1 24 January 2007 SURFACE PLASMON RESONANCE AND QUARTZ CRYSTAL MICROBALANCE
SENSORS ON MICROCHIP Technical Field 5 This invention relates to a microchip which is adapted
simultaneously to obtain complimentary signals from different techniques of detecting or monitoring
molecular (especially biomolecular) adsorption. In partlf:ular this invention rel 2S) ch ? I7|p
adapted to perform micro-gravimetric sensing (such as with a Quartz Crystal Micro ance CM)),
together with another sensing 10 techmue usm |nC|dent Ilght Back round of the Inventlon There is
a great need for reliabla*enemle 2 ' - QUART 2, in
environmental applications, thqm@:ﬂjm@g chggmgh@n Mmﬁdﬁm@etect trace quantities of
toxic chemicals, organic molecules or biomolecules. Similar comments apply in relation to the need to
accurately analyse biological samples. Sensors often need to be able to identify specific substituents
and/or derivative chemical groups attached to the basic structure. 20 Numerous techniques have
been developetehdatecketd/or monitor organic molecules or biomolecules in aqueous solutions.
These techniques typically involve measuring the extent to which the relevant organic molecules or

biomolecules are adsbffedn¥atiapieliRigatarfadier osamhighugiGeaniedesindianess sbetmiques
need to be periinRGSRNAINEM AR LFIe RENIdRR < KERIHIEIGRICETTRY Y iRdsiatieR o the

analytical results. Some of the technlolat;‘es which have been developed are mentloned below. {a)
Micro-gravimetfieleeHng(RABRSIgIViRietRielgeriang adaiplipbased dPaitieulas oiBulinXesticlic 30

Wave (BAW)/Guats Gy anitiganplanesptald V) gemisen anrauiiatinetric sensing (such as

with a Quartz Crystal Microbalance (QCM)), together with another sensing

10 technique using incident light.

Backaground of the Invention

There is a great need for reliable chemical sensors and biosensors in

many areas. For instance, in environmental applications, there is a need for

15 sensors which are able to detect trace quantities of toxic chemicals, organic
molecules or biomolecules. Similar comments apply in relation to the need to
accurately analyse biological samples. Sensors often need to be able to identify
specific substituents and/or derivative chemical groups attached to the basic

structure.

20 Numerous techniques have been developed to detect and/or monitor
organic molecules or biomolecules in aqueous solutions. These techniques
typically involve measuring the extent to which the relevant organic molecules or
biomolecules are adsorbed onto a particular surface. In many situations, several
of these techniques need to be performed separately in order to provide a

25  greater degree of certainty in relation to the analytical results.

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
30 Wave (BAW)/Quartz Crystal Microbalance (QCM) devices and Surface



1 a 24 January 2007 Acoustic Waves (SAW) devices. The molecules being analysed or monitored
are adsorbed onto a surface electrode. The shift in the 2 24 January 2007 resonance frequency on
adsorption is usually measured and the mass loading before and after any processing is then
determined. A QCM is a quartz crystal wafer with two ﬁéanar metal electrodes t‘ﬁﬁnﬁ‘é’( SéP* es of
the wafer. The quartz crystal can be excited to 5 mechanical resonance by an alternating electric field
due to the inverse picgoslRREiantGes TBARTORBNEEICARIENIHARRRELIBL IR0 i (8BS
material adsorbed onto the surface electrode. For instance, resonance frequency decréases for mass
accumulation and incie@BH9f6E nfdesadaached. TREOsAIB iifREGUEIRSIRMEbe THIBtER S tAetRBsorbed
10 mass using analytical equations. With an appropriate oscillation circuit, QCM devices are suitable
for the detection of substances in either a gas, liquid or vacuum environment. A mass-loading in the
order of about 1 ng/cm2 can be detected. A QCM can be employed as a chemical sensor or biosensor
by 15 incorporating a suitable coating to the surface which can be selective for a particular
substance. Benefits of QCM devices include their low cost and the fact that they can be used as
biosensors to detect interactions of biomolecules directly (ie. with no labelling of the analyte
molecules). 20 (b) Surface Plasmon Resonance (SPR) Surface Plasmon Resonance (SPR) is a
general method for the detection of chemical changes occurring at the surface of a thin metal film. It
measures changes in the optical thickness (i.e. refractive index) arising from molecular adsorption on
the metal surface. The generality of SPR 25 techniques has proven to be useful for the
characterisation of a wide



variety of chemistries. SPR techniques are used extensively in the biomedical area. For example one
of the widely studied chemistries using SPR techniques is protein-protein interactions. In SPR, an
evanescent wave (which is an exponential-decaying wave) 30 exists at the sensor surface. In what is
known as the Kretchmann geometry, an evanescent wave is generated when HL@@HH%[ l;ection
of incident light occurs at the interface of a substance with a high 3 24 January 2007 refractive index

and a substance of low refractive index (i.e. a glass-air_interface of a prism). SPR occurs under
certain conditions whedSQNARESilEEH A4 P8gageRIRNiAdvErHRUSIAC DS tieds AReL &N gvRESShe

incident light is monoggmatierdie HRE SIRGIHNP o EMSEAWHED ORtbIAHMdg. @ surface plasmon is

excited) and absorb energy corresponding to a certain angle of incident light. The angle is called the

SPR angle. The SPRssigiGNlissdgtgotmdzoyryeeaswang theintaosplaatihe oellettedrbget ShtieSPR
angle, a sharp decrease or ci "in irr#gen it isqrjtneasu d as the surfaceﬁlasmo absorhs energy. 10
The position of the SIB’??aﬁ{jIr gﬁe s BF A &fractive §n FHAGAHEYSE siﬁar’su cEXHHRS éﬂanges

upon the Binding of nMoethdeikt teeosuariaech{ansaivanibinghel &t gl dhartgethacentslisg to the
amount of molecules boun(c?to the?i%urface. he detection limitation of SPR is a(ﬁ roximately % ng/cmz2.
|

15 Advantages of SPRYEA ﬁ‘iﬂ'é:s g?ltalygi Slr%?ﬁ{b?ﬁﬁ;eb BN arlS iEP% iHBR e PEal-time
monitoring of bindingragestoamddaheiifregssitiedtiontof thacsurialecWivdmteiactidng. SiRRteehniques

are also highly sensitive, easy to use and enable the study of adsorption kinetics,in-situ. (c) Optical
Gorection 20 Optoal RO Rl ARUPAD OB AR ) LS A BUMUBLER ZDpHSIBRSC TR erm
"optical detection” is usaskinddisctipacifitagosHift in frequency can be related to the adsorbed

10 mass using analytical equations.

With an appropriate oscillation circuit, QCM devices are suitable for the
detection of substances in either a gas, liquid or vacuum environment. A
mass-loading in the order of about 1ng/cm?can be detected.

A QCM can be employed as a chemical sensor or biosensor by
15 incorporating a suitable coating to the surface which can be selective for a

particular substance.

