhmedalc aiichadp eahle ofo

this invention resin he faol | ow n RS . ositdng o fil St
surface of SaerAGLRIiE Hebdbn BspPHhoeobE Bt liel Blerelibiy B dindfda |
of a transpaggotmédofigeld YL shRIF CAIRsHIa@ly Mbleametl igksstrotfe ma§tie fathiv@ dhe
first netal oxide filminto an el ectrode shape; depositing on a second

surface of tHatiRYYPHrLOPREBstrate a second thin filmof a transparent
conductive sem conductor netal oxide; and Batter ning the second netal
oxide filminto afhels@sonddeleatipsle. is preferaplye famped ofetah JeRNSPERRNs $B8YT at e

5. oref 20! o PR Blo) WA 7 1. b SIS ral s GBESTROHY B,

whi ch t he subs IS a quartz crys pi cal

subst ant i al |gxidedhdivgukzimc otidg andamagxiderdndivom$in(dxide Bx hoplevgr, ferabaliyt
10mm x 10m x 0.1 ternatively the 5 quartz crystal wafer rmay have a
subst anti al IRfegqueé{Hnd%@I%rﬁéﬁ\égl}ﬁ’am%&ecPBﬁj @gﬁ'ﬁ%‘ﬁ%,mﬁy cﬁearﬁ%rt”é?f(?ff %t%{ht?\él%mn
and a thi cknggss RYHdURt BYm ] Jri it hs\e t he
si ze and/ or di ngr%g?lgns ofug%ligz)quaretgﬁz %’Fgg?%?@ﬁ@d ?gﬁ]r?gfgqg?ﬁnigz:sg\ﬂmand any
shapes or disufficienths highhtemnduativity i tfandtiont as el¢airadescio doke appve aaentionedray
be adOptZ%d' sensing devices. For example, when the electrode is formed of ITO, the

conductivity will typically be between 10 to 10 ohm/cm™.

The optical transmission of the second electrode should be sufficiently
high so as to enable a light beam to pass therethrough for optical detection and
SPR applications. Generally, the optical transmission of the second electrode
25 should be greater than about 70%.

The thickness and morphology of the electrodes are adapted so as to
enable the excitation of surface plasmons. It is known that extremely thin metal
electrodes are unsuitable for QCM operation. Therefore, in this aspect of the
invention, the thickness of the metal electrode film is typically between about 60

30 nmand 100 nm.



10 The nethod of depositing the first thin filmof electrode material or
the second thin filmof electrode material (or both) is preferably selected
fromthermal evaporation, el ectron-beam evaporation and RF sputtering at

| ow t enperature. The deposition tenperature of the el ectrodes shoul d be
bel ow any 15 pi ezoelectric phase transitign or de-poling tenperature of the
substrate. For exanple, 1TO can be deposited on uartz at about 200C, the

phase transition It s pqefemezl theat e dbis nesswttherf onef thehsecardieledtrade is

and the ol cdiataEnAHak R0, B 2 Pouf A0OF o TRE sk RE R i BlGGRE” =
techni ques. dNdutd alsbexpsit RIgRitRemPaISSLAISIRY HNinitia dRitet RSER itempbRatirITOV ed.

Preferably the patterned el ectrodes are aligned using doubl e-sided

al i gnment on the gdHordipgStdia ts@@oﬁél'bééﬂe%‘t eef Frhé Wﬁvéﬁ’tidﬁdth%?@%dbﬂﬂ'ldéél tehe
above net hods exhibit hi'gh thermal 25 stability and mninmal thermal drift

at room BenpBicsechie. fahsimultareais rpierg- gtawmetr@d seysingc epfapptiealt semsing,
processes to eﬁ $I§ good uniformty and repeatability. It follows that such
el ectrode coft éﬁ] $ions and manuf act ur i ng processes are suitable for

Cont ext requi  es "ot nerhy enspedt PRIt E shBRfeld Ading s st Ghckifhe 2

"conprises" or "conprisychad suake; #ed understood to inply the inclusion of a
stated el enent, integer or step, or group of 10 el ements, integers or

steps, but not the exgrsisigpd @bcomy i amelefiBiddes! fIrRRRr ofr a SéGRIuctive,
group of elenents, int e%érs or steps. Any discussion of docunents, acts,

mat eri al'®, devi ces, araubstandially t"@lﬁ‘épaiﬂﬂé maigriak saigselpespdes beingdarmad e
present specificati On’thé?wssc n?i é’eéo?lr %J}%)ggroeﬂegs%stpatgr oviding a context

for the present invention. € taken as an adm ssion that any

general know eagd 1F1e! fﬁ%éﬁ-rei%cﬁ &%S‘“va 8 *ﬁéﬁfﬁégﬁfi%%ﬁ‘iﬁgr%b o3RO LN ¢
order that the pr et RkhbEs ol 3@@%' ) Bhas)' e HRREIRRU° By

prior art andtepidetensesd Iffmméle@frodé@alrél\t@cmithlﬂntww alyenstesdaquaesly Wonlduct
reference to the follow ng drawi ngs and exanpl es. Bri ef Descrlptlon of the

Dr awi ngs!SFi geleetr@lty Ln the ﬁ’H’!Qrfhaélﬂi ifithgy are 8?0 thick. theis Supaiental tkansparercya 15
conventi C’”a'wﬂil rdnh.gga' g1 gér‘iir'éh# Pr&bﬂ@&‘i‘héﬁhb%héhﬁéé@bf frle%lecth tic
view of a mcro ccor rst aspect of this invention. ki gure
2B is a si np‘slbbltwdersabeum&)(l:nmmd ®00@ nm.crochi p according to the second
aspect of this invention. 20 Figure 3 is a sinplified schematic view of a
m crochi p accor diAgpihp thédnesubstrate may be formed of any transparent piezoelectric

crystal which is suitable for fabricating resonators. Typically, the substrate is
20 formed of quartz or lithium niobate.

The conductive, substantially transparent material is generally formed of a
semi-conductor metal oxide. This metal oxide is preferably selected from indium
tin oxide, indium zinc oxide and zinc oxide. Indium tin oxide is, however,
generally preferred. As mentioned above, electrodes formed of these materials

25 will have sufficiently high conductivity (eg. 10 to 10° ohm/cm™ for ITO) to
function as electrodes in the above sensing devices.

