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The present invention relates to a transducer sensor
walewnozr39@nd in particular to an array of suchCTEeB2@AM04153
that can be used in the analysis of nolecul ar
structures, e.g | al the efficient
anal ysi s and i nvemmm cal nol ecul ar
structures, such as that which occurs during DNA
sequencing, there is a strong demand for anal yti cal
Toprestitainvenabh eclates tosetradsdiuvadieddsr devieveand in particular
t housands of nol ecul ar probes substantially
i aulatrapenilisich demeendliatofarabbivsedny thhi analgsis @f molecular
provide a substrate with a |arge nunber of different
PrispEess- scofl Rie-¢ghwumgalso its surface in an array. Each
probe nolecule is adapted to bind with a sel ected
target nolecule in a sanple under analysis. The
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é’fﬁicﬁﬁ’ék e%ch“aﬁ Qhaiem&&’r”o%cﬂfs &hén @‘Nhesé@enﬂcﬁ% HEAY is a
provi ded that the location and identity of each
stidriged@nindtobanalyttgictilots it ttheblerthayusesokhomdreds or even
anal ysis of the sanple is possible using a confocal
thiousansls o encleculde probies sabstaptigbssiniwdtameonslyhi ch
fluorescence indicates the presence of a sanple
nol ecul e bound to the respective probe nol ecul e.
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ﬁqgiéléﬁle%'é %8ab§3dtt655m8 Retsa g&b&eﬂﬁ‘ge@ﬁxoﬂ’é&ﬂé ueakefple under
h fluorescent markers to allow for fluorescence

zdﬁiﬂms.l ‘Bhe sdrhple BXNOesprowiddd with suit@I2A0RrO&eht DduM@s prior
2004/ 027396 PCT/ GB2003/ 004153 to the probe array. A
fouxphsiredp shelwanay ageroke nivdecuddse rHEen peposuagion ghe sample to

the array, provided that the location and identity of each different probe
molecule in the array is known, analysis of the sample is possible using a
confocal microscope to identify array positions in which fluorescence
indicates the presence of a sample molecule bound to the respective probe

molecule.

Typically the probe molecules are oligonucleotides and the sample under
analysis is a DNA sequence. Using such fluorescent techniques relatively

high probe densities are possible.

A disadvantage of such techniques is that the sample must be pre-treated

with fluorescent markers to allow for fluorescence detection after exposure
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filmat an optical interface under conditions of total
i nternal r Cti)o ' $PRhaERSeFSscUpe itnagin
tBrii'thgn?mg’gvg%Le& céa?%%ﬁ‘&cm&t%ﬁagﬁg?%egl e thin netal §I ayerg. s

sﬁ%‘%nﬁ Rt o Ad SRRt iy dnfertt i6r epi®anslysibace of the
tal layer or“to an immobilised antibody or |igand on
the outer surface of the netal layer leads to
interfacial changes in the refractive index 10 of the

Surfave Pgsmoneesomapca (SPRAtLS hased 08t 1 PRECHr PRFRomenqngthat
S e S A S Bl 30
ig‘Eeﬁsﬁ"g 87?6 QG '%gg uryegjfign’aa , %ﬁgf&éﬁgﬁgﬁwﬁ\?@é% d“g@i@d coated
\%lgﬁ ggeﬁﬁglgct%% Qb ltapergl éﬁ% Rheffladladbdriphloarts the @ardrsedface

ar ‘array o nts 1n which SPR can be 15

%@Hﬁi alehl 1 8RPraledn bisotiliesenitibodygrdr Higand on the outer
irected to"an inproved system and apparatus for

anflossiiMtic ansahlyer lmids o axterfacial ahangesay, thefrefypgbesindex
that does not require the use of markers, that doe%1
obthd Miloi. ve3BRiecting @ Hight dwan anigi e pEispy 1t 1 possible to

PSSR o191 CORL Y D FOIAERESl oo
Omn%%}lgﬁ%gr §f%ﬁfq%éﬁ%§c%g§ptse'ﬁa&lufr??'elgllt ggl%ggﬁ‘é; b&fension of this

%xﬂ'ggegﬁ @?%gﬁﬁ?&tvée%’gﬁg?@{}ﬂanwgvﬁli@e tRinibriBtadted @y a thin

and e beamis constant and the

£leeatipae @gia%isfe@ddsaé ili@Bar NEAE 8 eherhdres imlwhiek HHRs ean be
that can be detected 25 with an appropriate

sepanstdlicgenerslséni cal adsorption to the surface
nodul ates the thermal response, which in turn affects
the electrical output of the transducer. 2 WO

The TPERRrRv PRI GRopFoN? B OSR A SeC faApPARER for
analysing a sample using one, or an array, of probes that does not require the
use of markers, that does not involve SPR, and that can readily be
implemented using low cost equipment. In contrast to SPR, the present
invention is based on a high peak power beam of electromagnetic radiation
which temporarily illuminates a small region of a thermoresponsive sensor,
such as a thin metal layer. The incident angle of the beam is constant and the
electromagnetic radiation induces a thermal response that can be detected
with an appropriate transducer. Chemical adsorption to the surface
modulates the thermal response, which in turn affects the electrical output of

the transducer.
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detecting a variation in a probe, conprising: a probe
which is adapted to undergo one or nore of a

wao benopsb@sti c, thernoel ectric or ther monmagnePCGB2003/004153

excitatior response when excited by 5 tenporally
YECHSRE. LGS RUBRALL el i0tn, BRI s o

c%t@&?h%aiv a?i%%rihiagﬁro%fe the $§i9?¢ and/or of materi al

I ndi ig thereto; souf ce g electromagnetic

radi af pbe WEiRRSs fadaptédriecaindeged bee @ egbreooRankéintoelastic,
radiation at the probe; and 10 a transducer adapted to

tHetnevaticiact be theonompgoetic expiaten ofesphase prlobe.exTiied by
probe usually conprises a plurality of probe nol ecul es

temporilymersngalycirempenais Baiakoge g acalatigngsronse bging a
he.surface of a substrate. .The substrate.is 5

YPEASH 9E1GS ROWRICAT FRAAT SHOMSALPTRHBRIES oty BisD® andlor of

| | Wn possesses appropriate physical
RS Ea! Prgllh fbRs

per obe may be such material on its own.
ve pfﬁ!ﬁ&cé@ﬁgl@@@éﬁﬁ%&ié P se a plurality of

probes, e.g. In the rmof 20 an array. Each probe
My GAeasifee dﬁéﬁlﬁh@%tﬁﬁ dectadbmubdnaie radiadidnf firteapréle; hhat
on other probes. The probe naterial may consist of a

col | ectianpdufert adapserhgo nd¢tevninesther ewfitatiomiesponscopf the
di fferent nol ecul es. 25 The surface of the probe nay
meba {1 at, e.g. a flat plate, but the surface may

al so be curved, e.g. a segnent of a sphere and such
curved surfaces are included in the term"plate". 3

R e R N

dab8EIBARGRRAIaCe Mirface, e.g. the surface of a substrate. The substrate is
preferably a thin film. However where the probe material on its own
possesses appropriate physical properties the probe may be such material on

its own.

We prefer the apparatus to comprise a plurality of probes, e.g. in the form of
an array. Each probe may comprise probe material which is different to that

on other probes.

The probe material may consist of a collection of the same molecules or of a

mixture of different molecules.