Benefits of QCM devices include their low cost and the fact that they can
be used as biosensors to detect interactions of biomolecules directly (ie.
with no labelling of the analyte molecules).

20 (b)  Surface Plasmon Resonance (SPR)

Surface Plasmon Resonance (SPR) is a general method for the detection
of chemical changes occurring at the surface of a thin metal film. It
measures changes in the optical thickness (i.e. refractive index) arising
from molecular adsorption on the metal surface. The generality of SPR

25 techniques has proven to be useful for the characterisation of a wide
variety of chemistries. SPR techniques are used extensively in the
biomedical area. For example one of the widely studied chemistries using
SPR techniques is protein-protein interactions.

In SPR, an evanescent wave (which is an exponential-decaying wave)
30 exists at the sensor surface. In what is known as the Kretchmann
geometry, an evanescent wave is generated when total internal reflection

of incident light occurs at the interface of a substance with a high



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. qugcally, within a given speﬁr%ﬁag 566'7
substance or molecule has a unique optical response or spectrum. The characteristic response or 30
spectrum can be userkip disinguint,malsailesadsnrhedioplo R uRRiasH R QpYiugly. for
absorption and transmission base anuary measurements (as In a spectrophotometer),
the substrate used miéedace DispapEamONS PRrtdLrophickrdegs@iorcautitionge Whsarmdein

Enhanced Raman Sﬁﬁﬁegpgn@chR ngds&ugﬁ\%(ﬁtqg |gegfatr8ﬁc thgg%%%ue W‘Wer? {}@es been

developed for obtaining molecule-spe ifi measurements on surfaces. In Stechnlque: a laser
beam impinges onto Heigeatelighd isitiepfoshmiralisatithed ioeeheieatromsttad ligiet isriabradt on a
Raman spectrometer, I hgkgy obtainj f ' n" RidRaman i fro, S is Fa%ance
the electr%?nagnetic iﬁtge—:égagltf%n | étvtélee%]%h%czég ﬁjggtraﬁ g‘r_% tégggggrbgg&mcﬁgggfgs. %hrgl r
contribution to such €aH&sPER@NYJPtRededaik R AElnsidemetiohbmithe gaglerasieakigdsingace

plasmons, which Ca”éiﬂi?iﬁi‘g'%[y fcse8pRta ﬁmaaquam rﬁeay;umgqﬁéaﬁfﬂeﬁéﬂgmm@h in

the form of metal particles, cdlloids or microparticles coate etal, roughened or porous metal
surfaces etc 15 also '@élgstednigie.géidhaioi br angley auihace preiese orheinbivéntgnily ifetection

methods tend to be r%@é%@ r%l@}%esu?ﬁg&%% ﬁ%%@yﬁi@@;gchniques are useful, they all

Béh?%
have their limitations. There is a need for a device which enables more than one of these
10 The position of the SPR angle depends on the refractive index of the

sensing surface which changes upon the binding of molecules to the
surface. Consequently, the SPR angle changes according to the amount
of molecules bound to the surface.

The detection limitation of SPR is approximately 1ng/cm?.

15 Advantages of SPR techniques in analysing/monitoring biomolecular
interactions include real-time monitoring of binding events and label-free
detection of macromolecular interactions. SPR techniques are also highly
sensitive, easy to use and enable the study of adsorption kinetics in-situ.

(c)  Optical detection

20 Optical detection techniques are also widely used in biomedical
applications. The term “optical detection” is used in this specification to
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



techniques to be conducted simultaneously so as to provide complementary 20 results. These
complementary results would improve the accuracy of the analytical data thereby obtained. This
invention is directed towards an improved device for micro- gravimetric sensing, together with at least
one of the other types of sensing referred to above. 23 Summary of the Inven%ﬁﬁ%@%%&;}a first
aspect of this invention, there is provided a microchip, for simultaneous micro-gravimetric sensing and

B R I S A B

having a first surface and a seco urface; In i ectrode formed on
the first surface of thérenbpaegs}.said metal being adapted to generate surface plasmon resonance
upon excitation; and a second electrode, formed of a film of a conductive, substantially 5 transparent

material, formed on th¥8ePaHIF Yl ARRtIsAIhdetaAliarate ClipigHSnith S YdasRdEBaNeaE BaMARd of a
transparent Semicongéﬁf%rmgtf{‘g@ﬁ@ Oor ph ansnes e&‘tr@@hfma\fpgﬂ‘? f@&ﬁfﬁq@% aiat

transparent piezoelectric crystal which is suitable for fabricating resonators. Typically, the substrate is

formed ofQuartz or TRRIHEFMNRBRIOPES (PEEPEREINEIRARGUR $0RREE ITSAY HHRTENRINS able

to generate surfa_ce BW&M.VGWH%‘@EW@WF@U@Paﬁ%%&nﬁhﬁq@iﬁ@%@%t@ fpemadf gold
or silver. Alternatively, the metal electrode may be formed of platinum or copper. 15 The second

electrode is formed oRBAr&HEAHIR LARKESRIGERS Plethe transmitted light is recorded on a

Raman spectrometer. The key to obtaining a significant Raman signal

from a surface is to enhance the electromagnetic interactions between the
10 substrate and the adsorbed molecules. A major contribution to such

enhancement of the local electric fields comes from the generation of

surface plasmons, which can significantly increase the Raman emission.

Coating the surface with metal, in the form of metal particles, colloids or

microparticles coated in metal, roughened or porous metal surfaces etc
15 also assists in the generation of strong surface plasmons.

The above optical detection methods tend to be robust and reliable.

Although the above analytical techniques are useful, they all have their
limitations. There is a need for a device which enables more than one of these
techniques to be conducted simultaneously so as to provide complementary

20 results. These complementary results would improve the accuracy of the
analytical data thereby obtained.

This invention 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 . a transparent piezoelectric substrate having a first surface and a

second surface;



oxide or of a transparent polymer. The metal oxide is generally selected from indium tin oxide, indium
zinc oxide and zinc oxide. Indium tin oxide is, however, generally preferred. Alternatively, the second
electrode may be formed of a suitable transparent conductive polymer. Electrodes formed of these
materials 20 will have sufficiently high conductivity to fgnction as electrodes forztji]ggrtﬂ?é@ ioned
sensing devices. For example, when the electrode is formed of ITO, the conductivity will'typically be

between 10-3 to 10-5.ohm/c:§n-ﬁ.m;l' he pm:&latlraé]émi%fﬁgn%fgmgds nj&lapl: %%ﬁﬁgg'do?e%spR

sufficiently high so as to enable a light beam to pass therethrough tor optical detection and
applications. Generally, the $iggstiatearsidssietab i g adrpledetorgeaesatauisliaceeliasmem about

70%. The thickness and mof@éﬁﬁ%@ﬂﬁ&ne 'ﬁ%ﬂSﬁ-aé d’;\dapted 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 hiesthinyedieftotis Hairkaassiol mnestal @eeliededBLissiapially
between about 60 nm and 100 nm. 6 24 January 2007 It is preferred that the thickness of the film of

the secon@l electrode is bet/@ESRAEN 1 GOARHIAlnd FAHBOc 000 rife TREIMRFoFIHERRR0RE SRBtrode

should also exhibit high thergnaksiatilityRdimiINE3bEHARE SO ST esRiEe. ofeCREHBFdRAtsecONd
aspect of this invention, there is provided a 5 microchip, for simultaneous micro-gravimetric sensing

and optical sensing, compriBCNFHAINGIRbRIGEIRERIAIIBEERASGTHAY BBFst surface and a

second surface; and ESt and second thin film electrodes formed of a conductive, é?os#ﬁstﬁntially
transparent material, 5371 SKRHEHEs BRhPRHrASH SR AP RIFEREI L PR oA HCE Btrate,
wherein said ededtsabtie fondabrivthickressvbless thgpishiytthedubstrate is formed of quartz or

10 lithium niobate.

