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10 BACKGROUND COF THE | NVENTI ON Surface pl asnon
resonance (SPR) m croscopy is a technique that uses
excitation of surface plasnons (SPs) to detect
chem cal and physical changes in a probed region
adjacent to a sensing surface. A variety of sensors
WA] GHH SRINABLR $URFACE B A SHEIN RESON ANEE SENSQIR
provide a sensitive nmeans of characterizing the
t hi ckness and index of refraction of 15 ultrathin
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, to._probe binding events in real tinme. For exanple, SP
grantlU(%]eﬁgB‘fgs?l‘r%ve been used successfully to characteri ze
t he nor phol ogy of a range of surfaces, probe the
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. dielectric sanmple-| atyer_. SPs are generated by coupling
ultrathin filgms;ogenringad tha surfaesef; me tle Frsent yewys Hesensors have
been usc Selgnily 39 HRAREIR' ol S8 ThEART REERRY of £ siioty of,
bioclogicalmatenidlnind tGprobabindiniggiveyts inoeall tinze Fatexarmple, Sehsrehok

i sem conduct i | aver. and t he
been used Afeeb QY 54 Bl BY PRI 1 oo G s obe the
kinetics af ﬂmm ﬁﬁ):tsh | adliiprattions betpesd %ﬁ&hﬁﬁplﬁeﬁﬂiaﬁfl I.DgrA tad %lbeaml Al ]fz
| n ich.,it pro at.es. 30Q. The spatial. distribution o
small moleces, n‘B?/mi% f ?apggqnvglpgmg@ggr te{%e DNA hygndlzauOn
processescharacteristic decay |ength corresponding to the
di stance over which the intensity of the SP decays toe
l1times its value at the conductor (or sem conductor)
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sutalt A i AR B ENEL ol YAGE oslPpnopichs, bt
charge deRGHy WSRO 0RFhidB4iGfagate parallel to an interface between a conducting or
semiconducting thin film and a dielectric sample layer. SPs are generated by coupling

radiant energy from incident photons into the oscillating modes of free electrons present in a
'cnnducﬁﬁg material, such as a metal, or semiconductor material. SPs are highly localized at
the surface of the conducting (or semiconducting) layer and the intensity of the electric field
of a SP decays exponentially in directions perpendicular to the plane in which it propagates.
The's;paﬁal distribution of a SP may be quantitatively described by a characferistic decay

Iength corresponding to the distance over which the intensity of the SP decays to ¢ times its

value at the conductor (or semiconductor) - dielectric sample layer interface, Decay length

(L) is provided by the expression:
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L=12Rel r k22 +k | sps wherein Re refers to
the real part of the quantity in parentheses, ksp is
the surface plasnmon wavevector and k, is the
wavevector in the dielectric sanple |ayer adjacent to
WO 200ff@i0uignduct or  (or semniconductor). For apdi/ret2eusiosd2es
sanpl e layer conprising water and a conducting thin 5
filmconprising gold the decay length is equal to
about 8311 run for light having a wavel ength of about
832787m 5 hi ghly localized nature of SPs ndRe them
idqgh{ﬁksuL%ei for detecting very small changes in
refractjyi v& i dgex occurring in sensing regions
proxi mte to a sensing surface (<_ about 300 nm. 10
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refractive index sanple | ayer and
plasmons are created by evanescent fields generated as light propagates down a fiber optic or

waveguide having a thin metal interior layer

Excitation of SPs via total internal reflection is a resonant phenomenon that depends
on the wavevector of the incident light (i.e. both the wavelength and angle of incidence of the
incident light beam. In addition, excitation of SPs is dependent on thc indices of refraction
and thickness of the higher refractive index layer, lower refractive index sample layer and

conducting (or semiconducting) thin film used to couple radiant energy into the oscillating




conducting (or sem conducting) thin filmused to
coupl e radiant energy into the oscillating 2 WO
2004/ 040717 PCT/ US2003/ 034265 nodes of free el ectrons
present in the conductor. The dispersion equation for
WO 204/09717T s  provi ded by the equation: eced rdras2iofomess ed
5 wherein kO is the free space wavevector (kO=(o/c);
s. and Ed are the conplex permtivities of the
~ modes of diedudéditogs presens eitho BehdGEtbiN 0)Thé Misperdsioh NBgandnt B ol OMGY
.. fefractive index dielectric sanple |ayer,
'Pm“dedrbé(s%eeﬂuﬁw:y and wis the angul ar frequency. A
resonance condition of exciting an SP is that the
paral | el _conponent of the incident wavevector (kPar),
nmust equal the surface plasnmon 10 wave vector (ksp):

k = k ¢19,€); par sp The parallel conponent of the
ki nei}ﬂ)e evector may be expressed in terns gfythe
i*Rdex’pf , 15 refraction of the mediumin which the
light §scin€ident, n, the angle of incidence, 0, and

the wavelength of the incident |ight beam X, by the
3 equation for formation of a SP: 2nnsin(6) kpar (TV).

: [ ' ' A A\ 1t 0Nl ] Lo
v R 4 P MRN8 ) 0 s
the condyasigp (asenicoundndting) dxin fibn atdihe tovaradftaotivedhdex didledidcample
o 0 i T o R SRS SEo Sl oy
that the parafielrbniponéht Whe BRMeRAOEvVecRETK L ARRBLRIAABOSurSe piismon

evi dént fromequation V, for a given netal film
10 wave veciqfisness and set of refractive indices

kE =k (m).

The parallel component of the incident wavevector may be expressed in terms of the index of .
15 refraction of the medium in which the light is incident, #, the angle of incidence, 8, and the
wavelength of the incident light beam, A, by the equation for formation of a SP:

27 sin(6) :
par - A (V).

k
20  Substituting equations II and IV into equation IIl provides the following relationship
expressing the resonance condition for the formation of a surface plasmon in terms of the

angle of incidence and wavelength of the incident beam:

25
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of dielectric |ayers, the resonance condition may be

satisfied by variation of either the angle of

i ncidence or the wavel ength of the incident |ight

beam or both. 5 In the derivation of the dispersion

wo 2008d4aaon for the SP, equation I, two adgidieoaloesszss

condi tions that nust be satisfied for surface plasnon

generation to occur beconme apparent. First, SPs are
As is evideatdn b@ﬁdoﬁw frQ dgiﬁaﬁ DGR RIS Bl £ oPreRRE In%ﬁ&s

I nci dent second, SPs are only orted at
of dielectie layrg ﬁhf‘a@éorﬁcaf&éouﬁh@f Mg B satisfied by @maumpmﬁw the magle

- ofincideRbe or%@el&g@o@fherlﬂ(? el ﬂtk:)yaiﬁ ?B@tﬂ by equations Il -

V, changes 1 n the ract ve |ﬁ ex of the dielectric
sanpl e layer adjacent to the th|n met al f|In1changes
0 in
14 95 SERARGTGE SR Aebhlol el A57155 35 Shgfon JF s Safiiona
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second, SR &8 foaBt upporRll ot AR i@ fed &AAE up AP HekliaORitH ﬁﬁwe&ﬁmlﬁtéﬂ of
sharp attenuation in the intensity of the reflected

opposite5igdm caused by a conversion of radiant energy of the
i ncident beaminto SPs at the interface between the

thin netal filmand the lower refractive index |ayer
ApviBusteatedrisi equsticas iTht Wy chonges i thd rafdctive indSPof Havdiclattsio
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SP. Thh;hdtaﬁlgmmn RepaRRE catdifiad alaiy e hmlliaor@rdﬁedﬂyr Bﬁgﬂmgi the
It].on,providin

ation.of  an el ectronic tran
ntensity B g el Pt boBRCHS 1T €6 B1ede.of ideRy e A of the

incident H&!n?&xt BYth.C BAisBRHAPSH the &B&meé“cdﬁﬂfti!oﬁ Adsuk ORI R 3ieRihtion
h the sensing surface to nmeasure the intensity of

in the mtﬁn%pé%é%@teéfbemp@m@}sa panvpisignief radisat ensm of thegneident
beam mt-lo_hsg’ g% JrfaQ@b&{N { i€ @Mﬁtr&&alriﬂfn tﬁQ a{EELQ tﬁi%x

I ndu orescence has Ae rate to
layer . pPuowitdethair sspaallyi loealived nmtiné, SPﬁarhavﬁ elsn zlnet&g whd b caleite

phototunies 07 aRpHRlsT Sosr TR b e s P B

material freS MARARE CosAING irl dx0MatidA of &k alB&ﬁﬁud t?anhlﬁﬁn bRk ldagpt ﬂabeescence
ndex of a |ower. refractive index dielectric sanp

or Ph0t01uay%¢rsceﬁs%l fngKidiionsl dcigelen fan be pesiiongd i petical coelzanumcaﬂon
with the §t§1§?n QRGE t@ baduld B inkdRsity Bt ﬁlﬁlr%sé&ﬁé bf‘%gt?ﬂ?g ibﬁlﬁ- dgﬁstg?

changes in 30 the resonarice condition
SPR progms. dihe copbinabiore df aitenu&tai refleptencenBPRinredotis ynd SPRtisduced

I n curri L sens
fruoresocfe e 1en, fmBRERLT B A RGsfiEF MmO BB oRiFy
and physfcal dBangse peatnd® 8 @chodsurGBR nay provi de sel ect ive

detection of materials and conpounds by mani pul ating
the chem cal or physical properties of the sensing
S&iéﬁfsal%ed bR SPthﬁﬁer FRPHLRAGINREBf TSP §89hARe THEAIBGE on

be coated with a material exhibiting selective
changes-i 1n e refractive index of a lower refractive index dielectric sample layer positioned

adjacent to the thin metal (or semiconductor) film. In typical sensing applications, changes in
the resonance condition for formation of SPs are monitored in real time and directly related to
chemical or physical changes occurring at a sensing surface adjacent to the thin metal (or
semiconductor) film. Sensors based on SPR may provide selective detection of materials and
compounds by manipulating the chemical or physical properties of the sensing surface. In

these applications, the sensing surface may be coated with a material exhibiting selective
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4 WD 2004/ 040717 PCT/ US2003/ 034265 bi ndi ng
characteristics such that the refractive index varies
in the presence of a specific material to be sensed.
For exanple, the sensing surface nay be nmade sensitive
wo 2004@4@10ar ticul ar  anti body by coating it pairhiR2@d%034265
antigen to that antibody. Using these principles, SPR
detection has been successfully incorporated into a

binding dh‘dfﬁ@@ftst% SGQITRS Bledleli¥ctRY dhdedDiagied hptlﬁ%r&%hcesoisg @gécﬁgc

devi ces including the sensors and screening devic
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that of the 10 first refractive index of the optically
Ofgl;ve co quient 4) a COR&SC“ ng
&t PRigFat R? ﬁs@mltea 2 BRRIhR 8h clepEomagnetic

radlatton,o@tﬁ&%ﬂthéaﬂ)f aBsisifleVQnERIRA A 3N drst h@fcacﬁvee 'u%‘%ﬁr(?ﬁ a
anpl e Tayer (probe region) and §5) a detector.
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u a n e.o0
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beam is dbr[sﬁﬁﬂtﬁdthi@gﬂ tHe b atniCRERA| £ aﬁfanﬁléaﬁuihblﬂéhcbtsﬁch that it
intepsity as function of tipe. If the resopance

undergoeg, Gt tipisHabdeflacher) & ntheqgimsaraghdeofrech othy pRiicalp fransmissive
componehtPgHP bl GRS tfin FARY € The Fofiddlcl iRt %teaﬁltt@ collected and

I nterface between the conducting or sem conducti ng
directed tp idatetior papabid of meastting Beintdnsitysasriphasion afjéme. Hdbetesonagee

condition &Pﬁ’ec ; egﬂl a%%hseﬂq & %&}ﬁ& %g aépgte{(ﬁ?rtlg @gm} ed Int%ggP at the

ncr de n beam bas e
interface hdstwbd:rzthe aominoirgror sémidodduetienthinofiti ad|thecdieibetge satle l@er

resultlng% nga:qﬁ%ﬁlg%gréa%%}n onfeﬁﬁ&*‘ ﬁﬁ.are described in

"Surface-plasnon mcroscopy." Letters to Nature
332(14): 615-617., H.ckel, W and W Knoll (1990).
Sensqye foazed on %mamuahtﬁs agpynbgr of |d|tﬁfqyeqt ptieal confrgyrptions.