The surface of the probe may be a flat, e.g. a flat plate, but the surface may
also be curved, e.g. a segment of a sphere and such curved surfaces are

included in the term “plate”.
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preferably thernoelastic. Preferably the source of
el ectromagnetic radiation emts radiation in the 5

W piozi39porti on of the el ectromagneti c spect r pOy/GRR@3/004153

nore preferably is a |laser. The source of

I e oAt L fLan )
T SELRRRA G AL R FEoRISERT SR o
pf@g%q}a{hmggglagme usually is positioned so that it

I rst ‘passes through a substrate transparent to the

radi ati on before inpinging on the probe material. 10

According to another aspect the invention provides a
Psefosbly thomonics of: elecirambgnatin eadiatien emaitdradigtien in the

robes on the surface of the substrate, the prq?e%) .
erably 1s a

ogﬁpﬂgpo@aap@feﬂlq BleGHABIgHCHA SPEFI WYy @ndmgre pre

th | astic,. th lectric. 15 th [

HASRE ! TRBI B Gt A POLTRAR, i Bl By SRSHPRTRACH Gt o
<GS SREE SieBl Shh s bR LAY, B GRpOnpSany s

SRRBEY | @S toft fNErRr pRRES) thento FEbfital trdtispeiony to the
ptehlgireto. 20 The sénsgr i's preferaabl y ir?the fsgrm of a

ridiatien bafoee supsiging enithe praffeanaleliyl.el ect romagnetical |y
transparent, and nay act as, or be part of, a
transducer. The substrate is conveniently of such a
thickness that it has suffjcient strength for ease of
ArsREIREd) ABRICBATRSCE HiR ITVENGPR PTOYAfe & SOBOF RO g
amount of el ectyomagnetic radiation to pass through
it. ,&Sug%tﬁ%&ﬁr@]t thi ckness is generally in the range

0.2 oY, HRLsubREAHIRR pAbObei
20045085%885%]&#%@%%3 Osﬁlga%e a pl ljs}lg?tlft y’ g}}%%r obes,elng
abagtedt B Rinblb}d® RMRDEr ShbHS taf as tiasmdelasfied thanawleece hor
of which is adapted to undergo a |ocalised electrical
theasponametibeexditagion response when excited by temporally varying
electromagnetic radiation, the excitation response being a function of the

physical and/or chemical properties of the probe(s) and/or material binding

thereto.
The sensor is preferably in the form of a plate.

The substrate is preferably electromagnetically transparent, and may act as,
or be part of, a transducer. The substrate is conveniently of such a thickness
that it has sufficient strength for ease of handling, and also that it will permit
the desired amount of electromagnetic radiation to pass through it. A

convenient thickness i1s generally in the range 0.2 to 1.0 mm.

Preferably the sensor includes:
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WO e®@poeses cor r espondi ng t hereto,

probe is excited by tenporally varying el ectromagnetic
radi ati on and of generating an electrical output

of the electrical response being a function of the

physi g i cal, pr.onert | ohe

of naatcéirqr%lﬁtyb(ﬁ#g%%@’ eféytgﬁjoﬁhgﬁgogé £ t|trrg§ﬂsﬁ(;éusc§e§rd or Phelow,
dabBBTWEIChNY aliffe8 k6 GhibaR a IRAAEE BlectricaPF@behsditen the
different probe materials are bound to different

mobbes. exthed bheemporaltobasyingngecisempgiodie radiefiomland of
bound to a separate surface we prefer the surface to
geaerating | ayeelectiimd! postrtabiespensehicorteagending. ghewsto, the

M e KPR SO T
f. . The. | . TI | e, boyt 10

RS e USRS AR, P

the %‘&Qﬁéﬁﬁf&i@f‘{&r%shﬁﬁm ﬁ‘éreﬁ'é%‘%}é@a‘ltrle@on%@er el ectric

or thernonmagnetic response of a probe-“can be highly
sensitive to physical and / or chem cal conditions
existing at the surface of the probe. Indeed it has

e ésrablyodififerdim tproteniabeiai atedsdiin to( differsit ipedbese sheache
characteristics can vary substantially as a function
1obbe compsisb puele tuterialsbioand, tosuséparatestirfacaews prefer the

dielectric constant, vjscosity, surface free epergy

3 CStweﬁagyn%rlayers@ﬁa@éef%f%%m T Tapies ﬁrges%ﬁqtsﬂgca» for

inventign exploits this phenonenon by, for exanple, .

sry g s TeSnectise TPt TdladRE R sbba e rEOTE Biveriags to
t face. f ' I

A PheButtipe TR By B g fr Bamefc nEbRl: 1067 BRCE™

qualitatively or quantitatively. Wien nore than one

| ocation is involved the response characteristics can

Ine cassegwetl theppreate ynvdiien atdiseonheapkengmed@r ghhty the

formed as an array of probes, the array preferably
thexmer)astic dhemaglecsric watthemromagnedisdresp@Be, oo probe can be

l.ocations.per square centinetre, .and note 5 WO .

Biglely) 746t BeneasebaPtoh s hagmitierabiiios iduine 6b the
AP0 %)eo plr AU RS RRUBL&G SROGLMRLE Ghe Eﬁ‘l%pmoelastic
(acoustic) response characteristics can vary substantially as a function of
mass bound to a surface, surface stiffness, dielectric constant, viscosity,

surface free energy and other general surface properties.

The present invention exploits this phenomenon by, for example, providing
one or more independent locations (spots or dots) on a substrate surface for
which the thermal (e.g. thermoelastic) response can be assessed either
qualitatively or quantitatively. When more than one location is involved the
response characteristics can be assessed separately. The locations are
preferably formed as an array of probes, the array preferably having a density

of between 100 and 1,000,000 locations per square centimetre, and more

S

t he 5 char actrCi/€BR@S/004153
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| ocation in the array effectively provides an

i ndependent |y addressable probe. Each probe can be
WE@2@HNETI9¢ 0 generate the thermal response by wegT/eB2@3/004153

beam of el ectromagnetic radiation, e.g. a | aser beam

. r |

e s b o D060 Gesfhons FRE cqualSabrkiitre. Tach

160U tigdthe ta@rayh effeBtivedi epi@yidesh g hintepeddently addressable

vi brational or acoustic energy, referred to herein as

mobéieEavk pacshd carr les@onted.to gEherapettieadtiemali igepdnsdédryi wey of

froma pulsed |laser is ideal for linking high 10

pirglsérogeagaetiv srdigtion i g9 larertbeane based on

synchronous detection thus providing a high signal to

noi se ratio. Short nano or sub-nano second heating of

t p C a_lo I.S i nsij i

U R T preb s FratiaiarioyeS eREREPhAEy: Le

ogff iici; i .

RS R S T L

vibeitivaapbeatsushie enaind), ysetedltd Aol as @ thermbeftit@tdsponse.

i mmobi | i sed, bound or otherwi se fixed thereto, the

Thoc perisdnt vighaheerived drpmns ipotsedi lasetbes ndsali| fat dthldyg high

the attached nolecul es thereby providing a .

rerforseage id@tecﬁmrwtaéhmcaré@awg ogreynghrosiopy detection thus

RO R S BhTBE1 5! SERPRRES, R dnd ey
0L P35 D2y SEPRESUPESIp o prove

R FBn¥ibh ofC AYSRn&itY, SHREYE |eX]a§1{s%’ﬁ ORAMYent Andl h1‘?‘3tt;lection

properties of the probe and th 25 provide a hig

cdeffidennf sensitivity. Enbodi nents of the present
invention will now be described by way of exanple

with reference to the acconpanying draw ngs, in which

li ke numerals denote |ike parts, and:_§

Where the probe has one or more molecules derived from the sample to be
analysed attached, e.g. chemically immobilised, bound or otherwise fixed
thereto, the localised volumetric expansion will be modulated by the attached
molecules thereby providing a differential thermoelastic expansion. This

modulation in the thermoelastic response is used in the present invention.

By means of this invention very small probes can be used and in
consequence attachment of even a small amount of sample to the probe will
cause a relatively great change in the properties of the probe and thus

provide a high degree of sensitivity.

Embodiments of the present invention will now be described by way of
example with reference to the accompanying drawings, in which like

numerals denote like parts, and:
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WD 2004/ 027396 PCT/ GB2003/ 004153 Figure 1 is a
schematic diagramillustrating the principles of the
WEe@8me39é nvention; Figure 2 is a schematic di BOr/aBR@®B/004153
a first enbodi mrent of the invention using a |aser
based;;exci tati gn 8181% eetih@RlesPof th
syst ?&gé‘qﬁ éu%ge%s@sé%%@cﬁ%%é%ﬁc |ggﬁg%1dt?’l | ustr t?sng a ©

pridenb eiveamadi ment of  the invention using a |aser
based excitafion systemand a piezoelectric detection

syst dfigufd Qurie 4 dchematichémmtim df aayridrst i éthbedinzmit ngl dhe

further enbodi nent of 10 the invention_ using a |aser .

iheeditbrexsingati lasers pasadneseittiont hysicmi pad tataopiigele detection

detection system Figures 5A, 5B, 5C and 5D are

syst§Bhat i ¢ di agrams showing four different excitation

and tection syste i{.lustrating.detegtion i

e NG Prsguaneyas trsian ThlBlglE AL it of

tAS ein'v%:hﬁ'éﬁ r\?sthhgrhs lﬁ er (WREGALx LABLACS/ A Gnd ' £S5 Eectric

wave torns usimg the excitation and detection systens

RedtiddRten®?C; and Figures 7A, 7B and 7Cillustrate

the response of the systemof Figure 5C to various

r eactFigose 4246 aWdhenratit elispam tluskiagugen fiyrtleert erabodosat of

apparatus | for detecting spatiall | ocal i sed

the i eantionsising ardaser iba$edo¢mﬁaﬁgntsaséng@lbé,ﬁrthtneﬁlm transducer

%Eovm. A substrate 10, preferably formed from gl ass
©10% $y4FTmt eri al , has one or nore thernpelastic

2o Bk Bl ST 86 5L OB AR Sy o
B IRty A S Bk ime
I frégeenel domains;

Figures 6A, 6B and 6C are illustrations of typical thermoelastic
response wave forms using the excitation and detection systems of Figure
5C; and

Figures 7A, 7B and 7C illustrate the response of the system of Figure

5C to various reactions.