The metal electrode may be formed of any metal which is able to
generate surface plasmon resonance upon excitation. Preferably, the electrode
is formed of gold or silver. Alternatively, the metal electrode may be formed of

platinum or copper.

15 The second electrode is formed of a transparent semi-conductor metal
oxide or of a transparent polymer. The metal oxide is generally selected from
indium tin oxide, indium zinc oxide and zinc oxide. Indium tin oxide is, however,
generally preferred. Alternatively, the second electrode may be formed of a
suitable transparent conductive polymer. Electrodes formed of these materials

20 will have sufficiently high conductivity to function as electrodes for the above
mentioned 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

25 SPR applications. Generally, the optical transmission of the second electrode
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

30 invention, the thickness of the metal electrode film is typically between about 60

nm and 100 nm.



and wherein the conductive, substantially transparent material is formed of a semiconductor metal
oxide. 15 The thickness of the electrodes will largely be determined by their intended uses. If the
electrodes are too thin, they may not adequately conduct electricity. On the other hand, if they are too
thick, their substantial transparency will be compromised. It is generally prefer (géla’ggness of
the electrodes is between about 100 nm and 1000 nm. 20 Again, the substrate may be formed of any

ransparent piezocleqiie AL AUTHIS RE RIS RoON R S Jumieelie i autsiate i

formed of quartz or lithiu ate. The conductive, substantially transparent material is formed of a
semi- conductoeinsan ot THIO metzanciadosipidietabm seldweld froph theisecond2elesitsiendium

zinc oxide andgj | i i ide | , i r ' ove,

electrodes forrﬁﬂ%%?ﬁ@e%a@iﬂ@Qvﬁﬁﬁ%rggmﬁ?gnaﬁﬁw@ﬁI(%@%@Jf@{[l\%gyr ieg. ggomﬁéc])%l%?g

ohm/cm-1 for ITO) to AupeHgin@Stelcisadsndn Spakiowt SRRSIERNIES the @ PIETeHe fbadiment,

the microchip further includes a SERS active 30 surface deposited on the first thin film electrode. This
@Hﬁgr

is S0 as tPenadMETSENR JBhsHIE WHREOHSI BB -BiaY Cthee8BiRg A eRlieateSetsinted of a

material whichggrgiriggate surface plasmons under excitation. Preferably, the 7 24 January 2007
SERS active surface is a thin film formed of gold or silver. Alternatively, it may be a thin film formed of

platinum or copper. In a pretetiedgmbadinpiitoghecmicreabiratay Hasiiogme dirgits wfeaeaymef a
electrodes for performing multiple analysis. That is, the electrode formed on the 5 first surface may, in
fact, comprise a plurality of §8§8P§ %ﬂ(BP&eéﬂ des. These sub-electrodes are typically formed as a
grid of sub-electrodes, sepayal

dal}% %QH% sybstrate. s@- tr in series or
parallel modes. The arrangeltmint con |gur(211(ta{c])r?|]I gsp ai@rr%y%ocl @l% su -reﬁ%eé:trc(?gg%g r@ﬁf}&%ﬁgé
10 substantially transparent material, said electrodes being formed on

the first and second surfaces of the substrate,

wherein said electrodes have a thickness of less than about 1500 nm,
and wherein the conductive, substantially transparent material is formed

of a semiconductor metal oxide.

15 The thickness of the electrodes will largely be determined by their
intended uses. If the electrodes are too thin, they may not adequately conduct
electricity. On the other hand, if they are too thick, their substantial transparency
will be compromised. It is generally preferred that the thickness of the electrodes
is between about 100 nm and 1000 nm.

20 Again, the substrate may be formed of any transparent piezoelectric
crystal which is suitable for fabricating resonators. Typically, the substrate is
formed of quartz or lithium niobate.

The conductive, substantially transparent material is formed of a semi-

conductor metal oxide. This metal oxide is preferably selected from indium tin

25  oxide, indium zinc oxide and zinc oxide. Indium tin oxide is, however, generally

preferred. As mentioned above, electrodes formed of these materials 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

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



however, vary widely. 10 According to a third aspect of this invention, there is provided bio-analysis
sensing apparatus comprising at least one microchip as described above. The bio-analysis sensing
apparatus may comprise an array or plurality of such microchips. In general, each sub-electrode
(sensor) in the array is able to perform the 15 same fupctions as an individual 52%9%%9
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 pe%g

le

ratveeMTase iIsPRMENRIERERNNSaR SHeesamA tarpativele ERBYd with

different 20 copiingsiasitherepneiadMeHaln dhessgeatings 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 usediasigpréfdedtoaiassiaiefar trienitoshiferany dasesrindbevitinaspiiesg of it can
be used as a bi senSﬁ)r \g{hich can discriminat? different target moleculeg ina quLﬁiiPd. The mass
% Jhabisiie e

25 information ?‘&58

RIRRIEQHTHNS B RS BN So JEtAE S M R GHRS o

a second gnonfiigtisoghesanple indatheqnayricepe il hpibf Q€pdratecsapticrlotft e sCENese

detection, the

loading

"Bt 5 ﬁles. As

same coating process as mentioned above ¢ e adopted. The chip can then be used
s alnativoy G PAE S AEaCATE et Ao cbare . e e liader:. teratalP oo
quantitatively ampanass thadisgoseaser (JGdHe Theagitcalodriectiaty fbrctionsedasheugeddigudge
the kind or species of the materials sinci[eacﬁlﬂigecies 8 24 January, 2007 r{%g%/? ave different

characteristic §B% fiem. TR AMOLTRE

SORLRH] BEMOL AR HeSHSES

HHRE TR Y ss

adsorbed. Thihoarberyvesyysidelyn a number of fields of genetics engineering, pharmacology, food
industry, etc. A method of fabricating a microchip, according to the first aspect of this

10

15

20

25

30

According to a third aspect of this invention, there is provided bio-analysis
sensing apparatus comprising at least one microchip as described above. The
bio-analysis sensing apparatus may comprise an array or plurality of such
microchips.

