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rel at es general Isg/ to the field of analysing sanples and hassp‘H’rthiﬂQf!ul ar, but
5 not excMRPVB%Yppiication in the field of affinity senstGRERR6BRanp| e

t hat known generally as DNA, protein, peptide and anti body chip technol ogy.
One aspect of the invention is concerned with a sensor platformwhich can
be used to anal yse sanpl es. Another aspect of the invention is concerned
wi th an apparatus whi ch nakes use of the sensor platform A further aspect
of the invention is concerned with the process for anal ysing sanpl es which
10 makes use of the pl asé.gbﬁma'{mmiAW?aﬁlgqna;}majn%ghgvvo-di mensi onal
arrays of sanples are known. One such technique is Known as an ELI SA assay
and is based upon the i ntRBlatferm; st Brocess usimgtitei Riatformet ween anti bodi es and
antigens. Special nmono or polyclonal antibodies are i mobilised on

~substrates and react with conplinmentary species. Fluorophore |abelled

markers are a'ﬂcled'tveﬁﬁoraféldtééégfeﬂ&al\l'}&:tﬁ@?&lﬁ%ﬂahﬁ!&ﬁg%%ﬁﬂlﬁ)ﬂd%s Qxli'igultan%#t
i uo e

sanples are irradiated with light in order to nduce rescence.
f | uor 2scRNEXclhgy vejappligatign imde fikls dfraffonitsl sepsiog furkesarhplearae kaewe geriesally as

i ndi cati 0 AN reacti.on. Anqt her known techni que is that

descri beﬁdﬁi&h{)%gﬁ’/%&é{;.ﬁ&?/anmlﬁﬂ&sdﬂp feﬁﬁb‘go%ngg‘? asppet og fIRYBHPN §peci es are
| MDDbi | i aderhed aitharsemor platdms Whsdhlcah Be uddio SRAGA i i | n 20
the substrate by photoli tphographi cal rrggns. oFI ugéregph rlgs'lg%%rg cr%rg(r)ﬁers

are adddfe inyentien i§senceseed withsamguiperatus whicpaakes wa df the aatsoripluifodin.t he

i mobi | i i and the whole chip..i scanned with a focused | aser

b ) ek B o el g Sl P he RS TOT Pkl B PGS E G o ¢

| abelid edmates et 6f hB@lsifoast ed with the i nmobilised species and the whole

chip is scanned with a focussed | aser beam The fluorescent signals are

detected by plRshoiguessior analysie tavocdimeiopd atreysofissmplenare kecwn COmegach i n t hi s
an indication of differences in

ene. expran i s LA R e RE B RS o Pt hiects BeEherpial waRiORogy and
Sensor s, These make: toe ToFeContr o ool R R B ARETRRLINR B L Lery
thin I aysé‘F’S"éﬂﬁ%f andaeace with somplimentaenspacies dritorspheRIabeIA markers are added,
15 activated via enzyme-linked antibodies, and the samples are irradiated with light in order to
induce fluorescence. The fluorescence is detected and the intensity of the fluorescence is
indicative of the affinity reaction.
Another known technique is that described in W(098/27430. In this a large number of
different species are immobilised in an array on a substrate. The species are immobilised on
20  the substrate by photolithographical means. Fluorophore labelled markers are added to the
species. A sample is prepared and reacted with the immobilised species and the whole chip is
scanned with a focused laser beam. Alternatively a sample is prepared and modified with
fluorophore labelled markers and reacted with the immobilised species and the whole chip is
scanned with a focussed laser beam. The fluorescent signals are detected by photodetectors
25 and a2D pattern is produced. Changes in this pattern between individual samples provide an
indication of differences in gene expression and therefore provides information about
pharmacology and toxicology.

Another known technique is that based on evanescent wave sensors. These make use

of coherent laser light which is trapped in a very thin layer and creates so-called evanescent



WO 01/ 02839 PCT/ EPO0/ 06238 2 el ectromagnetic fields which extends for a
smal | di stance outside the actual physical sensor. This fiebg%gz I nt eract
with nolecules attached to the surface of the sensor. This e nt
excitati on8MPPraction is linited to a region very cl osBCHEPQINEI8| ci nity
of the waveguide, typically 0.5 mcrons for visible |light fromthe
surface. The evanescent fields remain |localised 5 spatially and do not
transfer their stored energy to other regions. The interaction of the |aser
light with the mol ecul es can be used in a nunber of different ways. These

I nclude: 1Detection of |um nescence induced by the evanescent field.

2Det ect i electodmagnetig &sids whichf axaazids Ve 4 seheidismitice BuBiie Whe e pHRdias WS, of a

sanpl e b'g_ﬂdé?gd capture m)LecuI es. 103Detection of surface plasnon

r esonance UScifet fAlyinterast Withanolegiles aipehed i the surfacs\of thesenser. Thisleanescdonown as
a pl anar ' el equl Sensor ¢ rises.a planar
subst r at Sxﬁ%@%gp‘?‘ér ne?igtl%%%gg%waﬂg{%nn %a@éégcgﬁfhgslﬁcd%pa?/@ﬁg wﬁéﬁ“‘%ﬁ t he

wave gui tipially yemidromdbpasibleciighn fighbthe SGfRB! Thewvhtdicent BERE rérh&iltodafised

i ncidgnt and fromwhich the laser |light is |aunched so that it propagates

t hr ough spptially agd de peritaesienipelr stosedienesgysiopgher exgioss. Therintesadtiomfitheslasarat i ng.
The wavegy ' I Ly SS..Sehsiti.v yde (cf. 2, 3
above), g%t\%ﬁ '}lﬁ&g?g{el?ﬁ%gérg cg'gﬁglﬁ%ﬁtd\t}lgtafﬂﬁﬁ’gr é:tgil ?rgtgtt"‘lmgﬁ’ \ai 'T‘ﬁ“ﬁﬁrﬁ?escence

exci tati dn anDegeti@cof lomifestence inlaeadDy. thEawindécentii€cul es are i mobilised
on the sensing area and the analyte (sanple) is then brought into contact
with the? senPrisgtion elqhangssin eefimsiiexindeswhish peur pher motesulss ofia dauple dirdl | ed

nol ecul es w tthbclj‘hg}r% @’r"f‘%ﬁ}g%f finity (conpetition). Alternatively, analyte

nol ecul es may ilised capture nolecules and fluorescence

| abeli® ape i nDerelicEst SyfatLtirh@rebnaged Urt her | abel | ed species with the
captured anal é‘t e nol ecul es. Laser light |aunched into the waveguiding |ayer
| eads to eval?8epamiculaxsanseiwiiph uses ah evanespsnidiidisdaowhias h planenwaydgoide t he

quanti fi ' f nalvie. The emitted fluorescence s detected and
The i nt efa THR ridnaP pRRldeSeneol SomBlie o oty SBUTRERTHs bimbF iR

i nt er act ttimwab@guitiag 196e UPAreOf thewiRe Buididyi et IncBRpolataraSoriiRS&H1b whitht he
analyte and. the immobilised capture nolecules. It should be noted that in

this typlasgligd isingidensand fre whish ghe lessaiightiivlauphop sqjthetis prapspates thimgh
2ot gt SRR AL ABSR S e i 8 Wi Mg 0
95/ 33198be eitMer QdeddA B3ass sensitive mode (cf. 2, 3 above), or with superior sensitivity in
combination with luminescence excitation and detection (cf. 1 above). Capture molecules are
immobilised on the sensing area and the analyte (sample) is then brought into contact with the
sensing area/capture molecules in the presence of added labelied molecules with similar
20  affinity (competition). Alternatively, analyte molecules may bind to immobilised capture
molecules and fluorescence labels are introduced by reaction of a further labelled species with
the captured analyte molecules. Laser light launched into the waveguiding layer leads to
evanescent excitation of the fluorophores which then allows the quantification of the analyte,
The emitted fluorescence is detected and the intensity of the fluorescence provides an
25  indication of the interaction that has occurred between affinity partners present in the analyte
and the immobilised capture molecules. It should be noted that in this type of arrangement the
laser radiation propagates inside the waveguide over relatively long distances and the coupling
grating and the sensing areas are geometrically separated. (See WO 95/33197 and WO
95/33198).



3 5 APR 2006 PCT/ EPOO/ 06238 EP-0 455 067 A2 describes a planar wavegui de
sensor exploiting the detecting principle of refractive i ndgﬁpm@@ges. The
pl atform %Io%\‘;‘ggrooves formed over the entire platform C%l{i‘f? e pol ari sed.
coherent M ght i hto the transparent waveguiding | ayer wher&I[RFOR623%  h| o
out after sone distance. The angle of the outcoupled beam changes when

anal yte 5 nol ecules bind to capture nol ecul es. Another exanple of the
refractive index type is given in US; A- 5738825. The platform contains

i ndi vidual gratings being in contact™with the wells of a mcrotiter plate.
EP 178 083 di scloses Surface Plasnon Resonance (SPR) in which the energy of
i ncomi ng phot BRY 4% @M d¢sedbdsa marec avegilideeseasoy yxisitiag she' deteing! asnmon

wave. The.ser]so¥ 10.ar.cHit cture_lre(rqPEai es a metal layer in contrast to the
pl at f or nPAICIRIA ST FRTEASHYR Index ehangesn Themlptions shalinyngrosyesifemed quatitheegline at t he
critical nafFsnEcoibi 228! BH - ' W1 h . pr esent

I nventi 0?1 I n \/\/lrzli%)he ?(ﬂe ref%lgﬁgﬁ ﬁ?@%éﬁ%gagﬁ%g@ﬁn@g&a}%‘w&ﬂtl'St he

above t eciuplegies aBerfsoate distarey Ihé angle of hedurbllgebeanSeHaRg@Whe Qhityg! OW
because ea&h sappl.e has to be excited individually. O hers such as the
pl anar WEQEGHER BIndLo SANRF rBGdesWest  on of nore than one sanple at a time, but

d id ' ' : I | k
ot woen o 11 cr R arpi F R AR M pd RV Ty s 2R, TR GIergn

i nt ensi t conaink individdabgaeiagObeiigdlia conaegvitldes vailid of @ &itrolRF piglel ONs of coupl ed
power due to yariations of grating coupling efficiencies. The present

i nvention is BONcSr A&Y digclosess SudeagnPlgsmonviicsonanes SRR )vin wihjshethe aameteysof o

20 be an ' t. ' . enely sensitive, reliab and
quant | ¢ AT ol BISRkHel L@l SR o SRS B et P Bt

i nvenoi osrchiftonie FequirgsTh ietdl A&e in condastiiahie SBgornPefthe bieadtt invehBASiahi &g are
wel | defined. The present invention allows true nmultiplexing, i.e. the
t r ansduc@poyns @i ireflestaddight at e ¢riticy sngleds.carapprogimates teezare s consrastowii he

wavegui d niversal platform ere, depending on
t he requﬁ?géeﬁgl%}qg?%&&}%g%ﬁga}\%t arel ltsyr'r(%c Ssn?lﬂoétnw«gp‘grrents can be varied
wi thin the teslnhesbovt ethnigues sulfferfrbmiviafitss divddvaiRides! S6iME hieN@ncignges i n

the chip structure (corrugated areas and sensing areas are not separated
as is theecausseasivramnle hay tops ragtaddedyiduplly. fodrrsisaeh asttheplerarevavegiidaiel i ver s
S D e s SRR M
requi r esbezalselof fofdstgiice cad§ralk bhevden @ffferent capture elements and locally varying

excitation light intensities due to losses of the waveguides and local variations of coupled

power due to variations of grating coupling efficiencies.

The present invention is concemed with a technique which allows muiltiple samples to
20  be analysed simultaneously in an extremely sensitive, reliable, and quantitative manner.

In contrast to planar waveguide sensors, the present invention shows no luminescence
crosstalk and local light intensities are well defined. The present invention aliows true
multiplexing, i.e. the transducer requires no stacked substructure (as is the case for planar
waveguides) and can be seen as a universal platform, where, depending on the requirements,

25  size and number of recognition elements can be varied within the technical feasible
limitations, without requiring changes in the chip structure (corrugated areas and sensing areas
are not separated as is the case for planar waveguides). In addition, the invention delivers

about 100 fold stronger luminescence intensities compared to prior epifluorescence

techniques. The experimental set-up is very simple and requires solely a simple adjustment of



WO 01102839 5 APR 2004 PCT/ EPOO/ 06238 4 the angle of the incident |ight
beam The transducers described in the present invention, C?ﬁ1 gz gasi Iy
adapt ed t‘goch?)ayﬁgtional fl uorescence m croscopes, confocal é? @ es, and
| aser scanners. Furthernore. for transducers with a broaJcF@?B?{%ﬁRé wi dt h
(defined as Full Wdth at Half Mxinmum FWAM and a resonance position at
or close to normal incidence, angle 5 adjustnents are obsolete. The
production process of the platformis relatively sinple (cheap) and the
performance of existing systens (i.e. fluorescence scanners, m croscopes,
fluorescence mcrotiter plate readers, ...) can be easily increased by
nodest rtbelagle af theriscidént lipkt beamp dtikeivasdusels-desibed th the pREEH: foehGoR chh' St
aspect 3?? t h gc{a;sent invention there is provided a platformfor use in
sanpl e A5 bigP icenysgtional uerescenps migrasrepesr egnfocalmiqressopeshand lagera

f
refract ijggnd ' | |y .transpare | ayer on one
surface %‘F’"{eﬁg‘%ﬁ%@ﬁoﬁ?e@ tg%#@lﬁe%%lw%g{ﬂ\é%es n cgf‘*ll"‘g&i}t(?'{%’e? H‘Hggﬁ Egﬁgsh &hi ch
i s greatkalf Maximm1FWHM) shdd Rbdmanee pararinn@batlobdiotddfhAlifigdtRe Mngle™!! ti pl e

corrugated structures conprising periodic grooves which define one or
rrultigl cadjustrgenis prepbseleles or regi ons, each for one or nultiple capture

el enents, sai S _bein rof il ed, dinension and oriented that
ei ther a) cohféhr nr? &)lyc?‘_éﬁtp r‘."’ﬁ%"?eﬁh“tﬁs oﬁisdﬂ_ﬁ}“éetrrfﬁlﬂﬂ?? égfﬁpgf‘?cg@f’_ed into

i ndi vi dyskfobfiante dTlexiBling £y3einisqDe. MIKREShARESRels TR (8o s Bikibdckn@ 1N
reduction of the transmtted beam and an anormal high reflection of the

i nci dentmicraiiter plateredsiprsg e h eanabe qagilnimcemababryadodosamedifieations béthd redpetiine 20
surface So{_ tshe one or multiple sensing areas; or b) coherent and linearly
pol ari sed FPght incident on said platformis diffracted into individual
beamgoor di f f Aahdiap 104 A8k sspsbti Fthd peQint BREntldRSHE i YFotiBedd PREH
extinction of the : ?ransm’lt ted b(_aan}?and an_anor nal Isrr:ligigghl Vef Fgct?%ﬁéo “the
i nci dentinjspyple anhlysistypmpasieg ab ppidgcadly trapspasamnt eubseata hedog ateffacavelindex (e
surface of.the.o or nultiple_sensing areas. 25 Accordin 0 a, second
aspect df mf%é’pﬁ?ag@etfﬁnsﬁ’aﬁ%rln&cbrfo?‘?félroé‘ qng SB%SWioéél_éF %’g}?}faé’:‘bﬁ%‘ﬁﬁﬁye%ﬁ‘ﬁ% & ng an
OPtl cal | HihERRSRANAR!) WiHEPIslgtdafer M (D, Shid FbIAG] ot ErpbBfK teRin bne & LN 1.
optically transparent |ayer, formed on one surface of the su?)strate, sai d
| ayer hambliglexarnigaid tstryeuties darprising periodic grooves which define one or multiple

I5 sensing areas or regions, each for one or multiple capture elements, said grooves being so
profiled, dimensioned and oriented that either
a) coherent light incident on said platform is diffracted into individual beams or diffraction
orders which interfere resulting in reduction of the transmitted beam and an anormal high
reflection of the incident light thereby generating an enhanced evanescent field at the
20 surface of the one or multiple sensing areas; or
b) coherent and linearly polarised light incident on said platform is diffracted into individual
beams or diffraction orders which interfere resulting in almost total extinction of the
transmitted beam and an anormal high reflection of the incident light thereby generating an
enhanced evanescent field at the surface of the one or multiple sensing areas.
25
According to a second aspect of the present invention there is provided a platform
comprising an optically transparent substrate having a refractive index (nl), a thin, optically
transparent layer, formed on one surface of the substrate, said layer having a refractive index

(n2) which is greater than (nl), said platform incorporating in the transparent layer a



(n2) which is greater than (nl), said platformincorporating in the
transparent |layer a WO 01/02839 5 5 APR 2004 PCT/ EPOO/ 06238échg,gr at ed

structureW%ﬂally over the entire platform or rrultidpl at e
corrugated ~ structures arranged on the platform said strfé&h 3%pri si ng

substantially parallel periodic grooves which are nono- or

mul ti-diffractional which grooves represent one or nultiple sensing areas
or regions, wherein 5 (a) the depth of the grooves is in the range of 3 nm
to the thickness of the optically tPansparent |layer, (b) the thickness of
the optically transparent layer is in the range of 30 to 1000 rim (c) the
peri od ofortugated catrugtyse eubssantialty wver ite émird piatfoanger afultde stfard® QBriapated d)

t he rati? Q roove $eﬁt to the thjckness of the optica[lé t ransparent

| ayer i sSHUFFrearanged QR dhe platfarmpsajd,stiuctuescqmyisingesupgiantinllys pagglish periadielt h
to the ' ; eS hSi B Lange. of t The .

' angerio oy ot Seapontor ul-BitkaRohaich doves AplSsy hdTgrymotiple

di mensi oseesingactanor egiond, whdneih ei t her a) coherent |ight incident on the
platfgrﬁ%' g&ffragEfd into indjividual beams or diffraction 15 orders

whi ch”i ri@ér f he dFRI8Gf therggoeyes i the rapae of 3 rRdo theshisknest efthpentisallsid an

anor nal Q&QEMtﬁggﬁggt!on of the incident light thereby generating an
enhanced evanescent field at the surface of the one or nultiple sensing

areas; ofb)b) taekidciamss afitile bpthrdy tyingpateat lagads b @b tanke 61 3@ RS 1000 neai d
platformis diffracted into individual beans or diffraction orders which
i nt er f er®) r esthif PERQ phthe comugatadraptugsds imibieirange of 20t 1090 v ansni tt ed beam

nhanced b angs cuis ofEfa tepil e il 8 48 Bpuce R na MRS E RS ng °

areas0d Aangsefd.0ktei,andori entation is understood to nean that the electric
field vector of the linearly polarised |ight is parallel or perpendicul ar
to the d€bovele ratip efsgraoveavidinto the periasinf the grgpvesiisinthe eange 068.2 to O aFhet hat

t he coheren Lenat h, of t radi ati,on, i.e. the spat,i extent tp 25 i ch
the n; SEESpbST o8 bl \Ral RELE WelarobieS ard i pRER, Aimetilonnt sibofnithe
t hi cknesghawdithehe platform The evanescent field decays exponentially

w t hi n wavel engt h di nensions of the )
a) coherent light incident on the platform is diffracted into individual beams or diffraction

15  orders which interfere resulting in reduction of the transmitted beam and an anormal high
reflection of the incident light thereby generating an enhanced evanescent field at the surface
of the one or multiple sensing areas; or
b) coherent and linearly polarised light incident on said platform is diffracted into
individual beams or diffraction orders which interfere resulting in almost total extinction of the

20 transmitted beam and an anormal high reflection of the incident light thereby generating an
enhanced evanescent field at the surface of the one or multiple sensing areas.