Exemplar?@gg%l lfgoh@’“me an i%g%i?)g‘]’l frsﬁ?%%ﬁﬁlﬁ ac e\ﬁnto r‘t(ri)méng)'

“Surface-mpsmm'atmcrompjs't Lgtadrs don Nature Bézmhbt@déém ;}huskeh Wf and W.

Knoll (lg’b_ﬁngém%;bq od ett nul t Icéﬁ'%ﬁlﬁassﬁ I 'S% Th||11H7 3%8 3'5%

Hickel, Woand W, Kasll @199IX 1'9‘9%) and Gpiale r&;folveﬂ@bﬁ&cealﬂﬁbmon optical
wave| engt h for surface- plasnnn resonance Sensors; Some

investigatiosnef &t@raltqtqﬂ%orpmpst Lapgmy;Blodgetts syultjlayey posemblies. (y dhin
Solid FiliR !99 @67*473 Ede BBnJgPH g, %Otﬁ’ﬁfifaﬁooﬁ an2bt al (E998) "Choice of

urface plasnmon 30 resonance m C¢roscopy’ i nprovenent
metal anddﬂamhegﬂiéwmemiawnrrmmcg mensbrst $pmeciopsidarationa\ pplicil

' Optics 31(4): 440-442, de Bruijn, H. E., R. P. H. Kooyman, ef al. (1993). "Surface plasmon

resonance microscopy; improvement of the resolution by rotation of the object." Applied
Optics 32(13): 2426-2430, Berger, C. E. I, R. P. H. Kooyman, ef al. (1 994); "Resolution in
surface plasmon microscopy.” Review of Scientific Instruments 65(9): 2829-2837 and
Brockman, J. M., B. P. Nelson, et al. (2001) "Suzface plasmon resonance imaging
measurements of ultrathin organic films." Annual Reviews of Physical Chemistry S1(1): 41-
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Optics 32(13): 2426-2430, Berger, C. E. H, R P. H
Kooyman, et al. (1994). "Resolution in surface
pl asmon m croscopy.” Review of Scientific Instrunents
65(9): 2829-2837 and Brockman, 3. M, B. P. Nel son,
wo 2084/048t17 (2001) " Surface pl asnon resonancepammBgui®34265
nmeasurenents of ultrathin organic filns." Annual
Revi ews of Physical Chemistry 51(1): 41- 5 WO
47, whizi)Odé (4R61 TinREHIrhiS? Y3 IR B5in héir ltiraties ab ethbes:@dly not
. .jncorporated by .reference in their entireties to the
InCOnS1S ?f%’l‘iﬁ)&ﬁB’fesel’it %1%t ent with the present application.
The nost common configuration in SPR sensing
applications invglves angle 5 npdul atjon of a
Thgpmogin commpy GopHEERtwNd | TR sesinge Applicaliong cigyolyesy fagle
modulatRRAHE a! Sttty t GEAHELAMBLic, AccHefchf GiiRhA HIRN bEAS 0N Ghis
curve is generated by nmeasuring the intensity of a
techniquect beéice plasmob sasenanbatirye isgeoehted beimieasuringthe itensity of a

G . nal e el d . o .
e AR 0 SRS sl A B8 P midnce
systematiedlp nariek Sattsﬁicﬁdr)]m of thessH _t@oﬂanr;eacoajﬂ‘ﬂi_sn rrgdglte in g measurable
attepuation of .the.,intensity of the Incident am
atenua G o (S ARGt 56 CEHSHRAR A DP Pty Pty Of & curve of
reflected BfalrCTate@sltyORAM: IRKRA bigle. VERS bitfld EftteSiRMBINARE ifls miAiBium,
angl e corresponding to this mnimum _reférred to as
referred fhes thessepmaniangls ¢fse). [sclapendent op disaprde of refigctionaepi e surbice
] 4 . | F .
o e o AARIAN A8, BHELSEpaRll IPRE QTG At
the condueting inyerdplmogaest the andek e relrmdion tin tigp seayivg regiem geb causes a

d of . refraction.i n t.he. sensi ng.y egi on a caus a
measurafg S8 Syind TR Eh b piheiion S S Bith Eh dnPres RISV R &
sensitiveOfméane &hiobervifip Ogid, chdidteige chipey iideshea cdbposition and

sensitive.neans of observing and ch %ﬁ{:teri zin

ensi .
concentratiomofuaterinly ¥ SeRiNg EEIPRi SiF FARIPlec 2y srpgpsEpied fincar
correlatibRy &idt Besveb rA6RBEN Sngl & iR and RbiehX AMRdrfatis U RS sdhaing

~ denonstrated linear correlations exist between -
region. r esonance angl e shifts and protein concentrations in
the sensing region. 20 Despite the denonstrated
ef fecti veness of angl e nodul ati on SPR techni ques,
Ddspitcethe depbstraled effaétivgorsa bl euple mathdattmvEiRalechniqes] thades

. . limtations. First, angl.e.nmpdul ation opt,i cal . .
optioal G i soVeB) LRl JutBFoRS SR, A0 Foigfaign opticel
configurSHRORGItte ed aifi eipiRaLdptied Eponaf! ffdtRR| dsemblies for

adj usting the angle of incidence of the incident beam
selectablyyadiusting the angle pf ieidene|of e ingides(;begen. {bipicely. atiphyassemblies

- - | .

provide RS TBAGE LA Blnifatoh 8 1AL Kits, MARTSL LB ARl pofriane
optics and/od fogghion of lal eotbimtion pf light cuiidetimn dptiecaml a dSpeto aOptical

configurations fequiri use.of such. conpl I i on
configuiiidhs ity oot At crmibr £5 R oS e 3 urifotaBle pephe
they areS Bgdtliy,ak aYiallye $dstrictive \68d aBglifcefietue® hbaGHaRt 4¥i RhHARHE
Second, aur;e orfec?)mlp e?c n(ﬁ)rt]ifzél component rotation assembles increases an instrument’s

sensitivity to optical misalignment caused by vibration and variations in ambient temperature
and pressure. Finally, use of coherent light sources, such as lagers, in angle modulation SPR

techniques results in uawanted optical interference of reflected beam components. Such

- optical interference is undesirable because it results in fringe patterns, which substantially

degrades the optical quality of images obtained by SPR techniques.
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Second, use of conplex optical conmponent rotation
- assenbles increases an instrunent's sensitivity to
optical m salignnent caused by vibration and
variations in anbient tenperature 30 and pressure.
wo 200k0nadrl y, use of coherent |ight sources, peub088034265
| asers, in angle nodul ation SPR techniques results in
unwanted optical interference of reflected beam
Anathgro optivab . coffiphationptorambn | 1ot 8PRessiag applivnidesi ihadlve
ecayse.it results in fringe patterns, which . i
wavelengli o Py versisgetduelRR ohiied otainatins Seriniensigest
the reflec@dlindifde bkt BRI THOM ERed HilOf 2RUEAQAR Hlld wavelength of

. .. PCI/US2003/ 034265 Anot her optical configuration
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techniquf EbhLAN EhBIbyBrooh iy SO0 BABOR L B HRTp BTl reauire e
of bulky opdigalootatialj avsembiest o t he surface of the conducting
| ayer. Quantification of the shift 10 in 7,p,
therefore, provides a sensitive neans of observing and
Asdtherapplivatin 0 SERa0 gesingnis ISPR. inighip @sdhhiqes, &herein spatial

. caoncent rat.ion of .materjals in sensjng region, .SP .
difforenocg gy BiedRRRCHVIDRA ARG AR DEABLHR PYORESCL A FBRALYR ey Ithis

techniqueC ® BSfiARed, 3R 8hrBatid dhE BRREIs AR fol SHAH0R e SPHhd e lected
require use of bul ky optical rotation assenbles. 15

light corrgrpdieg togpoherasipe is IniGRR bya twerkinengions] agpRdpteeigl, sech
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o RIS OESRLE, PARGL A U RGNE B2ul DS o

monitored imoal time dfy dhisereing |antwodimendiaah disgibetionaoftokishred trefigeted

. s nochy o ic light beam.js used.for, excitation of SPs
tight integES pe Bl andghctER M pb RS Tosod o Pt sbes
regions of fhe FRIBE beh Athy Bitisty HSP dbstRitRE Gﬁﬂhﬁoﬁrah@go@ﬁée‘@dfﬁcieﬁmh

. as_a charge coupled device or canera. Differences in
formationg othseripre, tBeseirpgionsovillcghibit atepuated seflectod lighfrinteasites. | Qther
: YinO, [ = b SRS G VYundl AU
Tegions og?@ n%rggﬂ‘rgrg %e%ﬁg%:st\{’elg% ??%ﬁ%e?dht ensi (%}i es. &l?ﬁdgﬂ vl
refractivet inflickn wbish advd notefatisty tthey €Pi reshemancef condition iandl sloata cehdidin

. bound certain regio f.th ohe. ar ea. may.
oticient . foPY {TReEB B ek RUF iR RRRF Gt Bog Bdent
beam. Déffdremdee il tHoReflE@iRRE io Regiokl &ading Idifferéh @b emicai0andnphywichl

exhibjt attenuated reflected light intensities. Oher

properties; kgl isangimags ghaspciizing tan entire, PRogn Areas | Therap kg cpast
between 2R DR0HE proQ Bda "BLESd BbHinB&\WyNGharying the imaging angle or

wavelength of the SPR system.

Brockman, J. M., B. P. Nelson, et al. (2001). "Surface plasmon resonance imaging
measurements of ultrathin organic films." Annual Reviews of Physical Chemistry 51(1): 41-
47 describes an optical configuration that is reported to improve quality and sensitivity of
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25 refractive indices which do not satisfy the SP

resonance condition and do not result in efficient SP

formation. Therefore, these regions will exhibit high

reflectivities of the incident beam D fferences in

the reflectivities of regions having different

chem cal and physical properties result in an inmage
images gepgiziphby SPRZMaging fechainvssy Eheppubres disdase an ditisalnaasengrment
compnsm§ Odn E&iRShted RALNLC AN s%%cg n ?ﬁol’aHer h ﬁnﬁﬁ Qb gr g%gd G Bfaple

bt ai ned by varyin magl ng angl e or
assembly, mve%b?gﬁ Hntgtferetve WR a@glsqhmﬁ Byde kgdee (QCDMcamaza. Fhe

reference sfﬂ@{»@ 3Re SBR 1ﬁ1ages(c:%%§p1)ndmgsw fiac ﬁlhﬁelleﬂlsfﬁwfefeﬁ&oﬁﬁélg Syhich

|ng measur enents of [trathin organic
passes diffpgepiAveReg Il cHGTatishi Althayghrthe puthore 1pay thay SPR Amage

quality man%Q rdpaﬁﬁe@mw Rhit&gh Jrohf ng&fe@énw kD %vmg tﬁceg %rl) td O

I'mprove qual i'ty and sensitivity of I mages at ed
transmissiqgy chayapterisigyy i the) diselesedi meleasls rauwire dipeh mnsurmmgclltf@‘@e'e dmage

quality ad{ﬁ@ﬁﬂeﬁﬁby b BN IENEM ané Qﬁgaﬂioﬁ' J?gilﬁerglﬁl &ﬂe% ﬁffje Fﬂ'iérg eThe

ht source, polarizer, prism- th m sanpl e
authors P@%@@weyendm&rqnsw SERIFE 19 p@trmaélwﬁ@@sif tihp fs@npl@m thgiraprgles
region. M&@M} eref8Vd CAd( Mo 3 RpAcal m@rfer&ﬁg ef‘il?epsc ‘?eqﬁﬂ&"‘@epgdtéﬁe

i mges corresponding to five differen
alignment Pfﬂhé ekefeting and fetecion opligal emanggmenedn @ﬁthlem,etm teaching of
the referend@\€ Ihﬁﬁlg& Wo%ﬁca?é@dﬁgﬂﬁhgﬁ‘s Fx‘ogﬁfng d’%&él@ l&gﬁcttlé}ﬁw@%tl&%{hs

report ty nma optim zed by
selection ag‘éflfé‘é PPTd-’HOYﬂfle aP‘r‘rlﬁéfPfté‘Feéh% excitptiqnegr dhfavtilqmgww@ngth over

a continuo@HBRdSRIt 'v@lh& FI 130 R&hQR ELREAGKESE Hd Sipld B ignificant
di sc Ose net ho S reqU|re time Consunlng, iterative

intensities jofrgight haing weyelenghssnqredsiects) brathadICR enmom) whirh do not
contribute {0 SH& ﬁﬂa@@fo%atﬂahfafl@ﬁﬁﬁﬁanﬁagé Rhl-85€ fﬁqge frbbd£Lisn. The
aut hors principally ‘depend on angle scanning to
optimal |y contrast the sanples in their probe region.