In general, each sub-electrode (sensor) in the array is able to perform the
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
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
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
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



5 invention, comprises the following steps: depositing on a first surface of a transparent piezoelectric
crystal substrate a thin metal film formed of a material capable of generating surface plasmon
resonance under excitation, said material being selected from gold, silver, platinum and copper; 10
patterning the metal film into an electrode shape; depgsiting on a second surf ﬁrmgﬁrgéw
substrate a thin film of a transparent conductive semiconductor metal oxide; and patterning the metal

oxide film into I dey I [ IS d, I t tal
oxide film 15 ﬁ% %jp%)(}s%ltgd@ér?g ﬁ%g@%?%ﬁg?&%g%ggéﬁj@nd ?@%ﬁécﬁggb&%%a%\g@g effected by
photolithographignathambesigettiamegastisening masbasisohes. thoiplaaolesivenarseduhdved. A

olithographignatharbes.oa . Iosto s hoved.
method o fabiGgBa AYEIREIUP RARRASNA e s QDK AsRRsl sl Mioda Ralian, camprises the

following steps: ting on a first su of a transparent pie c crystal substrate a first

thin film of a transpargniAAEH Y L BRIEAEPIROHCIEBYEHR, CxiderdraiiestAe Rtz astaliomie film

into an electrode shape; depositing on a second surface of the crystal substrate a second 25 thin film
of a transPare M (IHRIHITY RIS ARB IRIOMIRAIIRRRE; and patterning the second metal oxide film

into an electrode shape. 9 24 January 2007 in '
ereily

h thods, th bstrat ferabl d
of quarts or ithium nobate. e S e B e RSl bl A e

wafer typically has a substagtibByragstamnotiar sinaps hiivingfodineghsidns (foragaaapledpilsiboat 10mm
x 10mm x 0.1mm. Alternativeé%thetS 8uart|;r c(r:\éstalI wafer maé/ have a subs ntial)lé/ %irtcular shape
having, for example, erating surfa plasmon resonance under excitation, sal

material being selected from gold, silver, platinum and copper;
10 . patterning the metal film into an electrode shape;

. depositing on a second surface of the crystal substrate a thin film
of a transparent conductive semiconductor metal oxide; and

. patterning the metal oxide film into an electrode shape.

In one embodiment of this method, the metal film and the metal oxide film
15 are deposited and coated with photoresists and the electrode patterning is
effected by photolithographic techniques. After the patterning has been done,

the photoresists are removed.

A method of fabricating a microchip, according to the second aspect of
this invention, comprises the following steps:

20 . depositing on a first surface of a transparent piezoelectric crystal

substrate a first thin film of a transparent conductive semiconductor

metal oxide;
. patterning the first metal oxide film into an electrode shape;
. depositing on a second surface of the crystal substrate a second
25 thin film of a transparent conductive semiconductor metal oxide;
and

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



a diameter of about 14mm and a thickness of about 0.167mm. It will, however, be appreciated that the
size and/or dimensions of the quartz crystal wafer is not critical and any shapes or dimensions, which
are suitable for the intended application, may be adopted. 10 The method of depositing the first thin
film of electrode material or the second thin film of elegtrode material (or both)é'gr %eﬂ‘ﬁéq Iﬁ cted
from thermal evaporation, electron-beam evaporation and RF sputtering at low temperature. The
deposition temperature of the electrodes should be below any 15 piezoelectric phase transition or
de-poling temperaturfothiealydranstieals et siebsirateals nuefeplivetromer Ltz Atk @ 2002C,

the a-(3 phasejkaRsiAASIIUM DRBIIARIIBFIR WhieReREBaginans o thigmeihedy g metal

film and the metal oxide film are coated with photoresist and the electrode patterning is effected by

20 photolithoghi§ie tebBnidAIsr AlvdicabYpdiRsniAg AdRYBBHAI¥ndeHaNBHROrEH3PR rEmdved.
Preferably the paiisispmh&!gerelemmr plgnasbusing datikersidad abigiment anihgiéaresef the

substrate. Films formed according to the above methods exhibit high thermal 25 stability and minimal
thermal dfft atdéRit @etYaier TRYIREcas YRS IRINRIMEH &Y 3hitReR® MeyiRe: es SSXBR!® ensure

good uniformity @[‘i‘&fn@@?@‘la%&-t i ioHmyvarihad W@Rr%@@t@d@o%@f(ﬁW'Wiﬁﬁﬁ_aﬁ@vmﬁﬁafﬁé%rﬂﬂg
processes are suitable for creating array structures. Throughout this specification, unless the context

requires otherRRBEPRECRIGHLHIALHIR HizR eneridiBrasians ot the dyrideerstal MAbRSISg Ol be
understood to gt thenaCckIfOR 94 FesiadrdRIREMIMB NS IeFRICA SieP <efitdEPief 1Re24ntandaty 2007

elements, integers or steps, but not the exclusion of any other element, integer or step, or group of
elements, inte§eRIIgRIGEpNaY be adopted.

10 The method of depositing the first thin film of electrode material or the
second thin film of electrode material (or both) is preferably selected from
thermal evaporation, electron-beam evaporation and RF sputtering at low

temperature.

The deposition temperature of the electrodes should be below any

15  piezoelectric phase transition or de-poling temperature of the substrate. For

example, ITO can be deposited on quartz at about 200°C, the a-B phase
transition for quartz being about 573°C.

In one embodiment of this method, the metal film and the metal oxide film

are coated with photoresist and the electrode patterning is effected by

20 photolithographic techniques.  After the patterning has been done, the
photoresist is removed.

Preferably the patterned electrodes are aligned using double-sided
alignment on the surfaces of the substrate.

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



Any discussion of documents, acts, materials, devices, articles or the like, which has been included in
the present specification, is solely for the purpose of 5 providing a context for the present invention. It
is not to be taken as an admission that any or all of these matters form part of the prior art base or
were common general knowledge in the field relevant|6) the present inventionz?\fjta@xé?fg&@;ore the
priority date of each claim of this application. In order that the present invention may be more clearly
understood, th Tol g pref: f I ' il ib ith.r ﬁ e to
the following d%%egﬁ%r{ﬁ%ggr% p e?sstréﬁg’f %@%éﬁéﬁ% %ﬁ%‘yﬁ%&%&a&?n@gﬁﬁi ?lgsm;éﬁmqp?ﬁg%?
diagram of a simpte@Cnytewvief elpgentssiotegesstionsiepsied oscillation circuit. Figure 2A is a
simplified schematic view of a microchip according to the first a?%)ect of this invention. Figure 2B is a

simplified schematic (B GPEUSHPOPHTIacEBIBHE 1BAife NRBIIRISARIEOT 1RLifes RIdAedEigure 3
is a simplified §iHiemALS vis¥hahalRISEPH RS ereEdRgSdRecHfRIASRad el by ikeplpibcated

beneath an analyte solution and showing a beam of incident light passing there through. Figure 4 is a

simplified 3cheRrR¥igil@vRoFaANRStotdipBR cBFaRR Mo IiYeNdtbnd b dpelPbitthiOvakBBnashing an

optical light soyfiS&1E W BHERERP SIEAR P IRTIO Wig Rl dcHmplie d s pIRSicanenagt bMigspship
according to the second aspect of this invention adapted for SERS sensing. Figure 6A is a simplified

schematic vieWSPEIPAr@ENSr AhikRRWMIBASS dNsihgIdicithEaiaiard o &iliR PsesRM KIMAIHRY BRaH view of

the array of Figiigi6d bbio?d HrnyasYi08teRid ¢Ech Bararapthehayansairsonance frequency against
measurement

In order that the present invention may be more clearly understood, the
10  prior art and preferred forms of the invention will be described with reference to

the following drawings and examples.