With reference to Figure 1, a transducer apparatus 1 for detecting spatially
localised variations in material binding to a substrate is shown. A substrate
10, preferably formed from glass or similar material, has one or more
thermoelastic sensing thin film structures 11 attached to the top surface 12 of
the substrate in a conveniently configured array. FEach of the sensing
structures 11 has probe material 13 attached to the exposed upper surface of
the thermoelastic thin film structures. The thin film structures will

hereinafter be referred to as probe structures.
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W@E 204/ 13PES .

the thernoelastic thin filmstructures. The thin film
structures wll hereinafter be referred to as probe

Preferably the probe structures 11 conprise dots or
. f [ a j
R R By R ey I2REEN. Rre RS 1o Rl

sREFS BAviRE ot AR of Iﬁkﬁﬁﬁegﬂl @F itall OCaygaRis emtimmetres.
oli gonucleotide adapted to bind with specific DNA

Thragreated effokipenbthesprobe taterialocomprigesoap odigopnabetide
structures, has different oligonucleotide probe
adaptedi @l bindsiithd speeifiet BNA rragreenyf esBaeh arrpbeli sisture, or

SE0SP 190 RER < SHERRRS 1155 DAFerBpt (L BOTCEFoLde TAobg, gatagils
@saﬁflgh d laser, for 10 delivering an excitation
u& HCFER ¢ he probe structure through the thickness of

the substrate. Together with the optical source is an
optical detection system 15 for detecting nodul ations

IhnthePhiceatt emBbairhem, rieé lsabitedte o10 retaptivallyf tramspatdne, and

probe structures. The excitation and detection systemns

msgiatiedphamatdblitis aelatticak sowrce het, sugstr@teyitched laser, for
referably in a plane substantially parallel to the 15

iysting e, cxgationpsignahta thegrebe papiurey throggh dbg thiekness of
tho s Ging Toepiisr arift JregmtichLymiie & 35 bty degggtion system
AR il Pt il §81igtiSh pERUGEY drifiumed from
t%?ﬁ'@oes F&g'%tiﬂfé%h; RO %Eﬁﬁi 7 afd Adtetibh s%ge?ﬁsf hfe &@ﬁlkats%aéﬂe

eria Ing of the sanple”16, 17 wt

Bl@Re toeier fitdstrhf, QrefgllfinCa phibeulsdthmgally @arallt] to the
results in a change in the characteristics of the

subgtrate phrad bpitomadpalss eclativetreehdhnothbe tpreobklestcauingrodshe
and this change is detected using the excitation and
d#Yect i on systens 14, 15. 25

A sample 16 comprising a plurality of fragments 17, e.g. DNA fragments in
a buffer solution, is brought into contact with the top surface 12 of the
substrate where specific fragments 17 bind with specific probe material 13.
The binding of the sample 16, 17 with the probe material 13 of specific
probe structures 11 results in a change in the characteristics of the
thermoelastic response induced in the probe structures and this change is

detected using the excitation and detection systems 14, 15.
Excitation and detection

With reference to Figure 2 a preferred arrangement of excitation and

detection system will now be described.

8

7 WD 2004/ 027396 PCT/ GB2003/ 00415BCT/GB2003/004153
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Excitation and detection Wth reference to Figure 2 a
preferred arrangenent of excitation and detection

waymwendws | | now be described. 8 WO 2004/ 02739BCT/GB2003/004153

PCT/ GB2003/ 004153 A |l aser source 14 delivers an
excitation beam 20 of suitable wavelength (e.g. 1056
nm to a beamsplitter 21. A first portion 20a of the

%Tﬁ?site% 9(%1%1199 126RRvess ah BRI RANDY0 FRuRsR waldlEdah (e.g.

e substrate 10, and a second portion 5 20b is
Wi5ssimpied baimt ptitde vectA dhstsystiom20a.of the ekkitation beam is
portion 20a of the excitation beaminpinges on the
tsarsatitted by 10 besmt spdiitemi2lt todthe Isubstrgie t1fe and whssacoad gortion
and directed onto a selected probe structure _11.%@
i scdistinatsdash the, deteeliom sygem huoukhe fisth periionedla of the
| aser. squrce.22.is als 10, directed. tpo the. bea
S PPR OB IADITERS OB aPe i WhSBHE K ohBeHERLeE BROBH e
i ref | act: b e | bt tihe substrate 10
ﬁ}dﬁgﬁr%tgi@aié%%&#%%éaeadgﬁwgi bg 381518 eesl{1 ructure and
defl ected to the detection system 15 as an
i nterference beam 23b. A second portion 23c of the

Aeleagtivaneaaads i fomt 4 angiridouedotopdkreredet satsonncesys iseatso
directly as a reference beam Interference 15 between
diret¢dvo thetteam eplitbersdi . pat fisst paBiamd328€ theedetestiambeam is

this interference is detected by the detection,system
reflected dbygeckedms sPHESHT Sip sw@stra%/%ﬂ@r\ﬁmrﬁ 1h ﬁ%&@%ﬁ"%ﬁ gwm

B oPPte ST Bar B bt AR PEASh FfoTys 7R an
FLSIRLALY LERRCIATENL KOS BBRicR! DYC LYY Brcl HoRIRDAT DAY is
nprirses a netal Tilmo I ckness approximately 1

ttrr]&hsﬁgge:@ B {IRNGktBB & BysedB @Ry 29 a rbRrdfte bulm. Biierference

aving a dianeter of approximately 1 to 100 m _
Wittveemathievelvy tbectiodi beatnapaths 0D&b sandi Qe escomy and this
defined within a continuous filmwth the probe area
nfdrfrencceisydetieted by thy detestion systemi bn  Ths dséentiozrkagm 23b
is preferably broader than the probe structure so that it can detect excitation

over the whole of the probe structure.

In this exemplary embodiment the probe structure 11 preferably comprises a
metal film of thickness approximately 10 to 500 nm (and more preferably 10
to 100 nm), and having a diameter of approximately 1 to 100 pm.
Alternatively the individual probe structures may be defined within a
continuous film with the probe area effectively defined by the excitation

beam area.

The probe structure may be formed from any suitable metallic or other
materials that provides the requisite thermoelastic properties, and which

permits binding of suitable probe materials thereto, or chemical modification

9
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The probe structure may be forned from any suitable
nmetallic or other materials that provides the

WO egpaiozidve t her noel astic properties, and whi chPCPpeBRI0BH04153

bi ndi ng of suitable probe materials thereto, or

: Do oo 4/ .
eSS HoahERIe Piobd iRt et forpase ol gaomica
HBERIEAY 8- dgﬁ,eélfd' f§Yitd Her®BERSAE pehiMiERs alRbliARANE Wther
Is gold, and for i1ts thernoelastic properties is
saittiblienintriald ieludes vilv e | iganvherdoplpsr,i thaksidae sid pelymeric
titanium copper, tungsten and polyneric materials. 5
mdatprielsorti on of the excitati on beam 20a is absorbed by
the probe structure 11 causing a thernoelastic vol une
change in the probe structure. This volune change

LSR8 B2 S LRt D 0 e
L R R T

voddhb MaRbe t@18hane bnfr® roffaeéﬁa%ge 3h BB IRIMRAESs, A& or
power density of excitation beamfalling onto the

poshidy af ethespasbet bguetger1 iof Box ek@iipldl the? eavdatidn sbeam
power density yields a 15 maxi mum strain on the probe
soduwssuoagividiabbwtavadsini the probe withireorl 1t Hiivkndws lasfalised
the thernoelastic filmincreases by this anmount.
heatiag & (he meWd- i ni num power density required of the
excitation beamw || depend upon the m nimum

t hernoel asti c response neasurable by the detection

RSty o o SR PO s My T ont
tRE 986stilke B of theRrMMo3 x ! Wnhe? hed IR betvel GRSty {7ty a
the combi nation of a. the beam 23a that is reflected

roffintube qradbeors tthecprobe dttuasrebednmlbBiv, 294, tie. khet Width or
reference beam 23c operates between the short

thigkaessoof thaltbemmedlastivefibndnemgasesrbypdamanmuat. Generally, the
minimum power density required of the excitation beam will depend upon

the minimum thermoelastic response measurable by the detection apparatus.
In a present embodiment, this minimum power density of excitation beam

would be of the order of 3 x 10 W.m™.