It Wpr S‘@Xﬁema[e%r@c\&ﬁ‘lth@ﬁgegoﬁéetﬁ&t' PR nlPLkiSR! for methods and
interference filters requires repeated alignnent of

devices forgeerating; P4t grn senduetingder seavicoppucting films) reighedrernt aitilizen
angle moda®@dd ISPR, phiREultBAGRLE angﬂﬁﬂau&h E?SPRe gﬁfcgln E&ﬂgﬁra{lbr{p Beﬁ/%gt 0

optical configurations provid screte detection

complex erﬁﬁﬁlﬁbh@eF@@t%oﬁe@w we%evw fgsr vy edragthhmodiiationg y
SPR scnsutlgo ahMBe ithddene ﬁ&\hﬁ@tcbﬁﬂlugﬁshq Q6] Qﬁoﬂ@t\ﬁgl I?éhtgtﬁ‘gléxg&e bre @

nti nuous range of val ues. Final

needed. Figllye 3l SERppsemes argrsededr whieh ghpiupteaimdesirable optical

_1nterferencé ﬁbﬁl@l%k hld&RoRde dnhgetd @ﬂéﬁnﬂ@ MRMEHERAL hs not det ect ed
by the caner a, do not contribute to SPR

i mage fornmation and nay danage materials in the probe
region. It will be appreciated fromthe foregoing that
a clear need exists for nethods and devices for

gener at i ng SIMARY QI THEAYYENIAGN or seni conducti ng
Embbddif®ts Wt &R GRsORT inveidohZfroviaB %ahamd Lﬁe@kte@ Nin@Ffvice

particul arly angl e nodul ati on SPR o
component& Enfsrrpingaimaging Hehhagctedang cougesond ¢ mosa@wﬁrbmr@@

region. Mdr&! Irgaﬂﬁ:ﬁlarl?e Ellﬂg&ﬁm%ﬁg Fené %@ﬁelfxtofnv%\éﬁl §HBauE rﬁa%&s afqon

sensi ng and/ or |nag|ng avi ng cont’l nuous
devices fortdswamge:hama% shibie esfractiygjindexsed g prabs regioa positioned adjacent to a

sensing surface, preferably a sensing surface comprising a thin conducting film supporting SP
formation. In addition, embodiments of the present invention provide methods and device for

generating surface plasmons in a probe region and




needed. Finally, tunable SPR instrunents are needed

which elimnate undesirable optical interference

probl enms and provi de enhanced sensitivity and

resol uti on. SUMVARY OF THE | NVENTI ON Enbodi nent s of

t he present invention provide nethods, devices and

device conponents for sensing, inmaging and
characterizipg, thec pannositiog hiipgeebei 1egioh éyc sensoding i cwn w@f mereprugfhes

: . : ¢

plasmon rés8H4rdbs c&@ésean%g téhlrr%r%lte ﬁ%&l&)ﬁon ?%gﬁagicmgg}s ;é% e tot 1%?1{;?3

I nvention provi S an evi ce or detect

Embodimengeend dleesmethodstaad defiecsof perdsertdnveptiommpy bheser égdetrst and
characteriRORIShORE A&t RGN biddnPof a{%f;gaag E;])éféﬁ f &gﬁ as H{oﬁfc@igfl%&/

. a sensing surface conprisin n conduct i ng

ions, to a prgpp reiqnngarsPulatnp weabe apgion haviuiseldotnd, biedinmafifimisy pad/of
other selcbf3@ HeRRBNIor! ﬂ%ﬂ@ﬁ&l‘ be BEQY | BlGuEEt Qxﬁglﬁiilﬁ&ﬁis %?Vﬂhgﬁo £Qh
. . gen_eratl ng surrace gSI’TD[]S In a prope region a (5 8
ivention prexidgcravelengthdunable gﬂh}é@@mgi deiices anchangpingnéeviasgithah atsy
capable ofSRAGHA LhRGLREME el efeS M §HE Gnd/B) ﬁ&r@]re@@rﬁlﬁp@ggefélgﬁle

. curves and/or surface plasnon resonance | nages [
required f45, SEBorrention as a fimstiorIPitime paiculatie withtrrpes tan dralie wWekws
undergoin@%h&slﬂﬁl BAGSE Blentith! QRLARQD WaVel il 8RduiE KPRELEChe MaGices

. characterize adsorption, absorption or bindi ng of
according ¢ gpppedimentp i the prasens Hnvention sy ubeeysedrig defashapecies in 2
solution thB P08 doRALQPith Hidfehd HLbAhY s@eREobe region having

sel ected binding affinity and/or other selected
Emppdimrrtal of dhe prgpet ciaventiem prsvide etmablry SPR evensingiust imrsings
devices th&fdo! At REERCAHeulal BNENEARAN pREQMAHL dRRLE WERG! B hotnRBhiR
SPR sensing devices and 1magi ng devices that are
complex optignhpiatiest assembliesgfor arnides tienangite ob dnsidenen e catvesioral
angular mf@(ﬂﬁiz{t% sme o%ﬁca[le&‘ﬂﬁ?iﬂgti&?@y Ehﬁﬂﬁmntsr@fqmerﬁgﬁeﬁpsﬁv?ﬁ%n

ormation as a function of tine, particular

provide meidedio@pd tdsvigesprdish mégiize tharmtevgaicaeippiiskl alterkaencer
particularlf BRHo8&1an® HRREES whid LA the! SHaRLR e IPRHAGN atlGns and

devi ces according to enbodi nents of the present
speckle whighy diegrage SRRy imreeuguaditg endiebbiseate SER; eansing measgigmgnts-on
Embodimehtd 3F t1RIResett i6ARHiBE brofdend®oddGAd divi&es Sf&r&_\te@gn%shﬁtfeﬁﬁg;
Enmbodi ments of the present invention provide tunable
such as ategpRmodgeslenciorner agpirgRiey of dleviscmslereay anfbionntwhiddn pet
require pro@fd@idliet DR REdQRs, sRAH Isi fRidREdDY 1HENALESa MM Hie HBe1 L
require conplex optical rotation assenblies for
Processes. yaryi ng the angl e of incidence in conventiona
Ac@R@th 35 JMBALAHbO0r HERrhd FbnifeANt 8%
cErr‘oo%li ment s g%;et'he pr ?gent ] n%/rg%?i gﬂr?géj%?%]\?i% gd ﬁest%fgcgs
plasmon reggrancgesghsor forwieneing terfelictive index o eurrplentseion fcowprising|a
polychromatiB 1ight! SHE0 & gendbRnb 'li%fﬂ:lp%ﬂa atﬁgtaﬁﬁgﬁn ﬁﬂgieﬁﬁ}é'hpﬁﬁ a%ﬁdﬁh
. elimnate the occurrence of fringe patterns anJ{
axis; a polaggss ikorbicylispepmupistfioa pathsrrk pplyelyemefisdisht spueea dor seieaiive thee
lerizatiorSSRe SEN S G UgRRN i i t
B R sttt T Ry qopepical R a0
polychromagig tlighy guece, said optical assembly comprising a dielectric layer, a dielectric

sample layer and a conducting layer positioned between said dielectric layer and said dielectric
sample layer, wherein illumination of said optical assembly with said light generates light
propagating along a reflected light propagation axis, wherein a portion of said dielectric sample
layer adjacent to said conducting film comprises the probe region; a detector in optical
communication with said optical assembly for detecting said light propagating along said

reflected light axis, thereby sensing the refractive index of said probe region; and a selectably




such as atons, nol ecul es, ions or aggregates of atons,
nol ecul es and ions, which do not require
pre-detection | abeling processes, such as fluorescent
| abel i ng or radioactive |abeling processes. According
to a first aspect of the present invention, there is
provi ded a surface plasnon resonance sensor for
adjustable wevcédng@ stlhetonpefitionstl iy the jioptdeak pash betweanmohid lightgiowne and said
detector fof qgﬂgﬂu%t H%%h ‘%Bipé{ %r@ﬂﬁ‘%ﬁ f tﬁla.g:l:?ﬁlﬁép%gl&%l { self:ctedhto
gener at i ropagati ng along an I ncident
generate sgfagspdgmqn@ An aamfag;e obsawbtandictiog layer pspitectIwith said dlelectnc
sample lay&OMmTuni cation with said pol ychromatic Iight source for
selecting the polarization state of said light; an
Embodineats ab skariprapernt nm@imtm@aprowm rvavalengh vmtﬂe §atfdce
plasmon r@@nﬁ(&gr Qﬁrﬁﬁ}r' for! éem SIBHIEI 1'11 Sﬁidd I%%clté;ﬁn the
nprising a die %rlc el ect Fi ¢ np e
refractive 1nd§ﬂepf anwbe regdmd Woaveleneth ay@blewsfmq Idm@ntremm seRoth
of the presghtel!ng&hﬁh ?fdvﬁiéee&cl%% q%hpa d&'c@&k{eﬁ Figh R'fﬁagea (!hﬁ}’ﬁl':l]tmn
asse

rern | um nati on sal opt1 cal

of wavelelghsd that dhseleptably adivgable.ghn exgmg]pgggqui@lgﬁj @mgblg surface
plasmon rers&{aln@é%eﬁgor cbﬁpﬁsep by %gﬁérélﬁgpcﬁﬁh?oméﬂaqgﬁf gbui:"ce DQ f)&lhx‘?ﬂer of

dielectric sa acent

an SPR ORE@HH%?IPW@ 1 |d|efmt@bm p selsctebly q@m@éler‘é@iebngthasekfémcbor

these embd(mnaﬁ@ |6 olyéh%Hﬂﬂ%' mt E&ﬁ]cé’\fs gasﬁgﬁeq ifl %ﬁ;h&@lcoﬁﬁlﬁﬁem&ﬁ
for detecting sal propagat i n sal d

with the polarfzepande¥’'R onjisel aasem,bly tlh@brt @bnerajehiy hghtesou@ﬁ PEAPEgANES

along an 1rfcf3ﬂ§txhéﬂt l%ﬁééltl&{ %?ar[]deig 'dfl‘@ete@mgouﬁh %%Ioﬁlﬁkcgk}zes\ﬁltm% in light
ad JustabFe wavel engt ector positione

having a sefgstqdcal path bet ween said |ight source and said
detector for transmtting |ight having a distribution
of transmtted wavel engths selected to generate
surface plasnons on a surface of said conducting | ayer
in contact with said dielectric sanple |ayer.
Enbodi nents of the present invention provide a
wavel engt h tunabl e surface plasnon resonance sensor
for sensing, nonitoring and characterizing changes in
the refractive index of a probe region. Wavel ength
tunabl e surface plasnon resonance sensors of the
present invention provide excitation |ight and/or
detected light having a distribution of wavel engths
that is selectably adjustable. An exenplary wavel ength
tunabl e surface plasnon resonance sensor conprises an
i ncoherent, polychromatic |ight source, a polarizer,
an SPR optical assenbly, a detector and a sel ectably
“adj ust abl € wavel ength selector. In these enbodi nents,
the pol ychromatic |ight source is positioned in
optical communication wth the polarizer and SPR
optical assenbly. Light generated by the |ight source

"~ propagates along an incident |ight propagation axis

and is directed through a polarizer resulting in |ight
havi ng a sel ected
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9a WD 2004/ 040717 PCT/ US2003/ 034265 pol ari zation
orientation, preferably substantially p-polarized
light or s-polarized light. Preferred polarizers of
the present invention provide a neans of easily

wo 2006Wtiehi ng between incident |ight havi ngcigysze03/034265
p-pol arization orientation and s-polarization
orientation. Light having a selected polarization

: polanzahﬁr( iogiBhtationo I’preiBraHlyf esisedtiRt p-pbladzc3PRaIapti 3aolagizsd mphiy .

an 5 | ary. enbodi nent, the SPR Qpti cal. assenbly
Preferred @BHB??T% b the Tipseptdinyention pEykle = megs A et %mtcglgﬁﬁae@veen

incident 1i§ﬁmvmg rYe ﬁ)lﬁﬁﬁ@diﬁédeﬁ&ubxﬁéiﬁrs-ﬁ%z&ﬁdﬁrbrﬂ%f%&ﬁﬁ? mgﬁt@mn
ielectric Iager and the dielectric sanple |ayer. %e

a selected)pofagigationcor @ ip ay@ﬁte@\danﬁt&w SPR aptiealcessemidy. nfp an
exemplary bhBOGALR! $he KPR (lﬂﬁcalpis% on f%ﬁ%ﬁp&ﬁﬁ &y nﬁraailelectnc

sensors of the present | Se one
sample laper amd recondysting wyen:pﬁsmonﬂveiwm theatialeviric Japai ani diediclectric

bet i ol t t d the SP
sanple 1. 50 0kf¥Cu SaBICYRE et Pl R ocke Gy o e
probe regidns @Ré]ﬁplaﬁy(sPRf]EnﬁER}faiEﬁt px@@tﬂ RSl lﬁ;t%heﬂ édntpgisél aid @Gt
optical cofl gD F 31%{1#5 BEUGIR Criets P popEHPBELS g g e SPR
optical asdehBit fopédl’fﬂﬁélﬁltg'tﬁhglﬁk Béath dircb @A toRhs SR bpaaf ashdndpgat i on

axi s. exenpl ary configurations, |ight propagating
al ong the incident |ight propagation axis or light 15

R e

internal rq:ﬂmethctn gmeiics mghhmopqtgatmmhloma heﬂmtedﬂght plhhﬁagahgh Bixis.