In a preferred embodiment, the microchip further includes a SERS active
surface deposited on the first thin film electrode. This is so as to enable SERS
sensing to be conducted. Preferably the SERS active surface is formed of a

30 material which can generate surface plasmons under excitation. Preferably, the



first aspect of this invention | ocated beneath an anal yte sol ution and
showi ng a beam of incident |ight passing there through. Figure 4 is a
sinplified schematic view of a mcrochip according to the second aspect of
this invention show ng an optical |ight source and optical 25 detectors.
Figure 5 is a sinplified schematic view of a m crochip according to the
second aspect of this invention adapted for SERS sensing. Figure 6Ais a
sinplified sshRBSadtive\dusfacefis arthir filay farmed afrgalthiop sdvera sAlterhatigelpdt matye.
30 Figure 6E‘E§is a ﬁjlnﬁlifi d B‘@Zin view of the array of Figure 6A. 11
Figure 7 is Rf §piig BW‘?@C’F AHALY ¢ lency agai nst neasurenent tine of
a mcrochip accordi ngﬁ&lo a, preferred Snbodi meEt of thié)ﬁi nvention. Figures
8A and 8B are gr dBRSPERIFPH§Mandiment Has mycroshinmeay betormed V('h) anfirayf ler
(B) mass | oa4) | ,.@o,qlm Lial | |

preferred e%%%t?o%&éﬂ&g?@ﬁ%\%lm | On!tlp%ﬁ Sﬁ?lg‘s%' @H&%ﬁg%%&ggﬁi%@rﬂeéﬁ%ﬂg\&i p,

accor di ng t dirst surfsoermay, inrfaotiicopmirisefa phirality vl saparate subadecteodasu orteseent
m croscope. Figure 10A is raph.show ng transmttance spectra of .a

i o ochi p, | SHOETBFIGIeY ate dvdealy tamad a8 anafidoF stblSqttles: sdnarat by

di fferent cogysticishe lubstraitd e Tidsd SuB-dé@Riiesh Ry Bedinl EeRieNdrabsranél t he
data curves of Figure 10A, for the different conditions shown in Figure
10A. Det ai | @60o@Rs;c Thetareangsimeniiconfigeratioorof amairay @ésuch subwdemtradesimay.of

preferred e’ﬂ%ﬁﬂ! Lhe invention is 15 now provided with reference to
t he above draw n\}ggs?n\t]%yg“tfﬁlgégl Is a schematic diagramof a sinple quartz

Chyoh B Srona) REBhREY PuABBeEE BN i8Rt JBB RIFHUEBLIR RS
consi sts of serﬁ_tl?“ bpparabss comnpridingnat least G miéﬁdcmfﬁmé deselittsd abdes. Thehi ch
are in double-sided alignnent on the 20 surfaces of the substrate. The

el ect rodes Digfanalysisasenaing apparatus inay camprsg an array or plurality of such
microchips.

In general, each sub-electrode (sensor) in the array is able to perform the
15  same functions as an individual sensor. So a single sub-electrode (sensor) of the
array may be used. Alternatively, any number of such sub-electrodes (or

sensors) of the array may be used to provide multiple information.

As a first (non-limiting) example, for the array to perform both QCM and

SPR analysis, the elements in the same chip can be coated with different

20 coatings as the sensing materials. These coatings may be chosen for their

specificity in being able to sense or detect different kinds of target materials or

molecules. This coated chip then can possibly be used as an “electronic nose”

for detecting different gases in the atmosphere or it can be used as a biosensor

which can discriminate different target molecules in a liquid. The mass loading

25 information of each element can thereby be obtained together with the variation
of SPR angles.

As a second (non-limiting) example, for the array to perform both QCM
and optical / fluorescence detection, the same coating process as mentioned
above can be adopted. The chip can then be used to qualitatively detect, by

30 optical means, various target molecules or materials, or it can be used
quantitatively as a mass loading sensor (QCM). The optical detection function
can be used to judge the kind or species of the materials since each species



comuni cation. Wthin the circuitry there is an oscillation circuit 30 and
a frequency counter 40. Figure 2Ais a sinplified schematic view of a
m crochi p according to the first aspect of this invention. The sensor
consists of a quartz crystal substrate 1. 25 Afirst electrode 2 is forned
of metal and the other electrode 3 is forged of a suitable transparent
material. The el ectrodes 2, 3 and the crystal substrate 1 enable
m Cr o- gr avi rmayil'aa\mndifteseat chatasteristicospectrurhlav iTingnt rtbesmme&poad'mg Q@ 3
bei ng transpar er]t this o enabl e SPR agﬁlé i s, t be c uct ed Flﬁ
enabling a |t?f‘c|" 0 Megsure epE@§S S &t?h’ §§E‘ dias
and through rtd?ﬁbé’woofsneteéé éhekicd Brighiderind phaﬁnéédlédta%o@ﬂgﬂ%tryt@% i ght
beamis reflected causing surface p asnon resonance to occur In the metal
el ectrode 2. I i he
m crochip is | ocatEgIr g?rgéﬁ"%éﬁ‘aﬁ g‘(s?g)fﬁtgm\}némigﬂ t%ru#%w@wﬁ%ﬂ’/\g}ﬁé gm of
i nci dent 5l i gift faprisating ng [rmrooglp tageosdiogntd dhecflnsbd@mecand this oinyentioe,
substrate 1. A reflect %beam l.ight 6 passes back out through the
substrate 1%’3”{%’&9@& Hawgwe?&@ﬁ ode 3. The evanescent wave is
represented by the curyed line opr.i ate incid

5 sURReS R

I
surface plasnon resonalr‘?@(? t‘@ﬁr@“ (?cﬁ'i? @Hﬁﬂa'@ngcrﬁ'?@bge‘%ngf%@?§PR

signal is affected by saB%traRTRPURRS rﬂ@ﬂ@@sﬂllhﬁ%ﬁﬁe& hef sLGRBtErRl esdptie &
Therefore, by conparing the SPR when no conpounds are deposited on the

e: ectrode 2 agai nst trg@nsmlnm@urta@ﬁpmﬁn@orar@smoade@otsnderd exqitation, said