The interferometer formed from the combination of a. the beam 23a that is
reflected off the probe structure 11 as beam 23b, with b. the reference beam
23c operates between the short duration pulses of the excitation beam. The
thermoelastic change in dimension of the probe structure results in a
corresponding amplitude, phase and phase angle variation at the photodiode
detector 15. The position and expansion of the probe structure 11 is a
function of the probe material bound thereto (and/or of any sample material

which is attached to the probe material).
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ructure due to the electronmagnetic, e.g. |aser,

excitation results in a change in how the probe
structure reflects light. Changes in the thernal
Inesxmenddennnd theabernoelastac rdspontd ofnthefprahy stmahgesiuertatthe
occur to the physical and/or chem cal propertjes
aleeiroraagnetisl elgouasert excitaiionresalie ink ¢hagsrigbkow the probe
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chemical properties of the material (e.g. any fragments 17) binding to the
surface of the probe structure will be indicated, e.g. quantitatively, by the
magnitude of change in the thermal response. For certain analytical

purposes a qualitative response may be sufficient.

The data for sample 16 is acquired by the difference between the calibration
data and the sample data. Fast analogue to digital converters (for example, a
transient recorder 25 such as a digitising oscilloscope) translate this
information into a series of digital waveforms for analysis by available
software. Recording and storing data from the interactions of known probe

materials on the probe structures with known fragments in a sample enables
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thagpeoberstyudieraiwdiic ting yaghoditiesexcatation lpuise map biefanatysed
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frew; the rwqu:CF wgerlandddisplappd opansgilogrers qutishewn).
enbodi nent of probe structure, excitation system and
detection systemw ||l now be described. In this

Alternatively the Q-switching rate of the excitation laser may be used to
synchronise a lock-in amplifier in order to provide an enhanced signal to

noise ratio.

With reference to Figure 3 an alternative embodiment of probe structure,
excitation system and detection system will now be described. In this
arrangement each probe structure 30 is formed in a continuous thin film 32
of electrically conductive, thermoelastic material on top of a dielectric,
optically transparent substrate 31. The thin film 32 can provide an upper
electrode of a piezoelectric transducer. Preferably the optically transparent

substrate is quartz.
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fermedr onagnetic excitati on beam 20 in this instance
conprises an optical beam generated by a Q sw tched

| aser 14 and is preferably of the order of 1.0 to 100
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range of fre ies.is genera d.as a high frequency
4CQPSEG respons 1nrtﬁe probe s fPichire §8 which in uces moverr?ent m the

adjacent piezoelectric substrate 31 and thereby produces a signal current 35.

The result is that vibration induced in the probe structure 30 is coupled into
the substrate 31. A wide range of frequencies is generated as a high

frequency current.

It will be understood that in this embodiment the thermoelastic response of
the probe structure 30 due to laser excitation results in a modulation of the
electronic properties of the probe structure, e.g. it will drive the
thermoelastic excitation response. Changes in this thermoelastic response
will occur as a function of any changes that occur to the physical and/or

chemical properties of the material binding to the surface of the probe

13



10

15

20

25

It wll be understood that in this enbodi nent the

t hernoel astic response of 25 the probe structure 30
waele@4pgr3b@aser excitation results in a nodul atipPer/6B260REO04153

el ectronic properties of the probe structure, e.g. it

Shldhadl Wik e SOLABRIGH L GEGHLAN BALPABROREY system.

anges Inthrs er noe I'cC Téspon occur

IatﬁewﬁéﬂQﬂogicawbgmrt%éctfomiys&%ur to the physical
and/or chem cal” properties of the material binding to

the surface of the probe 13 WO 2004/ 027396

PCT/ GB2003/ 004153 structure, which can be detected by

Hie Bequendyand gmplitelt deheatowticysvem the pohe stuhture and
n optically based detection system, The frequency and

tHHpI 9t thie Tadugade sigaali stteninaiy e i iHnehan wipee Physistlpad/or
d. h f the ind ' t, A1

Pipieontsretie ohyRREf” SAapaRa o< aurBrg o8k dhaprobe

BrucBE R0, ", OO s of WAL AR Bl ChB 08, properties

e GhaehaIBS Al ouRidoBehE s@ffacO® b e pffﬂieeﬁt'ir@tuﬁ%@@lﬁa‘é’ges, a

to the surface of the probe structure 30 changes,
ossguie nthatenge the anfjditad® landudeqaatyt béqeneytraft 35 is
the current 35 is 10 observed. As described below this
adwarves. mevs dosatbednbelnwotits [cho s penitoredy wnea Asstiimasope.
.he thernpel astic response signals including the o
l%lgwfq a gg@%oﬂseetm@ﬁeﬁﬁ’éc ceehonse; HENMASweRidingn the initial
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probe structure can be detected by the detection
stipalatedis. If 20 the excitation response is initially

nmeasured for the probe structure with the probe
mat eri al 33 bound thereto, and is then neasured again

@ﬁ&n?’es FRGHRLE to the physical and/or chemical properties of the material
bound to the probe structure can be detected by the detection system 15. If
the excitation response is initially measured for the probe structure with the
probe material 33 bound thereto, and is then measured again after exposure
of the probe material to the sample 16, any changes to the physical and/or
chemical properties of the material binding to the surface of the probe
structure will be indicated, e.g. quantitatively, by the magnitude of change in

the excitation response.

With reference to Figure 4 an alternative embodiment of the probe structure,
excitation system and detection system will now be described. Like the

arrangement of Figure 3 this embodiment also generates an electrical
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t hereon, and an adhesi on coating 40c on top; 5 the
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Peelsdshnyct ure can be detected by a transduction
film40b that is a pyroelectric film An acoustic

em ssion by the probe structure can be detected by

the electrode, e.g. a netal filmelectrode, 40a. In
Aneindresed Emiasivheoutpragpehe oprekei dtatdtae cas pendetettbé by a
transduction film 40b coul d be a magnet oresi stive
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40a. In the case of a thermomagnetic excitation response the transduction

film 40b could be a magnetoresistive layer that changes its resistance

according to the magnetic field emission from the probe structure.

In common with the system of Figure 2 the infrared, acoustic, magnetic or
charge emission response of the probe structures varies as a function of the
physical and/or chemical properties of the material binding to the surface of
the probe structure. If the mass bound to the surface of the probe structure

increases a changed, usually a greater, emission response is observed.

In the preferred embodiments, the transducer element provides for a direct

electrical pickup of signal current therefrom. In an alternative embodiment
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pENVPlEE004/ 027396 PCT/ GB2003/ 004153 the signal pickup
could be renote, e.g. by electromagnetic induction.
For exanple the piezoelectric transducer can provide

be .det.ect ed
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will d woul d be

change its refractive index an
dedcedingiiocknesviatechpigueal signal according to known
techni ques. 10 Wth reference to Figures 5A to 5D four
al ternative arrangenents of excitation and detection

ste are described. Figure 5A shows a .digital
368 1 B¢ teeﬁe&ltm@)rﬁgy& e saltgrnatge “amangements of
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changes in the probe structure. The excitation beam
20 is generated using a Qswitched | aser 14 producing

pighers Al Bdws @rﬂigﬁaloa&inbs&?%nae@@ﬁsn At edriad is the
frequenci es of several, e.g. 10 to 200, “kHz according

prefeveed sikstomnfdrethbnpirobestructures of Figure 2 as it can track precise
dimensional or positional changes in the probe structure. The excitation
beam 20 is generated using a Q-switched laser 14 producing either single
emissions or being self-modulated at frequencies of several, e.g. 10 to 200,

kHz according to well known techniques.

The detection (interference) beam 23b is directed to an optical detection
system 15 comprising a photodiode 52, a preamplifier 53 and a digitising
oscilloscope 54 which is triggered by an optical detector 61 adjacent to the

Q-switched laser and optically coupled thereto by a beam splitter 60.