Brief Description of the Drawings

Figure 1 is a simplified diagram of a simple QCM device using a

15  conventional tuned oscillation circuit.

Figure 2A is a simplified schematic view of a microchip according to the
first aspect of this invention.

Figure 2B is a simplified schematic view of a microchip according to the
second aspect of 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.



time of a microchip according to a preferred embodiment of this invention. Figures 8A and 8B are
graphs showing the frequency response, before (A) and after (B) mass loading with an antibody, of a
microchip according to a 5 preferred embodiment of invention. Figure 9 is a photograph of a

microchip, according to a preferred embodiment of this,invention, under a quogﬁs R icr. ope.
Figure 10A is a graph showing transmittance spectra oﬁ a microchip, according togg p&gkgrr%j:?

embodiment of this i i ander. ditfer it i [ rp EQQW

differentials of the d%%%?sﬁ%igﬁgrgﬁ E@kﬁﬂﬁ&#g %‘?H%‘Jet: ?gr%égr% Eggg\;\fﬁ ?n |gurgé?8ir.]t
Detailed Desctipi@ofct thécragbiniancaridiog toadiedaltee gruibadimerifefritssimintionnts of the
invention is 15 now provided with reference to the above drawings. Figure 1 is a schematic diagram of

a simple quartz crystalighiesRMaes GBCNIS RN SIREREOHE (IREHIIERRPPESSUILSIPIeN is
commonly USGQ\BOén'Zﬂ"ﬁ'ffégr@BQ"ﬁ?é% th%!}ﬁ’gsw-fthea@cay\‘t%‘d&e &Pﬁ%‘ﬁ@r@&ﬁiﬂ%&éﬂﬁ?t@%l and
n

two thin film metal electrodes 2 which are in double-sided alignment on the 20 surfaces ot the

substrate STheRsRIBHEERMRGARRENICN IB¥EHCAre in electrical communication. Within the circuitry

there is an oscillation circuit 30 and a frequency coynter 40. Figure 2A is a simplified schematic view
of a microchip accorc 5 & Frsh aQHRLOGRARIL lehBHCATE Ber REFUHABHL o RISIRH e sta

substrate 1. 26rAdiidinedettoddei isviantied ahdetal fnstéBeantharielestoste. 3 is formed of a suitable
transparent material. The electrodes 2, 3 and the crystal substrate 1 enable micro-gravimetric analysis
to be performed. Havfrigute 36éorisl alegtapie shdwing ttearspaitancdispésiranablasBicRenalysis to

be conducted st & RerUAIBaLIRERIAPRRS veHABn ResPartelentoslichand roush

the 30 substra e relevant ang eam Is reflected causing surface plasmon
resonangg to occur in{Bg R aeBeIsArefsoh showing differentials of the data curves of Figure

10A, for the different conditions shown in Figure 10A.

Detailed Description of the Invention

A more detailed description of preferred embodiments of the invention is
15  now provided with reference to the above drawings.

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.



12 24 January 2007 This is more clearly exemplified in Figure 3, where the microchip is located under
an analyte solution 10. Figure 3 shows a beam of incident light 5 passing through the second
electrode 3 and through the substrate 1. A reflected beam of light 6 passes back out through the
substrate 1 and the second 5 electrode 3. The evanesgcent wave is represente%%ngﬁ%gw\gﬂfl}ne 25.
At appropriate incident light angle surface plasmon resonance (SPR) occurs in the secand electrode
2. The SPR signal is affected by any compounds deposited on the second electrode 2. Therefore, by
comparing the SPR wWHi# #® Gﬁfhﬁ@odﬁé‘éWa@(@EHﬁg%b th feWR chodd1er8gHigsthie SR when

compounds ar%é&t@@@ﬁﬁ@%@a‘ﬁ&lﬁ@%ﬂﬂ%rﬁ@foﬁi'@ei?edﬁ@ﬁmﬂ%‘éd&@ﬁ%w%m ht5

compounds can thereby be made. Figure 2B is a smgli d schematic drawing of a microchip

according to aP388BIHIRENR dhenecsrRIG RISRUORE0A ANECBIAHERANRIS RERIE the MhigiRFRA
incorporates ayiaiz Rt Sobpliaked Bt iAnanaag: SlRstragsshard # thaeansdsapsaarent

electrode 12. This microchip is adapted for use in gravimetric sensing and optical sensin% Figure 4 is
S

a schemafic diB§HRPotind IReSVRIBEERN bINAKSIHS RS RSB oRh T8tV g FhlinSe# ing

and optical _Se%ﬁﬁﬂaﬁ%ﬁ@ﬂn@@éﬁ?ﬁ%ﬁ?aﬁ@%oﬁﬂﬂ&éC@ﬁﬁﬁfdﬁ%@@ﬁhﬁ@&t{gﬁmir@é&hﬁ‘@-ir'?\t“ﬁzht _
source 14 directs a 20 beam of light 5 onto the mlcroc‘;ﬁ). The beam of light may be reflected and this

beam of reflecR&FAPALHEE BERRa Iy Sid e GlieRIat Ry 3BY QBRAUNERIROHERMPHY light
may be fefraCtﬁfé&:{é‘ééWd‘@I@@%'d@r@.uthg}éde@}fgg*BGrﬁEéhﬁbth%rsmkﬁﬁémﬁéfﬁﬁ%m& of light

may be detected by a second optical detector 16. 25 Figure 5 is a simplified schematic diagram of the

microchip of t8cE6RESH8He A bithfs 7iGeHAER HavRRAISSHIES aEe R Fs¥nRAwdsH a%e

sensor. fys cagdppsren. brihihembediroeal, thp ripiosiaip §oRsiRi Mehauantz elytich Jebskate 1,
transparent electrodes 3, 12 and an SERS actjve layer 20. This
compounds can thereby be made.

Figure 2B is a simplified schematic drawing of a microchip according to a
second aspect of the present invention. According to this aspect, the microchip
incorporates a quartz crystal substrate 1, a first transparent electrode 3 and a

15 second transparent electrode 12. This microchip is adapted for use in

gravimetric sensing and optical sensing.