As used herein, orientation is understood to mean that the electric field vector of the
linearly polarised light is parallel or perpendicular to the grooves. As used herein, coherent
light is understood to mean that the coherence length of the radiation, i.e. the spatial extent to

25 which the incident beam has a defined phase relation, is large compared to the thickness of the
platform.

The evanescent field decays exponentially within wavelength dimensions of the
incident beam {less than 1umy).

An important aspect of the present invention is the use of a platform in which so-called




I ncident beam (less than 1 pm. An inportant aspect of the present
i nvention is the use of a platformin which so-called V\DOllg % 5 APR
2004 PCT/‘ggg%ﬁ@ﬁSS evanescent resonance can be created. é‘?f’é I
reflection rs 'a phenonmenon which has been described theor ®¥n the
prior art for exanple in a paper entitled "Theory and applications of

gui ded node resonance filters" by SS Wang and R Magnusson in Applied
Optics, Vol. 32, No 14, 10 May 1993, pages 2606 to 2613 and in a paper
entitled "Coupling gratings as 5 wavegui de functional el enents" by

O Parriaux et at, Pure & Applied Optics 5, (1996) pages 453-469. As

expl ai necvanescenterssonaagrares beesainall Caopheinefietion A pIRa6MEnd wWRicERES been
dielectric B%ytgr di.‘féfl‘lr action_gratjings where al nost 100% swi tching of
optical SFERRSH Hetraucally B therrias grt fargxamples gipepes ¢ntikerd Theory and applsatiohe
grooves : | &5tkah ty fa,cl ent depth.. d.th I ation
i nci dent 82%&1§hﬁe£2%{¢eugatg%mg{r?u% g% Q?a :ﬁg a%#haﬂd%%nﬁs?oéﬂp pgﬁ%ﬁ@?’cﬁ’ &(’Eﬁg

present WNO lidn\ieNayd@93 Hagepltdoaoes bhandSin@tp&ichfded 'rcduPﬁnggﬁﬁhggasar ea of
the platformwhere that sensing area includes diffraction grooves of
suf fi ci eNRveRupterfungienal Jements’ RyQPagriauy ehal. Pyre Rdanplied Optivs 5, €1996) pagesir ea of
t he pl at t . resonance .occurs. .in that
sensi ng &é)jegggné | sg%flggﬁgsg pfaﬁé}% ﬁegx@%ggﬁ%gs?qgﬁq%aﬁoﬁﬁméﬂﬁ E'é‘i’)‘eget&ﬁescent

field whlager diffractieglatingxwhére alrRestROES switehing bropRichll GetdyMRiwdeh refi@lqd be
noted that the 100% switching referred to above 15 occurs with parallel
beam and2d trnsmItedspves peais wherthe groqveyef the diffractien grating thavd sufficientidephed

evanesce ' ' i th non-polarjsed light of a

non- par aﬁdetﬁ‘b FA gg’a J@?Eﬁﬁ{i%@g?%fﬁ%ﬁh@ﬁ%& Sr\?%ects"ﬁésnaé é p@‘&’ﬁﬂ‘af RS g‘n%e PIETYi dual
beansl0i ningedtinahisphenttierdnveyxpldiedd ih (R schdifd &8 sf1R6 phEdm WhecaRRaEASS, Out
(destructive interference) and the reflected beaminterferes 20

const r uctied icipdgs Jiflptiongaoavss ahwiffieientidepth andfigkids cansed Bybechddeitiog the
appr opri r h Vi tioned corrugated | ayer structure
the onei Rrfing ATEUE Aad Bl 18 AP SoH A QvBRE e RSEHIEE Behortin Sl

descri betkgion. tThés dredteyiatihi ®nsiag réfien Aérhald dvaREceht fidl8 WHi@Ss uSRE Blekétes
with periodic spatial variations of their refractive index such that

el ect r onARRIES Wideniavestisation: ot paulpbopnierhthat the 190 switehing referredinobore ¢ 25
bandasp SNt bl Ml R RSB IR ek
and S. SewanescentfieRhye alsd beReiesed with non-polarised light of a non-paralle! focussed laser
beam.
At resonance conditions the individual beams interfere in such a way that the
transmitted beam is cancelled out (destructive interference) and the reflected beam interferes
20 constructively giving rise to anormal high reflection.
By choosing appropriate parameters for the above mentioned corrugated layer structure
the excitation energy remains highly localized. Such structures are described in the literature
as photonic band gap structures, materials with periodic spatial variations of their refractive
index such that electromagnetic radiation cannot propagate in any direction. Photonic
25  bandgap structures allow highly localized modes to appear, see e.g. the paper entitled
“Localisation of One Photon States” by C, Adlard, E.R. Pike and S. Sarkar in Physical Review
Letters, Vol. 79, No 9, pages 1585-87 (1997). Such structures exhibit extremely large

propagation losses corresponding to a mode localisation in the pm regime.

The platform of the present invention can be considered as optically active in contrast



Letters, Vol. 79, No 9, pages 1585-87 (1997). Such structures exhibit
extremely large propagation |osses corresponding to a node |ocalisation in
the p.mregi ne. The platformof the present invention can be gphillered as
Opticauy“g% 5289% n contrast WD 01/02839 5 APR 2404 PCT/ EFOUERRAS87 to
optically passive platforns constructed frome.g. a glass or polyner. Here,
optically active neans increasing the electronmagnetic field of the
excitation beam by energy confinenment. The substrate of the platformnay be
formed frominorganic materials such as glass, Si02, quartz, Si.
Alternatively the substrate can be forned fron1organ|c materials such as 5

pol yner Stopfpﬁf:ﬂl)aﬂsywﬁglayﬁﬂﬁbmtrﬁbtémm ep%z'a)glﬁ gd;l e, h@é‘r&)ﬂpﬁ%ﬂ)y 4R
polyimde (Pl), pol rene (PS), lpoI yet hyl ene 3' pol yet hyl erie
t er epht hAFSANEIPEST)E I;QVW%M‘JHQ ﬁé dbithe exqth@cye ncrgmpeﬁnqh@tar e

I all P d
ZEBFFLZt.anrEﬂﬁeﬁ%&bﬁ%a&t% o eefg&n‘?&rgﬁﬁao e PEraf AU 2 SFot | cs
subst r at $i©,, QaftzPs;. smtdmame@c{hé mﬂ@@aseﬂ) b TR &%ﬁlé m&:ﬁaﬁ sgéra&s In

one exarrple the substrate is 10 fornmed from gl ass. e optical
t r ans par elymeesypseferably pdydadrometg (PED mplmmﬁgwhmthmlam)&PMml. eolyamdeéPI) it

C anspar T 561 DePds e o Erplyedhiprederephoaai 1F Epor Rbmiabats BE). zno
or Hf Q2. THldie ofdtiniCiahledall Ei%'b%ﬁé‘iﬂl@tprétﬁbfgd fdr%md?%? cA¥e (POLY fnd eﬁ@soﬁ'&xlﬁﬁanat ively

the optically transparent |ayer can be nade of organic material such
pol yami degdigall qplphcaimps pmbe;/glasspyhramce(pml) in sBS) arPdvixonmenhty Rtastits sbstetes

pol yacryl ethers t hi get h heny enesul fide), and derlvatlves
t her eof § f“é?&f%ﬂ%@“é@““&b’f‘ﬁ‘g éﬁ’Pt s.',eln\?.“e gramrl¢ rspbstigicdice B:
Pol ymer fed &om Maks. 31, 1951-63, 1993). The depth of the diffraction
grooves may be inthe range 3 nmto the thickness of the 20 optically
transparent | ’ﬁbeopmaﬂymaaﬂmreablaycrjxﬁayrbenﬁomed fremtihorghmie smienikl. t Alecrogiviebal | y
tically transparent

transpare er . 30nmto e thickness of the

| ayer. THE2R RF %@92 Og‘? ORgARC ”@{FW‘E amy 0;'1"3te?‘%mglﬁé'i‘ee?ﬂ“ci%)yg?“s%'ﬂi‘tﬂaxqﬁ«!5 % ange 30
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nm pref ewrabie;alli‘cso 500 rim the ratio of the groove depth to the t hi ckness
of LG OPLI Call 2 L DR Sl el L TR . Bl B0 0A i s © O
polyamide, polyimide, polypropylene (PP), PS, PMMA, polyacryl acids, polyacry! ethers,
polythioether, poly(phenylenesuifide), and derivatives thereof (see for example S S. Hardecker
et al., J. of Polymer Science B: Polymer Physics, Vol. 31, 1951-63, 1993).
The depth of the diffraction grooves may be in the range 3 nm to the thickness of the
20  optically transparent layer and preferably 10 nm to the thickness of the optically transparent
layer e.g. 30nm to the thickness of the optically transparent layer. The thickness of the
optically transparent layer be in the range 30 to 1000 nm, e.g. 50 to 300 nm, preferably 50-200
nm, the period of the corrugated structure may be in the range 200 to 1000 nm, e.g. 200 to 500
nm, preferably 250-500 nm, the ratio of the groove depth to the thickness of the optically
25 transparent layer may lie in the range 0.02 to 1 e.g. 0.25 to |, preferably 0.3 to 0.7, and the
ratio of the grooves width to the period of the grooves (“duty-cycle”) may lie in the range 0.2
to 0.8, e.g. 0.4 to 0.6.
The grooves may be generally rectangular in cross-section. Alternatively, the grooves

may be sinusoidal or of saw tooth cross-section. The surface structure may be generally



ratio of the grooves wdth to the period of the grooves ("duty-cycle") may
lieinthe range 0.2 to 0.8, e.g. 0.4 to 0.6. The grooves fa)yPRO@ligeneral |y
rect angul @fo d1fzgdo0SS-section. Al ternatively, the grooves | husoi dal
or of saw tooth cross-section. The surface structure may 6’?} ?@H]y WO
01/02939 8 5 APR 2004 PCT/ EPOO/ 06238 symetrical. Preferred geonetries

I ncl ude rectangul ar. sinusoidal, and trapezoidal cross- sections.

Al ternatively, the grooves may be of saw tooth cross-section (blazed
grating) or of other asymmetrical g&onetry. In another aspect the groove
depth may vary, e.g. in periodic nodulations. 5 The platformnay be square
or rect asguinatricalhPrefesed goonasenmylud teetadghiam sianiojdad and grapeédoidapbmtd-or m so
as to cover. the surface. Alternatively_the platformmy be disc shaped and
the or oBHEnSANEFENE LY 1HE SHORSFS e, B F CIOBhGIRRSOHHR (BEodatiRe) 6ROk
surface gihet Agmkditd] 3ESmetfy. | RIABHHeY fo¥otilee 850N a
surface of t%g optica?l y %ﬁansparentgpayelﬁ%r%s a ?ur?@aiﬁéﬁﬂgﬁﬁo\ﬂgp
grooves mbduiatignse fornmed both on the surface of the substrate which is the

i nterface and ﬁn % e surface of the ogticall transparent |ayer. The
corrudat ed sufRGRIEURTM May;besaare apesciapeulprand (g erpeves ayiixied lingarlyolens

parti cul fe pl Ricrint Rias ANcHRY BleQNphLE. %ﬂerlfleﬁ’fvcgrfﬁe @ﬁ(f&ﬂnﬂhlaﬂ‘be P%P €hadbd and the.
y e. g tioh o fr

pol ari sation. By appropriate neans, e.(g. uper posi several periodic
st ruct ur pwowds rohy be @rqudaralr liekaror per pendi cul ar one with 15 anot her,

periodic surfzge reliefs can be obtained that are suijtable for nmultiple
wavel engt h us&he grooyesmay bg fasmad pn asustace Gf 15 subsirsts. | Aligrasiysly. the grooves

Al t er nat L, el Lndi Vi | : | at.f o optim.zed
for o 11 mAg o forid ol deBbec GHARL BPUANIG Ran el yer? B R IR BlaTLE °F,

t he ot i omy by férmesddoth enthelsayfade dfahe substtdsclehizhés the irerfdce ad bh YheGlrface of
corrugat %d sensj ng areas which each nmay carry one or a plurality of capture
el ement sNeAPUERIBHTINSPATERIda¥S I eent may contain i ndivi dual and/or mi xtures of

capture ol eCiheSoriiaiufg: @6@@4@5&.&1 %%@m&@gﬁ%@@ oneligaRliaRe of an

i ndi vi dual capture €l enen recta el'I'i'psordal, or
any ot heexdfatipe waV¥diengah end folr oaé partichlu ttpadf @idqrisaticn. € edpidpriateSmbakyegn 1
pm- and 10 M2, . ?, g. hetween 20 ~pnR2 aBd I rml? and preferably between 100
pm and | SYREPOsitipReT esysral penedic sEvtwenlicharenarallsh eiprpendiciian aRaMtE wo
di mengi opadthé@’ pehbdic surface reliefs can be obtained that are suitable for multiple wavelength use
of the platform (“multicolour” applications). Alternatively, individual sensing areas on one
platform may be optimized for different wavelengths and/or polarization orientations.
The surface of the optically transparent layer may include one or a plurality of
corrugated sensing areas which each may carry one or a plurality of capture elements.
20 Each capture element may contain individual and/or mixtures of capture molecules
which are capable of affinity reactions. The shape of an individual capture element may be
rectanguliar, circular, ellipsoidal, or any other shape. The area of an individual capture element
is between 1 pmz and 10 mm’, e.g. between 20 pmz and 1 mm’ and preferably between 100
pmz and 1 mm’. The capture elements may be arranged in a regular two dimensional array.
25 The center-to-center (ctc} distance of the capture elements may be between 1 ym and 1 mm,
e.g. 5 um to 1 mm, preferably 10 pm to | mm.
The number of capture elements per sensing area is between 1 and 1,000,000,

preferably 1 and 100,000. In another aspect, the number of capture elements to be

immobilized on the platform may not be limited and may correspond to e.g. the number of




25 The center-to-center (ctc) distance of the capture elenments may be
between | Pmand | mm e.g. 5 ~mto |l nmm preferably 10 pmto | mm The
nunber of ca‘Pture el enents per sensing area is between | an APRP84 000,

pr ef er abl WQO1R3#9100, 000. I n another aspect, the number ofPCT&ARONDERIE| enent S
to be immobilized on the platformmy not be limted and may correspond to
e.g. the nunber of 5 APR 2004 WO 01/02839 PCTI EPOQ 06238 9 genes, DNA
sequences, DNA notifs, DNA mcro satelites. single nucleotide polynorphisns
(SNPs), proteins or cell fragnents cgnstituting a genone of a species or
organismof interest, or a selection or conbination thereof. In a further

aspect, geh& PNk | 1AS b 1A00: ntain th nones of .two or
nor e spegtgi es, e. Sﬁﬁngg%ébglﬁdm ?%m@ﬂgﬁgﬁ?lﬁ gsr“ ﬁ’%@“%"ﬁ%ﬁﬁ%@%ﬂ%&ﬁ% on
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either can be used as nedium carrying ouf" capture el enent
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plurali oo regions, each having, its ,own diffractive
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i mredi ately due to the nature of the corrugated 15 platform erefore no
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provi des apparatus for anal ysing sanples conprising a platform
sai d fi SensIRg argasenTaeiany eech hammgnts obardiffeactvagiongesa | i ght beam and for 20
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propagation distance is the distance over which the energy of the radiation is reduced to 1/e.
A third aspect of the invention provides apparatus for analysing samples comprising a
platform according to said first or second aspect, means for generating a light beam and for
20  directing the beam so that it is incident upon the platform at an angle which causes evanescent
resonance to occur in the platform to thereby create an enhanced evanescent field in the
sensing area of the platform, and means for detecting a characteristic of a material disposed on
the sensing area of the platform. The range of angles suitable for creating a resonance
condition is limited by the angle of total reflection for incident light on the platform. Preferred
25 angles are less than 45°, e.g. 30° or less, e.g. 20° to 10° or below, e.g. 0.1° 0 9.9°. The angle
may equal or approximate normal incidence. The light generating means may comprise a laser
for emitting a coherent laser beam. Other suitable light sources include discharge lamps or
low pressure lamps, e.g. Hg or Xe, where the emitted spectral lines have sufficient coherence

length, and light-emitting diodes (LED). The apparatus may also include optical elements for




25 angles are less than 45, e.g. 30 or less, e.g. 20 to 10 or below, e.qg.
0.1to 9.9. The angle may equal or approxi mate normal inci dedeR2iifhe |ight
generatin may conprise a laser for emtting a coherent |aser beam
Ot her sui glégﬁzﬁﬁgght sources include discharge |anmps or IFGAERONG23E o

| anps, e.g. Hg or Xe, where the emtted spectral |ines have sufficient
coherence length, and light-emtting diodes (LED). The apparatus may al so
i nclude optical elenments for 5 APR 2004 WD 01/02839 PCT/ EPO0/ 06238 10
directing the | aser beamso that it 18 incident on the platformat an angle
0, and elenents for shaping the plane of polarisation of the coherent
beam e. @ireotifig PicSidlsel Bedrh 86 St it i$ maﬁi%ﬁﬂdfn | { O may
be defi ned bygt he expression sin 0=n-?I| Ahwﬁig?-ghi% dggnpeeral;[‘?)gl (’-‘},?9['5?0
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conmpounds
the luminescence intensity might be slightly shifted relative to the position of highest anormal

reflection depending on the refractive index values of the layer system and the corresponding
Fresnel Coefficients.

20 The samples may be used either undiluted or with added solvents. Suitable solvents
include water, aqueous buffer solutions, protein solutions, natural or artificial oligomer or
polymer solutions, and organic solvents. Suitable organic solvents include alcohols, ketones,
esters, aliphatic hydrocarbons, aldehydes, acetonitrile or nitriles.

Solubilisers or additives may be included, and may be organic or inorganic compounds

25 or biochemical reagents such as diethylpyrocarbonate, phenol, formamide, SSC (sodium
citrate/sodium chloride), SDS (Sodiumdodecyisulfate}, buffer reagents, enzymes, reverse
transcriptase, RNAase, organic or inorganic polymers.