The excitation beam 20 can be modulated by signals of up to several kHz,
e.g. 10 to 200 kHz. The probe structure 11 is exposed to the pulsed
excitation beam 20 and increases in volume, e.g. by between about 0.1% and

10%. This leads to a change in phase and intensity in the detection beam
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Figure 5B shows a lock-in amplifier detection system 58 also suited to the
probe structures of Figure 2. Most components are similar to those
described with reference to Figure 5A as indicated by the common reference
numerals, with the addition of the digital filter 62, which acts to reduce
noise. In this case however the repeating output of a Q-switched laser 14 is
used as a 10 to 200 kHz reference signal. The filter frequency is selected to
the appropriate acoustic emission frequency of the probe structure in order to
optimise the signal to noise ratio of the detection signal. The response
frequency typically lies in the range 1 to 2000 MHz and deviates by a
maximum of 10% when fragments 17 are adsorbed onto the probe structure
11.
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Afet adssspiope ofdragrente 1dcant dhe pibecsatesial d3graanges in the
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&hajiagkeristics of the fragnments 17. 10 After

adsorption of fragnments 17 onto the probe material 13,
changes in the frequency and tine decay can be
observed, and these changes can be used to evaluate
Figard rdynmehnivss 1ah aalsonited eynchrenpsatibe deteatour eystandthat
hence the sanple 16. 15 Figure 5D shows an

absantially dtery thardesisisel emissaresignah 38y EeBmitha packground

Subetanttall y il tars the ghectihcal, & 3ROR 5 Wflanced
frequency ranges and allows higher gain amplification. The system
coherently integrates the emission signal 35 from the transducer, averaging

extraneous signals to zero.

In all the embodiments of figures 5A, 5B, 5C and 5D typical signal voltage
outputs are in the range 10pV to 100pV and offer sufficient sensitivity to

detect, for example probe structure mass changes of 1010 100 g.

An example of the electrical detection signal received from the electrode by
the oscilloscope is shown in Figure 6. Figure 6A illustrates the excitation
response of the probe structure to a pulsed excitation beam. The slope

indicated at 70 provides a measure of the thermoelastic acceleration of the
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of protein binding is shown in Figure 7B and the
effect of hybridisation of polynucleotides is shown

The Fe@utse sH&wn Te Figassl 1 sv&Boyktained Fhigdseed wefie a 100 nm
obtained at 25 C using a 100 nm 15 al um ni um

slherineh abeimodlagter layeraonuarquarts ubitstratee. The swcosesevas
was

dissolved in distilled water, and the protein and DNA solutions in PBS at pH
6.2. In Figures 7B and 7C Protein A and Poly C are used as the probe

materials.

The upper curves are the time domain responses and the lower curves are the
frequency domain responses. Significant changes in response are observed

following these interface reactions.
Sample delivery

Application of the sample to the probe structures may be achieved in a
number of different ways. For DNA analysis the DNA sample may be
extracted from whole blood. Separation of the DNA is carried out by

dielectrophoretic field, which transports the cells to a contact electrode. An

19



di ssolved in distilled water, and the protein and DNA
solutions in PBS at pH 6.2. In Figures 7B and 7C

woe@ie2139A and Poly C are used as the probe neCEGBa03/004153

10

15

20

25

20 The upper curves are the tine domain responses and
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Significant changes in response are observed

f pravidd s transrestfome efhacemeastthonsed Sangdrerifledihy diy/sample
25 Appl i c%lon of the sanple to the probe structures
°Bér g Hicespdls. iWith the gelieet the elrotiodeenyolimgespulsois applied

W oot BEeiek JATGIER MY R b Ears ggl%é%gm cel

ol s e e 0 SRR 500 v
RaakEE2RRAC O g t}%:sﬁr'n%atb thé 4R (%(13 of aﬁ%l%ﬁgﬁf&'ﬁﬁg on the

is applied to the contact el ectro

tprabs poottutar TempEhitardseiiveshé hﬁné@ﬂ%fe%perature of the DNA
centrifuging the sanple to separate the cell

138 usefl [te sgpamatre detiblet stouids andahroagke mugmsﬂr&cﬁpﬁjﬂgﬁﬁlyms
se tPelpﬁc;el | s, breaking thr ouglgQ t he nmenbrane and
r&fé‘égﬁa thfeseaple E}kﬁn@l@%ﬁf of Sir@ﬁtumilhenasapecur ina

snSS%vébe?ﬁgﬁgﬂg?ﬂé’ SRRl dizay wisot n Ve e ﬁ%‘?en”&ﬂate multiple
t
% HIOELRL WL T ipbie (L SREPR GO e BRI 6°

to separate doubl e strands and prOV|de singl e strands
for analysis. Exposure of the sanple to the array of
Colpdingt ehuakistiéas 11 may occur in a 10 single step,

especially for small array areas. W al so contenpl ate
multiple step exposure, e.g. by pipetting the sanple

tpo each.prope structure. Coupling chem stries 15
BbBe himilly 190> 2ol Such 5anudoihacidd s peinsackscis Baprobe
heuBhiaehgd 40 tﬁ@ eac%ruggg transducer arrays using various suitable
chemistries, of which the following is a non-exhaustive list of possibilities.

The coupling chemistries are indicated for their preferred substrate type.

1. Avidin or streptavidin can be adsorbed to a gold surface, followed by
oligonucleotides labelled with a biotin moiety which then binds irreversibly.
2. Amino-functionalised oligomers (3> and 5°) can be attached to a
silanised glass or silicon surface using glutaraldehyde.

3. Alkyl thiols can be attached to oligonucleotides and DNA. These
thiols then assemble on a gold surface as an ordered monolayer film.

4, Carboxyl-modified surfaces of crystalline silicon will attach to thiol
modified DNA by means of electrostatic adsorption of polylysine and a

heterobifunctional cross-linker.
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WO 200a/02m306 exhaustive |ist of possibilities.

structures 11 of the acoustic transducer arrays using
various suitable chemstries, of which the foll ow ng
TPET/GB2003/004153

coupling chem stries are indicated for their preferred

subst %\Zgéh}l&ép%mﬁgleém Adioﬁ]ggllﬁlll%%cggﬁpe%s\éggi e CAMAEA to a

adsor to a go ace, ed 1 . .
dkk gaDEGHRALIJERDPbERAET BYemb Blads P4 hAd BRI @hYsuMiced
then binds irreversibly.” 2. no-functional i sed

6l i gordkesxysBlanangudh s aatinbgropyidethedysitane (SPTBB) aadused
%ass or silicon surface using glutaral dehyde. 3.
kerm ¢ lstabiles cxosprlinkedtfilac wddch s todatebwuthl sotime anhydtide to
..These . 25 thiols then assenhle on a gold surface
%Adéﬁ’ @‘Pc?é’?’é‘@ SFROHBI tayAeFAtPPKIRIC AC1daRpisty IAThaming agid linked
face . stalline silicon wll,attach to thiol
%ge?cl %ng %&I&ﬁbéﬂ h&%glaocfa%%?%al&&ctogﬂlegadsor ption of
ol yl ysi Lianct i s-] inke 0,1,:
To SobareSoEsh ReiNEEs e BIREOTPS) oShanst Ko hractiior
PN Géd DoAIc] eot i des can be attached to a dextran
acryl am de copol ynmer | ayer on glass, gold and silicon
Sur f aGdgpcidéxypablokirsithaxystlanelcfG@PS) will also attach a thiol

am nopropyl triethoxysilane (APTES) are used to forma
sroshiied dYN4s withhregreptdrndistangd Hesweerdhedueldinh acid and the

succi nic anhydride to 5 dify the amno group to a
rcf?f(?)@flcth‘épé P&IStRGTRES Of WbsHAteno acid |inked nucl eic

8 mer R APERy O h 5L e Bené ofpr, it
%@%ﬁ%%&@? Irsiftlglt%ﬁg%flag%e (GOPS) will also

a0t achil$ hitedh theNRdtS %@l@ stiNAc¥d 44U §i14He8ab &flica surfaces.
di stance between the nucleic acid and the surface of

the probe structure or substrate. 9. DNA/nucleic acid
cgn al so be conjugated to a silane for direct '
Abe derhmigtes gndnhabpasites sleserdhas abowef effer very considerable

advantages in terms of reduced cost and complexity of analysis apparatus.
Well known thin film lithographic or robotic spotting techniques can be used
to form the high density arrays of probe structures, particularly on rotatable
discs. Existing compact disc read/write technology can be used to provide
the laser based excitation systems and disc access mechanisms for
positioning the laser with respect to a rotating substrate. In such a system a
drive means is provided for rotating the disc relative to an axis and an
indexing means varies the position of the electromagnetic excitation and

detection system relative to said axis, typically in a radial direction.