&Z?éé;’qée mode. " F 3&?@%@3 hﬁ%??ér ﬂg@eé@he & %ﬁ@%&@f’#ﬁ% rfiaoch. p

according to a segcon %i@g'? ?% h,éee lpfrﬁ]ﬁt a yentiQ cording to this
Ri8ETha tie bRSaIGIAR b RiERbee et

??gﬁgtparegf (TIg(r:?(r:gdg 3 gbs 5 SECO H ® (s pﬁq nt e%‘ 1: ra%e iz aT]h: ot

mcrochip is adapt ed T‘%rp S D '(#ar%ﬁﬁ t%"‘frﬁa ﬁ{s&‘ﬁ Y t@ 6 E%ttf* %é'?tglfﬁ’é‘

Figure 4 is a schenatigf adt@rﬁip@%ﬁt%ﬁd@ght/@@emwrﬂ@bto@ nﬁ)étatdilxldeiahtﬁntl on,

set up for use for gravimetric sensing and optical sensing. As can be seen

the m crochip is «onnggitesing tie nftaICAXid& flm fitd G dledtfodishagdit source 14
directs a 20 beamof light 5 onto the mcrochip. The beam of |ight nay be

reflectaqd and thilg opeasmBbdintint &F tisig rhétabl, RYmBER fialareiateetdl bkidetfilm
optical detector 15. Alternatively, the beam of light may be refracted and

It raﬂsm tteg arfr deppsitase anf ceeatrd pwib pm@tpredsﬁSr@md dbe teﬁ@Trf@@‘% rRatteseingeldm of
i ol 11 20 SRS bR biionasERhy Rinidtost PARE He Potofind Wil ieeh ind,,

i nventi on héhe photoreSistsamaienwe/ddayer positioned on the sensor. As can be
seen, in this enbodinent, the mcrochip consists of a quartz crystal

substrate 1, transqarding telaettftrr asleect?af thid iavehtiom, 8 |aq:)td>\xr@edi ayreethdd of Thi s

SERSIa er is typically a suc ol d or silver. rnatjvely, the
ot al BBEOING, o SNEECIo BESOTOIIG Aoy SeRENeAtbact bt tBopiryeaton
through the foflb é’t@ g 3, 12 and the substrate 1 and is
reflected at or nea im’he sﬁﬁ# ace of the SERS active |layer 20. The reflected

beam of 1ight 6 exhi bi gﬁ‘r‘r’iﬁ”oﬁ%aﬁr%?rs'uﬂgc % 4 Wahsﬁ%dt’eprf%e‘?& gcﬂ'at, on

appropriate optical detector ure shows a possible cort1|$|

for an array of conbi rsetistpatd alﬁdstﬂﬁiﬂfdmrdcaH'anmarem\m@nﬂmﬂmsea”nmn@ctd'me
portion of the array sho Figure 6 incorporates a quartz crystal
substrate 1 on which i"8® tl\gge’épgd a nurrber of netal electrodes 2 (or

sub-el egtrodes). In the arr.ay,of F| e are number of sensors
38, whi ?h i ncor por at e AAYET '@Péétﬂ‘?g@é '?Héa?ﬁﬁ YA 3 eﬁtﬁ?)(i? SE’E‘P? ace of the
substrate. The sensors 38 are associ at e nmon transa_@ient

el ectrode 3. The regi SIEPSFI Qgr%&na?%‘ﬁawﬁa%ﬂéﬁte [astal Substate gq4econde

size of each QCM net althipl fied 0P %e trAndBhiee ToPB e BbnfiddHRRtor el "Blide;
el ectrodes 2 are preferably shaped as a grid. Beams of incident |ight 10

30, 31 travel throughame transparent el ectrode 3. These beams 30, 31
undergo reflection at the upper surface of the substrate 1. SPR or SERS
signals will only be @atterriagdhne saeontmetalcnddefim o ansledtradepshapeci ng a
spatially dependent (i.e. array) neasurenent. The graph of Figure 7 shows
the frequency stability of a mcrochip of the 15 present invention driven
at resonance. The neasurenent was carried out at roomtenperature using a
conventional oscillation circuit. The frequency drift was about 150 Hz over
a period of about 10 hours. The graph of Figure 7 denonstrates the
stability of electrodes forned of the transparent conductive sem conductive
oxi de-1TO. The relevant mcrochip was nade of AT-cut quartz 20 crystal with
one side be| ng coat ed vvrth a gol d eI ectrode and the ot her sr de coat ed vvrth

| ey~ b1 o " o




14 minimumin the curve. The mass | oading (nmentioned above in relation to
Figure 8B) was effected by dipping the chip in a fluorescent-tagged |1gG
protein solution and drying with nitrogen. As can be seen, the chip had a

| arge negative frequency shift of about 800Hz, indicating that nmass (namely
| gG proteins) had 5 attached onto the chipg surface. The m crochip used in
determ ning the frequency response was nmade from AT-cut quartz crystal, on

bot h si des of whilohtheeabowndoethods ofhedsubsttateais preferatllyafarmsst oéuadz or

f ' th . . ln this th f

conaucti vi t y R ptRe. 18,008 BatEiineBl In S, L supetietd Te i oUnte rustal
oscil I ation WafegUithe AgFer diypitally hAS 40 stBB&Ptiall\ESRREFRHUGS shapky HRling t h

a network anal yser. The figure shows that the device can be used as a nmass

sensitive sedigwnsians @eyexample)mfi akputhtOmmox d@inamhx & Tmmyi Altegrativelyf theni s

or of oct o@ 1 1AUATd Valal HBFREY el o ARRSRRaly lfut Shofe Alind) fr e,

under t aken f4 diarhéter of @bbut i dewm éﬁdﬁﬁmlékmsaﬁmt V-167a@d [enill, trevern
t hen be observed adsorbed onto the | TO surface. Figure 9 shows that the use

of transm ssP®APBIMGatad thatthsgizeAnd/or simeasioas 0617 AiaHz orEEs! wfgm%@otloA

and 10B are f a&glp t ar

this invent |%ﬁﬁ\9\nhﬁ?82ah¥o S re%agg(\tg ectgfrbtg és"tl}ﬁﬁ(‘jgarr@ gywéeﬁft()?;t cﬁ)i'lrtl | ons.
The graphs dpicgtiomsmaheadbpi®® denonstrate the optical application for a
chip with two-sided I TO as the el ectrodes. The chip fabrication process is

t he sangl0as nent imméthodeifadiapnsmng fhegfirst tRin filne of hdlétarade' maténiaadrethewi t h
different protei ont i ne ol uti ons vva,s tested w t