The sample may also comprise constituents that are not soluble in the solvents used,

such as pigment particles, dispersants and natural and synthetic oligomers or polymers.



25 or biochem cal reagents such as diethyl pyrocarbonate, phenol, formam de,
SSC (sodium citrate/sodiumchloride), SDS (Sodi undodecyl sukfgpRepy; buffer
reagents, reverse.- transcriptase, RNAase, organic_Qr inorganic
polyners.vﬁﬁéﬁggﬁ%le may al so conprise constituents that HEERI00L38 ubl e in
the sol vents used, such as pignent particles, dispersants and natural and
synthetic oligoners or polynmers. WO 01/02839 5 APR 2004 PCT/ EP00/ 06238 11
The | um nescence dyes used as nmarkers may be chemically or physically, for

i nstance electrostatically, bonded to gne or nultiple affinity binding
partners (or derivatives thereof) present in the analyte solution and/or

attached to tfRe RinfihéeRBe dyds GREQs Aarkdad riyAbe Yhe@diGdlly or Plysidlily IO RIsBnSs
pol ymers such as DNA, RNA, saccharides, proteins, or peptides, as well as 5

synt het i elegirostasically, banded e ersras myliiple pifisetyibindinparmets{pr derivatssitireof)
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as H'S- tag coupling. One or nultiple |um nescence narkers nmay be attached
t o af fi nPynihgsigoligemersyr pobmers, involgdim thepbfnip rsadionyintasealating dyegre lgo

el ements_j|. bilized,on the , pl atfor r.both to affini artners present
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order t Biothpidal irterhitic SacH @ BibfilvaadinBndiheseneal &mpleeforhatiay ducPherad.f i nity
bi ndi ng partners. The spectroscopic properties of the |um nescence markers

may be ch@senpling.natch the conditions for Forster Energy Transfer or

Phot oi nduced El ectron..Transfer. D stance an 5.concentrati on dependent
oo pecaonce BpE Sk ki 0%l csnn PaRETn BB, adnEC BESRYDT biiers SRS B
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partners may be based on internol ecul ar and/or intranolecular interaction
bet ween parviersiprasans imanalyie selptian andwepiie ¢lemenss dumbbidizedat she/platfom, impideni t y

reactions. |nt. | ecul ar senblies. of |um nescence,donors and acceptors
coval ent 1y PR et a e e pey b s BVOE FESR A B Baacone. (S
Tyagi et Tt -spedidfsbdpic Birope@Geinef iy lundil@Benct4markesd- Rd%) beblhdztn Ghansien tthe
di stance between donor and acceptor upon affinity reaction, may al so be
used as eentitigns fas| Bdreter Snergyadunsier o5 Bhotoindysed; fd¢opnoa TErgnsfer distange and
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quantification of analyte molecules.

Quantification of affinity binding partners may be based on intermolecular and/or
intramolecular interaction between such donors and acceptors bound to molecules involved in
affinity reactions. Intramolecular assemblies of luminescence donors and acceptors covalently

20  linked to affinity binding partners, Molecular Beacons (S. Tyagi et al., Nature Biotechnology
1996, 14, 303-308) which change the distance between donor and acceptor upon affinity
reaction, may also be used as capture molecules or additives for the analyte solution. In
addition, pH and potentially sensitive luminophores or luminophores sensitive to enzyme
activity may be used, such as enzyme mediated formation of fluorescing derivatives. -

25 Transfluorospheres or derivatives thereof may be used for fluorescence labelling, and
chemi-luminescent or electro-luminescent molecules may be used as markers.

Luminescent compounds having luminescence in the range of from 400 nm to 1200 nm

which are functionalised or modified in order to be attached to one or more of the affinity

partners, such as derivatives of
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activity may be used, such as enzyne nediated formation of fluorescing
derivatives. 25 Transfluorospheres or derivatives thereof meyapejjsed for
fl uorescen\'gsoll LI ing, and chen -lum nescent or electro-|lum nescent
nol ecul es may be used as markers. Lum nescent conpounds ha P/R§238cscence
in the range of from400 nmto 1200 nm which are functionalised or
nodified in order to be attached to one or nore of the affinity partners,
such as derivatives of WD 01/02839 5 APR 2004 PCT/ EPO0/ 06238 12
pol yphenyl and heteroaronmati c conpounds stilbenes, coumarines, xanthene
dyes, 5 methine dyes, oxazine dyes, rhodam nes, fluoresceines,
counar i nes,pobtphebgraed hetkfbapnigticedmppanidsl enes, cyani nes, oxacyani nes,
pht hal ocyani nes, porphyrines, naphthal opcyani nes, azobenzene derivatives,
di styryl bisﬂﬂﬁﬁﬁ’s, transition netal conplexes e.g. polypyridyl/ruthenium
conpl exes, LS L "- bipyridyl)rutheniumchloride,
tris(1, 10- ﬁhgfﬁgﬁ{?‘ﬁ%m I ne)rut heniumchloride, tris(4,7- 15
di phenyl - 1,xhfithehedpssf hr ol i ne) rut heni um chl ori de and
pol ypyri dyl / phenazi ne/ rut heni um conpl exes, such as
oct aetthyl - phething@¥fSpor phyri n, Europi um and Ter bi um conpl exes may be used as
| um nescen%gia%m E%ss Suitable for analysis of blood or serumare dyes
havi ng absorption’and em ssion 20 wavelength in the range from400 rumto
1000 nm Fuyhédw@iines,e | um nophores suitable for two and three photon
excitation can be used. Dyes which are suitable in this invention my
cont ai n f ufbioreseeinresyr oups for coval ent bonding, e.g. fluorescein
derivati vesmtslr%%gnas fLuorescei n i sot hi ocyanate.
€8, stiibenes,
10 pyrenes, perylenes,

cyanines, oxacyanines, phthalocyanines, porphyrines, naphthalopcyanines, azobenzene

derivatives, distyryl biphenyls.

transition metal complexes e.g. polypyridyl/ruthenium complexes, tris(2,2’-

bipyridyruthenium chloride, tris(1,10-phenanthroline)ruthenium chloride, tris(4,7-
15 diphenyl-1,10-phenanthroline) ruthenium chloride and polypyridyl/phenazine/ruthenium

complexes, such as octaethyl-platinum-porphyrin, Europium and Terbium complexes

may be used as luminescence markers.

Suitable for analysis of blood or serum are dyes having absorption and emission
20 wavelength in the range from 400 nm to 1000 nm. Furthermore luminophores suitable for two
and three photon excitation can be used.
Dyes which are suitable in this invention may contain functional groups for covalent
bonding, e.g. fluorescein derivatives such as fluorescein isothiocyanate.
Also suitable are the functional fluorescent dyes commercially available from Amersham Life
25 Science, Inc. Texas. and Molecular Probes Inc.
Other suitable dyes include dyes modified with deoxynucleotide triphosphate (dNTP)
which can be enzymatically incorporated into RNA or DNA strands.
Further suitable dyes include Quantum Dot Particles or Beads (Quantum Dot Cooperation,

Palo Alto, CA) or derivatives thereof or derivatives of transition metal complexes which may



Al so suitable are the functional fluorescent dyes conmmercially avail able
from Amersham Life 25 Science, Inc. Texas. and Ml ecul ar Priohgsiihc. O her

sui tabl e ' ude dyes nodified with deoxynucl eotide tyi e
S FRRABR s

(dNTP) be enzymatically incorporated into RNA o

Further suitable dyes include Quantum Dot Particles or Beads (Quantum Dot
Cooperation, Palo Alto, CA) or derivatives thereof or derivatives of
transition nmetal conplexes which may WO 01/02839 5 APR 2004 PCT/ EPOO/ 06238
13 be excited at one and the sane dgfs ned wavel ength, and derivatives show
| um nescence em ssion at distinguishable wavel engths. Anal ytes nay be

det ect edbeiekbitad wi aneliandcthk ysahendidthed umiveRagmn @ad raerik&ngs sAbw juRthdsesicky by
conmpetition with added | % Il nescence mar ked species, or by concentration-.

5 di st angBIssiogat disppgisha E“’a ""B&‘ﬁox pot enti al - dependent interaction of

| um nescence ' e .ech: a - S rkers
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| umi nescevlmectlyf by heomistition awith addddhiiminesceres araked Ghecidsher dyeqmbetitraéian-, be
rreasurseddf or the quanti_fl' cation of the analytes. In the same nmanner

af f i niot y 952PeeePH-Potential- jof srdox ggtentialdependgntjaieragian of jussinessence danasend 10
or phot OIMH&%an?é/&@&troﬁna&EgtB?sf Gled £2UMrkds BUEMY Qfanwop%@ﬁﬁlgncn%l% on
bi ndi ng of analyte nolecules to capture nolecules. gppropma ePdel 8ot or s
for | un mEsEsnod/or wapturkcel&ifEhts.aThe hsninpdrena@nof! the dbherantiieh @i, lumivedbaeh o f

phot odi odes, ot odi odes, hybrid photonultipljer tubes. The detection neans
can be aﬂ’\‘e%‘g{]“’f Ba‘H}é?'é‘E‘l’S“F% éﬂgﬁq%ﬁlfﬁ’ﬁ%b‘gs‘h? Anal¥es acti ve i ndex. 15 The
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areas on one conmon ternatively the beam can be arrange

i | | unidnabeplodindercedraiiciron srahsferr eadotb qubchirensi fhgracaae tporbisindingbf/aattand
the beam and/ or the platformnay be arranged so that they can undergo
rel ati ve"}?&%ﬁ’éﬁ? canturgmlecules- scan the sensing area of the platform

Accordi ngly t%%p i el dei1dTE f SudiRYscRiic AR ARICE D tEag%&Rﬁlh@ﬁé’r iR, Lo

acqui re the nescence signal iIntensities o entire sensing area
i n a si ngvalache pbetodedes, grhotodiides hpbrtid pledtymulhielietatissst | on and/ or excitation
means may be EH\E %Qt%gt(ljoni Qea%rs%gxrl bg grrasncégg tc;[ Qeef\ect lsneat]dsdiitglo% c%erxxle'\g%g inS }eg‘gt\:/gviei}ﬁdex.
15 The incident beam may be arranged to illuminate the sensing area or all sensing areas
on one common platform. Alternatively the beam can be arranged to illuminate only a small
sub-area of the sensing area to be analysed and the beamn and / or the platform may be arranged
so that they can undergo relative movement in order to scan the sensing area of the platform.
Accordingly the detecting means may be arranged in an appropriate way to acquire the
20 luminescence signal intensities of the entire sensing area in a single exposure step.
Alternatively the detection and/or excitation means may be arranged in order to scan the
sensing areas stepwise.
The apparatus may include a cartridge for location against the sensing area of the
platform to bring a sample into contact with the sensing area. The cartridge may contain
25  further means in order to carry out sample preparation, diluting, concentrating, mixing,
bio/chemical reactions, separations, in a miniaturised format (see WO 97/02357). The
apparatus may include a microtiter type device for containing a plurality of samples to be

investigated.

A fourth aspect of the present invention provides a process for analysing a sample or
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el enent 1 ncludes two or nore types of capture I nvention
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t he co nying drawi.ngs. In the drawings:. . Figure 1 is a schemptic
1T uas 2P B Poa PR STt e O ATLor b T SRpB gD e Said platform

having one or more sensing areas or regions, each for receiving a capture element or elements

which when the platform is irradiated with coherent light can interact to provide an indication
of an affinity reaction, wherein each capture element includes two or more types of capture
molecule.

20 The invention will be described now by way of example only with particular reference
to the accompanying drawings. In the drawings:

Figure 1 is a schematic illustration of a quality control apparatus for analysing the
optical parameters and the evanescent resonance condition of a platform in accordance with
the present invention;

25 Figure 2 is a schematic illustration of a sensor platform in accordance with the present
invention;

Figure 3 is a schematic view showing the evanescent field profile in relation to the
platform;

Figures 4a and 4b are schematic views showing a chip cartridge;
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5 shows an array |ayout in one exanple of the present invention; Figure 6
shows schematically the |ayout used tlc_;, nmeasure fluorescences according to
one exanple of the invention: Figure shows a conparison of results

obt ai ned by Figuré 6rshawt ah aciiniagele itk dxa@pleDMRESON! int¥@lnt on;, Figure 8
illustrates alternative forms of platform Figures 9a to 9¢c show
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regener at | . anal yte using the present platform under
resonan%éégg%nn‘g?tgfg‘%slg%ls Wescribed in Exanple 5, and 10 Figure 10 shows

f1 uor escence Figuragetiowsd comparisaR baiedlth dbedind ByhepisrasaiéhnRfu@bh@y under
epi fl uorescence and resonance conditions as described in Exanple 6. The

i nvent i greseitlinvassiodescri bed in terns of the determi nation of |um nescence

excited in | es his determnhati i pvol ves the use of a sensor

pl at f or m whi ?I’:‘lg_r{gﬁﬁsfpﬁ-&ﬁcéfﬂswgtlveﬁ%%(ﬁnpﬁtﬁ’fﬁ'é present invention, but it

will be appr ?@%@Eﬁ% {ohRishbWEIUdFRcdke fitpls SbtRIndd bR Thiubatich of%gﬁwssa“ l'y
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restricted t he particul ar application to be described. Before describing
t he pl andlptenreganeataticri, land 30 ebtMM anabyte usihg tHeerefeweplaiformgener mborascens of t he

vy i A otn BT GER et Lo determ pe |umnescence of | ©
GeSEuY P o, T DR Mgk AR AL SR L AR BeRint
capabl e vnflerepéfatdresgeme adacseasaen kodditim ah);lcé:ribﬁd; mrihaapled.f ect and
cont ai ni ng O%e?xrwcantigh% lbic E:l%/sc%[:edci?l%#nrs%f ?}lleednc‘?eq;[n?nation of luminescence excited
in samples. This determination involves the use of a sensor platform which constitutes one
aspect of the present invention, but it will be appreciated that the use of such a platform is not
15 necessarily restricted to the particular application to be described. Before describing the
platform in detail a description will be given in general terms of the way in which the platform
can be used to determine luminescence of samples.
The following are definitions of terms which will be used in the description:
Platform: a whole transducer/chip containing one or a plurality of sensing areas
20 Sensing area: a whole corrugated area capable of creating an evanescent field by a
resonance effect and containing one or a plurality of capture elements
Capture element:  an individual sensing spot containing one or a variety of species of
capture molecules
Capture molecule: an individual molecule capable of an affinity reaction
25 In the following examples all temperatures are in degrees Centigrade and are uncorrected.
Referring to Figure 1 a platform in accordance with an aspect of the present invention
is shown at (10) and can receive coherent light from a laser (11), the laser light having been

expanded by a set of lenses (12, 14) which produce an expanded and parallel beam (16), and
polarised by a polariser {18). As will be explained in more detail later, the platform (10) has a
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drawi ngs, an enpadi nent of the platform (10) _conprises a glass substrate
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Turning now to Figure 2 of the drawings, an embodiment of the platform (10)
comprises a glass substrate (30) into the top surface of which has been etched a plurality of
grooves (31). A layer of optically transparent metal oxide (32) is deposited on the upper
surface of the substrate (30) and that layer (32) also has formed therein grooves (33). The
20 substrate (30) can for example be formed from glass such as glass AF45 produced by Schott
and typically has a thickness of 0.5 mm-1.0 mm. It will be appreciated that other organic or
inorganic materials can be used for the substrate provided that it is optically transparent.
The optically transparent layer is a dielectric transparent metal oxide film such as
Ta;Os with a high refractive index of approximately 2.2 at a wavelength of 633 nm, i.e.
25 significantly higher than the refractive index of the substrate. The thickness of this layer will
typically be in the range 50 to 200 nm or greater e.g. 50 to 300 nm. The corrugated structures
(31) and (33) have a period in the range of 200-1000 nm, e.g. 200 to 500 nm, typically 250-
500 nm. The depth of the corrugated structures/diffraction grooves may be in the range 3 nm

to the thickness of the optically transparent layer, preferably 10 nm to the thickness of the
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resonance is created the enhanced evanescent field can be used to excite luminescence such as
fluorescence in the sample.
An important feature of the present platform is that the amplitude of this evanescent
20 field at resonance position is significantly greater than that of the prior art arrangements
(epifluorescence corresponding to off-resonance condition) by an order of approximately 100.
This means that the intensity of luminescence, e.g. fluorescence, which can be created
from samples is also increased by a factor of 100. The function of the platform can be viewed
in terms of the diffractive structure acting as a volume grating which diffracts light and that the
25  diffractive beams interfere creating a resonance condition where the light reflected from the
first interface and light reflected from the top interface that is the upper surface of the layer
(32) interfere constructively giving rise to reflection maxima. Under resonance conditions, the

laser energy is substantially confined to the thickness of the thin layer (32) thereby increasing

the electrical field strength. For a given laser wavelength and period of the corrugated
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can be used in a measurement such as that illustrated in Figure 6, a number of procedures

should be followed.

The first step is to clean the platform to remove impurities from the platform surface.
20 The cleaning procedure can be achieved by a number of means, for example by means of an
ultraviolet cleaner, by plasma cleaning, or by chemical cleaning using materials such as acids,
bases, solvents, gases and liquids.
Once the platform has been cleaned the next step is to apply to the surface of the metal
oxide layer a layer of an adhesion promoting agent. This layer is applied to the platform since
25 capture elements which are to be deposited on the platform might not readily adhere to the
metal oxide layer itself. There are several ways in which this layer can be formed. One way is
to form a layer of a network of silane molecules and another way is to use what are known as
self-assembled monolayers (SAM). These are known techniques which will be apparent to the

person skilled in the art. Silanisation for example which can involve a liquid or gas phase is
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can for eRlasme indueedinudokiligation/gsndrativinzftadnesion frémating layers containing
15 functional/reactive groups, which enable direct coupling of capture molecules or derivatized
capture molecules, or indirect coupling of capture molecules or derivatized capture molecules
via chemical linkers or photochemical linkers.
An adhesion promoting layer can for example be produced by silanization with 3-
(glycidoxypropyltrimethoxysilane (GOPTS). Compounds containing nucleophilic groups
20 such as amines can react with the epoxy function of the silane in order to be covalently
immobilized. Such a silanization can therefore e.g. be used for immobilization of antibodies
which contain multiple amino groups since antibodies consist of amino acids. In addition,
DNA/RNA/PNA strands as capture molecules can also be modified with amino groups in
order to attach these capture molecules covalently at the platform, as shown in application
25 Example 4 (SNP discrimination}. In this example, oligonucleotides with amino function have
been covalently immobilized at the surface of the platform. However, other types of capture

molecules can be modified for this purpose.