GO G R BB S B

propagatlﬂg' alep 8 leflghiéd 1payiaRE B PiasSdd tkﬁbhlghoﬁ SellectabBN atfukthisld
vel engt hs sel ected t eperat e  surface plasnons on
Waveleng@rﬁélectgquﬁ@é%m the, ep%%m%% bstern thy Heht seprge @m the getesiar.

In a prefﬁ’fé&b&n&ﬁ%éﬁ'ﬂ thb | S31RE Ry CRAFADE \avileR s%fé@to?@raﬁs%{seﬁélﬁd
axis 1's detected by the detector, thereby
having a chténIQMQ of ensmitfedawavelongthandlested o generate puxf@s plasgonhon the
I a n lect
surface O&E ﬁkﬁlc&ﬁ/ la érg%iacg%tﬁg ?lgetlgeragegli/e%iog %rlglﬂﬁmgcpo n% a%i:llg the
reflected bghemus dﬂﬂctécbbyl $lﬁaddem¢t@ ’lbhl@byj edneing ahe teﬂ:abﬂmrmdm: of the

probe reeigfyy DGR HebrRropacelta Aone e nest b priemey Be flferied by

a light col¢AH bIEMEMGn %&M&ﬂ?ﬁe H@t@&t@ﬁb'lﬁ?fo'v@ ZetBdtion-sBitdfity 288
incident light that is reflected fromthe SPR opti cal

resolutiongssenbl y. In  an exenpl ary embodi ment, the SPR opti cal
assenbly is alternately illum nated with p- polarized

light and s-polarized |ight by selective adjustnent of

In bh@cmbljdanént,&he pﬂaﬁdntmﬂvﬁmlbh provigles a hhms%ﬁumnfjm@ﬁercentage

reflctivicg3 of &y ontideab e et Brlint fegi e e B oo gorpal: In

an exemplzﬁlﬁ“eﬂibbdﬁ{éﬁ{ Ube SPRShifticalMisérfiblgl 66 ra@as@slyt Maminatedwith Y-
the reflected p-polari zed [i ght Because

of
polarized Hgt and ppolerizadilight brislastivpadiysinent of th paiprizes, Mismigation of
the SPR optical assembly with p-polarized light having a wavelength satisfying the SP

resonance condition converts radiant energy to SPs, which decreases the iniensity of the

reflected p-polarized light. Because s-polarized light does not result in SP formation,
decreases in the intensity of reflected p-polarized light may be accurately characterized in

terms of a percentage reflectivity by comparing the intensities of detected p-polarized light
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decreases in the intensity of reflected p-polarized
light may be accurately characterized in terns of a
percentage reflectivity by conparing the intensities
of detected p -polarized |light 10 and s-polarized
light resulting fromalternative illum nation of the
SPR optical assenmbly with substantially p-polarized
and ginelagzed dight fegwiing freph altgyoziivs illuminasioh of ithee$HEs opticak 4sesmbly with
subs%@aa@rﬁtpoqa@l\ésﬁnaggomh% 136 _bg%@b' y adj ustable
wavel ength selector provides wavel ength tuning
functionality useful for characterizing SP resonance
~congli eﬁﬂb‘a@ﬁmﬂ{%domﬁﬁ erhéﬁg 1ﬁanﬁ§19 pt semﬁiﬁ ¥ Q%f,laable avelength
necessary for SP formation. ect aw
selegiel] Drovidpt avayplonstie Hine ﬁemmabw 'Eﬁfefutl Her phasanterizing SP rasonance
conditTH8 Ml %aﬂﬂn@ DAks&Rnt RevaGet B&Essal\‘?;ﬂ)ly lnsgr foHH%iH:lnai? L the

for sensing changes 1n the refracti ex o
seleqtedy gdiupgblspRVelgegth selgcton of thiagresenitiaxention eliminptesy e@ced for

angtﬂ’a{r thbR1R8 6N EenkiRY SRR in %@%@fr&cﬂ%l}h f%gpraﬁe‘ ?ergﬁmttgr SPR

selective variation o i ncl dent and tected
methogs. dn imenmtexs gf thisf 3spery OSllilerIegasntalﬁeeﬂmeowmeﬁnmtu@ﬁgﬂ refers to

seledt®e bUaPlhtﬂﬁ 6fn 1n§aeﬁxﬁdyo@tde\%@ted Aok L &agREN Qzﬁmﬁ;ﬂ{éd §p 'r%ﬁance
are a epen dent on the refractive index of the pro e

conditiags apfl regiting Bnth sxetidivabie SBPRoraae epnslitipns pree depengspfon the

refrabWeeEHderbfpth ﬂra]rgﬁe @e%?&?%a&fengtﬁt ﬁﬁ&ﬂl@%})@i‘geﬂ@l@' 50 FeNPresent
physi cal and chem ca propertles such as

inverlisipsgYide @rmeanp odlidatgotater andi monitenie rbsiwieal vand ywhemical; prepertics,
suchf3k @&ﬁp&sﬁ%oﬁlndﬁé Sffffty ol WBURES, rl:Qttllib 1%85@&:%1‘353 provide a
distribution of transmtted wavel engths that is
sel ectably adjustable. The distribution of transmtted
VaprkgRd thseRheth 's&&ttor@fprc;vnﬁ Rfi&a6Mon df ﬁ‘éﬁﬁﬁlft@dqwmengﬁs that

characterized in terns of a center wavel eng
is selegiabilii adivstahied Then disirBugen of irapseyisydt wavisleagths ef hé%eﬁﬁheaprysenf

1nveﬂ¥ﬁ)\ﬁ%£/n|9:t &haﬁa%{e?i%cpﬁﬁeﬂ{s drheeRleL S8 Miedg Y %Qﬁdvﬁ@thadﬁ‘l@ wavelength
capabl sel ectively adjusting the center

intengjy, @rOé%tEﬁemplaay diagelenath seletors fof then prepint tigsegntion are capable of

seleclf@M$ |a€jﬂ§ﬁd§5ch9¥e§ﬁer v@av@l@ﬁ’éth BEW Bis@fbul@ $€Fansilited wavelengths over
enmbodi nent’s of gresent i nvention, the center

a copEnpEmepigtaiues. Baﬁmw mRnty o8 kst PrRespé [ivegtion. ithe eerder; yavelength,
bandRid hadorQfavkicahth 11§t51§ﬁ§ ?}c;ftl@& 1%t &%nﬁ@é&@y@ﬂ&&!ﬁv&length selector

sel ector %% e sel ec to enhance the senS|t|ve or
may bgsssiegief ga ange SpRseiyeryy weddinmepfentSPR sensing measurement.

Alter’ﬁlaﬁ\%[yn aht Ve@hir ﬁa@@leﬁﬁﬂt(ﬁf th\é’aeﬁ?chﬁﬁg:tnh lﬁf’ld&ulaﬁl and/or _wa;elength

di stri bution, bandw d and/ or wavelength Intensit
intengifspprofite qffhghr gmsxxtlﬁtginlgmhp tagelpyeth pricappiviayebrysdiected to enhance
.. SPR %ﬁég%‘%fugﬁ r(pé( Jﬁﬁnﬁﬁ}e@t‘é&% ih@xSRhaRe %nhﬁpcﬁfﬂel%ﬁgﬁe:ﬁl'@lthé Probe

(i.e. F refractive index contrast wt
leg%ﬁfferent areas of the probe region). To observe SP

formati on, characterize the SP resonance condition or

measure the SP resonant wavel engt h, exenpl ary SPR

s eFie abssrvsSPt faemasioaseharacierigetie SBresence spnditioeeraensireithe SP
resorfaﬂtewéﬁleﬁgﬁ %nﬁ)flar 'Sgﬁtseﬁs%fsl &Q*@&e!&?lﬂv&ﬁlﬁmﬁﬁ&ﬁ% ld€@tase in

assenb ¥ e ecta ¥ ad jUS ab
the intensity of light reflected from the SPR optical assembly. Selectably adjustable

wavelength selectors of the present invention provide a means of adjusting the wavelengths
. of light that are detected. This allows resonant wavelengths to be accurately measured and

- also allows for characterization of a SP resonance curve by measuring reflected light
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wavel ength sel ectors of the present invention provide
a neans of adjusting the wavel engths of |ight that
are detected. This allows resonant wavel engths to be
accurately nmeasured and also allows for
aracterlzatlon of a SP resonance curve by neasur

mfef}%’reﬁ @t fdlnqtiog 9 the wayelngthaqtiljeht transntied i thie grpvelength égector
The \4BNi@} wgélbcﬂ%lyl ddyhk the FBEMngtiR oDyl Bat WY ab8iied Provides this
flmsele t gpiﬁ ility to selectively adjust the
CHRR o ﬁt‘ﬁ%"e g ﬁ‘ﬁﬁbl? AR é?‘}—f'o’&e?feé‘ieeﬁfeﬁ?“é\/‘f%“é’élo’t‘ hierefore,
se1ecftmgatauﬁ@ta91% wm,mf@he l;aaﬁsrb dfuma%@seﬁP%v%ﬁmonﬁy e fxﬁk@tmned
esenh i nve There sehectabl adj ust ab

ey flerorPhe PRGLP R 0 caEr et b Bl oo NSRS 5hh gouses to the

detems |1ﬁ Idﬁ@ %boaﬁiéﬁh ahe sélctible afpbtasial W@@Ieﬁgtﬁfseré@tbf lispds@icbned
t he gh chromati ¢ I| ht soqurce to th

be‘“’&%‘t tPé? Y" ofagify erfgflithe PhR optisad @ssgmply téloﬁfﬁ‘éf‘%anl%’t“’e
adjuMﬁi‘dﬁ| M Bisgidhest of wiveldagmb bf tRescitih WeBNditd&d on to the SPR

chr, natlc l.ight source and the SPR o tlca
om0 e ST oy saggt e seecably
adjuditsé Fiabelbngn selkcmﬁwsb@itginh@ befweeh @h& PRI GiticAiNadsér@ly and the

rected,on.tqQ the SPR ti ass ly and .
dete%zfﬁg SHRIATH Jelretet adiysient of H’Srfﬁ%tﬂ'élftm@ﬁ’gb Bﬁ¥%%PS diyggted onto the

deted@ Bt ddbdcied. THE peba ity enborehied gichidee kabbdments havmg additionaI

' i ti.on bet ween t he SPR i cal assenbly and t
”Sele"gﬂg’fyeé‘klﬁsrtﬁ’g% Wﬁ?’%ﬁ‘@é SEEFIREL ngh Jeube ﬂ?ﬁﬁ‘t“’fk% athEhere al"ng the
opuodl 1Sithvi dyiHetvasen Glie padyoblngic RStichl cQnteshdand Getbdder. An advantage of

o e B B b LSS R Sy o

SPR apkidab hﬂ&h&ly\&a&ﬁ{ aﬂgm@htstﬁkrmgtmsmngtm thht FBYetb@ed by the detector

N e al tlcal pa bet ween
are B i1 PR Ea! BT e R B dhe H PG oh LE R igred RS the
Opucalohsaaﬁtages dnefigigisiol biding imRfeabdddn $ﬁh}%@dtﬁb|oy tiadjptishladabemnbly

cuc EHELSIOLD, SSliector Relveen (he 1ot sowcq,and, LI . e

refram‘é@ﬂlc&ﬁ QF i préttreglbandicdbesire sPlbyeﬂsh@ lﬁ@h&sﬁla{ts ardlifiages.
exposed to the SPR optical assenbly. Reducing the
intensity of |light directed onto the optical assenbly