Dhot ospect § GRECER G L2 SectRs Thater Bb 4t hamy) 15 rairaiuedlegied from
absor bance %ﬁeﬂhﬁp%fvfabéﬁatnoﬁurdl@c&ohJBeEhg%\%pﬁ%mﬂ"% (e é%ﬁ%é@;ﬁbﬁ Tgf”l%ﬁ/

spectra of a bulk solution of -Ab. This data 1s I nclude erence.
Curve 2 of Hempesatld\ shows the transmittance spectra following FI TG Ab
adsorption onto an I TO surface (nodified with am nosilane APTES). Curve 3
of Figure 10A sholise tdepasitionr aemp'etatalace)fstt‘@cteiectfanielsomhugldeECbAlmw any
adsor ptian onto TO surf nodi fi silane H igure 10B
Shows di'Pr erBhtedPetipiate GaRstElr e ShalnhrtelipaTatE? e ebstrate” Edhs
can be nore @afhple, AT | i efbporitedi enf hoame. atTRibdut | 200°€, StWS

optical detection of bi onedi cal adsor:&jl on i s possible on a M with 1TO

el ectrodes. teansition far quartzheirg phewid H37Coer sons skilled in the art that
numerous variations and/or nodifications may be made to the invention as
descri bed herein lqueo@mbadm@ntmghrsmﬂthpﬁe hepmetal fign ansothe roetal pxide film

invention. T, t r o]

respects as 1 Ius |V\\/’2H2§gb %res r| cﬁ:évg e%'fr%?% ég?@%qgfhe ?@gﬁe@saw
def i ni ngot himotthogramhlcartecaquebJ owAftel thel(paltething 4az0 beeh ZHoné, 8tHe 30
A m crochip, for Si, m,JI taneous m cro-gravinetric sensing and surface plasnon

resonance ( |sn§eme rising: a transparent piezoelectric substrate
having a first nd a second surface; a thin filmnetal electrode

formed on the fi EI'-r’Srle? abtvadbe opatternedy pleciiades axp qakignes using dahipsided o
generate suré@h%é}{tmg JUFERBaE e Bsteatsi tation; and
Films formed according to the above methods exhibit high thermal
25 stability and minimal thermal drift at room temperature. The films can be
fabricated by microfabrication processes to ensure good uniformity and
repeatability. It follows that such electrode configurations and manufacturing

processes are suitable for creating array structures.

Throughout this specification, unless the context requires otherwise, the
30 word “comprise” or variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of a stated element, integer or step, or group of



a second electrode, fornmed of a filmof a conductive, substantially

transparent material, formed on the second surface of the substrate. A

m crochi p according to claiml1l, wherein the substrate is forned of a

transparent piezoelectric crystal which is suitable for fabricating

resonators. A mcrochip according to claiqp 2, wherein the transparent

pi ezoel ectric crystal is quartz or lithiumniobate. A mcrochip according

to any one ddlenmientsydntegers 8r staps; biuh nohtherexclusieh eftanydethes efementd irdégeyol d,

silver, plati nL{m or ca A mgcro higr)Féacc rding to any one of clains 1 to
PR eT

4, wherein tHe EB'C%HIOBBZ)&P}%H%"%SS' €%t ransparent seni conduct or
t al ide. Am hi i t laim5,, wh in the t,

ol oxie ' mEogHLR SSodng o oL an o wiEraln e L e

oxi de and zipRicA¥adbedh MchidedhRhépreset 3PebRicalich, T @plg\lv]ﬁerhé phﬁ‘f'ohs_e of

e
transparent seniconductor nmetal oxide is indiumtin oxid€. A mcrochip
accordi n§ t coramidingh@ epntexiifas thetpresentvinvesitiant hdt isecohdoebedakeneas san

fornmed of a r I r. i crochi p. accordi to any ,one of clains
1to 8, wnordd ESRE 65t pBYof At e & rshtess RyfREBRBES M RalRH 4588 & wée
suf fici ent| ycdthglonsgerssral RnéRRiAge i thelffeld irgldvahe &ntlie ppeseht tingsritidnhagugh
for optical detection and SPR applications. 10. A mcrochip according to

clai m9, whedstadieforgdhe paiority daternfeachrlaim ehbissappligatienect rode i s
greater than 70% 5 11. A microchip according to any one of clainms 1 to 10,
wherei n the fil mlBfordae thatctbadpreseant invaatiarx may be Moghcleady mndesstaed) they
and m nipal [ f r tyre, . A NG oChI i one
of ol ai g 1 Hisr At S s e EIRRR of e ddvenGn A IRE e By RER VAL Pl h e
are adapt ed the fafowingeirawirgstdrel dxareplest ati on of surface plasnons. 13. A

m crochi p according to claim 12, wherein the filmof the second el ectrode
has a thickness of fromabout 100 nmto about 1000 nm 14. A m crochip
according any one of clains 1 to 13, wherein the netal electrode film has a
t hi ckness ofBfigfddesdviptibn @D tierDirawibggut 100 nm 15 15. A mi crochi p accordi ng
to any one of clains 1 to 14, wherein the conductivity of the electrodes is
sufficiently higlFigareast ti® gnsikiptifiedediagraar of & MR MONRHeYicer Yi&ing a

m cr obal ance (%sensi ng or _surface acoustic wave (SAW sensing. 16. A

nmi crochil§, fenventianalddeed oseillation greil- met ri ¢ sensing and optical 20
sensing, conprising: a_transparent piezoelectric substrate having a first
surface and a sedogdresghriace simplidiedssshematisaviewceindl nisTaghin pacding toothes
formed of a i : ially transparent material, said el ectrodes
bei ng for mﬁgﬂ%‘ﬁg“}'??ﬁ’?@ﬁ " second surfaces of the substrate, wherein
sai d el ectrodes L : b ; 1 crochip
according to cl arﬁ#@ée%&ﬂg%é?ﬁﬁ@ﬁ%ﬁti@%m%@gﬂg\? %%a né?rg%p %ééorlc@@ot {\’/I\'%en
about 100 nrsevoddiPechaof this invention.