In addition, an adhesion promoting layer can be further chemically modified in order to
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negati ve ireghsed atgpe ‘f%@cmfk*?“( P E&%F'yfg E’?‘n&f"l!ﬁ"é?'.‘d PTPHQ‘ESég"dchfe -
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DNA/RNA/PNA strands.

Functionalized organic molecules can be used which provide hydrocarbon chains to

render the platform more hydrophobic, polar groups can be used to render the platform more

20  hydrophilic, or ionic groups, or potentially ionic groups can be used to introduce charges. For
instance Polyethyleneglycol (PEG) or derivatives thereof can be used to render the platform
hydrophilic, which prevents non-specific absorption of proteins to the platform/surface.

Reactive or photoreactive groups may be attached to the surface of the platform which
may serve as anchor groups for further reaction steps.

25 A SAM as adhesion promoting layer suitable for immobilization of antibodies can be
obtained by treatment of the platform with amphiphilic alkylphosphates (e.g. stearyl
phosphate). The phosphate headgroup reacts with the hydroxy groups at the surface of the
platform and leads to the formation of an ordered monolayer of the aniphiphilic
alkylphoshates. The hydrophophic alkyl chains render the surface of the platform hydrophobic
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linker molecules or photochemical linker molecules can also be seen as an intermediate layer

which enables the attachment of capture molecules to the platform.

This controlled combination of layers/molecules with different functionalities in

20 general is attributed as Supramolecular Chemistry (J-M. Lehn, Supramolecular chemistry -
Scope and perspectives. Molecules, supermolecules, and molecuiar devices, (Nobel Lecture,
8.12.1987), Angew. Chem. Int. Ed. Engl., 27, 89, 1988.). The obtained supramolecular
structure provides a functionality which differs from the functionality of the individual
molecules used for the individual layers. For the present invention, an intermediate layer can

25 also introduce luminophors into such a layer system, which can either be used as energy donor
or energy acceptor/quencher in the sense of Forster Energy Transfer (FRET) or photoinduced
electron transfer, or potential sensitive luminophors, before capture molecules or modified

capture molecules are attached to the platform.

For the above-described methods of surface treatment, the foliowing organic or
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nucl eophiurfagé fk@fden@phi i c  substitution, radical reaction, condensation,
reactions with organic/hetero-organic/inorganic 15 car bonyl derivatives, or
phot o- i nducedEitkexcthiconeal/pbototiearical iitemdctiod (¢.¢ asiditonsnyucleophitic/alcruidinke
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A T T A T T NS —
I5 carbonyl derivatives, or photo-induced reactions, or thermo-induced reactions, Lewis acid/base
concept), and/or
physical/electrochemical interaction (e.g. Coulomb-interaction,
hydrophobic/hydrophilic interaction), and/or
biologic interaction (e.g. antigene/antibody, hybidization, Streptavidin/Avidin-Biotine
20 interaction, agonist/antagonist interaction), and/or
photochemical/photophysical interaction
may be employed for coupling between molecules/components incorporated into such a layer
system/adhesion promoting layer.
Adhesion promotion can also be achieved by deposition of microporous layers or gels
25 onthe surface of the platform, the surface characteristics/functionality of the microporous
layers or gels facilitating deposition of capture elements shortening the required incubation
time and enhancing sensitivity of the subsequent measures. The microporous layers can
comprises organic compounds such as polymers, monomers, molecular assemblies and supra

molecular assemblies or it can comprise inorganic compounds such as glass, quartz, ceramic,
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be further chemcally nodified in-order to alter the surface properties.
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nsT
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previously deposited on the platform The array of capture elenents can be
deposi ted i n & twadimensioral amgpsof ciptevirgerognitini elemeats ib ruse dn the 3-Beposi t

capture el enen include ink.|e rinter i ch hav | ezoel ectric

act uat or §u,rFaJI‘%o£ﬁ%gﬁﬁgwgﬂogh%@y%gwggsfypwgggEﬁdéﬂ:‘tg@ Bhﬁ%‘ﬁ"'v R A yat or s
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t ool - spodepssis capbureckanpenss/inchvde ink jetuptinters whirkt haye prezedleatric actv®®s/ 03382 or
W)92/IJSOO scale | bilised nt.hesis (,VLSI Igg%blsuch

2...very.|ar ol ymer )
as t hat %8%%(}1‘%1 %Il(]‘, %ctgaqors, Pressure/so enoid valve EB ors or other force trans(:iucers, e

jet printers which make use of thermoelectric actuators; or laser actuators; ring-pin printers;

pin tool-spotters; on-chip-synthesis such as that described in W090/03382 or W092/10092;
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very large scale immobiliised polymer synthesis (VLSIPS) such as that described in
WQO98/27430; photoactivation/photodeprotection of special design photoreactive groups
20 anchored at the surface of the adhesion promoting layer; microcontact printing; microcontact
writing pens; drawing pen or pad transfer/stamping of capture elements; microfluidics
channels and flowcells made by casting from polymer such as PMMA masters for example
using PDMS (polydimethoxysilane) or by micromechanical or mechanical means, or made by
etching techniques for local delivery of capture elements; structuring of capture elements by
25 photoablation; or deposition of capture elements onto gel pads using one of the previously
mentioned techniques or any other photoimmobilisation technique.
The capture or recognition elements which can be deposited onto the platform are
many and varied. Generally speaking the capture molecules used should be capable of affinity

reactions. Examples of recognition or capture molecules which can be used with the present



W)98/ 27430; phot oacti vati onl phot odeprot ecti on of special design

phot oreactive groups 20 anchored at the surface of the adheSizpp 2 onoti ng

| ayer; m t printing; mcrocontact witing pens; 1 n or
pad transﬁ%@ﬁ@@%ﬁ%ing of capture elenents; mcrofluidics éﬁ#ﬁ#ﬁ@ﬁ@g nd
flowcel |l s made by casting from polynmer such as PMVA nmasters for exanple
usi ng PDMS (pol ydi met hoxysil ane) or by m cronmechani cal or nechani cal neans,
or made by etching techniques for Igﬁ@l delivery of capture el enents;
structuring of capture elenents by 25 photoabl ati on; or deposition of
capture elenents onto gel pads using one of the previously nentioned

t echni quetatfoimainry aofoflewsphot oi nmobi | i sation techni que. The capture or
recognition el enents which can be deposited onto the platformare nmany and

vari ed. Gener aurlgotidesapligoguelentides (pnd chemisiabdarivadves shseeofhoul d be capabl e of

affinity reagiy . I ni {4 ture mol ecul s ich can
be used with ﬁ]rgggg%%@]%%gi@ %‘5§§§&§4 éj ﬁ%ﬁo%gé%"ﬁﬁfi Eﬁ@gy 556%530 atform
are as follows: nucleotides, oligonucleob)¢iefmidr e prdmidsCedsnidy, Buatd ves
thereof) DNA (double strand or single strand) a) linear (and chem cal

derivatives thereof) b) circular (e.g. P&3nids, cosnids, BACs, 5 ACs)

total RNA, ne r ] h {al . rtdficj RNA, aptaners
PNA (pepti de E‘ac gﬁé\ ’ %&?%?’g%ﬁér l%ﬂ Hﬁ%g %é’%&%ﬁb@%ﬁ?‘aﬁ?féi neer ed
anti bodi es, aNA¢Plde hagMdieadds) anti body FAB subunits (nodified if
necessary) 10 proteins, nodified proteins, enzynes, enzynme cofactors or

i nhi bitors, prelwienal,Memsiclonals recpmbinan gngippesed antinediess prtigenss. bapters, ns,

chel ators for _H.st i 0k ne- - <tag), tagged proteins,
artificial antalﬁgg%#ygg?ﬁrsr%l?lglggﬁg?&?rgr%ﬁfisnﬁféss,s asti bodi es nenbrane

receptors, wh@reéteins) hedifie®plotdiisagnmBmnies, eizsime ebfattbRlor fikitsilors) pdicias,
synapses, agonists/antagonists, cells, cell organelles, e.g. mcrosones 15
smal | ol ecul &&mplexgs.dectpen Fididinedabellsd protging shelatorsfen Histidingntag ¢nrppaqnests

drugs, metab Ol(mgﬁag)%él&drﬁét@igglasﬁﬁaal antibodies. molecular imprints, plastibodies

membrane receptors, whole cells, cell fragments and cellular substructures, synapses,
agonists/antagonists, cells, cell organelles, e.g. microsomes
15 small molecules such as benzodiazapines,
prostaglandins,
antibiotics, drugs, metabolites, drug metabolites
natural products
carbohydrates and derivatives
20 natural and artificial ligands
sterotds, hormones
peptides
native or artificial polymers
molecular probes
25 natural and artificial receptors
and chemical derivatives thereof
chelating reagents, crown ether, ligands, supramolecular assemblies

indicators (pH, potential, membrane potential, redox potential)

tissue samples (tissue micro arrays)




nat ural products carbohydrates and derivatives 20 natural and artificial

| i gands steroids, hornones peptides native or artificial polyners

mol ecul ar _probes 25 natural and artificial receptors and. cHepPR @i
derivati vaEOPH®B¥t chel ating reagents, crown ether, |igantfST/EP00/06238
supranol ecul ar assenblies indicators (pH potential, nenbrane potential,
redox potential) tissue sanples (tissue mcro arrays) W 01/02839 25 5 APR
2004 PCT/ EPO0/ 06238 The activity or density of the capture nol ecul es can
be optim sed in a nunber of ways. The platformw th the capture el enents
deposited thereon can be incubated 2A saturated water vapour atnosphere
for a defined period in order to rehydrate the printed loci. This optim ses
5 the density of the capture nolecules, i.e. increases avail able binding
sites per uni Fhegcgxity osdensity g thelcgptuteanslaciitsatan de optimésed sma bembalodavaar a

defi ned ' | .. nut t 80C for. DNA captur.e | ecul es. The

pl at f or mﬁggh%bgfgnﬁmgéﬁ‘etgpﬁgﬁuvéteﬁ%e&?we?ﬂslﬁdgmqn ﬁ?cuggteSmﬁagrm@ ¥Ry any
ot her suvdpabl @mokgHereifor aldefifdd eridlTn bAeANGERYy FOFR: FHRIMABED %isgﬂ&timisetshe
capture el enments by excess unbound material.” After these procedures, the

pr epaf edthp deasityoftieraptime molesulgs,d¢. inareased eyailablet inding sitds pasenit #ed.or t 0 use

of the cfi Y | shin rQcedu W,th.0,1 to L O nml_

hybri di za b?%%&ﬂﬂfgj er'hé)lg’%getdﬁelrpsé: af E%Bzﬁ(@gg%rl %‘iq%'&ﬁ‘é??q%?ﬁsl miRpteR 80 G r ed
to reactiDNAapRRYRbRER e "Bhelpla@stntdiR beVasREEHERESing Withl2 S n{ dniifb sETOVE
excess unbound capture el enents/buffer residues. In the case of DNA

capt ur e PHIF S@ter e5anyt pfberwatabla diquids eveditions hmavoidonss ¢contapenatmtof dief ect i ve

then o S TE o BB THA EETT 0  e B SS5 SR R ) oo
e. g. 10hecaieaiohéd iyDddssicaat it usd. atrid? o LEedMGEARP] 4 298iBhAIUAShihEC - |
Meehi ganf)roge%ure with 0.1 to 10 ml hybridization buffer or other suitable solutions/liquids may be
required to reactivate/rehydrate the dried capture elements and to further remove excess
unbound capture elements/buffer residues. In the case of DNA capture molecules, the washing
procedure has found to be most effective when performed at a temperature between 50 and
15 85°C.
Process steps for the chip handling can be automated by using hybridization stations
such as e.g. the GeneTAC Hybridization station from Genomic Solutions Inc., Michigan, US.
The particular measurement technique to be described is that involving luminescence
in particular fluorescence. In carrying out a measurement, a sample to be investigated is
20 placed on the sensing area of the platform on which the capture elements have been provided.
In order to achieve fluorescence, fluorophores are added to the system prior to the
measurement being taken. The fluorophores can be added to the sample for example as
labelled affinity partners although it is also possible to attach fluorophores to the capture
elements on the platform. The measurements are based upon the fact that fluorescent emission
25 from the capture elements containing labelled capture molecules and/or from labelled affinity
partners is altered by its interaction with the analyte or sample under investigation. Labels of
different excitation and emission wavelength can be used, there being one or several different

labels, label 1 being for a control experiment and label 2 for the experiment.

Figure 3 shows schematically the energy profile of the evanescent field at resonance
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evanescent resonance is achieved and a measurement of the fluorescence emitted from the
surface of the platform is made using the CCD camera (66). This provides an indication of the
fluorescence emitted from each position on the array of capture etements deposited on the
20 platform. This can be analysed to deduce the affinity of the reactions which have occurred
between the capture elements and the sample under investigation.
An arrangement as shown in Figure 6 captures the whole luminescence, e.g.
fluorescence, image of the entire platform at one shot without the need of any moving parts
during measurement. Such a non-scanning device can be very simple and cheap and is
25 especially suited for point-of-care application or portable systems. Another typical
arrangement confines the coherent laser light down to micrometer dimensions by means of
optical elements thereby increasing the electrical field in the focal point and scans the sensing

arca or arcas.

It will be appreciated that a wide variety of sampies can be analysed using the present
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cell conprises a housing which is made froma polynmer su

PMVA. Thicentpad cgmpartrhers (40evithdiotensiens ¢ooresimhiimg t@ theaiimensidnsad nigoplatforny. A 44)

wi t h di nensi ons correspondi,ng,,to the dinensions.of the platform A further
depr essi SHUISC SFRIFHISH 1 (O 8 R EarPRBREmt (49)'o (efinech SHREIORT (A0 Mh i 8jeduni ch
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within the floaw.line.(45) g¢an be controlled val ves (43) The cell

i ncl utfes 10§ (%ngg LO‘Y if;‘}%"'\/%? @chléﬁ? (g qaﬁgﬁf‘élﬁm%‘ésy 31’(3"’5‘%@%?9%11“? erlHBeludssg

(41) to eleser (19pwhieR c&f bd 1d8ate@bler and secured to housing (41) to close the top of the cell.
The cover (49) includes a window (50) which locates over the compartment (46) and thereby

allows radiation to pass through the cover and into the cell (46).
In use of the cell, the housing (41) is located against the surface of the platform which
20  has the capture elements formed thereon so that the lid (49) is remote from that surface. This
brings the compartment (46) into communication with the sensing area of the platform. The
sample to be investigated is then fed into the compartment (46) through the flow line (45) so
that it is brought into contact with the capture elements on the surface of the platform. A
measurement of the fluorescence induced at various capture points is then carried out as
25 previously described.
Figure 8 illustrates possible alternative forms of the platform.
The sensing elements can be arranged in various ways, for instance rectangular,
circular, hexagonal-centric, elipsoidal, linear or labyrinthine. The sensing area may be

rectangular, round or of any other shape. The grooves may be arranged either equidistant
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mul tiple assays in the individual mcrotiter wells. This can be achi eved
for al| Y5FRECEVE MygiUier-plate. 384, 1536, or hi gher nunbers of wells,

i ndepgndent | -] 4 | ctive mcrotiter-plate. 10The
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pl atform conpri ses a planar, transparent substrate (glass 15 AF45 by
Schott) of 0.7 mm thickness. Into the substrate a periodic surface

structurg,is @%@ﬁﬁil by phot ol ithographi cal neans (deposition of
photoresfast, m witing of periodic structure into resist either by two

beam i nt er f er Chegeng/chiy warsdysdey pladbmitomprisesa pRRS trandphieny bttty gldson
15  AF45 by Schott) of 0.7 mm thickness. Into the substrate a periodic surface structure is etched
by photolithographical means (deposition of photoresist, <1 pm; writing of periodic structure
into resist either by two beam interferometry/holography; etching the resist with reactive ion
etching using Ar gas; stripping of residual photoresist).
The shapes of the surface structure are close to sinusoidal. The width (period) of a
20  single structure is 360 nm. The depth of the grooves are approximately 38 nm.
On top of the homogeneously structured glass surface a dielectric transparent metal
oxide film (Ta;0s) with high refractive index of app. 2.2 at 633 nm wavelength is deposited.
The process is by ion plating. The layer thickness is 130 nm. The primary
structure/architecture of the glass surface is transferred to the top of the metal oxide layer due
25 to the highly energetic and anisotropic deposition process.
When a highly parallel, expanded, coherent laser beam is directed onto the transducer
at distinct angles 0, corresponding to a so-called resonance position, almost all light is

reflected by the transducer platform and the 0. order transmission intensity is reduced to less

than 1% (compared to 90-95% at an arbitrary angle).
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and the change of the power of the transmitted beam monitored. At resonance angle, less than
1% {< 1. W) of the original transmitted beam reaches the detector. The power of the incident
laser beam is reflected totally (specularly reflected beam: approximately 100%).
The full width at half maximum of the resonance for anormal reflection (FWHM) is in
20 ourcase 0.9°. The homogeneity of the reflection over the whole transducer surface (18 mm x
18 mm) is better than 90%.

lb. Platfonm 2
The shapes of the surface structure are close to rectangular. The width (period) of a
25 single structure is 360 nm. The depth of the grooves are approximately 52 nm. On top of the
homogenously structured glass surface a dielectric transparent metal oxide film (Ta205) with
high refractive index of approximately 2.15 at 633 nm wavelength is deposited. The process is
by sputtering. The layer thickness is 150 nm. The primary structure/architecture of the glass

surface is transferred to the top of the metal oxide layer due to the highly energetic and
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i nt ensi t YorhitidRehoPRERLhRingtRatis( TE pol arisation) is adjusted to 600 ~, W
for a 4 nm dianeter area (power neter Newport NRC 1835). The angle

bet ween pl at f benheshamttetzation ot ihdeetonmezliest, thetimbrsdty Hf ceguestis) Buamy(TH om 15
normal incidence,.The platf s then rotated in steps of 5110000 ( Newport
NRC cont PERMELOnp ”@wfedéﬂ&% HE‘} éﬁ&%defmdga’f‘ﬁér Yo st meRENEVBMENRG ed beam
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transmtted beamreaches the detector. The power o
15 normal incidence. The platform is then rotated in steps of 5/1000° (Newport NRC controller
PM 500) and the change of the power of the transmitted beam monitored. At resonance angle,
less than 0.5% (<3uW) of the original transmitted beam reaches the detector. The power of
the incident laser beam is reflected totally (specularly reflected beam approximately 100%).
Due to the widening of the resonance width of platform 2 according to deeper grooves
20 compared to platform 1 the resonance curves of the +1 and ~1 diffraction order overlap
creating a single extremely wide resonance located exactly at normal incidence. The full

width at half maximum of the resonance for anomal reflection (FWHM) is in our case 4.2°.
The homogeneity of the reflection over the whole transducer surface (18 mm x 18 mm) is
better than 95%.