| sSSdierudiy adjastatile iwaavlengh REedtRS BEHRAS i em{a@ma[tabﬂm prsent
to illumnation

optical. asse
m"e‘{’% aFPH%Pé‘S%?fR’n%&éy CHF %Fﬂée BRpoast caRable i Varlf'ﬁlﬁ“% 3ﬁ§18°ted
distribiitton 6 trhmeiiitade wathdengtiaf aﬂdhglb%ﬁ)MIyr ﬁ%veleﬁngngT @lasgnEsgon of
n asurenents an | ecta
'Othefa‘af‘ifi %sslfS JoRits ﬁh@? HFAeaplEt: sRbodEeiyPlthe PretBbivERiATs the
selecablyt B&jubis eRbveldn@ihe REIEDr MRYarC QPREL] S BitctftYend@ Viil€eR, Which is

oo T A SRS Sir PRI HES s 5o (o
‘orthoBeHas toahk iindidlent ﬂgﬁvfﬁaﬁdgﬁlgodah@s b1 @B $&le‘é€ek1(lfghﬂf)ropé§ah&{ axis). In

this e\gral?g l o té{):tfsith?l{,]gtlet:l}? PBtllf:a {r}tféper exeg@f%ﬁ){%?tagg %gqrggsﬁ %gzstnbutmn

of w&h@l}éﬁé’tﬂﬁ@ﬁ ﬁgh% €Hla€ 6leQfankifitiad b Pid dptiball iteHEreRECER, Ifaktlichﬁfr],y the
ust abl e abqut a rotationa

whi ¢
Centeaﬂaggswh cﬁjo Sldﬁtﬂg‘f“ﬁé %d %ﬁ@%‘?eq WeYdenets: Fapepary Selectably

adjus@blehO@ealgtht Seldchs iof Ghdl R%ed: IiG¥tntiPh QRAGR! bONa@Xics 1Bkited to,

flected I'ight agation_ axis I.n
el%?ons,pﬁa ey- erot etalons, onochromators spectrometers,

. the
- optical hmtert%rence filters,
prisms, gratings and linear variable interference filters. Preferred selectably adjustable

wavelength selectors provide
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this enbodi ment, rotation of the optical interference
filter selectably adjusts the distribution of

wavel engt hs of light that are transnitted by the
optical interference filter, particularly the center

wavel engt h of the di stribution of transmtted
subsipatialise it frane st SRBsMitpnce PEEt Ange ofdjenist Afsvelengths needed to

mea¥VaY Che RGbihnS€ |\»@9&1@1{dg$h Obretcii@d RS, ddfsRBld RRvdldigtl §ectors
but are not lLimte optical interference filters

haveawell Gharacteriasd yramlail%?rgpeﬁgs With TeRRT JRraragfl @ polarized light. In

dlscﬁz&eﬁixre%%%&ﬂtlmp Ria%&lBn Fgﬂg fbdgnesy Bdhed t\@MABraleaHsait esult in
interference filters. Preferred selectably adjustable

oPtiga\rORERG e hi Herericar e 4n Prearetgacaion dy HéYeéﬂ’chhaﬂcP%‘mPﬂw%Pe%’ﬁE’ the

cent&BfavielcARE ¥ tHc WNGEoLAYE bf BarksaBOR WiveeBfthEmayVBY S4RRGINRE/ varied
needed to neasure the resonance wavel ength. Preferred

while SFE apeapirgmenty rdbagnsarseollettehgt h sel ectors have wel |
characterized transm ssion properties with respect to
s-and @ polarlzed light. In djscrete wavel ength
op&“ét"i GnSelgetAbLY éﬁlitﬁt l¢ OYﬁVﬁlﬁn%}ﬁe}S%toﬁéfééPFoseQ%% PAgtogding to
emb&Eeiith 3f the @8dabidt ihventiQPprovRE tlfeCHMl[tjiﬁi tu@é th@lvfafvelﬁﬁgih distribution
areas in the p E@ regjon. _Jn wavel ength scanni ng

of exgifahon {light: df’tﬁ%te‘? Bi¢ e ooiAy The pESFRt &meeafa% W@P%Pﬁoaﬁie the

'abm@ftotdbatmﬁﬂuﬁy Quhe WR/ Rh RNGNSdiftEbutR JTRREtaALP Ughty détedtédelight or
SPR neasur.enments .or |na%§s are coIIected Use

f
bmhgrgé\l‘@@ﬂ%@ﬂ%&d}f aveieneth. Referr RN QY i adangsof gt lepsh 6&pp and more

pref@ﬁﬂss Q& PRESY 6f RYerbOhur@POdinbRBES. WavilBePIASERy prov1ded by
ntlgﬂ}prOV|de t he ab|I|t to tune the wavel e

this aﬁtrélﬂt? Btitheorresept mystionaliods dhppase o FERSEI@anqs H%aps to be
dete&bé& nd cﬂafactéﬁ@éied%ta AeMidrest tahsl CRhdre s SPR Q¥dofighict RBndition may

nuoysl y tune_the vel e
be def. §4Yr Ir%ﬁf’(? &9 1 ? %‘%&Pi’%ﬂ? of Hige pro ﬁ%gs?rbd’ﬂrereg‘ﬁrﬁ gravelength
- tunabiftyh pRFvidad Sdéi%&%ﬂlﬁ}: A starbw ggvaéng@m\geieaegt bt tHé][ ﬁlfe@in@ Bhyention
r a range o a nm.an nm prerera
a“%*vgr %cvraﬁg@asteﬁ%%f) Hﬂ??draé]ﬂ W&ﬂ{aflar%cter\mvsef)éﬁgﬂt probe
regionlFaRhdr] tavEE aaEbilyy alsbi grodlids’ fol@uat amu:f dyaiPAEe¥f SPR

i nvention allows chan n SPR reso condi ti ons
sensqry Og ﬂie IE%SF%%@H%CW?F&? 1 WRYS@gn SFRsArsspnd 1maging

devidct{a:ls GBthe Icgmag exsvehtgbrﬁ’a@ l?]ee@s@ﬂl ?ﬂ@@ec@ @mﬁdhtafaetranf?a/veﬁp ®road trJange of

|rcty_ate totererc Ive |1 naex O € praqpe

matetigly ﬁ@ﬁ%ﬂgﬁgﬁr@fﬂof%rm%a iyt 1 ks S Foaggons. In

addltsceﬂ agd abh yeladlitis b@Riteolvaotiendh taezs@&leﬁtmse%or& RE the present
Nnt, |nvgnt|on all ows for accurate quantlflcatl

inve lron nates| the, aepd dpe pretemogwationtoaletest sheressin thfeSH: 6"68“&““

condftR@l &N detbrtihd) @ resoMaMe waRgédptl WP alitfibutién adﬁ&s@faﬁw wd@8engths.
for a w de nam ¢_range of SPR sensors of

Avoifing ghgle | HoBHitionn SPRapER |%qwf1§urauﬁvevser?§mﬁ°t%na?ﬂa%se these

conﬁ@ﬁ’l@tl&iﬁn@@fcﬁllﬁr}@huhlﬂﬂﬁinﬁﬂe dRMidneIS offcal RScRbB&EMat are spatially
invention be used to detect and_characterize a

restrigyey CBiIatT, SR H0 TR ERTEN up VIR 06 BAtees Tn ambient

presslil@c :Erﬂciehl}S@ratuE’éleﬁﬁﬁer fahéz@ﬂﬁ@%ﬁ@zﬂ ROfe@iRE KhGA complex rotational
npositions, In addition, use of a _selectably

-asse%t&}eastsa&e%e fida) ebesagen suchy @stegbliey, rsweseff?%?% Eﬁhbf‘ﬁ@n and
realighh@nent

Use of an incoherent, polychromatic light source in embodiments of the present
invention has several advantages. First, use of an incoherent light source avoids problems

arising from optical

13




invention elimnates the need for angle nodulation to
detect changes in the SPR resonance condition or
deternmine a resonant wavel ength or distribution of
resonant wavel engths. Avoiding angl e nodul ation SPR
optical configurations is beneficial because these

mteréféﬁ?ﬂp glibepn] epongiis gefierajed o theeexeitatign end reflieeted bergys: Optical

mtex%?&ﬂc@ abre@s %@Bét@tﬁwﬁl@ %Egr@(ﬁceSﬁP adrk@b |rﬂéa31fr&ﬁérﬁ§ &di Mges due to
cost sensitive to m sal Ignnent due to vibration

formgten e%eﬁg%sen%fra%ﬁ ik spegide I8 gfditiom dnqobersely light pirces, such as
halofd#f Ia'?rﬁ;'é ax%%ﬁéﬂieﬂﬁvé) Rixhbf! hlgﬁS?”i%fnroH&?rblB ARG GO 8% easy to
rotational assenblies is beneficial because such
opticglix @kl i es require frequent calibration and
real ignnent. Use of an incoherent, polychromatic Iight
source in enbodi nents of the resent i nvention has
seves BIcsalpsihedd. depicessare b{?g@y(ﬁpplzﬁblﬁmw&%?m}cwgwembly

confiRRHKiGR BNRbHSy BPRRYEED assBbB/ d3gknibliefRRIE %{he]p?esent invention
interference_of beam conponents generated fromthe

comprises ¢ B efaiily nepnigetu prismsand diplgolig samplerlayer aragedin the
Kret@rh86 opticd Eetﬁﬁ@?‘ dnhd alib lﬁpﬁjﬁg Q@ﬁ%t@Pth&ﬁﬂﬁeﬁg sensors according
an

measur enent s |na es due to. formation
to embediments af e Hrpsieﬁb ggrelgﬁ)& @ﬂé&ﬂ?l"@e SPR optigik fflsgﬁnbhes comprising

wavdglfded) 81beMdptik ideVikess OMIcaES atirid ©PardSconilaRGE B thes¥REmpaetits.
i nexpensi ve, exhi bi t hi ghly reproducible intensities
and are easy to optically align. The present mnethods

an@ng Wk aesHRbLlidt Qaghble ﬁ@h&@ﬁ@l S?Pstr@a uselP i QR thed@ds and

assenbly conflguratlon lary ptica
devices ob HgIPeseR R iPR S sG 98 asliltélamg ﬂ@éﬁla%@elﬁtthq ppe e region

of the QRfrdiSRSetRe §febiueitRdlt §00nM tbAb&RNLAGHEM) Ei’bf&rd&rfbﬁmme SPR
and dielectric sanple |ayer arranged in t

imagrieARPHEAYARS BseIEdt PEislibiiciragd refiestivp drsley seqsithity compared to

techxﬁ%h@hgﬁlr tfi%f]ﬁ@i:jr Vaie 1igIRNEOIRItRACHWMBe ndad infrared may be
di ments of the present |nvent|on may i ncl ude SPR

benegﬁﬁ | fonperiginawplisations E’B‘?fﬁ‘ﬂlt%ﬁ PIgbe TREPR HIFTaREatedepiains gpscjes that

absoﬂﬁﬁ It 6eBBsible Pédi G n Srefdricd Qﬁlb&[lm@ﬂ){ ROV %ih@ Bf REhtlehPESed by
onponents, Any maveleng@h of ght. capa