20 Figure 3 is a simplified schematic view of a microchip according to the
first aspect of this invention located beneath an analyte solution and showing a
beam of incident light passing there through.

Figure 4 is a simplified schematic view of a microchip according to the
second aspect of this invention showing an optical light source and optical
25 detectors.

Figure 5 is a simplified schematic view of a microchip according to the

second aspect of this invention adapted for SERS sensing.

Figure 6A is a simplified schematic view of an array of microchip on a
single substrate.

30 Figure 6B is a simplified plan view of the array of Figure 6A.



18 18. A mcrochip according to claim 16 or claim 17, wherein the substrate
Is fornmed of a transparent piezoelectric crystal which is suitable for
fabricating resonators. 19. A microchip according to claim 18, wherein the
transparent piezoelectric 5 crystal is quartz or lithiumniobate. 20. A

m crochi p according to any one of clains {6 to 19, wherein the conducti ve,
substantially transparent material is forned of a sem conductor netal

oxide. 21. A m crEJighrepTde(a)gtﬁpi’gsln@Nh:lgmeﬁnaance/\/freq%my hgaipehimaasdogment

P he oi?dZ.Xi@ﬁeiOiaﬁ@?%ﬁﬁ,@%é@@mf’onaPf%fgﬁrﬁﬁﬁw%ﬁdp gL P PgRtion® an

sem conduct or oXi | umtin oxide m CI’OChI acc rdging to
2y one of ol af s 19ufds 88 arid,BBhate bianhecs yvia dhedredbienc T8bere betors
deposi ted onyaynd bitét @rﬁas&,ubaalﬁb%m Qﬁeantib%d? oférmcﬁsé&ﬁﬁla%caﬁdi@g%rw to
claim 23, wherein the S active Surface is a thin filmformed of gold,

si | ver, ;5I atpreferrest eabodenentd.inyentiosr ochi p according to claim 24, wherein
the SERS active surface is a thin filmforned of gold or silver. 26. A

m crochi p accor di miguteo Srig anphotbgeapdi rf a micreshipwhagoerdinghto & quefestas 20
f or med onthe IS urf.ace of .the bst ate co lsesaplurallty of sub
el ectrodes. "ﬁﬁr@ 55@%6"‘%?@&'8%?%3 Flwrgls 'C\/\%%qpé’l n the plurality of
sub- electrodes |s |nt fo m of ehZ%th g oanal S|st se 2{3 8aratus
conpri si ng at '9“6‘%1 A& SR Shaving raﬁ‘a"}'t&a%cr%/ BRGrZ ot c At

27. 29. Bio- é’cfb%ﬂrdlﬁg&o%%Véfét%cﬁé%b@trﬁént&ﬁ%ﬁsdh%tb‘h Qhéérr@llﬁgrém%@hdmbﬁg

mul tiple mcrochi ps according to any one of clains 1'to 27.

met hod 0Ifo fabr| CaF|b[]Eb arOB‘ |§ré)@Pé;Fh §ﬁ§\ﬁfr@' diferchtialy oP tHe Gétacb@'v% o? FlgurjeIS
26 or né)rl sing t | ow ng steps: depositing on a first surface of
a transparen1 ifor the @lﬁBF&ﬂi cc)nsiélpas sbowstindtigure 40f.n metal film sel ected
fromgold, silver, platinumand 5 copper; patterning the netal filminto
an el ect rode shape depositing on a second surface of the transparent

pi ezoel ectric subst rate a th| n filmof a transparent conductive

sem conduct aed|De ] hellbveption er ni ng the netal oxide filminto an
el ectrode shape. 31 A rret hod of fabricating a mcrochip according to any
one of clains 16 Admam®s, det(al‘rgd ideisagptiareot prafened g@nshastimentsdefivei inveptiomisa

e o A Db SRR AR L S e 2

Figure 1 is a schematic diagram of a simple quartz crystal microbalance

(QCM) using a conventional tuned oscillation circuit, which is commonly used for
micro-gravimetric analysis. The QCM device consists of a quartz substrate 1
and two thin film metal electrodes 2 which are in double-sided alignment on the

20 surfaces of the substrate. The electrodes 2 of the QCM device are in electrical
communication. Within the circuitry there is an oscillation circuit 30 and a
frequency counter 40.

Figure 2A is a simplified schematic view of a microchip according to the

first aspect of this invention. The sensor consists of a quartz crystal substrate 1.

25 A first electrode 2 is formed of metal and the other electrode 3 is formed of a
suitable transparent material. The electrodes 2, 3 and the crystal substrate 1
enable micro-gravimetric analysis to be performed. Having the second electrode

3 being transparent, this also enables SPR analysis to be conducted by enabling

a beam of incident light to pass through the second electrode 3 and through the

30 substrate 1 so that, at the relevant angle, the light beam is reflected causing

surface plasmon resonance to occur in the metal electrode 2.



patterning the first netal oxide filminto an el ectrode shape; depositing
on a second surface of the transparent piezoelectric crystal substrate a
second thin filmof a transparent conductive sem conductor netal oxide; and
20 patterning the second netal oxide filminto an el ectrode shape. 32. A
met hod according to claim30 or claim3l,qg0erein the transparent

pi ezoel ectric substrate is a quartz crystal wafer. 33. A nethod according
to clai m32, wherEiia ishmoog alearlyc exemplifiedhfierFigare 8, switereatiel aditrpchip is

t | h havi ng di ' t 10 510 mm x,0..1. 34,
A et nod acdBPaRR TS BAATES SRarE) O i sepRaws Adea A pdiSitlghs 5
substanti al |%é§iﬁ§ﬁ£%\ﬁ%r§ﬂ%dﬁﬂi dl8ctfodd Q%HQhrdlfghath@l&ustgafélﬂ andreflBLfegness

of about 0.1 mm A nmet hod according to any one of clains 30 to 34,

wher ei n t he hagmoef Bghtd8ppessesdpackeowti thyoughi thef substegte el eand dtie seaondi al

surface oo Speiedh %t  The: BRERSEHalE F rofteseiiiod Bhiheciiied dfs 20 R and
RF sput t eri ngpprbpeiate iheideheligitrarighe eurfabe plasimin esboranee SPR)tacarinmheS,
wherein the method of deposition Is Rf sputtering at a Iowtené)erature. 37.