25
2. Example for gene expression analysis
a) Preparation
Sensor platforms (dimensions 18x18mm®) of the type described with reference to figure 2

were first sonicated twice in chloroform (FLUKA, ..purriss.*) and subsequently twice in
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CDNA 10 sierdiig @h@mm.CYP 450 1 A 1, CYP 450 2B1 EST., CYP 450 2B1, CYP 450
2B2, CYP 450 3A1 human, CYP 450 3A2, CYP 450 4Al, p-actin, GAPDH, external
standard) were printed on the platforns with an ink jet printer (M crodrop

G1bH, Nonersineltljr;tdb“%rﬁ%w}émggﬁio%% e%ger}.ttg ation of the cDNA sol uti ons was 50

15 Arrays consisting of 10 different cDNAs (each ¢cDNA 10 replicates: CYP 450 1A1, CYP 450
2B1 EST., CYP 450 2B1, CYP 450 2B2, CYP 450 3A1 human, CYP 450 3A2, CYP 450 4A1,
p-actin, GAPDH, external standard) were printed on the platforms with an ink-jet printer
{(Microdrop GmbH, Norderstedt, Germany). The concentration of the cDNA solutions was 50
ng/uL. The diameter (10 ink-jet droplets/position) was about 250 um and pitch of the spots

20  was about 500 um. Therefore, the overall dimension of the 10x10 arrays was about 5x5 mm’.
The layout and assignment of the immobilized cDNA spots is schematically shown in Fig. 5.
The arrays were printed in the centre of the platforms with the dimensions (18x18mm’).
Subsequently, the platforms were incubated over night in a closed container in saturated water
vapor atmosphere. Next day, the incubated chips can be baked for a defined period, say 1

25 minute at 80°C. Then the platforms were flushed with deionized water and dried with

nitrogen flow.

c) Detection set-up

The detection set-up used is shown schematically in Fig.6. An excitation laser (61) (HeNe
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d) Chip cartrl d 15 The platformwere nounted to the specially designed
cartri dgexnandgd #%aéﬁdé’ewo’fﬁsa ﬂb}@hﬁ}glwh%ﬂ}eélggbﬁwwéh{%g in Fig.
4. The d i 4 ghydi mensi ons (18x18x0. 7nm ) and the incubation
chanber ?@ ﬁﬁ\/\é@%s.(azﬂnlgle The solution in the incubation chanber was
exchanged via fl ow channel s (45) of 0.5 mmdianeter that were drilled into
the PMVA. The content of the cartridge was be exchanged via the

i nl et/ oul) et Ay cartridge

15 The platform were mounted to the specially designed cartridge (41) made from

PMMA/polymer which is schematically shown in Fig. 4. The depression (44) had dimensions
(18x18x0.7mm’) and the incubation chamber (46) was 0.2mm deep. The solution in the
incubation chamber was exchanged via flow channels (45) of 0.5 mm diameter that were
drilled into the PMMA. The content of the cartridge was be exchanged via the inlet/outlet (42).
20 The platform was positioned in the corresponding depression of the cartridge with the sensing
area directed towards the incubation chamber. The cover (49) was fixed to press the platform
against the sealing. The milled/micromachined window (50) in the cover allowed illumination
with excitation light and the acquisition of fluorescence images of the platform surface. The
valve-to-valve-volume of the cartridge was about 14 L.
25
e) Denaturation unit

A thermoelectric element was used to control the temperature for denaturation (79°C),

incubation, (42°C) regeneration (79°C) and wash (42°C) of the platform in the flow cartridge.




20 The platform was positioned in the correspondi ng depressi he
p posi Tl I p Ing p ;fﬁgfgflﬂ(@

cartridge with the sensing area directed towards the incub anber .
The cover w(d'shoz fixed to press the platform against t j The
mlled m crorracﬁed wi ndow (50) in the cover allowed ill E’m na |A(])6298 W th

excitation light and the acquisition of fluorescence inmages of the platform
surface. The valve-to-valve-volune of the cartridge was about 14 1L. 25 e)
Denaturation unit A thernoelectric el ement was used to control the
tenperature for denaturation (79C), 33 ncubation, (42C) regeneration (79C)
and wash (42C) of the platformin the flow cartridge. 5 APR 2004 WO

01/ 02839) PCT| EitafleQii2p8raBidnf ) Sanpl e preparation 2 groups of rats (each 3

rats) were used_for tr?_l:qgr sent si dy. One group (treated) was treated
with 80 TEFOBRRATRE GRS ais] g lrihe presesape ér@. gwMiTcaldoyps eated g
body wei C % i 0 aily
Cr eat ot a0 He AREOnE PR CgARER, CRRIAL B R Mol Be Bo Rkt o' 1Y

ani nmal s seeorel gracp (donerel) oatydwith 0.6%: Na®ipDes daidy restmam dnrio@aeculive ddye wad
ni trogen .and st.ored %L -80C. Subsequently, the total RNA/nRNA was isol ated
and | Abed ¥ By theesnd Adhs ¢ drise e gniogals wersisacriticed and fives samplemnere; snap frpaatat i on

of Iabeliﬁqﬁq%%gﬁﬁ%tgtgg flte—?ég@ or different fluorophore |abels for

control and treat ., puri and dissolved in 20 .tL hybridization 10

buffer. g) AsSubpequendsgshe wgal RNEMIRN A VRRASNatE Snd1gBeINESy 18688k frdhscription
punp/ aspirate buffers-and solutions into the cartridge. The follow ng
st eps wepl fsRbrand $INA fipsnpratiomel labetedidrpxy rupleotidess same oratifferess 1) 30 nin

pr e-was ] i.di i.on ffer. B), .. asur epent . of

backgr o[]%%’tri&%g © H?%ﬂgﬁ‘%‘{gﬁ glra?/ng{dr%%g%ﬁi’ ggyﬁg\é]?rhae‘i—'ﬁ.((’ﬁfb A %Igt ?’%ﬁ % ont r ol
sanplhe iwiffercartridge, 30 mn denaturation at 79C, then over night

i ncubation at 42C. 3) 10 min post-wash at 42C with 1nL HB, neasurenent of
"control " intensities of 20 platformin contact with HB. 4) Regeneration:
30 mn V\@sh aLssZn?%rW.césQiné nmL hybri di zati on buffer (HB),

A Cavro stepper syringe was used to pump/aspirate buffers-and solutions into the cartridge.
The following steps were executed tc measure the CYP 450 induction in rat:
15 1 30 min pre-wash at 79°C with 1 ml hybridization buffer (HB), measurement of
background I of the platform in contact with HB.
2) Injection of ,,control* sample into cartridge, 30 min denaturation at 79°C, then over
night incubation at 42°C.
D 10 min post-wash at 42°C with 1mL HB, measurement of “control” intensities of
20 platform in contact with HB.
4) Regeneration: 30 min wash at 79°C with 1 mL hybridization buffer (HB),
measurement of background 2 of the platform in contact with HB.
5) Injection of ,,treated “ sample into cartridge, 30 min denaturation at 79°C, then over
night incubation at 42°C.
25 6) 10 min post-wash at 42°C with ImL HB, measurement of “treated” intensities of
platform in contact with HB.

All fluorescence images were measured under evanescent resonance conditions.

h) Data processing



measur enent of background 2 of the platformin contact with HB. 5)

I njection of "treated " sanple into cartridge, 30 m n denat{naRiy@p at 79C,
then over _ night incubation at 42C. 25 6) 10 m n post-wash at 42C with InL
HB, measu 283 “treated" intensities of platformin CRWERIDOG3Sh HB.
Al'l fluorescence i mages were neasured under evanescent resonance
conditions. h) Data processing 5 APR 2004 WD 01/02839 PCT/ EPO0O/ 06238 34 5
The net intensities (control-background 1 and treated-background2) of all
spots were calculated and all intengjties of the treated data set were
normal i zed by the help of the intensities of the external standard. The
expr essi Phe fidtihessifidsqlsh Ne&D

cal cul ated by divi S|Sf){n ot{‘;d??)%lg g%ge —lr%l%fdng |§g%w)|jg)§tq§§§§t8%?%| Mean
val ues o¢alwi@t€féa@d1311mt¢r§pies eéthesreﬂedeiataedecwémtmdnahz):d BRe shel Hedp dXhER- Chi ps
measur ed g ﬁ esceai ce conditians fslglco\ﬁe in general about 100
fold stif 1reso r%cf'f §la5 CEEEILT GHAST §B a&&sﬁhawa% tsdespepiEvenean
val ues f negqlegggg]@pggdgy vml zed in the following table: |5 GENEFol d
change CYP 450 1A1 (rat)1.6 CYP 450 2B1 EST. (rat)16 CYP 450 2B1 (rat)25
CYP 450 2B2 (rat)32 CYP 45@!M&ngmmmcﬂized@@ea¢&ﬂmw (rat)2.5 CYP 450 4A1l

(rat)1. 6[\/@31? (\:f;[;\llugs &r tﬁcta each]l O%;ﬁg;te o calculated

i) Results
10 ER-Chips measured under evanescent resonance conditions showed in general about /00 fold
stronger intensities and improved signal/background ratios.

The mean values for fold change are summarized in the following table:

15
GENE Fold change
CYP 450 1A1 (rat) 1.6
CYP 450 2B1 EST. (rat) 16
CYP 450 2B1 (rat) 25
CYP 450 2B2 (rat) 32
CYP 450 3A1 (human) 3.2
CYP 450 3A2 (rat) 25
CYP 450 4A1 (rat) 1.6
B-actin (rat) 2.1
GAPDH (rat) 2.3

3. Example to illustrate enhanced amplification

A platform was prepared and processed according to the example just described.




3. Exanple to illustrate enhanced anplification A platformwas prepared and

processed according to the exanple just described. 5 APR 200§ @ /02839

PCT/EPOO/gﬁ%ﬁgzgébSubsequent to the incubation with sanple P wer e

taken with canera detection set-up described aboﬁgmﬂﬁqw $ erence
to Figure 6. The first inmage was taken in epifluorescence node w thout

adj ustnent to conditions for evanescent resonance (,,epifluorescence” in

Fig. 7a). The second i nage was taken under evanescent resonance 5

conditions (,, ER enhancenent” in Fig.3%b), i.e. the angle of the incident

| aser beamwas adjusted with respect to the surface normal until the |ight

transmi t Setshetjino ugthetif@baidrpwih esesle, Rinfight WerdakEAvilHMIE DTS efhdres (net
signal s) show that intensities nmeasured wth ER- enhancenent are about 100

fold str@sgEionsEHP defsribed doyr tidgetsiangs tekigvietth The fivss magarahs taken in

Cany 1< ERBGOREencr ol kRS AMRIRor 5 ChrgHEe P Ve Socnbredmerng. ar ea of ¢ he
pl at for ﬁ(,,cbiﬂlwl'dsbcrbe“ B €T) ftRthebdatt imik € Was k&l uﬁcﬁépx@vaﬁ@ﬁ@rl)tefesoﬁgr%a' ner can

be used in conpensation with a platformhaving a plurality of sensing areas
to abl ovpndiiens (iR enhascemen! in Bigi 7). oef tbfaaqgleecsftmncmmnabybemwm/e

measur engnt efl enc otide mcraqc dlscrlmnatlon
of Singl e@ rasgeé(fpi}muﬁfﬁfesqﬂme qd?f h%ﬁFB’“ﬁ?‘ ﬁJaE'E{“ig hesedig gho

pl at f or Wﬁnﬁﬂi’nmsm?:ﬂﬁ] $roBileiTRt sfnalshéhdwy ibg: iRASH rence to
figure 2 were first gonlrcatéﬂgtv?n;gge ?n chl orlorf%)irlé &sw&%{%}gum) and
subs eq uemhapcetmmgra aboul 0 fobistmpgeraher( the irténsitieklobaimed Wwitheatventibnati n. The
pl at f ﬁere then dried in vacuum and cleaned in a W/ cleaner for 30 mn
(Boeckelem HPSPYES 1 nc, nodel 135500). O xyl ene was heated to 75C

(sti i ng) aﬂ&ﬁ@%&iﬁﬂle%&%@d%ﬂ&%ﬂ@fés alyséllgam§h£@rlsb, né;lléasamgl%%g AR

well as 0.2%v/v N-ethyldiisopropylamne puru wer
t he heat eehtaw withrthe s¢nsingrar¢anyf)the fladonod. alt fadkl busawmoeatemthm mmttedypdﬁammac ks
and then i ncubated for,.7 h in the 25 SO|UIO at 75 stirring)

Subs equefﬁ‘frr[@‘“e’t‘?"i‘t‘:1 US4 BrRERRRsL ORI aplat ay 1“&@5? kit °IfF‘é!’§ng areas to
acet oni t plidw@ mebit@ent diRlpturdl G 42 s Qmpl@éi&ni tﬁ%bylﬁhﬁ%\rrk mEdsDahdeNt éfh@iel% tforms

were dried and stored under vacuum b. l'i'zation of capture €l enments
15 4. Oligonucleotide microchip for discrimination of Single Nucleotide Polvmorphism
(SNP)

a. Chip Preparation
Sensor platforms (dimensions 18x18 mm?2) of the type described with reference to figure 2
were first sonicated twice in chlororform (FLUKA, “purum.”) and subsequently twice in
20 isopropanol (Merck, ,,Uvasol®), each 15 min. The platforms were then dried in vacuum and
cleaned in a UV cleaner for 30 min (Boecke! Industries Inc, model 135500). O-xylene was
heated to 75°C (stirring) and 2% v/v 3-glycidoxypropyl-trimethoxysilane (Fluka, “purum*) as
well as 0.2% v/v N-ethyldiisopropylamine (Fluka, “purum™) were added to the heated solvent
(stirring). The platforms were then mounted into racks and then incubated for 7 h in the
25 solution at 75°C (stirring). Subsequently, the platforms were washed three times with fresh

acetonitrile (Fluka, “HPLC grade*), each for 15 min. Finally the platforms were dried and

stored under vacuum.

b. Immobilization of capture elements



WO 01/02839 5 OR 2004 PCT/ EPO0/ 06238 36 Two different am no-nodified

ol i gonucl eoti des (capture probes) were printed in a checker O‘\%Rﬂ |t‘| ke

| ayout (5x5 25 gdpots) onto the silanized platfornms. A GVS 41 QP pin
arrayer N2 or the printing (Genetic Mcrosystens, HRESYERN/OGEY . The
concentratlon of the oligonucleotides used as capture nol ecul es was 100
nmol /m . Dianeter of the spots was 5 125 m croneter with 500 m croneter
centre-to-centre distance. The 2 oligonucl eotides were called cPM

("' capture perfect match") and cMM ggcapture m smatch") and differ only in
one base: cPM 3 “CACAATTCCACAS -NH2 cvm 3° CACAACTCCACAS‘ NH2 cPM and

CMM wer erv@bgirRebnpi muﬁsnme&mﬁe@ 8t cx@&@]éae é@aghfr@ é’éf@ sﬁh ﬂggﬁ owal ent

binding 10 of the oligonucleotides to t |on at'f ot ns.
The arr a;izscl«.dnoercphkmﬂae'dul (Ox6RES spodsytomo olfe tnlmlzpﬁqﬂzitﬂihﬁs mGMSt 41167 Ahgmpisi ons

(18x1 8mMm®2 Subse Ly the tfor were incubated over night in a
cl osed el oS us ﬁefn ‘(hﬁrpé’t“é*ﬂg \@‘E'EF‘C ﬁ‘ﬁfﬂﬁ?“ﬁpf’r&%m MANdRe capgenirpiéon ehi ps

were dr |tﬁgo%%umgnmslh}%&' Wi furk ﬂ&le&fie@ﬂ%%@nﬁgffﬁar rlfgmgf%k Egk% PR )

Alternative an aqueous bovine serum al bum ne so I on

was USed25Ahcermdieowith 50t hiercsetercentts-tonesrrel distaed THe Rholigehidctiass Water
andthenﬁlJncivath n|tr en flow c. Detection set-up The CCD set-up
descri béallshekMd PARSVE A %‘)&'&‘#ﬁh ' aph eMM dcapuge mlsmat@h“dan@ diffig@nishin one
cartrid escribed in the previous exanple was used. e. Anal ytes/sanples
Two Cy5-1abel ed ol i gonucl eotides called PM ("perfect match") and MM

("m Smitc‘PM )3 CAdAARPCEAQUEN2@S, conpl Icmt?@AéRAél?@dA@@'rhﬂzed capture
ol i gonucl eoti des cPM and cMM were wused as the anal ytes:

Cy5- 5' GRBM AAGEAST 8/ereé\bel & 3ith at A nb@ApT 46 TRe 5° éﬁhﬁv}ﬁaﬂé‘xﬂﬂfcﬁ Bhvalint 8indirdge
anal ¥t e solutjions was 30 pM each. 5 APR 2006 WO 01102839 37
of the oligonucleotides to the epoxy-functionalized platforms. The arrays were printed in the
centre of the platforms with the dimensions (18x18mm2). Subsequently the platforms were
incubated over night in a closed container in saturated water vapour aimosphere. Next day the
chips were dried and the washed with 1 ml of aqueous 50% urea solution. Alternatively, an

aqueous bovine serum albumine solution (BSA, 1 mg/ml) was used. After blocking the chips

15 were flushed with deionized water and then dried with nitrogen flow.

¢. Detection set-up

The CCD set-up described in the previous example was used.

20 d Chip cartridge

The cartridge described in the previous example was used.

e. Analytes/samples

Two Cy5-labeled oligonucleotides called PM (“perfect match™) and MM (“mismatch™) with
25 sequences complimentary to the immobilized capture oligonucieotides cPM and cMM were

used as the analytes:

PM: Cy5-5*GTGTTAAGGTGT3* MM: Cy5-5*GTGTTGAGGTGT3*

The concentration of the analyte solutions was 30 pM each.