SPR @eﬁefsanflfﬁg lr@@én%fqusé of) d’r‘r“sﬁnttlﬁ‘éenﬁé‘l‘ ﬁl@oﬁgleaﬁé Ovaretb? gagge of

abouP§45 e LB ndanvent i on. Use of |ight having
wavel engths in the near infrared region of the

el ectromagneti c spectrum (about 800nmto about 1200nm)

| SWRKEERE &dalf1® SPR AR 0RPRcori B Ib BALSRREAS 3F tHRMNFesent invention
hecause 1t provides increased refractive index

may henQieralsd {1y acish @f diderenteermiptipndl mopsry THikyiemprational modes

corre@ﬁ&ﬁl{@ rtﬁﬁfcr&ﬁtstgbéseoﬂ 5P tmeabiteaalii, tdlﬁaentueﬁct%at NOeAERF these
i nfrared beneficial for certain agp i cations

deviggp é?‘eihﬁfe’teﬂbmﬁtﬁé‘ﬁ?@fr"éﬁ’igdhesP Aedrssolrsrmppre SR PR sfdbs pgsent

invertidlare AP & dpRratibe ni/:i SluRlif drRPL@aRn thdd@.r eferred
enbodi nents, the wavel engths o Ilg t enpl oyed by SPR

sensors and/or i magi ng devi ces of the present
| NeBtd BftraoRaSRbES ! SR Q¥Rbrst RBorIABUS Ghbodiments of the present

invention are capable of measuring a distribution of resonant wavelengths resulting SP
formation. In an exemplary embodiment, the selectably adjustable wavelength selector is
adjusted to systematically vary the wavelength distribution of detected light in a manner
generating a SP resonance curve. Preferred SP resonance curves generated by the methods

and devices of the present invention
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about 845 mm to about 857nm  \Wavel ength tunabl e SPR
sensors accordi ng to enbodi nents of the present
invention nay be operated in a variety of different
oper ati onal nodes. SPR operational nodes correspond
to different types of SPR neasurenents, different
comprisct Peidimeasigead plot of pekens cflogiivitye eassusribie ennfer avasplength of the

dlstﬁﬁitféﬁdﬁ‘ Wivelta kg theSiRedBY IHGE Favdr P s AL Nor SR REREUS of the
the present., invention are capable of operation in

of
resoaarﬁl“@ffélﬁlil&ﬂy/ opflisighetion afngonsd ae velpretsaovfesrinformaiion relating to
the @ﬁtﬁmh@ﬁ’ Bf & QAR+ 8z GEGRAGKE KL feCorBARAGLIRBA & HonklhYependent on
sent _inventiqgn are capable of nmeasuring a
theﬁﬁ??PmbﬁkﬁﬁﬁﬂG@“ﬁ@§%%§ht wavel engths resulting SP
formation. In an exenplary enbodi nent, the sel ectably

adj ust abl e wavel ength _selector is adjusted to
sy St gRabFrcenrajiop gnsrie RRR waRrerserrgerHing torentiodinests @ffthe present

invedl @62 Grle@patl @ BE moRitRidFehARSes i ﬁ[be{e%daﬁgwﬁve@?l thes A& Rion of
curve. Preferred SP resonance curves genera

resopt e elengthiregwividcios SBrformgiop Mawirring Rharges dh thf%stnbuﬂon of

resofaHYWalv&lengihst MBeAHTERN SéalR it PlodfdeintRiffat6clated to changes in the
reflectivity versus the center wavel ength of the

refrqgfig g R FOBPOSKERF PENEINESIt e Psoher egignp uohirs changes due to

bindWRVel @BEIdAl SRIRS i@ portiGhAHH ht | | ioRS Int diR en{b%afﬁ{bﬁf‘tthe SPR
veleaggh or %g;trlbutlon of resonant mavelen?
senspy 1§ WayeEngth fugpdaY st rka ﬁhﬁﬁb%m of franeptipb YRt félﬂthéressltmg

in f-ﬁl’hﬁb&n fo@QBI@narhe&wdﬁe&mhhﬁ“ FoBEQARAMGER:. IR dintehly h&:l/or percentage
y dependent on the refractive index of the

fﬂﬂeﬁﬁl‘sty STrrETe6 18 APNRER. % BdreatPB AT o TSprRbsE T Rgnterval.

Chaift@€ Gh 8 FedcRa@RFDEMINBAT SorRipohligg HoeaRNfes inYERAEHRNIAEL and
capabl e aqf. nnpltorlng changes_in the resonant
chenyigd) AOBRGTHODPT HieshrPReniFEio 7o Poseried Gitd baragigited iyt measuring a

chang€ G tHeidtehaty aila/cfr%fé@ﬁthébﬂreﬂé@ﬂrhtﬁrQﬁ'ré@ec@élaq{@@SMkﬁ‘na{tzhay, SPR
di strihution of, resgnant wavel engths is benefici al

SensYE ASHPEENE to FRUHTREE At thorrrgn igkentie ateedpalie ehasrgwing dhanges

in thk P&ondneﬁvﬁaﬂéﬂgﬂﬁorl AAEButiBdNdf RIS Mxﬁéfbngt% by ﬁéd%ﬁhtﬁl@ atphﬁahty
robe re such as changes due to ndl n

of TEsRERRcE a?“%%??e&‘?f‘é‘asp?l’éh% iq jhEersf obssrvapipn B@te}“’ég arf/or different

expefiiRn@BAMEItIIRRL Thel MEasARR shFEHSAE résonMRURIVEREIN dr WReshubYn of
selectlon of a distribution of transmtted wavel engt hs

resonagh \jfavFlFRethy fay 5c8% TeRtedPe camtespandmgueeneRy igf composition

occufrﬁfg| ﬁi.Cthegrdbbg ion. TR@ dfN QMtably AREMMlc RETE&IRMPSEector in these

lectivit reflected |jght |s moni tored as a
emb?qehwat? b“rPeé‘F%{ I¢iplnfer BRseirely ﬂu%@éﬂ% £he ft ihthergsgpant wavelength or

distriBhiaa0eSedonatthdiveies@mance condition corresponding to
changes in refractive index and chemi cal conposition

of the probe region are observed and characterized by

NERS Whbier dpeGhandfode o %vu@ﬁ HStuhyb@nﬁir@rseﬁﬁﬁcs&Bﬁﬂ% to
reflect|V|ty of reflected lig Al ternatively, SPR

embediments of thegBesantigvegor ﬁﬁa%ﬁ%ﬁf gpesftiomhs 3SBR dfaging device. In
this bfNRILERANHRT SPICABRE! MicRlled B AFHIiNEhsIRANI&Sctor, such as a charge

coupled device or two-dimensional diode array. In a preferred embodiment, a p-polarized
light beam having a wavelength distribution capable of exciting one or more SPs is directed
at the SPR optical assembly and a first two-dimensional distribution of reflected light
intensities is measured. This first two- dimensional distribution of reflected light intensities
comprises an image of the probe region. In some embodiments, the distribution of reflected

p-polarized light intensities must be
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in the resonant wavel ength or distribution of
resonance wavel engths by generating a plurality of
resonance curves corresponding to different
observation intervals and/or different experinental

r1&anditions. The neasured shift in the resonant _
normalized do GERCGT 2y rBERRTRR dmags becrrssha fomiingdone Hight ource and

waviRNgth@clbtoL6f the fredet! Bdlerkion GREdUBSPRG AGhCABAARS: drdhsmission
he probe region. Use of a

. composition occyrring in. t I _ . .

mte%ﬂé%cﬁ%fﬂ?@ﬂ%ﬁ%@%F%%Mgvf‘élﬁﬁgqfﬁh%@eg@ gvention cpmeding for this

effeetiTh QoS il Heanal dkéddd ftQhe BPR WpG8dl YasRHBRL dddVd &8ond two-
ant wavel ength or distribution

. the shift in the resg St
dlm%‘%mr“éls%ﬂah'e“%ﬁ éFfiﬁ%&fl HiEht injensifet Rdreagyed- Awitshinghgiween p-and
s-poli@ieati NEHdAtat g | RefSRRy SRAROEA BE EQLANBY dfhe polarizer positioned

enbodi nents of th resent inyventign_ is ca %Ie of
bet“’&ﬁlé%&t ﬁ){f&lﬁgﬂa&%ﬁ% ? iang otk @ptigah assmb@- Comparison of first
and eedoaditwedimerkidgal SERcRRANSO: iﬁt&@s'itsildﬁsgrﬂgltﬁ)}i@ z6HerRASd OPRlimage,
ed device or

.detector, such as a charge_. cqu
Whlgwhaa?wg? Yiraproge da%%r?fgfﬁwng%# dmages, gqagrated by the present
- metlexb oglidTRIglicesa cpmptedral 206 dildeghibn DEARLRMA BY MBeasured percent
ne._.or

vel engt h distributiqn capabl e of exciting . )
reflegificss bR op exgrla anpodient r@%smgssp?ﬁecfgrmﬁ%% ifjergpgs in s
and P-pdlardatibnVradiniedicd PRiplertids ST Whitldngth SfleckRf lue&t @fl the present
. light .intensities is measured, This first twp- |
invepfifhe RRTIGHETY BRSSP BR ATB St ik EY 8t [ngfien of rotational angle
Use ilolﬁtae BedéctdbBs adjoQae imaﬁlagﬂta ismaa_erb gpRt iﬁ‘rﬁg?ﬂg%ﬁcéﬁ of 31[5 present
. n _so i ments, .the distribution of reflecte
imvepy oo TP SRR forg AR S aY Bt HoR 6 oA ey clepaths
seleaahtocp@vile iGRagdsnBdvingPiRhhitRE&phed apskyt i dmeiphésataeier, SPR
. L%ggt.sour eggag wayel engt h selectog of the present
imag Y g AT Bl S oo TR B PretemL BRI 8 i capable
of gendretiey tinfes dxhibiRiNONE SGfQLIbAY D HRIPALNRAYS Pfions and
. tﬁg resent invention correcting for this effect, a
attengf_i 8% Fegﬁ

FURJ¢'PSht beamis directed at the SPR optica
assenbly and a second two- di nensional distribution of

reflect.ed light. intensities is neasured. i tchi.ng .
be%ﬁ}ggéi“’ﬁgténgp the pesnt ZVSIEINn o PTOYHIES ¢ 1”8'#?93}{: of detecting and
charqetceizigadhbiticalcdt phy€éh] teradtjons bomBtn eentidd€ sReled i # flobe region.
Pmﬁgﬂsﬁt'o beth§£ t he pol chronatbc |I?ht gource and .
RS PR O LESRURISPY VeI P23 8% cpploppd Bpving g fielectric
sampbela gt hpbratordilresplednah rdacol, 86 d fl@Ntell dHtfRASIchdfor, capable of
ﬁﬂgléttlb tlpnshgﬁn?rates a SPR | mage, whi ch, .
cliecHigy JUTEPTIDe ShHEal SPEfs: Pusgiad Atomsy Brlsetlsy osiops. jinig jhg sample
diclegieio aiiyrk @fld Byobt hewiPi. ExeMblaryTRREAOAS aRNEApEHRY bE BsheRBAR A &Y of
che qﬁ#mo dlﬂEﬂSlgR.dl%trlb tion of neasured percent .
TPt RIS VT 2 LN 9T gffe Selinsra mpdispBicheAttactsBR BrARgEgion.

The pioBe CEisiERbS e feohistaibdll € @naaset Buch thand cRhibi@d AldcZal diRfical
operties of vel ength sel ectors used

transm ssion. pr Y [ us
and/qr PRy Rl FPF‘&‘?EW;E’ R b ATITOSRC b Hipiies Fhemighlsieraivitis and/or
physioalofrepdriies Fohbtdmpld te &Bol hreBE kégddh Bhy chplideON Mactor having
angle, Use of a selectably adjustable maveLen%th
one o BI04 et STk RSRg, e $helogeal prymgre Smmpbilizcd on the reactor
surface. In an exemplary embodiment, the sensing surface of the thin conducting layer is
chemically modified to provide selective affinity, reactivity, bonding or other chemical
- and/or physical properties. Deposition of selected materials directly onto the surface of the

conducting layer, such as carboxymethylated dextran, may facilitate covalent attachment of
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invention is beneficial for transmtting |ight having
distribution of transmtted wavel engths selected to
provi de i nages havi ng enhanced optical quality and
shar pness. Further, SPR imagi ng devices and net hods
according to enbodi nents of the present invention are
capabl e of generating images exhi biting high contrast
bwp@b’pﬁ@ewcmasgnptyms ef pligoni/eotidegyioonnsingrryrfaces péthg arasent invention.
In tHe8 kRGEdiMBAk qgfr@dh%tloﬂzﬂ‘ﬁggé ?1‘6% Qlerddif Q}Be%geg“ N the reactor may
i nvention provides mnet S etectl n
result ey binding ichemigal chastioe air pbysigah jaseraeiion; hatesenditigonand interacting
specté@t %Feﬁ?r Cc'ﬂ@l@n?ga hesrraﬁ'gétﬁ/% 1h@examof19kl§olg fbﬂ Use of .SPR sensors
Particularly, a R sensor of e prese i nvention
accopine feempystipguy Oﬁ ﬁm pigsent iiventiont mixbe ysadpp eletesy efpanges in the
refra@ﬁ@er alde@Nal drib P! fikebP ¢ F&é‘%eo{he HED 0"1151:]h91nfc|af)\3'r physical
cell or flow reactor, capa ectlv
interpgtion o tsgas ghentientspasics apdan iteracting bpegiss.at ons,  nol ecul es
or |ons into the sanple dielectric |ayer and pr obe
re i 0 Exenpl ary reactors, are capable of generating
GVV FFmplape gimbedimsne dhe SPRnseasasoganelatsn abfleat tame reference
meas‘ﬁ?érﬁcﬁ?édhéﬂﬁ&idﬁ@ LR AGANEARIR Jritg: ;5}59331% HEPHBP ho mﬁ‘bcﬁmtmn
probe region may be constructed in a nan er ‘suc
of intqractingispeaias. fueractingppetienitednirodypel) info igyredctesl and permitted to
1nter9cft QRAY thE St get ?Q‘esaﬁ tﬁ@b%& 'ré’g‘?orp'ﬂg's‘?'ﬁ @hdor BehdrfiSs at least one
chem cal reactivities and physi cal properties. Fo
analyticalpeasurcmprt. which r*ﬁdcompwé tp élgei r@fﬁrqm?m@@sﬁmnegéwadetect a change