As a result the analysis apparatus can be made fully portable, being only a
few kilograms in weight owing to the nature of the laser acoustic transducer.

The analysis apparatus can be made largely or fully automatic designed for
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waelemasn2i3edd above of fer very considerabl e

10. Thiols attach the DNA to gold surfaces and sil anes
to silica surfaces. 15 The techni ques and appar at us
advaPCEHGB2008/004153
ternms of reduced cost and conplexity of analysis
PPaRALSR-expl |pdtsie]! Bh8 BbddMdot  ALALRP RO chemical
?oboty?c sp%xti ngptechni gues can be used to f(?rbmthe '
pidabesiensi Thisargrayides! for obighbt rietinbleesanapaid.i cuiNar kyecial
on rotatable 20 discs. Existing conpact disc ,
erdtdnmente foechsol tsgyreqamede(aged-igbt-prasvisgendifige), unlike
| aser based excitation systens and di sc access, .. .
Huereapednschigiquepnd B’t?n@?ﬁﬂ%tﬁ% 13 g@énds o ¢ @éﬁ@&@ﬂy goise
substrate,

. e _ _

fiet 3k d0a Faporataie AETHE afisd! PhRlfoatty’ D fiferl
SRS i PO o

D B T e RGP B S et o syst em

relative to said axis, typically in a radi al

direction. As a result the anal ysis apparatus can be
maderobe styugtard abhsjudesd fugmedion the shbwirdties hgvasen fiound to
wei ght owing to the nature of the |aser acoustic

be anffthientty serFhavetatnables detoptiem ol binding betwieaneDNA strands

largely or fully omatic designed.for 21 WO
000510l bRserReH) BHGOTIGDA1 50e RoBSty THMeaglssy psed can be

rsonnel , and. does. not require. conpl ex chem ca
8&%@%@3P§ﬁﬁ$ﬂi bIAGELY SfWisgﬂfllgpreliable anal ysi s.
No special environnent for use is required (e.qg.
Li ght- or sound-free), unlike fluorescent techniques,
gned froBe aRRREBEUSanRIuter BREntddtd 8ad Hes f@fiddatiloyn nal swiitable
free, being non-responsive to dust and optica
ooitdréat] nadrtionlarlonigoldmtsdverl alunhiaiurhs depped 6o tuhgsten, by
probe structures is detected. The probe structure
evannsaier o8 spettadng ovith photitkegrapkis priteenpgetechuighgs well
%g be sufficiently sen ig%ye %“en bl e detection of
PG (B B ENELCE (PRI, (oL PRSI REDe base- pai 1
di fferences. The acoustic frequencies used can be
adjusted to obtain further increases in sensitivity.

The substrate can be formed from any suitable material, e.g. soda glass, BK7

glass, borosilicate glass, sapphire, silica glass (vitreosil), crystalline quartz or

plastics materials such as polystyrene, polycarbonate or polyethylene.

Some applications of the systems described herein are in large molecule/
small molecule interactions, large molecule/large molecule interactions,
gaseous/solid interactions, genotyping, DNA sequencing and cell expression

analysis.

Those skilled in the art will recognise that other embodiments not described

above are within the scope of the appended claims.
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The probe structure transducer elenents can be forned
fromany suitable material, particularly gold,

w@2dme739@1 um ni um copper or tungsten, by 15PCT/GB2003/004153

evaporation or sputtering with photolithographic

PGtABVIY ng techni ques well known in the sem conductor

i ndustry, to define the array. The substrate can be

formed fromany suitable material, e.g. soda gl ass,

BK7 | ass, borosilicate glass, sapphire, silica glass

Qvitr apparatysyier aeterieg guaneonm a@DOtp’:b &OMEHINE.

mat eri al s, such as paql ystyrene, pol ycarbonate. or .

pol yefHRIPBR é?"chlgg e agﬁ%tf’é é‘étuFlg Oo‘PIY‘? RE 14QFe; g thermoelastic,

escribed.hereipn are in |ar | c .

TR, o (Be i e SR e ronsge MHsh. expited by
QRS ESR @% SdiaAbR! fetdxeRatiof $8IBE Being a

ﬁé@g _ev(r%lc rzr]1 egn c_e? exgrelg_si on 25 ané?ysis. Thoseg

Fihdtlopdof hd PRysical whd/br cheadal $eopdirties @fhde probe and/or of

enbodi nents not described above are within the scope

ofattthd Epgepdbdratdbai ns. 22 WO 2004/ 027396

PCT/ GB2003/ 004153 CLAIMS 1. An apparatus for
det ecriseyres olbelealromasneticaragiados; conprising: a probe
which is a ed to yndergo one or re of
t her naeRS dpEdee A el Rt PR Rt dapREqbe: and
excitatjon.respo 1 I
varyi Ao anehERE BRI SAFIRRS B, phOEM rhibonse of the
@%ﬁﬁgnse being a function of the physical and/or

em cal properties of the probe and/or of materi al
bi ndi ng thereto; a source of electromagnetic
radi ation; 10 means for directing the el ectromagnetic
Radi aflfihenapparatus of ckem &nd whicharadupeobadammtses @ probe
determ ne the excitation response of .the prgbe. 2.
ThHacpp hrEng BbsERET Artace enihviicheisheupddanebe sraieiides

a probe

3. The apparatus of claim 2 in which the substrate is preferably a thin
film.

4. The apparatus of claim 1 further comprising a plurality of probes.

5. The apparatus of claim 4 in which the plurality of probes are formed

n an array.

0. The apparatus of claim 4 or claim 5 in which each probe comprises

probe material which is different to that on other probes.

7. The apparatus of claim 2 in which the probe material comprises

molecules of one type.
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The apparatus of claim 1l further conprising a

plurality of probes. 5. The apparatus of claim4 in
which the plurality of probes are formed in an array.

2 6. THeeapparatuat ofs ckiimc? anh nwhiochr thel piobeSmiatervdli aimprises a
each probe conprises probe material which is
dhixteeedtdifforantamoloenles.ner probes. 7. The apparatus of
claim2 in which the probe material conprises

nol ecul es of one type. 23 WD 2004/ 027396

RCT/ 003/ 004153 . _The a ratus of claim2.in

whi ch THeARRAGHES %Fﬁfﬂlﬁnall mc‘é?ﬁ%?’i Pgstyfic Oki ¢ fogp is planar.
different nolecules. 5 9. The apparatus of claim1l in
whi ch the surface of the probe is planar. 10. The

agpar atpisafarstidofclaimn Whiveithithe sitfataoe tif pidbe ipteRed.
is curved.”” 11. The apparatus of claim1 in which the

source of electronmagnetic 10 radiation emts radiation

in the optical portion of the el ectromagnetic .
sidect rim apparafise ofpPainatiuin ofhighaihe gowee faklectreniagnetic
whi.ch the source of electronmagpetic radLation is a .
|radighion 1 gmyty, mFﬁé’ﬂ%}b pi&r §m§p&9g£|&9¢w& P tﬁ&ﬁi glectrpmagnetic
source of electromagnetic radiation is positioned so
tHET e radi ation inpinges directly on the probe
material. 20 14. The apparatus of claiml1l in which the
source of electromagnetic radiation is positioned so

tl@t IThd 1adpPhrabas SIS claihougBr aclails1 1 aine WhidRS{Rr €8lirce of
0

electromagnetic radiation is a laser.

13.  The apparatus of claim 1 in which the source of electromagnetic
radiation is positioned so that the radiation impinges directly on the probe

material.

14.  The apparatus of claim 1 in which the source of electromagnetic
radiation is positioned so that it first passes through a substrate transparent to

the radiation before impinging on the probe material.

15. A sensor, comprising:

a substrate, and

one or more probes on the surface of the substrate, the probes being
adapted to undergo ome or more of a thermoelastic, thermoelectric or
thermomagnetic excitation response when excited by temporally varying

electromagnetic radiation, the excitation response being a function of the
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the radi ation before inpinging on the probe material.
15. A sensor, conprising: 25 a substrate, and one or

worene/opiebes on the surface of the substrate, PEEGB2003/004153

probes being adapted to undergo one or nore of a

g)i(lgi%%&%{ %h%ﬁﬁk%"l REHGREE bE RE pr 6@5};%5%@ @ldtérial binding

tatron response en excited by te€nporally varying
eh@efor omagneti ¢ radi ati on, the excitation response
being a function of the 24 WO 2004/027396
PCT/ GB2003/ 004153 physi cal and/or chem cal properties
of the probe(s) and/or material binding thereto. 16.
the sdhsmensor ef elpim 15 in the frent of apbite.a plate. 5 17.
The sensor of claim 15 in which the substrate is
el ectromagnetically transparent. 18. The sensor of

G121 BB AP S5 P HA ey

[ substrate is of such a thickness that it
#gg%rgﬂfm ent strength for ease of handling, and also

that it will permt the desired anmount of

el ectronmagnetic radiation to pass through it. 15 20.