A et hod accic@Ndgledrades? mibs 7R signarisaffecied byianyiaempripsis denssited on
t t ' i . :
10" proper 11 EBSFEPRd AR Theteiafe AT AT s R MR RO AHIdRLT

t he depositiare teppsitent wre the elbodd (D Gga¥st hereSPRIwhenaocdmpouhds aarg one
of cl ai 30.to 38, wherein theéhin filnms are coate and_thela?l ectrode

patterni'lg ideRosited: 80 e RIscEPdenGPIRtIate 1aetegminatignesin 4glatianrie h

accordi ng t G;GHYo n HePebPbePdde. 39, wherein the patterned el ectrodes
are aligned tﬁﬁ%g ouﬁ e-sided alignnment on the surfaces of the substrate.

41. A method of qf]gh,‘,@'zﬁgs%rsi%ﬂfiéc’?%El‘?&nétié’”ﬁl‘&ﬁi?lg%f,éﬁ?i&o@ﬁé%oﬂﬁ%}gtgiang

20 simul taneously C€onducting mcro-gravinetric sénsing and sens
utilising bisscandlaspest ebthe prpsapbimvention.adcoondlimg)ta this lbapect2 theomicrioahim 29,
and any one .of clainms 1 to 15. 42 hod of. al ysi ng . or nitqring a
ol ecdl e <dNEPRERHER 4 ALAAGRPIE! stheEEcua rd dransoersts Hedrod ottt r i
sensi ng 1and gbnaakrapepardnd. eldetrode | 121 NOTHIS Onﬁérabbﬁfal ) Seﬁﬂa?t@@ RPPASEL s
according to claim28 or claim?29, and any one of clainms 16 to 25. 43. A
met hod accordBMignetsc seasingsand eptinebsensing opti cal sensing i ncl udes
measuring a selected optical signal selected fromone or nore of _

fl uorescence, phdtiguiendrie scechamatizadiagran ghowing §e arerochin ofthismvention,

reflection a&q L}pr l%?%@esf%} %Pavime?r?c sensing and optical sensing. As can be seen the
microchip is connected to an electrical circuit 40. A light source 14 directs a
20 beam of light 5 onto the microchip. The beam of light may be reflected and this
beam of reflected light may be analysed by a first optical detector 15.
Alternatively, the beam of light may be refracted and transmitted through the
microchip so that the refracted/transmitted beam of light may be detected by a
second optical detector 16.

25 Figure 5 is a simplified schematic diagram of the microchip of the second
aspect of this invention having an SERS active layer positioned on the sensor.
As can be seen, in this embodiment, the microchip consists of a quartz crystal
substrate 1, transparent electrodes 3, 12 and an SERS active layer 20. This
SERS layer is typically a metal such as gold or silver. Alternatively, the metal
30 may be platinum or copper. A beam of incident light 5 passes through the
transparent electrodes 3, 12 and the substrate 1 and is reflected at or near the
surface of the SERS active layer 20. The reflected beam of light 6 exhibits

Raman scattering and this can be detected by an appropriate optical detector.



44. A nethod according to claim43, wherein the optical sensing includes
use of surface enhanced Raman scattering (SERS). 45. A mcrochip
substantially as herei nbefore described with reference to any one or nore
of Figures 2 to 6. 5 46. Bio-analysis sensing apparatus conprising one or
nore m crochi ps according to claim45. 443 A nethod of anal ysing or
nonitoring a nol ecul e by using bio-anal ysis sensing apparatus according to
clai m 46. . AGR AT ig@e8rshewsA@ passitie .capfiggratio®fos anyrraekf Ae@binsi L52M

. AS. Af _. AS.

xt ~ysni d_zU| %’% §E’f{§?’&%ﬂr§i‘?’c‘3@’* apd SR senping; cHieartianalthe Aray S ha) ¢
a] ca] ca] ca] CPl?hféaBQﬁéﬂrﬁéiaiéi @" aﬁ'?d §i]a¢ Bébﬁﬂht%dﬁon WhICh is located a_number

PO " #$$ztoje [V]]calc ca] caJ cal] ca] ca] ca] ca] cal] ca] ca] ca] c”a] ca] ca
] ca] ca] ca] cfonptad jedeg tw}esa& coapWnplesirodpeh] bnihenagayrédigure§.+there-are ay 00

o] cal &) cidere) dafhcls B ARIGEEGRREN BN B SRICZ] ERYRRIGR LirboRLe el ©

7777/ 8{ 889dNfHfHde; of the substrate. The sensors 38 are associated with a common
; <<<<><<K<<E==>>>D?Q??{ vl f a\ V\é l.ca] ca] caUéca ] cal ca%ca] cal ca] ca] cal ca] callc

a] ca] ca] ca] ctaqrtséqa&rptcgje@a]oé&] a]Tchﬂ daqa'@a a] §la]r@ta} Y cedch @I@cmequ

HHHI O 11 BJJJ

a] ca] ca] ca] cé%&ég(}%(%] gﬁaca ca égiﬁﬁq%‘%{l} ca T&Jﬁc %Fglﬁ?@ %? IC?I Cﬁk&
O>OOOO°/\\(PPPQMQ@@ M'ETQ' @kbravblyrlsbép@c] BBl giid. aﬁmmbtmbmhd: ag;ma] f:a

]&\3\;{,@@] {:19?!;/& qa‘I]trgJ/eﬁa{L 6l.ljlg%ai']n ;p n%aelleca% %%]§ all'% Le n"] :% C:?’J er o) cal U

Pt

ol ca] anal oo D e RS RE faaspfony o=l

zzzi {{| Al Q | b8 axcited-or2 {ligndRtal coated regions thus producing a spatially dependent (i.e.