PCT/ EPOO/ 0623S f Assay processing A platformwas first washed 2 tines with
| m of hybridization buffer (HB), with 1 mn delay between5tgf® NM#shi ngs.
Subsequen t 15 microliter PManal yte solution (30pM _was 5 injected
into the H%&ﬁ@%ri dge. After 30 nin of incubation, the RR006238 <
washed with 1 nm of HB and a fluorescence image ("PM in Fig. 9a) was
taken in the resonance position of the chip. Subsequently, the bound

fl uorescence | abel ed oligonucl eotides were renoved (stripped) by injection
of 2x1 m of an aqueous 50% urea sol3rion with 2 mn of delay between the
I njections. After additional 2 min the chip was washed by injection of
2xIm HB with 2 10 min delay between the injections and a fluorescence

i mge (" egfnerationf' in Fig. 9b) was taken in the resonance position of
the chip: B HRIAICEBBr oxi mately 15 nicroliter MM analyte solution (30pM
was i nj egtpplfdoit Wad e $Aed 0 aintdsivleae mi\t)?ﬁB;brf‘a@mﬁbﬁ béffer! (ABY A %intdéfay
platform was again washed with | nm of HB and a fluorescéence i nmage (Y
in Fig. buweemthetvaighings. Subsdgeentlysahoantempuslitei BV apalyterselution [§30pNi) wad eps

were performed at, rqom tenperatur 15 q. ta ocessi ng The an
ot i t st e APTcaRtREs- At 30 min oPinsutian g Pl prE RaREM s
cal cul at gflof HBranlaCAtﬂho?éSE&{cje'?ﬁﬁéé(“(’l\/PQHtﬁé.i99¥1w htaﬁ& ia%éMmﬂw@&g%%gm pM

MM analyte). In addition, the difference of the nean intensit and
t he rat i thechig. Enbdeqnently athe bbundfluoregehce 1Bkaled dsligoniidleddmenwerirembedded wer e

summari zed.in, the. foll ow Table. The t ol i gonucl eoti.de _anal ytes , Cy-5
abel | eCBIRPEALPCStPRBEAF BT RAAT Saieal Pt sk SORYSR Wih dangadein Brippén on
be cl ear |h¢ injdkidrs NARLSABH i hhC M i the QRPN AEhsHAS By infetiaPoPMIRN R dliybe 30 pM
MM anal yte nean intensity | nean intensity WO 01/ 02%$39 38 5 APR 2004
PCT/ Efoomi6ddg8y betwesmthgligeétoms and i flodseséemneiimaga € degeneration” in Fig. 9b) was

taken in the resonance position of the chip. Finally, approximately 15 microliter MM analyte

~ solution (30pM) was injected into the flow cartridge. After 30 min of incubation, the platform
was again washed with 1 mi of HB and a fluorescence image (“MM?” in Fig. 9¢) was taken in

the resonance position of the chip. All steps were performed at room temperature.

15
g Data processing
The mean intensity of the 2 different groups of capture spots (¢PM and cMM) was calculated
for both experiments (incubation of 30 pM PM analyte and 30 pM MM analyte). In addition,
the difference of the mean intensity cPM-cMM and the ratio cPM/cMM was calculated.
20
h. Results
All data calculated were summarized in the following Table. The two oligonucleotide analytes
, Cy-5 labelled PM and Cy-5 labelled MM, which differ only in one base (SNP) can be clearly
distinguished from the obtained data.
25
30 pM PM analyte |30 pM MM anaiyte
mean intensity mean intensity
[rnunis! [counts] |
cPM spots 1140 04
_cMM_spnh 24 2075
[ cPM.-cMAM 1116 21371
LA /M 4R 034




Primary anti bodies are spatially resolved i mobilized (for instance
checkerboard pattern) on 5 the surface of the sensor platf é? @ﬁy& bi ndi ng
of the antji ﬁ@@@éo be detected and of the |um nescence-| abél 3 condary
antibodieé”@ %or the detection of a second epitope of RGFEPPRERE| dual
antigens to be detected) is achieved by subsequent incubation, first with
the anal yze containing the various antigens in different concentrations,
and then with the | um nescence- | abel ed secondary anti bodies. to

Al ternatively, the antigenes (analyte)gand | um nescence-| abel ed secondary
anti bodies can be mxed in a pre-incubation step, which allows

conpl exati on of | um nescence-| abel ed secondary antibodies with the
antigenes. After this pre-incubation step, the sensor platform surface is

I ncubat ed vMﬁh t@FEWiXtﬁﬁ 1y The Iun1nescence | abel ed i mmuno conpl exes bound
to the surf 5 the ER-set-up. (Pre-wash with
sui t abl epridry @htibERS ard BphtRNG kedREN ihinobBided (B instdice afcgfuﬁ'b&r? gétgnﬂccm ps

for multiplexed i nmuno assays a. Chip Preparation 20 Sensor ornms
(di rreﬁsutbnsurfmpsthﬂﬁpsmfplatmntijlpfebld@sgpf the dn g ¢o beda&cc;«mmdaifd& tvvl ce in

(Ner ok, Wb ek oeldBibondiny duuBafietipSFiRs irdelratioh o3 ondraetionns
( Mer ck ! nd
cl eaned nh&vﬁiuwarﬁigea@ﬁ;rbef&&ec&@?ma@hm(amdﬁ%ke ueﬁqﬁédhh% IiRG w.ﬂmﬂgﬁnaﬁﬁéwo)

The chips were placed in a small contairier and stored ’'n a
sol ut i onconfaimmog dnt‘e-cayﬂOph @m;ﬂwai @ differpntoyoacmitrafions, 2ad themwith tigubmegseentd-y, t he

25 chi ps V\eﬁcg 5‘5] V\‘:lJb | sopropanol in order to renobve excess
al kyl pho@BAreseanpdasy pridpq a nitrogen flow This procedure created a
Sel f 1hssenmbl ghehRRRNAYES arﬁ@@Ms (ﬁfaiﬁé)‘%ﬁﬁﬂﬁﬂ#&?&ﬁcc ﬁBelEJ"?ec&'tHaf‘%tb@I‘hﬁE he

platforms. This adhesi on pronoting |'ayer rendered the platform hydrophobic
(cont act Caarbglm;lxatbm prEoioyubation stepbyach almsac@gmlqgmhmfdﬂmpmmeecm@bdndt he

pl atform obi ¢ teractio 01/ 02839 39 APR

bt Epocranbiss S HBaEs s O6 E1BheT Aler Pivite S uRaS s sPepLPBHom
nDnOC|Onﬁh&@@khﬁgﬂhﬁﬁﬂv@mﬂkngﬁﬁﬂ Chori noni ¢ Gonadotropin (anti-hCG and
anti-Interleukin 6 (anti-1L6) were printed in a checkerboard-I|ike |ayout
onto the hydFlspnobiescence labeled immuno complexes bound to the surface were quantified with

15 the ER-set-up. (Pre-wash wilh suitable buffer, PBS, and post-wash if required).
6. Protein -microchips for multiplexed immuno assays

a. Chip Preparation

20 Sensor platforms (dimensions 18x18 mm2) of the type described above were sonicated twice
in chlororform (FLUKA, “purriss.”} and subsequently twice in isopropanol (Merck, “Uvasol”),
each 15 min. The platforms were dried in vacuum and cleaned in a UV cleaner for 30 min
{Boeckel industries Inc, model 135500). The chips were placed in a smail container and stored
in a 0.5 mMolar solution of octadecylphosphate in propanol for 24 hours. Subsequently, the

25 chips were washed with 5 ml isopropanol in order to remove excess alkylphospate and dried in
a nitrogen flow. This procedure created a Self-Assembled-Monolayer (SAM) of alkyphosphate
at the surface of the platforms. This adhesion promoting layer rendered the platform

hydrophobic (contact angle about 100°) and enabled the adsorption of proteins on the platform

by hydrophobic interaction.




platforns in saturated water vapour atnosphere (4x4 array, 8 spots for each
anti body). The 5 concentration of the capture antibody sol uti ons was 400
and 100 m crogranmm respectively. An ink-jet-printer was used for the
printing (Mcrodrop, Norderstedt, Germany). The dianeter qupj}&fpots was
150 m cr onwtoeoi/o2838h 320 microneter centre-to-centre di st aagepod/bgdsgr i nt ed
arrays were incubated for 2 hours in a closed container in saturated water
vapour atnosphere. Subsequently, the chips were dried and flushed with 10
m phosphate buffered saline (PBS) 10 sol ution containing 10% bovi ne serum
al bumn (BSA), 5% sucrose and 0.02% sodi um azide. This washing step

bl ocked the hydrophobi c surface of t he’chi ps by adsorption of BSA and

render ed ghe smﬁ,ﬁaﬁﬁ\zaﬁpﬁsf&aygf@ag}héﬂtg after the capture el enents had been
i mmobi li zed. As a consequence, the bl ocking procedure prevented

non- speci Twe diff¢rditrmonsiciopaloantibodies, antithgmap [Capfiomin Ghaadhtromin(ehtROGE and

i ncreased_hagckar oun [y scence. After, bl ocki he chip 5. were.

fl ushed wi rﬁ‘ﬁ “é%f%'r‘f‘f‘%e@“‘\‘ﬁa VeRn Bripfed élha\ﬁﬁckcr ?agcﬁlggreﬁy?qt&mo %ﬁi‘yﬁq"a{“fb&f ns
wer e st or pidiforins ia sagfdddORa Gdpobinhimospiees (s a%@éﬂo&%s hchUihiibB&y) CFlR
set-up described in Exanple 2 was used. 20 d. ip cartridge The cartridge

descr i Bedqnsentiatinp phthe capiure gatihedy solulignsiwas 489 anthdP0amicregrammyimd Irsspectivellyut i ons
were prep ok b L L oy rony N L6

anti gene ?‘%?‘q‘a’%é?ﬁ‘? f‘gér%%‘ﬁfbé%gh‘%?ﬁé%’%@”ga clrsagébjéﬁegggﬁ' 'rrn?ﬁe {Eﬁ'B?‘F'bni C
CGonadot r opi the sh@SWas 150 migemete SwARR 20 Glidroméfer Ocnti@ 28 3&htie@ldtaicd OT RS aRe 410
111) a preincubated m&ﬁ'gfurg é’_ll hourﬁ) contajnin S%M L6 and 100 ng/ m
pol ycl onaf™¥antse jncebalesh iP6 BOuTs Hh Flossd SRnfatneipsat PP apOv AP Rg 1%
BSA i s us8tbsBguenly, MBE EhipPWelehitiednal ¥luSid Wit 10 A pRUpRIOBERSEDN CalilB(BBS)
platforns (as descri bed under 6b.) were prepared for the analyze incubation

(cf. @0) spjutionepatainieg 10fe bprine seoumeibumio (BSA) b fedyeresaend WdR%Aisodjumiazidel m
of PBS pWisQua%RﬂE%chiﬂ?&kg‘g/ he hydrophobic surface of the chips by adsorption of BSA and
rendered the surface more hydrophilic after the capture elements had been immobilized. As a
consequence, the blocking procedure prevented non-specific binding of proteins to the
platform which could cause increased background fluorescence. After blocking, the chips
15  were flushed with deionized water and dried with nitrogen flow. The platforms were stored in

a refrigerator until use.

c. Detection set-up

The CCD set-up described in Example 2 was used.
20

d. Chip cartridge

The cartridge described in Example 2 was used.

e. Analytes/samples
25 3 analyte solutions were prepared:
D) a solution containing 500 ng/ml Cy-5 labelled IL6, antigene
I} a solution containing 50 ng/ml Cy-5 labelled human Chorionic Gonadotropin (hCG),

antigene




BSA. Subsequently, about 15 mcroliter of the analyte solutions 1), 11) and
1) were injected into the flow cartridges. The incubatiorg A&r% was 2
hours each for 1) and 11) . For analyte 111) 10 the i ncubatio PR1e was 12
hours. Af two oi/ea88at i on of the anal yte, the platfornms werepppspgrherisi th |

m of PBS pH 7.0 containing 1% BSA. Fluorescence i mages were taken fromthe
chi ps wunder off-resonance conditions (epi fluorescence, about 7 apart from
resonance angle) and under resonance condition for each chip (resonance,
incident |light about 2.5 with respect to nornal). |Inmages and data obtai ned
are shown in Figure 10. 15 Al steps w8fe performed at room tenperature. g.

Data pro Si RGiIbARA L : r.Qu f e ts were
cal cul at gg§ byaﬂ)él g&lof I %’é‘ginrg@ﬁk‘ﬂrgi"@%&f‘%ar g%@:&g‘gi?ggggpﬁ}f’nlﬂ‘?gﬁ&%‘el es,
CA). Spot neamnii{iLéanribdly latepled sdmitGys he 20 background corrected nean

I nt ensi té’ f the respective capture elenents under interest. In addition,
t he nois E\%a@*af&wemamle 1%sB8Ads usadds sevenitioahe afalythe background from the
fluorescence i mages. Therefore, signal/noise in Fig. 10 corresponds the
rati o of spot nean over background standard deviation. 25 h. Results All
dat a cal ¢ul at eds;?rlﬁo&ggmgri zed in Fig. la. In Fig 10. Images and data
obtained_in epifluorescence node as well as under resonance conditions are
sunmmar i sd@rgerplatfogus éasidpscritRéwnde) 6tanwlert ipfepatediort the analgtalincubationa(@f. e.) by

I munor e%tuinpn E@t n_i rrrtDbi I i.éed n&nocl,onal capture antibodi es and

| abel ed anti PrEmS ARR P RH g5 §nd washegsvith d salafiRBY phf 7.0gontrining 8%9 5
APR 2004 BAT /KSERRALEA | r : a ' e, i,nmuno
reacti on bet vvee%qan }%Shg'rgﬂﬁlliszlﬂgl’g/rdh%}l)gc 3&?&%&?‘?‘8&%9’ ?Zw)ﬁ%é %'ﬁcgtcg

pr ei ncubantedherflow carridges. Tie inattiagememands 2 HoYB-eattahe ) £d IHeFoR e I11)

pol ycl].onal  .anti body against, 1L6., For the results of row ) the signal
Pt o §he AEbaBSE imd G TauE AL ngu btion o s aaaldiontie AistRams Seramasaoo
counts i WilheSRANSNEBS PPCE ' ;
enhancerrer:t factor of abggrt]ﬂ;lgl?f1 g;)legggs%r ﬁ'ﬁguo?%%&g%%&%é&%’? g%%@g%ﬁeechnps
si gnal / nehder offatesananopcandatsons(epnfliofts¢empe, abbilt 7O apsie Abmaksdnan@ngle) and
(resonance& correspon%i.ng to a]Ffactor of 10. For the results of row |l)
the si gnaPd4riesopnce Fopditiog farrack phip,(rgsonapermingident light abeui @38 ythsepect to

normal). Images and data obtained are shown in Figure 10.

15  All steps were performed at room temperature.

g. Data processing
The mean intensities and the background of the spots were calculated by help of Imagene
Array software (Biodiscovery, Los Angeles, CA). Spot mean in Fig. 10 represents the

20  background corrected mean intensity of the respective capture elements under interest. In
addition, the noise was calculated as standard deviation of the background from the

fluorescence images. Therefore, signal/noise in Fig. 10 corresponds the ratio of spot mean over

background standard deviation.

25 h. Results
All data calculated are sunmarized in Fig. 1a. In Fig 10. Images and data obtained in
epifiuorescence mode as well as under resonance conditions are summarised in Figure 10.
Rows I) and II) show the results of an immunoreaction between immobilized monoclonal

capture antibodies and labeled antigenes (Cy5-labelled IL6 and hCG respectively).



node to 646 counts in resonance node of the platform This corresponds to
an enhancent 10 factor of about 20 regarding the spot nean val ues. The
signal/noise ratio inproves fromb5.0 (epi fluorescence) to 75.1
(resonance), corresponding to a factor of 15. For the resul $ APRR20Mow 111)
the signal wobeRgiesty i ncreases from 25 counts in epi fluog fe613g NOdE tO
296 counts in resonance node of the platform This corresponds to an
enhancent factor of about 12 regarding the spot nmean val ues. The
signal/noise ratio inproves from3.8 15 (epi fluorescence) to 44.1
(resonance), corresponding to a factor of 12. Spot nean and signal/noi se
values for all 3 assays are at |east dde order of magnitude higher for the
chips in RPOGR . . . chips i n .non-resqnance node
(epi fl u%‘?‘zgcencefl. iﬁzg“af ucglr;lglgg %(l:r}ép'?rr‘r(g%g%logfb e&gﬁ%wi'fn%%bdﬁﬁeﬁ) are

conpl enenmangcignehatibedbi@ati-fl-6)laay a ptejncubdttd mhites of § Sdnfigene ahde CY3Ee set of
capture e ts, I.e. ncl.onal ,anti.-h and 20 nonoclonal anti-I1L6. It
will be a%ﬁ%lgegis q“@ﬂﬁﬁ%ﬁ%?"%@%?%ﬁ‘%@ to the described enbodi nents are

possi bl e. ForAROfeRsis of e Liftie dnal iheenBitye38REseh Fdinl M@ cBldiSintepPiludrbscBhde®iRie | ar ger
sets of data to be acquired in parallel. Also it can be used several

times. 21 nRddPP Faus infresopaney mede thpligtfemm This compmpprdsde atienbanasimeutiaetdr
t t i ' | . ch ' t Lt 25
SITher At Lteal AdoBLAREIE 558 BV ANGhOLa RGN 385 fin 9&%%6@?.@%&

sol ution I ni i ng” capaci Stant’l %%npletely.
I n t he deBuaressencehtodifviresalanve, ddnespuinding 1@ &atoebf H). sensing region i s

irradiated. Jt | ossi.bl.e alsqQ to.use a |laser_with a nan-expanded focused
beam and E?f té%rzfﬁ‘ﬁ[sﬁgr%"éhgfhﬁélgﬁglé%fegsbw ‘?%%?PESS?P@ égfﬁ'ﬂﬁsé" e AIMErFEcanes exci t ed
in turn. hbistonabBeRIMIEsoRMcEhiole bie PRGBS, ThisIRERSHds D IRLAAGLAEt or t han
the CCD canera_ e.g. a photomultiplier, or aval ache photodi ode can be WO

01/ 02889 Iegtosoighrub(ygsardioy thempe/ e 38lues dbic sighalipoistiato impraresdrmemt.Owi | |
enhance f&ﬁ ﬁﬁ{res%me)st‘g%.'1t(fe\é%ﬁa%‘%eq,;bgg{e%ﬁhgiﬁ5Eofaacfact%n?ft15.' aser energy is nore

confi ned. I'S possible a orns 1n-accordance with the
present i Farght resultsfodrowi 88 thessigmil puensicyoineresdes ftem AShenediy epl flamkseendehem t o be

For use. WIBH D8 6o GHa MG oGy B 02 plpad A oo erceyn 48 SHBBE bod | n
W97/ 0235fctok Bf dHagt BlveyLdite Gelshtindan vhlngs. TH&siBhalhbice Rlididhsto s Rm bgen
described in_application which )
15 (ep1 fluorescence) to 44.1 (resonance), corresponding to a factor of 12,
Spot mean and signal/noise values for all 3 assays are at least one order of magnitude higher
for the chips in resonance mode compared to the same chips in non-resonance mode (epi
fluorescence). The fluorescence images of rows 1) and II) are complementary (checkerboard-
layout). All chips used have the same set of capture elements, i.e. monclonal anti-hCG and
20  monoclonal anti-IL6.
It will be appreciated that many alternatives to the described embodiments are possible.
Another feature of the present platform is that it allows larger sets of data to be acquired
in parallel. Also it can be used several times. Immobilised affinity complexes can be
regenerated at elevated temperature using organic solvents and/or chaotropic reagents (salt
25  solutions) while maintaining the binding capacity substantially completely.
In the description given above the whole area of a sensing region is irradiated. Itis
possible also to use a laser with a non-expanded focused beam and to scan the sensing area so
that end capture element is excited in turn. This arrangement permits the use of a cheaper

photodetector than the CCD camera e.g. a photomultiplier, or avalache photodiode can be



excite and sense fluorescence. It will be appreciated that the platform can
be used in arrangenents where affinity reactions are detected by changes
of lum nescence. It will be also 10 appreciated that the platformcan be
used in arrangenents where affinity reactions are detected) APR X0danges in
refracti vewoorsesss Pl atfornms in accordance with the presertT/Eremesss on can be
used in many applications of which the following is a non-exclusive |ist.