in tHeCRPLAIveNAMENGf sHACHRbe TREEn.t B gl?tex&ﬁﬁ Qﬁteﬁnalyncal
such as biol ogi cal polyners, immobilize on t

measpEsiepty ate whgatedbeacapiredandopmmpicd tycashpthal wéah@ractpn@e changes in
refra&PRSInA& SUL fflﬁféﬁo@fof hﬁﬁ shimn CI&QEQ%H PO rd12¥ ;to 'tl% chemical and
chem cally nodified to provide sel ective a ty,
physicalnagyrg pf {he I%ﬁaﬁquvgb%we@tln@fac@mmeem an(htﬁmebi?pepﬁysﬁi@mplary
_ meth@c[s%&fr@hh&ﬁy en@%ﬂfﬂ%n{s oP FheQresSitlichish ﬁ@&a%ﬁﬁl@hﬁde@ér&ﬁﬁﬁé Binding
onto the surface of the  conducting |ayer, such
affinigiss, h S (RORHGRL éwnh'erm apensigaly padk i thermagnandsy an:aezmleters that
charz@ic}iaS heeRLraion bhlydah %Qét ¥p&eles and! ﬁllfbrﬁ:?m? E&tcf?eh ns or
ol i gonucl eoti des to sensing surfaces of the present
invention. |In these enbodi nents, introduction of one
OrTHHJS‘I@{ icnbigg asd ﬂnﬁ%x@gﬁ&hﬁ ah® dé\h&s a@c%?&n%g 1o EYbod ity Jf the
bi ndi ng, chem cal reaction or physical interaction
Preseﬁbf%’étww aliegbltoatﬂh PPHeableadari fijectiap il edharacisipiapyvirtually any
matesd) 36&%‘13?«9 of RBargBl’ @6 trbﬂ"fctﬂvg Jfdex! Ogm‘ﬁmﬂélo b Eﬁﬁé&?ﬂenty%? the

SPR sensors “accord |n to e I ment § of

meth@f}sé@‘emruwﬁ%)hvﬁeﬁ% fﬂﬁaci,et%nm shamiead) spesiesdncleding dus notrlimites to,
blOlO%l@;Ir@%ﬁY&e sﬁdﬂ%@ﬁr&ém? F)Qﬂﬁleglm’goﬁlﬂglﬁﬁ@éét éél?&)r ARLIGE 'DZI@A RNA,

he nature of em ca S cal tion of

polyspeehgrides.cand dipids jand pearegates ahﬂsec&nAn adwantaee pitle syseait esthodpand
devicB a Q¥R & YmSIRR B the LRGENSER MRS rthaget o%ﬁie nsmve

| east one reference neasurenent corres
detectigrt mgihipds which de rotorquitrerrpdetisetionesiemisale @mgtpoocesses whlch are

time édﬁ%ﬁrﬁﬂg Clok@P andPhay E\Ib@faﬁﬁéllf]ﬁfe%%‘é lRnicdl %&@P hysidr L pro erties
ecl es are |ntroduced Into the reactor an ermt g

of thf dabeled chemical species. Other advantages of the present sensing and imaging

methods is that they provide very high time resolution, high sensitivity up to about 100 ™M

and require very low sample volumes.
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interact with the target species in the probe region.
The SPR sensor generates at | east one analytica
nmeasur enent, which is conpared to the reference
nmeasurenent to detect a change in the refractive

in of said probe region. In an_exe
rrﬂr’g%% Offihpnts %fri%?{?%fr‘m fyen %Oﬁé’&é‘ﬂﬁeefﬁﬁth?@ %éﬂﬁ@%@pﬁy ypplicable

to aagz Gheag@eman dedAngar @ tboth® Ha&hsco tWiiéh !@o%@&lﬁcf&ﬁlht&% of SPs.
p @H es i %efr ctlvg i ndex as a function of tine
R vy agthRrogKy pEibsideviceslithprerhingitionrgovides efficient

SP @:hyaioﬁarorrbaﬁrﬂﬁle Whveldngthl tABIASH dSiced 8F Vlﬁq«ﬂes'emtlﬁve%ﬁbﬁ Ry be

es. and tar eci es. lary methods
used o ffa‘ftwa cFeitaBng 85 Pﬁ‘gﬂ‘t“?né?ﬁceph@ Fials dm the SRR probe fegigre In an
exerﬁ;ﬂﬁ@lﬂnﬁaoﬂﬁnedﬁﬁeﬁéﬁs nic&@dibg BléduhdiRdnld &Y thé fi®sent AfvBation are used
const i brium _constants_and thernodynam c

to 2hRFY ér°§1° P X s o RbosnhprsFosRt Tf%iﬁlt'ﬁé% b ghpmical

specied gt pape edghm, pattlcdlatlyCindGémid8l spRES REnd Hhte H3Fe reg10n These
nmet hods, and, devi ces accordi ng

.Sensi n I M
devigesnBay ﬁ%ﬁ‘t‘g‘ %fsef?%@ defgott cRSItioArb it .oa%caérc@mmua%w with such
fluophi caddrials owhidet ﬁf&dpﬁ%ﬂeaﬂd qERTARE Ethé Zﬂ]{lféﬁmw o use | iMduced
capapbl e oI C |ngt racti ve
ﬂ“°ﬁeﬁ%89?n3§tﬁmﬁté‘fe% VelFngth H@a@ B e ReshRceqying i embadimgs of the
presét amaﬂidm rﬁay Iitb{/ﬁde o b offderw&ﬁlg%ﬁ&fgy & GRS A a fR&INGSgion
t Ilmtgge bi ol ogi cal pol yners,

din t
to mg'ﬂﬁ?t‘fﬂ %%PEY Clﬁé‘ﬁ?s 3 maé‘i’riabonucel oti des,
gl ycopr ot ei ns, DNA RNA, polysaccharldes and lipids

an? aggr egat es %hereof advant age of the present
O PP eyF SESOT SR DR o BOUP b egeiBF Cefgiacive

1ndezp bes ﬁfd}be td’g‘llcﬁxl’ﬁoh@ﬂsing theaéps tdfay) Iﬁﬁsﬁh\/g Géht FRASA bbly&hromatic light
gﬁ? t.hod gglch do.no urre gre det ecti Qn
Sourgsh 2'p ‘%?‘1" éi B ERERUnE, gl Plgpagating Along ShsipifeRy, light
: propa:gaﬂbil yma,n@ﬁ) Wctﬁigbﬁitﬂﬁghtainkd/ adbhieal ads&ﬂblﬁjhﬁmﬁﬁéihg a dielectric
1 Hh%f g ertles f t he Iagﬁled ﬁ
ayet, 5&%}?@% te y§ %ctlas PREPGSHISEN P aTH! ﬁ&le%?ﬁfaw layer
and nhmgamgm sﬁﬁiph@ﬁ?erl ﬁaefdbﬁtgeﬁdﬁﬁﬂlgﬂfgﬁt/bﬁ agaaﬁg/ ai%h B rbMd¥Rd light
esol ution, %h sensi ti ﬁdg to a %ﬁ ﬁg and
PropyGaff aisy SYTING SEHBP oY oF bElectiy P agfnt to said
condﬁdftﬁ;.@_aﬁjrer :cﬁm@ﬂids Qhe PFad¢i 88 omedinoghs sn’@ Gaid @16he ﬁﬁo@hoﬁgélébtably
. icable to any neasurenpent .tec ue or
adluﬂgfﬁ’@%‘@%‘?@élg\wgﬁmr QURTES 1t WE Opieh B BAvGF L i source and a
_ detedaar tiv )cddrerihy salmxgml ®11941d deeabi, |th&éby%n§1ﬁ§th@&¥ﬂr&ﬁ$e Qldex of
r.esen ention provides effjcient

the Pé%?& €9 g (Rd fugingrpideclerabiy dige etwmswéh sspeciaip Famsmit

light Ghvihfe dﬁfrﬂﬁﬂd&ﬁ of MMRTEhEBE sd18Yed6 gertsRE sirfice labM6is 0 surface

XCita phot ol um nesgcent naterlals in the SPR
of Sa@rcaﬁélfl E‘B‘F’F in eontagh with saidiielrqricwla Iagst | devi ces

according to enbodi nents of the present |nvent|on are
USEF I W%enerate SPs capabl e of ex0|t|§§ fl uorescent
ﬁ'ﬁag?g Pels e RESEH AHEPLGTIEvigs ARETE gengraiing Bdmage of a
probd l‘@ldﬁr cfdﬂ@:rlﬁﬁgltﬁél stepabt: l(gtﬂa@ﬁhg/ light e ﬁ‘cﬁ&chﬂﬁﬁiCQ%ht source
These devices may i nclude

thr g tot robe rgg
oug §é’8‘8ﬂ6°fd r& ¥ BFneRaE ighRrapacatingalongan neideds dishtprpeagation

axis; W)t direStik@ baid light onto an optical assembly comprising a dielectric layer, a sample
dielectric Iayer and a conducting layer positioned between a dielectric layer and dielectric
sample layer, thereby generating light propagating along a reflected light propagation axis,

wherein a portion of said dielectric sample layer adjacent to said conducting layer comprises
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fluorescent materials, which is capable of quantifying
the intensity of SP induced fluorescence.
Al ternatively, wavel ength tunable SP devices according
to enbodi nents of the present invention nmay provide a
means of delivering energy to materials in a reaction
region to induce chem cal or physical changes in the
the pgberdgin; (iihp@siog sud dizhishoogh atsbectphle sdnttablnvendémgrh selector
posiHB&‘d'ngﬁi% J ti%hc}&ﬂgetgifeenss%]hsﬁ%ﬂ%s ¢ a'&ﬁfard?t%&' %f%vbhé?&% Qi light
_.a probe regioh conprising the steps of. ?l) aSS|n%
with saghretdtastherelpogepetatingrmid image gfisaid srobe weionhamdfgihadjusting said
rig e [ ; g
sclcBp AEGand LA PR 10 dahOi FROPRARL 10pRA0An o
wavglghgihy selgstcddnteeneaste optice alasmosenbh yurfasaf ssid kgndacting layer in
disel: i & nple dielectric layer and a
contcgﬁ%ﬁlg%alfdndéelféa@%ggmﬁ%ﬁa?‘?bned bet ween the dielectric
layer and the dielectric sanple layer, thereby
9eR L ablA0adh b Ve B{/ﬁ&@%ﬁﬁ& bARG AmBbl %?htggctlllng%h:than ¢ in
proopagat i on axi s, erein a ortron of said diel&ctric
- the refigpfivee indgre of gdjrakce rgionocosmirding ciba dteps iofig(i) ageeng light from a
lySRBRASBght SOG LAk b Q% thidel ' | |
P g SO PR, Bl bl (CARE A el P plone an
incidsgilight prapagatian exie (@%dlir@ang prad hghs enteesaroptied! dsseinglytcomprising a
dicl R £:§er2 snpl I ARLERY faybd Elofifld b Gk '
fe sal d ggf ec% o_rp, t‘Lerer%;/ agéenés{ﬂ)dng %Oﬁg&drug?rlg%{r&\?gﬂtllgn etﬁét%Fm “
dielachie lgyerbandr digleeric sample (loyerathereby izqperatiiedlighs | psertagdting along a