}xsnid _Z]]] c% {:%])JH %%L} ca‘] @z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

] ca] ca] ca] ca ] ca] ca] cal!-Sdt ~xsmhc”~Xnid_Z]]] U] ca] ca] ca] cal ca

| call cal cal call capcalcal o8t PR f8 ) SRV RGNS SNG4 hBloERI 81 &) o]

caJ ca] ca] ca

SANHUd g Alsx ~XsrgeAt<mvénddm |ddven] sadesahansd.c af I@hﬁeﬂ%@éh@ﬂa@%&ﬂb@a&m&éﬁal c
a] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalca~\:!l_y#10% & ()-!I
y#10% " & () -Moomdgmperaturg usioggdgopyenticrgdgseiliplions circuit. The frequency drift

tov & ()- 1003 Pl Hiead; & et bpolbSH ul o IBEH e e, 7
10% & () - ! f 3derhondrdtes She @aan}waﬁ Rlextrotie®o férmgd 3df0tMestrahspdretit ondudtive
F#10% ()- m&%%%ggﬁct(\)e oxujj' IQT% )l'he }elevant microchip was made of AT-cut quartz
20 crystal with one side being coated with a gold electrode and the other side

coated with ITO as the counter electrode. The microchip was then packaged in

a tray for testing. The microchip was measured with a conventional oscillation

circuit with an excitation voltage of about 5V. The circuit oscillates the quartz at

its fundamental resonant frequency. In the testing process, the temperature was

25 kept constant at about 25°C. The graph of Figure 7 shows that the stability for

the ITO coated quartz is good and acceptable for practical applications.

Figures 8A and 8B show graphs of frequency response of another
microchip before and after mass loading with an antibody. Figure 8A shows the
frequency response before the mass loading. As can be seen, the resonant

30 frequency is about 17,447,000 Hz. As shown in Figure 8B, after the mass
loading, the resonant frequency is about 17,446,200 Hz. This shows that, upon
adsorption of the antibody, a negative frequency shift of about 800 Hz occurs. In
this example, the resonant frequency is determined from the impedance
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and drying with nitrogen. As can be seen, the chip had a large negative
frequency shift of about 800Hz, indicating that mass (namely IgG proteins) had

5 attached onto the chip surface. The microchip used in determining the
frequency response was made from AT-cut quartz crystal, on both sides of
which semiconductor oxide-ITO was coated and patterned forming the
electrodes. In this case, although the ITO was of high conductivity, it is difficult
to excite the sensor with a conventional oscillation circuit. Accordingly, the

10  sensor response was analysed with a network analyser. The figure shows that
the device can be used as a mass sensitive sensor.

In Figure 9 (being the photograph of a microchip of this invention under
the fluorescent microscope), the excitation UV light is projected from the
backside of the microchip and the observation is undertaken from the front side.

15  The fluorescently-tagged antibody can then be observed adsorbed onto the ITO
surface. Figure 9 shows that the use of transmission optical arrangements is
viable for the device.

Figures 10A and 10B are graphs of transmittance spectra for a microchip
according to this invention with 2 ITO surface electrodes under different
20 conditions. The graphs of Figures 10A and 10B demonstrate the optical
application for a chip with two-sided ITO as the electrodes. The chip fabrication
process is the same as mentioned in relation to Figure 8. Then, the chip, treated
with different protein-contained solutions was tested with an UV-vis
photospectrometer which can be used to record the transmittance or absorbance

25 properties.

Curve 1 in Figure 10A shows the transmittance spectra of a bulk solution
of FITC-Ab. This data is included for reference. Curve 2 of Figure 10A shows
the transmittance spectra following FITC-Ab adsorption onto an ITO surface
(modified with aminosilane APTES). Curve 3 of Figure 10A shows the

30 transmittance spectra following FITC-Ab adsorption onto an ITO surface
(modified with silane HDMS).
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10° 5 o a transparent piezoelectric substrate having a first surface and a

second surface;

. a thin film metal electrode formed on the first surface of the
substrate, said metal being adapted to generate surface plasmon

resonance upon excitation; and

10 o a second electrode, formed of a film of a conductive, substantially
transparent material, formed on the second surface of the
substrate.

2. A microchip according to claim 1, wherein the substrate is formed of a
transparent piezoelectric crystal which is suitable for fabricating

15 resonators.

3. A microchip according to claim 2, wherein the transparent piezoelectric
crystal is quartz or lithium niobate.

4. A microchip according to any one of claims 1 to 3, wherein the metal
electrode is formed of gold, silver, platinum or copper.

20 5. A microchip according to any one of claims 1 to 4, wherein the second
electrode is formed of a transparent semiconductor metal oxide.

6. A microchip according to claim 5, wherein the transparent semiconductor
metal oxide is selected from indium tin oxide, indium zinc oxide and zinc

oxide.

25 7. A microchip according to claim 6, wherein the transparent semiconductor

metal oxide is indium tin oxide.

8. A microchip according to any one of claims 1 to 4, wherein the second

electrode is formed of a transparent polymer.

9. A microchip according to any one of claims 1 to 8, wherein the optical

30 transmission of the second electrode is sufficiently high so as to enable a
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second electrode is greater than 70%.

5 11. A microchip according to any one of claims 1 to 10, wherein the film of the
second electrode exhibits high thermal stability and minimal drift at room
temperature.

12. A microchip according to any one of claims 1 to 11, wherein the thickness
and morphology of the electrodes are adapted so as to enable the

10 excitation of surface plasmons.

13. A microchip according to claim 12, wherein the film of the second
electrode has a thickness of from about 100 nm to about 1000 nm.