Figure 4 is a schematic diagram showing the microchip of this invention,
set up for use for gravimetric 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.



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@n appropriate optical %tg ra}g é’db%anuary
2007 Figure 6 shows a possible configuration for an array of combined QCM and éﬁi sensors for

QCM and SPR sensi e 10n.of. t %[W indlgure 6. r I
substrate 1 on which %(%tgodg gtﬁﬂ?n%eré%oég i’mg‘é[a ele@tléga (I-:‘dsgz{ 5r%ﬁﬁ@&?ﬁ§£ﬁ' rﬁ %?e%g@@ of
Figure 6, thereaaick QR heeniserofee¥dvd 38 \BiMthsaosiporaldenpastsvirobidzeraltayutitbvim tife upper

cuteceof e e it T A SRR Er e ST isescaaldete s Te

region 37 surrounding each asno e M metal electrode 2 defines
one pixel elemehmetaeatestapdriRosssplarignisasasly dhdpedairy giidigeants dhaieidsataight 10

30, 31 uael Uyoualaing Lansparent sliodicarddiens herBlscibbbundeaRodedclian e upper

surface of the substrate 1. SPR or SERS signals w e excited on _t’he metal coated regions thus
producing a spMriRged e eHieriybsiraifray) heasensaent3§hargrassotirigdrevitihaweoma®aquency
stabilty of a mieiACHR O (Ngict pEest INENHERHIVER AIGSERANGE- dimegapmepivag carried
out at room temperature using a conventional oscillation circuit. The frequency drift was about 150 Hz

over a period &legisodao Eb@r§.izm@fg¢aph_gm_mml @éﬁ%@ﬁ%?e%ﬁa_@ammgw@f@@&me& formed
of the transpargqt, GARMGLIKE; éCQ%CHV&&’QH%'g&q@ﬁ%@%ﬂ@ﬂ%@%‘%WﬁEiH&ﬂqi&ﬁﬁT'CUt

guartz 20 crystal with one side being coated with a gold electrode and the other side coatedwith ITO

as the cotﬂwtgr?é]e&*rdd@v_a’rﬁbrmbéhmtmnﬁéﬁm@iaag"@d_wa traggeraesnty3Pha hﬁkﬂ@@mp was
measured with geeuantiofnl ORpHALARKACECHHAR ABsE R0 PRIBI B RIFRDAmYs Tf GHigult

oscillates the quartz at _ . _ .
be excited on the metal coated regions thus producing a spatially dependent (i.e.

array) measurement.

The graph of Figure 7 shows the frequency stability of a microchip of the

15  present invention driven at resonance. The measurement was carried out at
room temperature using a conventional oscillation circuit. The frequency drift

was about 150 Hz over a period of about 10 hours. The graph of Figure 7
demonstrates the stability of electrodes formed of the transparent conductive
semiconductive oxide—ITO. The relevant 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



its fundamental resonant frequency. In the testing process, the temperature was 25 kept constant at
about 252C. 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 Withﬁn antibody. Figure 8A %’p}ﬂ\%sn@% f ncy
response before the mass loading. As can be seen, the resonant 30 frequency is about 1)9, ,000

Hz. As shoun f ik APl ELVe A% doAtinga s SRR EEMEAY 3 PUBUbRTARAR0 H2

This shows that, upon adsorption of the a y, a negative frequency shif Z occurs.
In this examp@Biheas shieatedbyLdinping taanivnaceffbinrercenpiaere [pE2aroteinag oDy
minimum in th rve..The.m ing (mgpti in rglation.to Figur, ed by
dipping the ch%?larjll ;S‘?fm-ﬁges%ﬁ%ggge%%gG%%o?éﬁdgﬁ%%%ménﬁ%ryg/lﬁr% v}\l}:élgﬁ)unﬁré%@r%v ,ﬁéqgafﬁ%e seen,
the chip had afl@gueneyaé dleabentPebiizolindicatisothal Maratingmely ngisP(ateisy hsd
proteins) had d chip su he microchi ’J'?ﬁ\ig [ reing : ughey
response I%vas%rﬁg(?g ?raomaﬂ%?é{ﬂ% qt%@g cgrf)@ﬁt%igén bﬁ%s%@%o h%rg%%em‘ﬁcoﬁ}dquéﬂﬁlﬁﬁ%e-l O was
coated and paftefuanfy sy enscewas oaeslanitars o%et,:ldltﬁ_l@@gﬁ tReyBta, wais BPHigRideadottivity, it

s difficult to eyfiehe sefisghaliticr ceniiper! aagliaionaicuhd\chaiipgl e Renns
response was analysed with a network analyser. The figure shows that' the device can be used as a
mass sensitiv_eemm.eﬁq ﬁ@@b&@gﬁ@nglth_@mtbgr@@ M@rﬁfcf@@hipmy@imveﬁtiiﬁjdjﬁ@ﬂ the
fluorescent miggogsene) e ErlaranilVaI L reirEIPBsmBR BRCRIJC ALBRIigtPCifg and
the observation is undertaken from the front side. 15 The fluorescently-tagged antibody can then be
observed @dsciBeSOS RSSOV Py $aguret shoplwerilkianalvserof rmdlgissishowschat

arrangements jg \dableduhe de s JdWFssLO AL PB.Ag praphs of transmittance spectra for a

microchip
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).



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 solutionsI as tested with an UV-\Q& ‘pc{m}g 8pometer
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 104 664 O shains dittarrrtiafeei oo iaiarry macaptatnsst i sricsheo MM TO

surface (modiffpgd p@ﬂ@@@ﬁ%@%ﬁ@@%ﬁiﬁ SR ASHddaH LRy ShOWPHREr BRI EaRae
spectra following FITC-Ab adsorption onto an ITO surface (modified with silane HDMS). 15 24

January 2007 RteRé detesHensofifRican@aicabt Ads ROt Ave PSRIRIR NN IRIrdM WAthTAEQeaks

can be more eggiptrdigigguished in this figure. This figure shows that optical detection of biomedical
adsorption is possible on a QCM with ITO electrodes. 5 It will be appreciated by persons skilled in the
art that nugnerous valiafiiinse aipsprsdizesiiibgtigsrs ongyskilcaddelie Hie thaentinteasudeanidgshberein
without departing, from the spirit or scope of the inyention. The present embodiments . are therefore to
be considered A FRBAUIC RO IR B LIRS RS A PRSP ARIEo e
claims definingipariiwgrfiiom e aspieliawsscopk rofcthehipvéatisimuTare prssentrorghdd maints
S N T R T AT eaans ARSI &SRB SRR R Rigigeiocte