Te sd&fmosensér of alaimlld imwhitc thet hibstratssactaims, drais part of, a
thickness in the range 0.2 to 1.0 mm 21. The sensor
drangfhagen 15 further including a plurality of probes

each of 20 which is adapted to undergo a | ocali sed

el ectrical response when the probe is excited by

SR e OB FESE MOS0 0 it

GRAIERRO B gt REeBE Dy fok REsE BARATIIATY, BhH @¥sPthat R8vill permit

the desired amount of electromagnetic radiation to pass through it.

20. The sensor of claim 19 in which the substrate has a thickness in the

range 0.2 to 1.0 mm.

21.  The sensor of claim 15 further including a plurality of probes each of
which is adapted to undergo a localised electrical response when the probe is
excited by temporally varying electromagnetic radiation and of generating an
electrical output response corresponding thereto, the characteristics of the
electrical response being a function of the physical or chemical properties of
the probe and/or of material binding thereto, and

a transducer for transmitting the electrical response.

22.  The sensor of claim 21 in which different probe materials are bound

to different probes.
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el ectrical response being a function of the physical
or chem cal properties of the probe and/or of

woraioe2mbe bi ndi ng thereto, and 25 a transducerPd¢DGB2003/004153

transmtting the electrical response. 22. The sensor

03, cl A MyahkdhBerippabatts frbe Ei@!éhti%%gﬁtiﬁw ¢6datissd Fafiations in
bound to different probes. 25 004/7027396

et GBPPRAOD L8 suPface Af b ipdats deromprisippar at us f or
detecting spatially localised variations in nmaterial

bi ndi rigsubstrates surface of a plate, conprising: a

on a @upRsssbet e Aidudobs ol aB Brave o PEcupkee
EReR AP ast e Ehe ar BBt e “dRhE R hREF 13 ocatised
%&'Iﬁ(?élbﬁﬂé rtﬁéﬂﬁ@e‘i@cﬁﬂﬂae& t}%o?lg%?ggiﬁtmﬁ% | ¥sponse when

varying el ectronmagnetic ra aracteristics of

teh@ited Wyt irhPoralloSReRne FHethemaghstis radintioh, phwratiesiktics of
and/ or chem'cal “properties of material binding to the

shie f excdtagiont resgamebebang ust fimetioh0 ofl physicatagnétorr c chemical
excitation nmeans for directing electronmagnetic energy

aropersies of meatedalkbipdingie the swdacs eilikemprete plugpsr t o
elicit the excitation response; gnd get ection ans .
for del@FFRTARERFHtEEKaiPRL MifF edPbnsEceng nelepirgprsnetic
structures. 15.24. The aratus of claim ' '
THEHE! s aelinal oboBt RBTFRRY sllor S Sig $ R the
-al | A el ectromagnetic radiation in the
tgg{?}l%ggﬁﬁhés@g\esgtgérl’u#nq 20 25. The apparatus of claim24 in

whi ch ddtectiotbaichad orl deté@hifbieh fHeOR AtioARelssk T the probe
transparent nedium and in which the el ectromagnetic

asxwictats.on

24.  The apparatus of claim 23 in which the electromagnetic excitation
means emits said temporally varying electromagnetic radiation in the optical

spectrum.

25.  The apparatus of claim 24 in which the substrate is formed from an
optically transparent medium, and in which the electromagnetic excitation
means 18 adapted to direct said electromagnetic energy to a lower surface of

the probe structure via the substrate.

26.  The apparatus of claim 25 in which the probe structures are each
adapted to absorb said electromagnetic radiation to thereby generate a
thermoelastic excitation response in the form of a volume change within the
structure, and in which the detection means comprises means for detecting

said volume change in said probe structure.
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means is adapted to direct said el ectromagnetic energy
to a lower surface of the probe structure via the

waumsneade. 25 26. The apparatus of cl ai m 25 i PCTEBRIV3/004153

the probe structures are each adapted to absorb said

el ectromagnetic radiation to thereby generate a

t hernoel astic excitation response in the formof a

\261. unelleh apperatis ifnclaim 26t imcwhich, thedprohe whiradiurdse each
detection nmeans conprises neans for detecting said
womprisechihig éllinmetal $pqdr obe structure. 26 WO

2004/ 027396 PCT/ GB2003/ 004153 27. The apparat us of
claim 26 in which the probe structures each conprise

? t |hln e' {%ﬁ]p?rnﬁ al £§§{ 1@ H% g\ﬁlgr&ﬁ tRE %%'r&ttl%ﬁ I?lfeal% ?Hﬂprises

conprises neans

faﬁ‘is"fb? Qecre?{)lhg GLBched %E%ﬁ?a%ﬂ@ﬁé En&ggrfﬁiinftﬁ@ RIE&Rd probe

cted probe~ structure par at us of
@h@bmrgs in which the probe structures are each 10
adapted to absorb said el ectromagnetic radiation to
thereby generate a thernoelastic response in the form
of a l|ateral displacenent of the structure, and in

WL ch e apparebisi oh cheands canpihidetharpaete sepctures are each
3ehBiecure. Apstysaidcecnmmatiele Friwicn Ao searrate o
AT 0
?a 418 WhchhhE RtRE8R en&rs $es iAEiddRr @etetcﬁﬁgss‘aitp Blteral

ement for generating an el ectrical output signal

rdiﬂ;ﬂ@@@ﬁéﬁtdf\/tﬁe 2ébeddfintiaer noel asti ¢ response of said

pr obe structures 32. The apparatus of claim23 in

whi ch the probe structures include a transducer

el ement adapted to provide a.thernpel ectri c excitation
dsponkte ARIEERY @ ﬁb@iﬂaﬂ@y iy apichy the deobenslgreires each

r n
C%%{p%{sleoa thin ?"iiml ({] electric mapcrlal spot.

31.  The apparatus of claim 23 in which the probe structures include a
transducer element for generating an electrical output signal representative

of a thermoelastic response of said probe structures.

32.  The apparatus of claim 23 in which the probe structures include a
transducer element adapted to provide a thermoelectric excitation response
to said temporally varying electromagnetic radiation, and in which the
detection means comprises means for detecting said thermoelectric

excitation response.

33.  The apparatus of claim 23 in which the probe structures include a

transducer element adapted to provide a thermomagnetic excitation response

27



10

15

20

25

25 detection neans conprises neans for detecting said
thernoel ectric excitation response. 33. The apparatus

w@pooglozizps 23 i n whi ch the probe structures i ncPC€&Ba003/004153

transducer el enment adapted to provide a thernomagnetic
eyChidid! te@fpdralp onaeing? é1808 oMl 2 72 ation, and in which the
PCT/ GBZOes(i;igI/3 004?53 t(;g said tenporally varying
elatedtionageais congmisesi omeanandon rdeitdtoty tdaed thereoniagmetic
means conprises neans for detecting said

tHEHABAAGPMONES. excitati on response. 5 34. The

apparatus of any one of clains 23 to 33 in which the

el ectromagneti c excitati on neans conprises a | aser

aﬁ?pt eflhé oa}%éa%%g% 3{)1? & Syglo%%t %‘} %&?&8053t 2(? Bs ohe which the

structures r-conti nuous wav

&ESHARBAAR! becANR Qs é&nﬁﬁsesﬂﬁele@%%{dﬁb‘f&ﬂ @ irradiate

claim 2371 n mhlém the detectionh means conprises an
aRldted drdsesf ahengiobe StpictuRgemilnpulsedeber enttbesamyave
froman optical source, and an interference beam
redé¢temneghdticomdiationpr obe structure. 36. The appar at us

of claim23 in which the detection nmeans includes a

15 transient recorder or digitising oscilloscope for

erm.hi ng an_anpl i t.ude, .and .phase.variation in .