14. A microchip according any one of claims 1 to 13, wherein the metal
electrode film has a thickness of from about 60 nm to about 100 nm.

15 15. A microchip according to any one of claims 1 to 14, wherein the
conductivity of the electrodes is sufficiently high so as to enable the
sensor to perform quartz crystal microbalance (QCM) sensing or surface

acoustic wave (SAW) sensing.

16. A microchip, for simultaneous micro-gravimetric sensing and optical
20 sensing, comprising:
L a transparent piezoelectric substrate having a first surface and a

second surface; and

. first and second thin film electrodes formed of a conductive,
substantially transparent material, said electrodes being formed on
25 the first and second surfaces of the substrate,

wherein said electrodes have a thickness of less than about 1500 nm.

17. A microchip according to claim 16, wherein the thickness of the
electrodes is between about 100 nm and 1000 nm.
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19. A microchip according to claim 18, wherein the transparent piezoelectric

5 crystal is quartz or lithium niobate.

20. A microchip according to any one of claims 16 to 19, wherein the
conductive, substantially transparent material is formed of a

semiconductor metal oxide.

21. A microchip according to claim 20, wherein the semiconductor metal
10 oxide is selected from indium tin oxide, indium zinc oxide and zinc oxide.

22. A microchip according to claim 21, wherein the semiconductor metal
oxide is indium tin oxide.

23. A microchip according to any one of claims 1 to 22, further including a
SERS active surface deposited on the first thin film electrode.

15 24. A microchip according to claim 23, wherein the SERS active surface is a
thin film formed of gold, silver, platinum or copper.

25. A microchip according to claim 24, wherein the SERS active surface is a

thin film formed of gold or silver.

26. A microchip according to any one of claims 1 to 25, wherein the electrode
20 formed on the first surface of the substrate comprises a plurality of sub-

electrodes.

27. A microchip according to claim 26, wherein the plurality of sub-electrodes
is in the form of a grid.

28. Bio-analysis sensing apparatus comprising at least one microchip
25 according to any one of claims 1 to 27.

29. Bio-analysis sensing apparatus according to claim 28 comprising multiple

microchips according to any one of claims 1 to 27.
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&3109& () - ! ¢t 109 NRethdd of fabricating a microchip according to any one of claims 1 to
15, 26 or 27, comprising the following steps:

o depositing on a first surface of a transparent piezoelectric crystal
substrate a thin metal film selected from gold, silver, platinum and

5 copper;
o patterning the metal film into an electrode shape;
o depositing on a second surface of the transparent piezoelectric

substrate a thin film of a transparent conductive semiconductor
metal oxide; and

10 . patterning the metal oxide film into an electrode shape.

31. A method of fabricating a microchip according to any one of claims 16 to

25, comprising the following steps:

. depositing on a first surface of a transparent piezoelectric crystal
substrate a first thin film of a transparent conductive semiconductor

15 metal oxide;
° patterning the first metal oxide film into an electrode shape;
o depositing on a second surface of the transparent piezoelectric

crystal substrate a second thin film of a transparent conductive
semiconductor metal oxide; and

20 o patterning the second metal oxide film into an electrode shape.

32. A method according to claim 30 or claim 31, wherein the transparent

piezoelectric substrate is a quartz crystal wafer.

33. A method according to claim 32, wherein the quartz crystal wafer has a
substantially rectangular shape having dimensions of about 10 mm x

25 10 mm x 0.1 mm.

34. A method according to claim 32, wherein the quartz crystal wafer has a
substantially circular shape having a diameter of about 14 mm and

thickness of about 0.1 mm.



- 1098 ()-!1? ~*10%& ()-yORo }[9MP1

10! N&#1090VE ()-2z!:1109% 1& ()-!&L"109W& ()- 3

910988 ()-! H 109& ()- LS109%V& ()-!-wUMP1 10

T*1090VE () - ! a& #109WVE () - ! >#! 109& ()-! #1091 & ()-!5Y! 109R&& ()-!>! 109%& () -
f-}oP1 I!10%v& ()- f10%& ()- 10 10 0

10! 53s! 109& ()-!f/#109V& ()-!0S, ! 109%+& ()-Sd*?0P1 |! 10%E& ()-!C

o100k () -1 1omanghod &R (o i el oIS Aich i (R Je methed f,
10! H 4! 109%& () - ! ajepobitivgMee first thirl flevef aletirodiée huatBal(or-theebovaithin) filinCof

* R - ? 11 ?2gl R | 0, ! -
13%&6) ! gNﬁléW«%@q%gtr{@{%aﬁﬁgl%l) (O%Lt%%? on}o t% relevant surface is selected from
thermal evaporation, electron-beam evaporation and RF sputtering at a

5 low temperature.

36. A method according to claim 35, wherein the method of deposition is RF

sputtering at a low temperature.

37. A method according to claim 35 or claim 36, wherein the deposition
temperature is less than that at which damage occurs to any piezoelectric
10 properties of the material.

38. A method according to claim 37, wherein the deposition temperature is
about 200°C.

39. A method according to any one of claims 30 to 38, wherein the thin films
are coated and the electrode patterning is effected by photolithographic
15 techniques.

40. A method according to any one of claims 30 to 39, wherein the patterned
electrodes are aligned using double-sided alignment on the surfaces of
the substrate.

41. A method of analysing or monitoring a molecule, said method including
20 simultaneously conducting micro-gravimetric sensing and SPR sensing,
utilising bio-analysis sensing apparatus according to claim 28 or claim 29,

and any one of claims 1 to 15.

42. A method of analysing or monitoring a molecule, said method including

simultaneously conducting micro-gravimetric sensing and optical sensing,

25 utilising bio-analysis sensing apparatus according to claim 28 or claim 29,
and any one of claims 16 to 25.

43. A method according to claim 42, wherein the optical sensing includes
measuring a selected optical signal selected from one or more of
fluorescence, photoluminescence, Raman scattering, absorption,

30 reflection and transmission.
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5 46. Bio-analysis sensing apparatus comprising one or more microchips
according to claim 45.

47. A method of analysing or monitoring a molecule by using bio-analysis

sensing apparatus according to claim 46.