substrate havil% a



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 a second electrode, formed of a film of
a conductive, substantially transparent material, formed on the second surface of the substrate,
wherein the second electrod_e is fo_rmed of a transpareyg semico_nductor metal é’lig‘ﬁn%ra?f %007
transparent polymer. 2. A microchip according to claim 1, wherein the substrate is ormetyo a 15
transparent piezoelectric crystal which is suitable for fabricating resonators. 3. A microchip according
to claim 2, where! transparent piezoelectric crystal is quartz or lithium niobate. 4. A microchip

according to any one of glraims.l tg 3, wherein the meta{ 0 electrode is formed of gold, silver,
Sheickim

platinum or co 5. Q;HHHQ)J[Q&H}W@'?@ Q%A WA the transparent semiconductor metal
oxide is selected from\ gy i o, Indiun.ging pide andgingaule- & AmicraginaseaIding t
claim 5, wherein the transparent'semiconductor metal oxide is indium tin oxide. 7.”A microchip
according to any onepéstapnsrésonénetdEiRihecostivg coanstsisgion of the second electrode is
sufficiently high so as to enable a light beam to pass there-through for optical detection and SPR
applicatiofts. 17 24 January 200BnshAaRicRiRERSIgctdeasp st alaiayinghardirstrrubggeapnd a
transmission of the second gé%%gd&ﬁag{&ater than 70%. 9. A microchip according to any one of
claims 1 to 8, wherein the film of the second electrode exhibits high thermal stability and minimal drift

atroom 5temperatuse. g 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 . a second electrode, formed of a film of a conductive, substantially
transparent material, formed on the second surface of the
substrate, wherein the second electrode is formed of a transparent

semiconductor metal oxide or of a transparent polymer.

2. A microchip according to claim 1, wherein the substrate is formed of a

15 transparent piezoelectric crystal which is suitable for fabricating
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
20 electrode is formed of gold, silver, platinum or copper.
5. A microchip according to claim 1, wherein the transparent semiconductor

metal oxide is selected from indium tin oxide, indium zinc oxide and zinc

oxide.
6. A microchip according to claim 5, wherein the transparent semiconductor
25 metal oxide is indium tin oxide.
7. A microchip according to any one of claims 1 to 6, wherein the optical

transmission of the second electrode is sufficiently high so as to enable a
light beam to pass there-through for optical detection and SPR

applications.



10. A microchip according to any one of claims 1 to 9, wherein the thickness and morphology of the
electrodes are adapted so as to enable the excitation of surface plasmons. 11. A microchip according
to claim 10, wherein the film of the second 10 electrode has a thickness of from about 100 nm to
about 1000 nm. 12. A microchip according to any one1o/f claims 1to 11, Where'@4t %m%}? 2%Iggtrode
film has a thickness of from about 60 nm to about 100 nm. 13. A microchip according to any one of

claims 1 to 12 gwherejn i GangusibAidng : foreniR TGRNBY LA ﬁ&%ﬁ%ﬁﬁ%@(ﬁg 15

sensor to perform quartz crystal microb e ) sensing or surface acoustic wave
sensing. 14. A microctpofist slairetrisugraateshewvintstric sensing and optical sensing, comprising:
a transparent piezoelectric substrate having a first surface and a 20 second surface; and first and

second thin fild electfoAUSRETR REFR SBIRAR AN, 0nREHaHNY tHdRsPardiftinithriflilgnial ditrodes
being formed on  the disshaad-3686008 WAETE oI thebsisriSaniiB AR SRS QAR RYE A

thickness of less than about 1500 nm and 25 wherein the conductive, substantially transparent
material i®formed of ET8RRTRBIBuUCtor metal oxide. 15. A microchip according to claim 14, wherein the
thickness of the electrodes is between about 100 nm antil 00 nm. 18 24 January 2007 16. A
microchip accoigﬁng 1% BMSRO IR ACRORSDE, IR RRE L?gémsféié‘%o?m‘%ﬁ]eé?ﬁ‘g%ﬁé%bq}é'ﬁ?ss

piezoelectric crystal vanghrisosphialigyobffahgcalimgnasenatoss dbaphethicrochip ascondipig tohgaim 16,

wherein the transparent iezoeletctric S cr Ftal IS qsuartz or lithium niobate.
excitation of surface gasmon )

11. A microchip according to claim 10, wherein the film of the second
10 electrode has a thickness of from about 100 nm to about 1000 nm.

12. A microchip according to any one of claims 1 to 11, wherein the metal
electrode film has a thickness of from about 60 nm to about 100 nm.

13. A microchip according to any one of claims 1 to 12, wherein the

conductivity of the electrodes is sufficiently high so as to enable the

15 sensor to perform quartz crystal microbalance (QCM) sensing or surface
acoustic wave (SAW) sensing.

14. A microchip, for simultaneous micro-gravimetric sensing and optical

sensing, comprising:

. a transparent piezoelectric substrate having a first surface and a
20 second surface; and
. first and second thin film electrodes formed of a conductive,

substantially transparent material, said electrodes being formed on
the first and second surfaces of the substrate,

wherein said electrodes have a thickness of less than about 1500 nm and
25 wherein the conductive, substantially transparent material is formed of a

semiconductor metal oxide.

15. A microchip according to claim 14, wherein the thickness of the
electrodes is between about 100 nm and 1000 nm.



18. A microchip according to claim 14, wherein the semiconductor metal oxide is selected from indium
tin oxide, indium zinc oxide and zinc oxide. 19. A microchip according to claim 18, wherein the
semiconductor metal oxide is indium tin oxide. 10 20. A microchip according to any one of claims 1 to
19, further including a SERS active surface depositedI gn the first thin film eleo?@g na%\rAdB' ochip
according to claim 20, wherein the SERS active surface is a thin film formed o goI%, S v%r pagtinum

or copper. 22. A-micrqchi [ eLej acti f ' | i film
formed of goldf)sr' silvg‘r.%%.ﬂg&rﬁ cr%c %&i@é?ﬂgﬁ% g?\‘?%ﬂ%'%ﬁﬁﬁ?hsw f{ %gg,?\}/?vﬁe%?r? t:][rhgég;:-%ctrode
formed on the first suitaaEedf e subsarspaEnprigiezeeidGislity af/stdl- aibithodss. suitaklmidaschip
according to claim 23!’a\8n85%i glrpgsngé@g%_of sub-electrodes 20 is in the form of a grid. 25.

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

24. 26. Bio-anglysis %ﬂﬁi@ﬂ)éﬁ?ﬁ%@ra FingfenC MR FOIMRAS R AR TRiE MR ric
according to any one of claims 1 to 24. 25 27. A method of fabricating a microchip according to any
one of clafins 1 to 1¥¥8ak IS AU RISIHY YRR HRAMg steps: depositing on a first surface of a

copper. 50 pattEming NG At 0 AR GI0E B e L AP 269 BA iR B

second surface of theokidiespasekhicpierzfroradiiiwmbtraidoR fhimifiim oine Baivkparehtieensiudive
semiconductor metal oxide; and
19. A microchip according to claim 18, wherein the semiconductor metal

oxide is indium tin oxide.