Cbr mobhe a0 ST a2 4R MO BSRE G wthn gomprises an
Y chaj I

RS FHEHSH SR eV LR RAE AR bk A S s
deidesd IR fERABS bédig rEctB® & f}fér%n%%te Qfhbfige.a change
in resonant frequency of a selected probe structure.
38. The apparatus of claim23 in which each probe
structure includes an entrant electrode adapted to
preovi dEhe agpaans of elaemt 23 an Ivdwveh therdetastioof mehes tRGudes a

substrate. 39. The apparatus of claim 23 further
iq@simqtﬂ@cgrq?chﬁilgggps%g (9§§1Slloscope For determlilning an amplitude

and phase variation in thermoelastic response signals received from the

probe structures.

37.  The apparatus of claim 23 in which the electromagnetic excitation
means and the detection means include means for detecting a change in

resonant frequency of a selected probe structure.

38.  The apparatus of claim 23 in which each probe structure includes an
entrant electrode adapted to provide a ground plane to a lower surface of the

substrate.

39.  The apparatus of claim 23 further including a molecular probe

material bound to an exposed surface of the probe structure.
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mat eri al bound to an exposed surface of the probe
structure. 28 WD 2004/ 027396 PCT/ GB2003/ 004153 40.

wab@4appes at us of claim 23 in which the substrBCEGB2003/004153

conprises a disc, and further including: drive neans

f4). r oT'h¢ iapparatisdoficemr 23 atiwkichotharsubxirate ¢odprisesga disc,
means for varying the position of said el ectronmagnetic
sangk@irther inhudiaghs and sai d detection means rel ative

to said.axis. 41. A sensor al ate conpri sing:

opt i cafye Teams reking 1344 discaclativng tq ap s ia?y of
Subst 1Bk Rl 195, Vs e SRETHIE Sah lesirompenctic
%%aeP%ng LnfR5R @lte@idPiRbhS fatidd &y RELIRL I

thernmoel ectric or thernomagnetic excitation response
when excited by tenporally varying el ectromagnetic
radi ati on, characteristics of the excitation response
bEi.ng A seosurtglate cofnpafsysg:cal and/ or cheni cal
properties of material binding to the surface of the
pr obe &t ppliqaliydranspavent subradesrassr pl ate of claim 41

e o A o Sl P
L0 S 1o RS U A s
]!igml%ﬁélﬁ?;ﬁ@ttﬁenﬁ Ethie CSr %é\%&#ﬁc@i&éﬁﬁﬁﬁo{r@ breewhen

i
of claim41 or clarm42in € probe structures

eselited dp térbporally h@diryifn?lﬁleﬁﬁbﬁiagﬁ% radiftidR; cHf@cteristics of

sensor plate of claim or clarm42 in which the
phebexstationt uesgenseaotingoapfirseicm tofi phfsitah dindloactthemical
spot .

pproperties of material binding to the surface of the probe structure.

42.  The sensor plate of claim 41 further including:
a plurality of different molecular probe materials respectively bound

to the exposed surfaces of a plurality of the probe structures.

43.  The sensor plate of claim 41 or claim 42 in which the substrate

comprises silica.

44.  The sensor plate of claim 41 or claim 42 in which the probe structures

each comprise a thin film metal spot.

45.  The sensor plate of claim 41 or claim 42 in which the probe structures

each comprise a thin film dielectric spot.
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29 WD 2004/ 027396 PCT/ GB2003/ 004153 46. The sensor
plate of claim4l in which each probe structure

wo awotlozT396 | ncl udes a transducer el enent for gePEr/&BR0VG/004153

an electrical output signal representative of the

yiger noRleasdnis6r HhAS WTSElath Slaifl vitioheash rptobe rseructurd Aurther
The sensor plate of claim41 in which each probe )
sticludesume trenstrcies edemant rfansgtmesating] eneelectinaptedpeio signal
provide a thernoel ectric excitation respgnse to said
repisserpiiye obihgi thermaeelastiorrsgaess f saadiPERbSHTUCAge. The
sensor plate of claim25 further including an

el ectrode for 10 transmitting the thernoelectric

i ' . . ) | .
PR 8 SRR o8 R e
Rr'# dﬁE%ﬁ@EﬁﬁEﬁ?a t8d $8'bfGage afthéhsosisbhisic re,@(tcﬁ'atipllg.r ?hesponse

each probe structure conpri sing a transduction fi

ad apidadmporallineet e cvetromapnétic eidiaidnocal i sed
t hernoel ectric or thernomagnetic excitation response

when the probe structure is excited by tenporally

varyi ng el ectromagneti c radiation and generating an

éi3act rﬁ@asew pplate rafs ghdle 260 ﬁl@?ﬁoﬂ@?\%@}ngh@m e@%@?trode for
har acteristi,cs of .the electrical output response

Seeri B Beigmpeidis FoRt o pRyRT o A reHSEhem cal
properties of material binding to a surface of the
probe structure; and an electrode for transmtting the

gloect rA ealsoPBldtto e. 50. The sensor plate of
claim 49 fur?her coﬁ%riﬁgglsng: 25 a plurality of

di f f eraesubstimlegcul ar probe materials respectively bound
to a plurality of said adjacent surfaces on the second
face afplutedity obshindiler pebeworptoes or 23usface of the substrate;
PCT/ GB2003/ 004153 51. The sensor Prl atde of cl :ili m éQ ig
whi ch %8Rk PiobBe SUNFIYES (GUEPHIEREKAY transduction film  adapted to

undergo one or more of a localised thermoelectric or thermomagnetic
excitation response when the probe structure is excited by temporally
varying electromagnetic radiation and generating an electrical output
response corresponding thereto, characteristics of the electrical output
response generated being a function of physical and/or chemical properties
of material binding to a surface of the probe structure; and

an electrode for transmitting the electrical output response.
50.  The sensor plate of claim 49 further comprising:

a plurality of different molecular probe materials respectively bound

to a plurality of said adjacent surfaces on the second face of the substrate.
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i nclude a passivation |ayer over the transduction film
for receiving the respective probe material binding

wao eootloz73sar f ace of the probe structure. 5 52. HG®EGB2003/004153

sensor plate of any one of clainms 49 to 51 in which

tHe sufist saiser atepof skamsédiinawhiB. thehprabenstouctptest farther
of any one of clains 49 to 51 in which the probe
snelude ur amssizapen slayer wagndhe dransdaction . filno o4 revhiving the
sensor, plate of claim4l in which the probe structures
FFEPECHVP aﬁ@%maﬁ%?mmg t%ﬁheg%ﬁga@smf;tﬁ% PFRAA gFudhre.
helical arrays on a circular disc substrate. 15 55. A
nmet hod of using a transducer apparatus according to

oy O e°§ensS+ glrag?f" io%éng Qnd RIS 59 ﬁgéﬁ he &ﬁﬁﬂ%ll@fsilg)/strate

providing a p t f probe materials respective

atdngsived stlitaa plurality of probe structures; exposing
the probe structures to a sanple material to permt

binding 20 of material to the surface of the probe

structure; using the el ect romaqn.eti C excitation neans

t9- di rg S@smitp?M@w one eretlgymsadO ttaed himpwhich the probe

structures; and detecting chapges in excitation
Bﬁ%%c%‘?lp’é‘é%ﬁ%?%’&@cﬁ?tﬁ’é‘? re by conparing its

excitation response with and wi thout exposure to the

sanple 25 material. 56. An acoustic transducer

apar afs sgﬂgorgg%a@&t(gfﬂ 9}3&&%& aj,] Xvﬂigléaiﬂesﬁfjobe s gtures are

variations iIn eria Inding to t surtface o

Rireing@cd 4h i s alfl yerrsallyHlefeilab 6 hBREA eﬁ*r?@doﬂ\'iat dircular disc
reference to the acconpanyi ng drawi ngs. 31 WD

200414127396 PCT/ GB2003/ 004153 57. An acoustic sensor
pl ate substantially as described herein and with
55. A method of using a transducer apparatus according to any one of
claims 23 to 40 comprising the steps of:

providing a plurality of probe materials respectively attached to a
plurality of probe structures;

exposing the probe structures to a sample material to permit binding
of material to the surface of the probe structure;

using the electromagnetic excitation means to direct electromagnetic
energy at the probe structures; and

detecting changes in excitation response of each probe structure by
comparing its excitation response with and without exposure to the sample

material.

56.  An acoustic transducer apparatus for detecting spatially localised
variations in material binding to the surface of a plate substantially as

described herein and with reference to the accompanying drawings.
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reference to the acconpanying draw ngs. 32

WO 2004/027396 PCT/GB2003/004153

57.  An acoustic sensor plate substantially as described herein and with

reference to the accompanying drawings.
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