- Cene expression 15 - CGenom cs - Pharmacogenonics - Toxi cogenom cs -
Toxi coproteom cs - Cenetics 20 - Pharmacogenetics - Toxicogenetics -

Exon/intron expression profiling -4fluman Leukocyte Antigens (HLA) typing -
Anal ysis of splicing variants 25 - Proteom cs (on-chip protein assays) -

Patient gedi ARbihY guﬂemrmn%wnbé BftherARE seBREKRY Sl to the PRt Bar Rbercar e,
"personal i sed nmedicine” - Diagnostics - on-chip 2d gels for proteomcs or

2d separeilergmsmrfgmnérl%d WO 01/02839 43 - SNP (single nucleotides
Eﬁle?/nms)[ PSI SWH; &og‘ le aleso e%fgﬂ %atﬁ) IEQCCOQ%EQWEhea <6t M RGkion (GPORIQat or i al

prO eln | er ac I nteracti on -
Chi p- basgitrgscesesdiidesdtrebpsllovangthpaps bélaset Nlmraahiot@fhnce m&(fsedipef | uor escent

prot EiS n GFP'llhe plelltfr’]orglls E:al\Jn aqglobbrel d%lsér?édl fgr use with large scale microfluidic systems such as
that described in W0O97/02357.

In the above description the use of the platform has been described in application which
excite and sense fluorescence. It will be appreciated that the platform can be used in
arrangements where affinity reactions are detected by changes of luminescence. It will be aiso

10 appreciated that the platform can be used in arrangements where affinity reactions are detected
by changes in refractive index.

Platforms in accordance with the present invention can be used in many applications of
which the following is a non-exclusive list.

- Gene expression
15 - Genomics
- Pharmacogenomics
- Toxicogenomics
- Toxicoproteomics
- Genetics
20 - Pharmacogenetics
- Toxicogenetics
- Exonvintron expression profiling
- Human Leukocyte Antigens (HLA) typing
- Analysis of splicing variants
25 - Proteomics (on-chip protein assays)
- Patient monitoring (drug, metabolites, and markers)
- Point-of-care, “personalised medicine”
- Diagnostics

- on-chip 2d gels for proteomics or 2d separation in general




- confocal mcroscopy 10 - fluorescence correl ation spectroscopy (FCS) -
conventional mcroscopy - MALD -TOF MS 5 APR 2004 PCT/ EPOO 06238 -2001
_PO00623F s APR 2004 d4 1. A process for analysing a sanple or sanples

whi ch conprises bringing the sanple into contact with the seps area
of | " a sensG{oplmkioor m said platformconprising an opti ca{,ﬁmgﬂm@ gnspar ent
substrate having a refractive index (n,), a thin, non-netallic optically
transparent |ayer, formed on one-surface of the substrate, said |ayer
having a refractive index (n2) which is greater than (n,), said platform
incorporating therein one or nultiple corrugated structures conprising
peri odi ¢ grooves which define one d¥3 multiple sensing areas or regions,
each for 0lGp P& mul tipl.e capture.elenents, characterised in that said
grooves are so | %'f"’lckegh&es pfg'"lﬂrﬁﬁ%}r BEUEFUTACBR i ented that either a)

coher ent | HightThidighsiRiStreaxiingai d pl atform can be diffracted into individual
beanms or diffraction orders which interfere resulting in reduction of the
transmi t t gOBRAMPENGheMISttnor mal  hi gh reflection of the incident |ight
thereby gepglal. hid@ifimerdtignccd evanescent field at the surface of the one
or multiple sensing areas; or 15 b) coherent and linearly polarised |ight

i nci deht -oMokgiler iptesacfior m can be diffracted into individual beans or

di ffraction, .order,s ich.interfere . resulting in alnost total extinction of
the transi ?g’ﬁﬁegé’é%&' m%ﬂ;i!lyéﬁ%P‘?Pé’fi“ HGACHPB | ection of the incident Iight

t her eby geGreafiisigscan pr@BinaOERY evanescent field at the surface of the one
or multiple sensél%g areas, irradiating the platformwith a |light beam such

that evanc@cs#htybridisfiance i s caused to occur 20 within the sensing area of
the pl atfpgdgy&glqngggsg@g,i ng radiation emanating fromthe sensing area. 2_ A
process according to claim1l, wherein said corrugated structures conprise
subst dfit i afldoresgenca koredlatparspathioscogy (88s whi ch are nono- or

mul ti-diffraction whi ch 25 grooves represent one or nultiple sensing

-~ CONV na%lmigr%(sjcopy
areas or 1EGVEHYE!
- MALDI-TOF MS




VoL 44 U 7531 Ui4s,; 110700 16 42"’11'1,;! a4
Arp@b@@@ﬁ accor di ng toclaiml or claim2- wherein® the epth o? the grOﬁPGSOOOSE

i.s in-the range of 3 nmto the thickness of the optlcally t ranspar ent

| ayer, AMENDED SHEET 1 -07-200 EPO00623 5 APR 2004 45 (b) the

t hi ckness of the .optically transparent layer is in.the range of 30 to 1000
:nm _(c) the period of the corrugated structure is in thega ge of 200 to
1000 nm (d) the ratio of groove depth to the thickness of A QU tlcally
transparent layer is in the range of 0.02 to 1, and 5 (e) the ratio of
groove width to the period O the grooves is in the range of 0.2 to O S. 4.
A process according to any one of claif¥§] to 3 wherein the substrate of the
platfor@ls, formed.frominorganic material 10 5. A process according to
any one~of-clains | to 3, wherein the substrate is formed from organic
material. 6. A proecess according to claim4, wherein the substrate is
formed fromglass, SiQ, quartz or Si. 15 . 7. A process according to
claim 5} wh @mezah@rguw@mataewler@rmlcfsr\mlmtpbpganwsIbungmertbe sauple inle PP,
PC, PMVA PI PS., PE,_.PET 0 oces ccor t.0o any Qqn

Cl ai 1. poriatvit hersEhsing ks naty gl PaReTas efoma sumerisgs 58 OpEFAkE 1 r om

i nor gan Ko NBink

wher o n RSBl b SETRRAY 2’32?“ 2 iy BB Obp el Banspdrtor

25 10. Rypr,dormss] mcomuﬂlrﬁrgcbbtlmlsabmﬁe suiddnpsrhating aoptramavbluydﬂxr(m)&phiihm
| ayer is a netal oxide ch as Taz2Q5, 'I 101, Nb205, Zr02, ZnO or HfO1l.
11. A pRBakE handpoy éﬂ’?\@'atl n@uaﬁ:crw'gm%&eémn opger my!ln&tamrwaamrﬁswmﬁ | ayer

is for pgtgméﬁgﬁg lpgl%é‘ Qr%tgcﬁ«l s W éﬂ J@f%%’ong b o ‘?hp]g) I@{{D‘in ré/émﬁ'sc o8& for

polyac
one or multiple capture elements, Lham.u:nscd in that said grooves are so profiled,

10 dimensioned and oriented thar either
. a) coberent 1ight incident on said plalform can be diffracted into individual beams or
. diffraction orders which interfere rcsu]tir.xg in reduction of the transmitted beam and an
anormal high reflection of the incident llgh‘t thereby generating an enhanced evanescent ﬁcld
at the surface of the one or mulnple sensmg areas; or
15 b) coherent and lmearly polarised light incident on said platform can be diffracted into
individual beams or diffrection orders which interfere resulting in almost total extinction of the
transmitied beam and an anorimal high reflection of the incident light thereby gencrating an
enhanced evanescent field ut the surface of the one or multiple sensing areas,
irradiating the platform with a light beam such that evanescent resonance is caused to cccur
20 within the sensing area of the platform and detecting radiation emanating from the sensing

arca.

2. A process according to claim 1, wherein sald corrugated structures comprise
substantially parallel periodic grooves which are mono- or multi-diffractional and which

25 grooves represent one or multiple sensing areas or regions.

3. A process aceording to claim 1 or claim 2 wherein
(a) the depth of the grooves is in the range of 3 nm to the thickness of the oplically

transparent laycr,

AMENDED SHEET
Empfangszert 11 oui1 ia.41
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- pol y(phcnyl cnesul fide) and derivatives thereof. 12. A process according to
claiml or any one of clainms 4 to 11 when dependent on claim 1, wherein
the depth of the diffraction grooves is in the range 3 nmto the thickness
of the optically transparent layer, preferably 10 nmto the % APRbppess of
the optically transparent |ayer. 13. A process according to claim12,
wherein the thickness of the optically transparent layer is in the range
30 to 1000 run, the period of the diffraction grooves is in the range 200
to 1000 rim the ratio of the groove #epth to the thickness of the

The orodbhs e e”%ra%gpaw&ilm%x#&er&ﬁ‘%&%@ Tnoiangof aS Nt 2 1o
0.8 r esx@t | NQpd t&hﬁﬁﬁ: RE %qﬂ%e%]‘laggﬁ 91*?6@1'6%0 jrén A process

accor di to an prece |ng a| m Wher &1 OovVes ar e gerferal |y

rect angydpr ithe eatiosd pssuv/eidepth td5he thickhesy sTeRseptRAIP teh i IR iAghof
claims 1 to 13, wherein the grooves arc sinusoidal, trapezoidal or of saw

tooth crange-of Q2 torl, ants- A process according to any preced| ng claim

V\,her I n the atf.ormis s e Q ul ar, t he xt end

[ reat 1§ ot wHig sty d Aty e peind GHHERBRE nif s B WEL 8 0 2t e
to 15, wherein the platformis disc shaped and the grooves are circular or
linear. 25 18. A process-according to any preceding claim wherein the

grooves 4ar e ffoproeessaccardingunfaay enebf tlhrnsliesd whetein the substptoctihs pRtfopmds ng
to any gne of clains | to 17, wherein the grooves arc formed on a surface
of the éymeddrom ﬂ!%ﬁgﬁmaemﬂl ayer. AVENDED SHEET

i0 5. A process according 1o any one of claims 1 1o 3, wherein the substrate is formed from

organic material,

6. ~ A process according 1o claim 4, wherein the substrate is formed from glass, Si0,,
quartz or Si.

15 .
7. A process according to claim 5, wherein the substrate is formed from organic polymers

such as PP, PC, PMMA, PI, PS, PE, PET or PU.

8. A process according 1o any one of claims 1 to 3, wherein the optically wransparent layer

20 is formed from inorganic material.

9. A process according to any one of claims 1 to 3, wherein the optically transparent layer

i5 formed from organic material.

25 10. A process according to claim 8, wherein the opiically wansparent layer is a metal oxide
such as Ta305, Tiﬁ;, szo_r., ZrO:, ZnO or anz.

11. A process according to claim 9, wherein the optically transparent layer is formed from

polyamide, polyimide, PP, PS, PMMA, polyacry] acids, polyaeryl esthers, polythioether, or

AMENDED SHEET
Empfangszert 11.9u11 14541



' 41107-2004200 _ "E0006=3 5 APR 2006 47720. A process ‘according’to ‘any ohepghoges:
claims | tq 17, wherein the grooves are forned both on the surface of the
substrate and on a surface of the optically transparent layer. 5 21. A
process according to any preceding claim wherein the corrugated surface

:one or nore sensing areas is optimsed for a particular exciﬁapR9%4 )
wavel ength and/or particular type of polarisation. 22. A process according
to any one of clainms 1 to 20, wherein the corrugated surface of 10 one or
nore sensing areas is optimsed for different wavel ength and/ or
pol arisation orientations. 23. A proc#ss according to any preceding claim

wherein t urface of th ptical l transparent |ayer includes one or a
pl ural i P?PygFﬁ@é{jﬁ‘f'ﬂﬁﬁg?)@é’g,d%f‘H@‘Yﬁ‘ %?SE‘?\{ of which carries one 15 or
plurality of capture elenments. 24. A process according to claim 23, wherein
each capture el enent contains individual and/or mxtures of capture

mol ecul §9, whik broiess ol ero@laind T biddyyore@felding 4 1o 20 when dRpPAREESS claim
according to claim 23, wherein the capture elenents are arranged in a two

di mensi dnwhersin thy depdh ofAhpdiffegsiongreovadiinig tho rangy 3ometoothe thigkmass 28theo ¢l ai m
25, erei.n the platfarmincludes, . an adhesi,on prompting | ayer disposed at
Che sur Paticabrarfipdnttagts Poraraslyn i BycimeisShb epdcals rassBias er

| rmobi | i sation of capture nol ecules. 27. A process according to claim 26,
wherei n the adhesion pronoting |ayer conprises one or nultiple |ayers of

I nor ganilg. ang{ processg@tbrdingnbetuimel?, amhefbin ihéahickmds bhteapticaty Gindparit de
addi tional chenical, physical. spectroscopical anti/or photophysical
AVENDEDISSFESTn the range E@R) beffunmpthe period of the diffraction grooves is in the range 200 to

1000 rim, the rario of the groove depth to the thickness of the optically transparent layer lies in
10 the range (.02 to | and the ratio of the grooves width 1o the period of the grooves lies in the

range 0.2 10 0.8 resuiting in an cxtremely short propagation distance.

14. A process according to any preceding claim, wherein the grooves are generally
rectangular 1n cross-section.

15
15. A process according to any one of claims 1 to 13, wherein the grooves are sinusoidal,

wrapezoidal or of saw tooth cross-section.

16. A process according to any preceding claim, wherein the platform is square or

20 rectangular and the grooves extend linearly along the platform.

17. A pracess according to any one of claims 1 to 15, wherein the platform is disc shaped

and the grooves are circular or linear.

25 18. A process according to any preceding claim, wherein the grooves are formed on a-

surface of the substrate.

19. A process according 10 any onc of claims 1 to 17, wherein the grooves are formed en a

surface of the optically transparent layer.

AMENDED SHEET
Empfangsceo AR



- SOD ] JiwE, KAV RVE BRI YL Lo - L)

HoBFHUHi cal / bi ol ogi cal-/ bi ochenical properties in order to mani puI at e EA090623
@verall functional properties of the resulting adhesion pronoting |ayer
" system 28. A process according to any preceding claim wherein the
platformis formed with a 5 plurality of sensing areas or regions, each
having its own diffractive grooves or nultiple, superinposed 5gm&
suitable for nmulticol or excitation and detection of sanples. process
according to any of clainms | to 23 wherein the nunber of capture el enents
or nolecules to be imobilized on the pI atformis not limted and
corresponds to the nunber 10 of genes“ DNA sequences, DNA notifs, DNA
mcro satelites, single nucleotide polynorphisnms, proteins or cell
fragnents which contribute to a genone of a speci es or organi sm of
i nterestz(.or A& p$6dceé HybhRadt f ' to
any one of cl alprshs 23£dtcgw2ngé tﬁherérﬁttcm;méggisgr? Wh%g'r?éﬁ? Efo%?@é%e?ﬁ@ﬂ%ﬁ?dgﬂor
nol ecul e hesmiaceefdiesubstrateaad of atsaefaéodtl thavopgeal Iy uanepdrérm edyer.
ol i gonucl eotides (and chenical derivatives thereof) DNA (doubl e strand,
single strand) ‘a) -linear (and chem cal derivatives thereof) b) circular

(e.g. smd t.al _RNA,. sen er CRNA, :
m t ochori ’ﬂl’l aﬁﬁﬁﬁfﬁgar%%%d‘wa%@&%&%ﬁ%% W"fff“bfﬁ%x& giéRl\‘lﬁ%ffl CPraci ds)
Pol ycl onfbre sMXIRE hRBAs optiafi&abion a Bl engt o l i

haptens, antibody ] g\lgpslubunl ts ? d wﬂﬁ;gggﬁé@egg% aﬁ%?%?ﬂ?lggﬁp%iu{i ed
pr ot ei nsPOl%‘lﬁz?mas enzynme cofactors: or imhi bitors, protein conpl exes,

| ectines, Histidine |abelled proteins, chelators for Hi stidi ne-tag
conponents 25 (HI S-tag), tagged proteins, artificial antibodies, nolecular

Pl U 22, P BRHRAN £30/ RN SR OFREAS ) 1A kBB ooty ABIEEP 2"

cel l ul ar substrfuctures agoni s ant agoni sts,

or gahel loms or encge smsmgmmﬁsoﬁmiskd mlcﬂﬂ’ttlcﬁSwst&dfh g5 Al aricafion nes,
prostagl andi ns, AMENDED SHEET  1-07-2001 EP000623 5 APR 20004 4Q

anti bi otqfk?@anﬁ%gs met abol i zes, drug netabolites

23. A process according to any preceding claim, wherein the surface of the oprically
wranspareni layer includes one or a plurality of sensing areas, the or cach of which carries one

15 or pluralily of capture elements.

24. A process according to claim 23, wherein each capiure element contains individual

and/or mixtures of capiure molecules which are capable of affinity reactions.

20 25, A process according to claim 23, wherein the capture clements arc arranged in a two

dimensional array.

26. A process according to any one of claims 23 to claim 25, wherein the platform includes
an adhesion prometing Jayer disposed at the surface of the optically tranaparent layer in order

25 1o enable immobilisation of capture molccules.

27. A process according to claim 26, wherein the adhesion promoting layer comprises one
or multiple layers of inorganic and/or organic molecules or derivatives thereof which provide

additional chemical, physical, spectroscopical and/or photophysical

AMENDED SHEET
Empfangsiery vi-vurt 19.91
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nat-@r*@lo%roducts car bohydrates and derivatives natural and artifici al EP000823:

ligands 5-.steroids, hornones peptides native or artificial polyners
- nol ecul ar probes natural and artificial receptors 10 and chemi cal

derjivatives thereof chelating reagents, crown ether, |igands,
:supranol ecul ar ‘assenblies indicators (pH potential, nmenbran gp,-p%gnt I al,
redox potential) tissue sanples (tissue mcro arrays). 15 31. A process

according to any preceding claim including adding fluorescent inducing
material to the sanples under |nvest|gat|on and sensing fluorescence
I nduced in said sanples by excitation 8t the sanples by the enhanced

evanescen el d. QCRS cordi,n m 3

{1 tor esahioehiTaltal R odp ARG AL PRALT i Sefr Bl Frabulikthe aPal funptiony
process massephidh dfdhé festihiiig er%@snoH"ﬁan?dlﬂx gligrlspaemescent marker conprises

| um nescent conpound or corrpounds havi ng 1 un nescence in the range of from

400 nmto 1200 nm which are funclionalised or nodified in order to be

attached to one or nore of the fflnlty artners, including derivatives
of one &8 mrf%PWCC§wcpfﬂmzbwarﬁﬂ3 gein the Rladempirdemed Wi aunds

E H)i) 62%?%HIA'%%%?J' il Areas é%ﬁﬂﬁ:@ cad¥ ?ﬁvmg 1ﬁm%%a%ﬁﬁggmovcs or’ mIS)lle?tOOl

superimposed groovcs suitable for multicolor excitation and detection of samples.