10 20. A microchip according to any one of claims 1 to 19, further including a

SERS active surface deposited on the first thin film electrode.

21. A microchip according to claim 20, wherein the SERS active surface is a

thin film formed of gold, silver, platinum or copper.

22. A microchip according to claim 21, wherein the SERS active surface is a

15 thin film formed of gold or silver.

23. A microchip according to any one of claims 1 to 22, wherein the electrode
formed on the first surface of the substrate comprises a plurality of sub-

electrodes.

24. A microchip according to claim 23, wherein the plurality of sub-electrodes

20 is in the form of a grid.

25. Bio-analysis sensing apparatus comprising at least one microchip
according to any one of claims 1 to 24.

26. Bio-analysis sensing apparatus according to claim 25 comprising multiple
microchips according to any one of claims 1 to 24.

25 27. A method of fabricating a microchip according to any one of claims 1 to

13, 23 or 24, comprising the following steps:

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

copper;

30 . patterning the metal film into an electrode shape;



patterning the metal oxide film into an electrode shape. 5 28. A method of fabricating a microchip
according to any one of claims 14 to 22, comprising the following steps: depositing on a first surface
of a transparent piezoelectric crystal substrate a first thin film of a transparent conductive
semiconductor metal oxide; 10 patterning the first me@l oxide film into an ele gg@f%%f?oggpositing
on a second surface of the transparent piezoelectric crystal substrate a second thin

transparent conductive se %1 r metal adern into
an electrode shape. 15 29 nﬁgrﬁg Hﬁiﬂ @o%wgg‘%ﬁﬁﬁ % (%r gl}a?rﬂéz égé%ﬁghé%gﬁéqgg?erﬁt
piezoelectric substrate is a @u@ﬁtra;t@sealtwﬂféﬂmmannﬁarmamircnngduaﬂmnmnmewatme
guartz crystal wafer has a é@gg@dg rgl%angular shape having dimensions of about 10 mm x 10
mm x 0.1 mm. 20 31. A me accor ing to claim 29, wherein the quartz crystal wafer has a

substantially circular shape Bgﬁg}%ﬁ@m@ﬁt@ﬁ&f@@@éﬁnm fAfB 8RtIBHgKRSSHpbout 0.1 mm. 32. A
method according to any one of claims 27 to 31, wherein the method of depositing the first thin film of

electrode matea@l or thenseigenditbbicainigle siretiokip mederdginptdalhy) ont dhelglagat sorface is
selected from therma) evaporation, elect{oi-beam vaporation and RF sputtering at a low
temperature. 33. A § 'Q@EWHQ\ Q3¢ ein the method of deposition is RF sputtering
at a low temperature. 20 24 0 cor 3 rein
the deposition temperature IS d] éf?ﬁa r%glﬁ%gggqg)gego%curg %F%ﬂ]%ézzgoée% WD gry@‘tg‘?
substrate a first thin film of a transparent conductive semiconductor

metal oxide;
10 . patterning the first metal oxide film into an electrode shape;
. depositing on a second surface of the transparent piezoelectric

crystal substrate a second thin film of a transparent conductive

semiconductor metal oxide; and
. patterning the second metal oxide film into an electrode shape.

15 29. A method according to claim 27 or claim 28, wherein the transparent

piezoelectric substrate is a quartz crystal wafer.

30. A method according to claim 29, wherein the quartz crystal wafer has a
substantially rectangular shape having dimensions of about 10 mm x

10 mm x 0.1 mm.

20 31. A method according to claim 29, wherein the quartz crystal wafer has a
substantially circular shape having a diameter of about 14 mm and
thickness of about 0.1 mm.

32. A method according to any one of claims 27 to 31, wherein the method of
depositing the first thin film of electrode material or the second thin film of

25 electrode material (or both) onto the relevant surface is selected from
thermal evaporation, electron-beam evaporation and RF sputtering at a

low temperature.

33. A method according to claim 32, wherein the method of deposition is RF
sputtering at a low temperature.



properties of the material. 35. A method according to claim 34, wherein the deposition temperature is
5 about 2002C. 36. A method according to any one of claims 27 to 35, wherein the thin films are
coated and the electrode patterning is effected by photolithographic techniques. 37. A method
according to any one of claims 27 to 36, wherein the %terned 10 electrodes %rf\jaé%lg Bg
double-sided alignment on the surfaces of the substrate. 38. A method of analysing or monitoring a

molecule, saidgpethog ipcluding a%g&% QYshfRndusting ggﬁ;gp ?g‘gb%tfmm‘z% m{;g%rgg%ﬁg’,lﬁ

sensing, utlllsmg bio-analysis sensing apparatus according to any one of
claims 1 to 13. 39. Aiﬁ@th@t&bfranali@ﬁdhﬂnﬁbﬁtt@mN!j"lmlmdwﬁa@e Swiclrisetd@dnyhpiaddwjectric

simultaneously cond Hi”é%fq WiE‘?lIé q;ensmg and optical sensing, utilising bio-analysis
sensing apparatus a;b ding to cIaYlfné/Z alm 26, and any one of claims 14 to 22. 20 40. A method

according to clggn 39 WHETREY hR QErfAG SR SIRE2Y Udase idRe s ngbp salrmek rpisaksiena

selected from one or more of fluorescence photoluminescence, Raman scattering, absorption,
reflection &nd transmi9sth 200°&-method according to claim 40, wherein the optical sensing includes

use 25 of surf e enhanc aman cat ring (SERS), 4 substanti s.h relnbefore
described withitorccD R R, SHE PGP &l S B 47 Fch I St B s
comprising one or meiie newacstipadatieordiect toddapati?nis) 44. fferttb o ihoadlishwphionitoring
a molecule by using li)(ia%-ﬁrrlllala/giss sensing apparatus according to claim 43.

37. A method according to any one of claims 27 to 36, wherein the patterned
10 electrodes are aligned using double-sided alignment on the surfaces of

the substrate.

38. A method of analysing or monitoring a molecule, said method including
simultaneously conducting micro-gravimetric sensing and SPR sensing,
utilising bio-analysis sensing apparatus according to claim 25 or claim 26,

15 and any one of claims 1 to 13.

39. A method of analysing or monitoring a molecule, said method including
simultaneously conducting micro-gravimetric sensing and optical sensing,
utilising bio-analysis sensing apparatus according to claim 25 or claim 26,
and any one of claims 14 to 22.

20 40. A method according to claim 39, wherein the optical sensing includes
measuring a selected optical signal selected from one or more of
fluorescence, photoluminescence, Raman scattering, absorption,

reflection and transmission.

41. A method according to claim 40, wherein the optical sensing includes use
25 of surface enhanced Raman scattering (SERS).

42. A microchip substantially as hereinbefore described with reference to any

one or more of Figures 2 to 6.

43. Bio-analysis sensing apparatus comprising one or more microchips
according to claim 42.

30 44. A method of analysing or monitoring a molecule by using bio-analysis sensing
apparatus according to claim 43.