C'-

29. A process according o any of claims | 10 23 wherein the number of capture elements

or molecules 1o be immobilized on the p'lalfom'l 15 not limited and corresponds to the number
10 of geﬁes,‘ DNA sequences, DNA motifs, DNA micro satelites, single nucleotide

polymorphisms, proteins or cell fragments which contribute to a genome of a species or

organism of interest, or a selection or combination thereof.

30, A process according 1o any one of claims 23 to 29 wherein the capture element or
15  elements or molecules comprise one or more of the following:
nucleotides, oligonuc!eoﬁdes (and chemical derivatives thereof)
DNA (double strand, single strand)  a) linear (and chemical derivatives thereof)
| b) circular (¢.g. plasmids, cosmids, BACs, YAC)
lotal RNA, messenger RNA, cRNA, mitochondrial RNA, arliﬁciél RNA, aptamers
20 PNA (;ﬁcpl.idc nucleic acids)
Polyclonal, Monoclonal, recombinant, engineered antibodies, antigenes, haptens,
antibody FAB subunits (modified if necessary)
protzins, modified proteins, enzymes, enzyme cofactors or inhibitors, protein
complexes, lectines, Histiding labelled proteins, chelators for Histidine~tag components
.25 (HlS—la'g), tagged proteins, artificial antibodies, molecular imprints, plastibodies
* membrane receptors, whole cells, celf frapments and cellular substructures, synapses,
agonisis/antagonists, cells, cell organelles, v.g. microsomes
small molecules such us benzodiazapines,

prostaglandins,
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1et:#80dyes, oxazine dyes, " rhodamines, - fluoresceines, .-S coumarine§P000823:

sti |l benes, .pyrenes, .peryl enes, cyani nes, oxacyani aes, phthal ocyani nes,

- por phyrines, napht hal opcyani nes, azobenzene derivatives, distyryl

bi phenyl s, transition nmetal conplexes e.g. polypyridyl/ruthenium conpl exes,

‘tris(2,2' - to bipyridyl)rutheniumchloride, _ 5 APR 200

tris(l.10-phenant hroline)rutheniumchloride, iris(4,7-

di phenyl -], 10 phenant hrol i ne) rut henium chl ori de and

pol ypyri dyl / phenazi ne/ r ut heni um conpl exes, such as

oct aet hyl - pl ati num por phyrin, Europi umand Terbi um conpl exes quant um dot

particl es/ beagﬁ,'bﬂﬁicg,ec[rbg@trﬁé{%mggﬁﬁ%fme[ggolﬁéls_ A process according to any

precedi ng clai mwhen uséd I n any eor nore of the following: - Cene
expressi on -nateabopredscts Phar macagenomics 20 - | oxi cogenomics -
Toxi coproteom cs - Cenetics - Pharmacogenetics - Toxicogenetics 25 -

Exon/intron &Rpaydrates spdalerivatings- Human Leukocyte Antigens (ALA) typing -
pati ont i CRMRARAGESSNES | o, and markers) Erpfands AVEDED SHEET
1-1- 507- 2091 sgbreilaB, KR nes

peptides

native or artificial polymers

molecular probes

natural and artificial receptors

10 and chemica! derivatives thereof
chelating reagcnts, crown ether, lipands, supramolecular assemblies
indicators (pH, potential, membrane potential, redox potential)

tissue samples (lissue micro arrays),

15 31. A process according lo any preceding claim, including adding fluorescent inducing
material to the samples under investigation and sensing fluorescence induced in said samples

by excitation of the samples by the enhanced evanescent field.

32, A process according 1o claim 31 wherein the fluorescent inducing material comprises a

20  luminescent marker.

33. A process according lo claim 32, wherein the luminescent marker comprises
luminescent compound or compounds having luminescence in the range of from 400 nm to
1260 nm which are functionalised or modified in order to be attached to one or more of the
25 affinity partners, including derivatives of one or more of the following:
polyphenyl and heteroaromatic compounds
‘stilbenes,
coumarines,

xanthene dyes,
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' - g S v e gV /B8 U7Ag; 1170704, 12:43PM; #0944 - A
51-07-BGPMt - of - care, "personal i sed nedicine" - Diagnostics ,-a Il':5?: cHi p 2d=§é08623:
for protcomcs - SNP (single nucleotides polynorphism, mni-sequencing 5
- Hi gh Throughput Screening - Conbinatorial chem stry - Protein-protein

interaction - Mlecular interaction - Chip-based protein-antibody and
peptide interaction to - Geen fluorescent protein (GFP) 5 APh3mi tu
hybri di sation - confocal m croscopy - fluorescence correl ation

spectroscopy (FCS) - conventional mcroscopy 15 - MALDI - TOF MS. EP000623,
35. Apparatus for anal ysing sanpl es corrpri sing a platform said platform
conprising an optic ally transparent sthhstrate havi ng a refractive index

(n), a thi @netmggﬂgg‘al lic, optically transparent |ayer fornmed on one
surface of the substrate, said |ayer having a refractive.index 20 (n,)

whi ch is grsatiardydsan (n,), said platformincorporating therein one or

mul tiple corrugated structures conprising periodic grooves which define
one or nul W‘Ha@‘%@nsi ng areas or regions, each for one or nmultiple capture

el enent s, .erised in that said grooves are so profiled, dinmensioned
and orient glgafc%‘g{l&resi ther -a) coherent light incident on said platformcan

be di 5f r act®gnadieq, sifmskinst dual beans of . 25 diffraction orders which
interfere resulting in reduction of the transmtted beam and an anornal

hi gh ref| epyicoes. pérytdnes,i nci dent |ight thereby generating an enhanced
evanescent field at the surface of the one or nultiple sensing areas; or
h) coher enfY33HESy iOaSAPIACHO IPRRTalRcyaningmt porpbyritms; naphthalogeydnindeprazbamede

di ffractedgd fiafved REVA ms or diffraction orders which interfere
resulting in al Vr%étgpgyg#lﬁe?& Action of the AMENDED SHEET -

transition metal  complexes  e.g.  polypyridyl/ruthenium  complexes, 1ris(2,2’-
10 bipyridyljruthenium  chioride, tris(1,10-phenanthroline)ruthenium chloride, rris{4,7-

diphenyl-1,10-phenanthroline) ruthenium chloride and polypyridyl/phenazine/ruthenium

conmplexes, such as octaethyl-platinum-porphyrin, Europium and Terbium complexes

- quantum dot particles/beads or derivatives thereof,

IS 34, Aprocess according to any preceding claim when uged in any one or more of the
following: '
- Gene expression
- Genomics
- Pharmacopenomics
20 - Toxicopenomics
- Toxicoproteomics
- Genetics
- Pharmacogenetics
- Toxicogenelics
25 - Exon/intron expression profiling
- Human Leukocyte Antigens (HLA) typing
- Analysis of splicing variants
- Proteomics (on-chip protein assays)

- Patient monitoring (drug, metabolites, and markers)
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13-®728001 EP0006231 5 APR 2004 52 transmtted beam and an anornal hi §R0O00E23:
-refl ection.of the incident |ight thereby generating an enhanced evanescent
field at the surface of the one or nultiple sensing areas, neans for
generating a |light beamand for directing the beamso that it is incident
*upon the platformat an angl e which causes evanescent reso$i§§§]to occur
inthe platformto thereby 5 . create an enhanced resonant 1t 0in the
sensing area of the platform and neans for detecting a characteristic of
a material disposed on or in the vicinjty of the sensing area of the
~platform 36. Apparatus according to claim35, wherein the |ight generating
nmeans comrni-ggaar@-,'r@s@ﬁaﬁg‘eﬂmmma'i ng a coherent | aser beam 10 37.
Appar atus according to claim 35, wherein the |Iight generating neans
conpri seBiagnosgticscharge lanp or a | ow pressure |anp such as a fig or Xe | anp

or alight emtting, diode. 3% . Apparatus according to claim 36, including
opt i cal'%?'éh'@r?(dsgcﬂg@'é?f‘?“éﬁ”ic g the laser 15 beamso that it is incident on

the pl ats/gzxmglregﬂxﬁ:aghgs %&‘?‘gﬁ‘hﬁw mifk-fRghdigel i ned by the expression

sin 8=n- of fhe diffractive grooves, ,\ is the

vav el engHiptoThiobghgut §Biceaingd n is the effective refractive index of the
optically transmtting, |ayer. 39. Apparatus according to any one of clains
35 to 3siombinatarial chemyyecting neans is 20 arranged, to detect

| um nescgnce such. as_f| unorescence, phosphorescence, chem -l um nescence,
and el ect PEPRPHROSBEMEE" 40, Apparatus according to any one of clains 35
and 39, NMMdE&id? itiPRcdSt ection neans is arranged to detect in addition or
i n conbination changes in refractive index. 25 41. Apparatus according to
any one- Ghipshmaedprai3tintantid@ly avepopiide irteracthiari dent beamis arranged to
illumnate all of the orm sensing area. 42. Apparatus according to any
one 187 tPEReRLlugEescent pote Un the beamis arranged to AVENDED SHEET 5

APR 20045 hybridisation

- confocal microscopy
- flucrescence correlation spectroseopy (FCS)
* - conventional microscopy
15 -MALDI-TOFMS.

35.  Apparatus for analysing samples comprising a platform, said platform pomprising an
optically transparent substrale having a refractive index (n,), a thin, non-metallic, optically
transparent layer formed on one surface of the substrale, said layer having a refractive index
20 (n,) which is greater than (n,), said platform incofporaling therein one or muitiple cormugated
struclures comprising periodic grooves which define one or multiple sensing areas or regions,
each for one or multiple capture elements, characterised in thal said grooves are so profiled,
dimensioncd and oriented that cither -
-a) coherent light incident on said platform can be diffracted into individual beams of
25 - diffraction orders which interfere resulting in reduction of the Iransmitied beam and an
anormal high reflection of the incident light thereby gonerating an enhanced evanescent ficld
at the surface of the one or multiple sensing areas; or
b) coherent and linearly polarised light incident on said platform can be diffracied into

individual beame or diffraction orders which interfere resulting in almost total extinction of the

AMENDED SHEET
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ifitam08t e a sub-area -of the sensing area to be anal ysed and the beam 8R@00623t
‘platformare. arranged so that they can undergo rel ative novenent to
ef fect scanning of the beamover the sensing area of the platform 5 43.
Appar atus according to any one of clainms 35 to 42, including a cartridge
"for location against the sensing area of the platform ta 8!5;{ @95 a sanple
Into contact with the sensing area. 44. Apparatus accordin any one of
claims 35 to 42, including a mcrotiter type device for containing a
plurality of sanples to be investigateg. 10 45. A platform conprising an
optically transparent substrate having a refractive index (n a thin,
non- net Bhtsmitepbiamahhd an sworeph hightre flegtion offthy isedieonlightdhereby poreratingtdne
substrate, said |ayer_havi a refractive index (n2) which is greater than
(n.),  seatangadavamssein field abihkshsface of the ARS pr BHRAF SHOSINBRIEAS. o corr ugat ed

struct ur nti.ally,.ovear Lre.platfor 0 1§ separ at e
corr uga'tingﬁ'%}s)éf3 ?é‘g’}eﬁarne% %lr' %ﬁ)ﬁgé@%ﬁ?ﬁ{%ﬂﬁhﬁg%ﬁ %:a%s B\ Qxag“l r'éuicl{gtar%gts&lg%l n%?l si ng
subst agﬁl'a%ﬁi{ P A EWhRS datkisGvaheeMR Festhbidt 18/08ctFIR he Platform to thereby

mul ti-diffractional” which grooves represent one or multiple sensing areas

or r#gionste ankeshmicad fespnatidialid pt the oénsidpeargz obihe plitforimy anthmeaanifpe dofecBngian t o
t he thickness, of the opticall ranspayent . l.aye 20 (b) the thickpess of

t he opt¢’@&4ql%ﬂsf'r3&ﬁ§mgﬁ'ﬁl 'W\é“r& P08 5 ‘E"hglcﬁfﬁ g@J the segs! f&‘t‘)%‘ﬁ‘ﬁpfﬂ‘ M) the
period of the corrugated structure is in the range of 200 to 1000 nm (d)
the ratio of groove depth to the thickness of the optically transparent

| ayer igg.in hBFarafu@@ﬁﬁ)rﬂfnngQ?aiﬁ@S,lwh@ﬂ:% ﬂﬁ)lighhgexieﬁliﬁdg @tarcomprised gltaket O
the period of the grooves is in the range of 0.2 to 0.8. 25 46. A platform
f or usefor amdttinglacoherghy/kaber beompr i si ng an optically transparent substrate
having a refractive index (nl), a thin, non-netallic optically transparent
Iayé‘?, formed on one surface of the substrate, said | ayer having a

refractyye i mgﬁﬁam)acmhmg 1b ISR, thfclnafhc(@ue ﬁé@rﬁingﬁ@é&%m%ssps a

i ncorporating therein one or nultiple corrug structures conprising
per i odi disoNeEgdDeRpSBHdw prissufe Jamp20Dc€h as EHPAG28 BmpRit KLght emtting diode.

38. . Apparatus according to claim 36, including optical elements for direcling the laser
15 beam 50 that it is incident on the platform at an angle 8, the angle 8 being defined by the
expression sin 8=n-AsA where A is a peried of the diffractive grooves, A is the wavelength of

the light and n is the effective refractive index of the optically transmitting layer,

39.  Apparalus according to any one of claims 35 10 38, wherein the detecting means is
20 arranged lo detect luminescence such as fluorescence, phosphorescence, chemi-luminescence,

and eleciro-luminescence,

40.  Apparatus according to any onc of claims 35 and 39, wherein the detection means is

arranged to detect in addition or in combination changes in refractive index.

41,  Apparatus according to any ong of claimas 35 to 40, wherein the incident beam is

arranged 1o illuminate all of the or each Sensing area.

42.  Apparalus according to any one of claims 3510 40, whersein the beam is arranged ta

AMENDED SHEET
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Pt-00vas0Whi ch define one or nultiple sensing areas or regions, each f& @HH23!
.or mul-ti.ple capture elenents, said grooves being so profiled, dinensioned

and oriented that either a) coherent light incident on said platformis
diffracted into individual beanms or diffraction orders which interfere

- resulting in reduction of the transnitted beam and an anoriédPR Milgh 5
reflection of the incident |ight thereby generating an enhanced evanescent
field at the surface of ‘the one or multiple sensing areas; or b) coherent

and linearly polarised light.incident gn said platformis diffracted into

I ndi vi dual beans or diffraction orders which interfere resulting in al nost

total eNuiiifdte QRubfarda 1hd fsnompgiatdaad beaanlysntlamintha bednrahd platformafd ect i on of
the incident light thereby generating an 10 enhanced evanescent field at
t he surdreangetto that theyecan pnderge rputivessavsmentde effect soanaing of thpbeadR SVer e t he
di ffractiaon %roove iggin the range 3 nmto the thickness of the optically
transpd?éﬂpglg?éth?B IPHB1y 10 nmto the thickness of the optically
transparent layer, the thickness of the optically transparent |layer is in
the range 30 to 1000 nm the period of the diffraction grooves is in the
range 244) t oAppalafudiactdidingab iagy ofie dhelaigisadi/e 4% pidudiag 4 berridgetfbs tocagers of
the optically transparent layer lies in the range 0.02 to | and.the ratio
of the agabnsvihe seneing ates of the Patformylodiringresanpl e contag with ths gepsipgares. 2 to
U Sresulting in an extrenmely short propagation distance. AVENDED SHEET
44,  Apparatus according to any one of claims 35 10 42, including a microtiter lype device
for containing a plurality of samples to be investigated.
10 | |
45. A platform comprising an optically transparent substratc having a refractive index (n,),
a thin, non-metallic optically transparent laycr, formed on one surface of the substrate, said
layer having a tefractive index (n,) which is greater than (n,), said platform incorporating in
the transparent layer a corrugated structure substantially over the entire platrform, or multiple
15 separatc corrugated structures arranged on the platform, said struclures comprising
substantially parallel periodic grooves which are mono- or multi-diffractional which grooves
represent one or multiple sensing areas or regions, wherein
(2)  the depth of the grooves is in the range of 3 nm to the thickness of the oplically
transparent layer, i
20 (b) the thickness of the optically transparent layer is in the range of 30 lo 1000 nm,
(c) the period of the corrugated structure is in the range of 200 to 1000 nm, '
(d)  the ratio of groove depth to the thickness of the 6ptica}ly transparent layer is in the
range 0f 0.02to0 1, and
(e)  the ratio of groove width to the period of the grooves is in the range of 0.2 10 0.8.
25 |
46. A platform for use in sample analysis comprising an optically lransparcnt substraic
having a refractive index (n,), a thin, non-metallic optically transpareat layer, formed on cne

surface of the substrate, said layer having a refractive index (n.) which is greater than (n,), said

. platform incorporating therein one or mulliple corrugated structures comprising periodic
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grooves which define one or multiple sensing areas or regions, each for one or muitiple

caplure elements, said grooves being so profiled, dimensioned and oriented thal either

a) coherent light incident on said platform is diffracted into individual beams or diffraction

orders which interfere resulling in reduction of 1he transmitted beam and an anormal high

reflection of the incident light thereby generating an enhanced evanescent field a the surface

- of the one or multiple sensing areas; or

b)  coherent and lincarly polarised light incident on said platform is diffracted into
individual beams or diffraction orders which interfere resulting in almost total extinction of the
transmitted beam and an anormal high reflection of the incident ligﬁt thereby generating an
enhanced evanescent ficld at the surface of the one or mulliplc' sensing areas,

wherein the depth of the diffraction grooves is in the rﬁngc 3 nm to the thickness of the
optically transparent layer preferably 10 nm 1o the thickness of the opﬁba;]y transparent layer,
the thickness of the optically transparent layer is in the rango 30 to 1000 nm, the period of the
diffraction grooves is in the range 200 to 1000 nm, the ratio of the groove depth to the -
thickness of the optically transparent layer lies in the range 0.02 to I and the ratio of the
grooves width 1o the period of the grooves lies in the range 0.2 to 0.8 resulling in an extremel y

short propagation disiance.
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