ARl AR GRS hlsael RS of it SORSL ol B st o
said gensetanedaxancpapdsep esameheg egion; 418 wafsingesaiddight éiraigh a selectably
adjuSPEYaldifga aY&lorl Hsiﬁ&‘[%gzﬁﬁhev& filul ?:Eﬂh%e%e%ll S5l fdfit source and a
sanple layer. In 21 I'r aspegt, e present i fvent i on
detegipio W heeain paidesdesthbbr adjeriehlatangength i selzgler df adjustpd dddransmit
o : o _ . : L oht
i BENGR RGOS ARG SL88RGAL sk RPRALAR L Sl o
a surfage g 3id gerrivieting lageriin gintach mithegidtdielectat emmplakyém G dacting
said |Hgﬂthtyitﬂrsgfeia&%dt&p the%sgenérhﬂiag gt' fe%ﬁ%n@%_e& nge llﬂegﬂltrement, (v)
onto an optical assenbl’y conprising a dielectric
deteqting e paid plighinpiite sadd edatestari dhérelpergenerating qdnigestt purey analytical
pPast t AN a.gi ctrj r . :
o ifis, POBL 4 SOpRELICShac JLELE baL AN a8 o s
measyresisatiatderngt widehgngs ip did reGacsigre inidgh pf ypidprabraterion. axi s,
- wherein a portion of said dielectric sanple |ayer
adj acent to said conducting |ayer conprises 18 the

probe regi oBRIEF DESGRIETIQY GRITHE DBAWINGSuUgh a
. . i . v .sel t . i 1i
Fie 19 SSLRALCApYEL LU 05, DL JALE
presegb ingentisn; haying)a sglecteblyiadigstebliedvavelghgth seleetor maitigned between the
r ati aif i mage of said probe
pOIY%%Iﬁgfﬁ?{gghW‘{?i Xé‘%%‘?’%‘éﬁ%ﬁb%a ectably adj ustabl e
wavel ength selector to transmt |ight having a
o Bllistrd ' : ot I t ‘ :
ie 48R e LSRRGS IR s o o
presephinveiondwevingjatshlestably adivethble twavelesgihyptlectdrapositioned between the

SPR optical assembly and the detector.
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In a fourth aspect, the present invention provides a
nmet hod of detecting a change in the refractive index
of a probe region conprising the steps of. (i) passing
light froma polychromatic |ight source through a

T WO 200m4@mt zer, thereby generating |ight propegaishisgoabang
an incident |ight propagation axis; (ii) directing
said light onto an optical assenbly conprising a

' Fi ig. 3 is disetlemeti¢ drawing ¥Rdwin@a Sid8plag vidhelfes Eﬁér&plé@)éﬁéct@l‘}d adustable

) $§ % %tln |.ayer positioned between a_ dielectric
wavelength Sepeiof fTar e pricakintepiewnteilisr. AsiBvsipipd dnRere 3.1tbe
optical itér@éncd HREIAS 8816dMblPoRAebIA absilta 'r%ﬁ&ﬁa:!lé Gftich E’J&&@g@ﬁﬂ L

axi s, wherein a portion of said dielectric sa
ﬂwfmnmﬁﬁyﬁia&m acent to said conducting |ayer conprises the

probe region; (iii) passing said |ight through a

sel ectably adjustable wavel ength sel ector positioned
Fig, 4 isianplohef eptei mVeIgmmasbaaﬁmemn afatild ahgle Fdr te/0 Utitederamdd filters

B T A L —

880 nm (bpephtiankomdi)ng a di stri butl on of wavel engths selected to
generate surface plasnons on a surface of said
- conducting layer in contact with said dielectric
Fig. 5 is §§H&b€a Y exérhMhry BPRE G o ﬁhg deﬁ@+ Baskd Qlli‘ihcvl@et% chbnf] SPR
det ect or thereby generatin east one reference
configurafigmsur enent, (v) detecting said |ight with said
det ect or, thereby generating at | east one analytica
nmeasur ement and (vi) conparing said reference
Fig 6 is aeasetionentve mmo&amtdxgemqmetﬂ SPR imapes St rpplERiticndegerideat

act| i ndex of said probe
mmsf"é‘g"%&ﬁm%%}‘ ﬂég’cﬂ%ai"gﬁff tFHE DRAW NGS Fi S lis a

schematic draw ng showing a side plan view of a SPR
device of the present invention having a
Fig. 7 is g c¥pee |rgspaRse pd A sxenRiEy SPBimaging deves fr changps ingnagle
refractiveifideyeen the polychromatic light source and the SPR
optical assenbly. Fig. 2 is a schematic draw ng
showi ng a side plan view of a SPR i magi ng devi ce of

. P e ion _hav el cta adj ust.abl. e
Fig. 8 snblf qeRdrRRA b R0 DDA FmB o
hu&xﬂmmpﬂh&ab&aﬁseﬂﬂbymamﬁmthe det ect or. 19 WO 2004/ 040717

PCT/ US2003/ 034265 Fig. 3 is a schematic draw ng
showi ng a side plan view of an exenplary selectably
Fig. 9 shé¥d 4S&88 108 noﬂﬁ@iﬁ@édeiﬁgt%& %u%%@&lﬁtﬁﬂ@ ‘hhﬁh':@ e%?%ﬁ@ﬁs
interference filter. lustrated in
refractive dgrlexesmeased by m@nmelam sen@:c of the prgsent ummpnr ot atabl e
about a rotation axis which is orthogonal to the
pl ane of incidence. 5 Fig. 4 is a plot of center
Fig. 10 shmwsed ping@ﬂthasxmnfnlﬂﬂa]t tegponsd oft dnl dxemplylyeSPR keristhO As shown,

the response 0]‘.’3 ﬁ]g %{rs?e?r?les hfné:a!r or cﬁanges in refractive indices less than 3X107,

Fig. 11 shows the signal-to-noise ratio as a function of number of pixels averaged for both
uncorrected (A, bottom plot) and corrected (B, top plof) SPR data.

Fig 12 shows a series of images taken of a thiol and water pafterns with an optical

 interference filter positioned a several different tilt angles. Figure 12 A corresponds to a

center wavelength of 857 nm, Figure 12 B corresponds to a center wavelength of 852 nm,
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havi ng center wavel engths at normal incidence of about
850 urn (filled dianonds) and about 880 ran (open
di anonds). 10 Fig. 5 is a photograph of an exenplary
SPR i magi ng devi ce based on the Kretschmann SPR
- WO 20068M8F17gur ation. Fig 6 is a correcti on cuPCEURIN3/034265
correcting acquired SPR i nages for pol arization
) dependent transmission of |ight through an optical
Figure 13 Qtoerrewordide of ¢eptee wavdlengtt gf 845 s, Fipee d202 corckponds to a

f PRI I ng. devi ¢ce for
center wal SR S b D R L Lo el TR AR ettt e
opti mal center inmaging wavel ength as a function of
. ch in.refr ive 20 i.pdex, froma base refractive
Figs. 134 HALHET st O ‘EOEP”@H}:S %@agﬂ%lw fealine e gf FRPFPmgfely
100 pum (FIZBEEs 16 sidd)Ghe %r&ﬁhﬂ&lﬁlﬁ,ﬁ A%b NBBALHIRARGR) Sdnerld
refractive indexes neasured by an exenplary sensor "o
exemplary RER peneseffhe piegeahinvention25 Fig. 10 shows a plot of the
experinmental response of an exenplary SPR sensor. As

shown, the response of the systemis |inear for
Figs. 14AchRshes ithages génesated wonithidsaptibie sBprotemnbodifit G3runalBumih 1

s L35 5 B P 5 o bl S
with a batl@kdudtopvate}. FREUreMIB §oke Gn (Bagd EhPsRle) reSOR of #Hedeachf

42 shows _a series of inages taken of a thiol and
r

F
with a 2 g (1 SRR RS Adeoshats Dt saling (5o Fiee 146G Hhogts an
image of 1A $drhd RRIBH wAth 3 DU Rdunfl iof (et ier Pﬁ;h%m@&%ﬁ@go}]@h WY Eactr
A ngth o nm

corr esponds _t 0 a center wavel e
to removejaunrbouml profeinr eSiguedbil shews e ndiffereaviglage gesultiog 868

. . MQ. 2004/ 040717 PCTLUS2003/ 034265 Figure 12 C
Submcno{é@?‘rme%psolﬁgl %%Q%Igdn%é‘fx e%g(\é/'el ength of 845 nm Figure

12 D corresponds to a center wavel ength of 830 nm and

- PEEA TR AR oo F R b B Dal or e

with mninmumfeature sizes of approximately 5 100 m
Fi.g. 13A, left side) and approximately 50 pm (Fig.
Refegpng {0 the drasiings) likpapimesaleindisgte dike closaentp pugd the smre swnbar

appearinggfl doBEhRY win%‘f@f@ 110 Phe skind %ICP%#&? giﬂﬁﬁ%:g WerloIRBGS the

ener ated upon tHRe adsorption o vine setum
following defmitions applBSA) onto a gol d surface. The inmage in

Fi gure 14A shows a small region of the reactor 10

with a background of water. Figure 14B shows an i mage

“Chemicabkpdcite” 3¢foe geaetbldy) and bidadly’ ®Ag teBllection of one or more atoms,

melecules and/or macromolecules whether neutral or ionized. In particular, reference to

chemical species in the present invention includes but is not limited to biopolymers.
Chemical species in a liquid sample may be present in a variety of forms including acidic,
basic, molecular, ionic, complexed and solvafed forms. Chemical species also includes non-

covalently bound aggregates of molecules. Chemical species includes biological molecules,

ie. molecules from biological sources, including biological polymers, any or all of which

may be in the forms listed above or present as aggregates of two or more molecules.
“Distribution of fransmitted wavelengths” refers o a two-dimensional distribution of the

intensities of light of different wavelengths fransmitted by a wavelength selector, such as an
optical interference filter, monochromator or spectrometer. A distribution of transmitted
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with a 2 ng m-' solution of BSA in phosphate buffered
saline (PBS). Figure 14C shows an image of the sane
region with a background of water after punping water
t hrough the reactor to renove all unbound protein.
wo 20dzio@iHe 14D shows a difference i mage resgbiiBsodd: @5
subtraction of images in Figure 14A and Figure 14C 15
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to the
wavelengihis2nhy 86 chérhdf@zﬁ&l ifetths$ of Sikted MQelbihdte RhAPRM HdaRdndihe

ame nunber ppearing in nore than one drawing refers

profile of anspitied HAvelenEe e (¢ proskal IPRIon, erdistmitation pf transmitiedlo
wavelengiR! drQihi Gersledd W) 4 gﬁf&mqpe&t& ﬁhsyfms bmBRGHL ST the igh®

genera and br to a co ec¢tion of one or
propertiegtof e lightosouengl ad e dﬁbmhiﬁ@dmmbleomengthaeleemr In an

cxenpia el O Ehon & AR bl GRb PE Rl Ban o
SPR optiic'rﬂ assﬂnblly mdmddasnteblb@moﬂqtmrslas %&uﬁﬁ@iﬁaﬂ;ﬁ IGa82R6 | if@ndify
u e present in ety of forns
profile af eanfh ey SRR e bpineto The Mgt of il thviss s eskes
intensity.a WinveRh¥ tBEhbIOSPIS serfchte Bh # Géﬁ&s %lf%ﬁze 1::@%# iR ention
non- coval ently bound aggregate | ecu

provide expigation éqghw@éqré@eﬁ% lightelaving aﬁgfrcéeély aftiuseablel distributioneof

from bi ol ogi cal sources, including
trans t%?&f& @ﬁ% . .
i I ol ogi €al polyners, any or all of which may be in
the fornms |isted above or present as aggregates of two

center gl P B BRnic U Ry gt vaReRadL ey

In some @ibotiingents, &ms#aﬁiblexigﬂﬁfefdrs @ithe pfidpdidt Wav@aigthR\welianBides
smtte @}@ﬁ% th selector, such as an
r f

of 1ramsng15%ﬂI gvgyeifz nts ng‘ﬁo‘@ﬁ% iseugncy, refers to the

. I' t
L ey

embodimeig r epites rvavelgngth refernty 8f averazerwavsleagtbnigt & dlsmmﬁm dtth

 transmitWhvERhENS | 1k coRlbdvefinflh HRIANS Bl S ANEL FRMdE D

e pre ent I nvention 1'on 0 rans

dzsh'lbutmmwfl eagtigedofwavelgigth detvengt deb yrgest dinteasityorfoi swavelength

det er.mi ped by the conbi.nation the optica
distributiqns EP%E@@“@gof W&ZEHPH {¥BOIhd the sel ectably

adj ust abl e wavel ength selector. In an 5 exenpl ary
“ enbodi pent, the distribution of transmtted
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radiation %%S@:ﬁhhéﬂn?rtﬁ 8dyi e o Ghaekidly a@f‘et 6f ggﬁe i‘% élecéroma efic

subs tial Gaussian. Inte SI ty

- radiation. WBre&ireed dight soroce iptbe diesayt invention anavaphble of gerefating gght
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In an exemplary embodiment useful for avoiding optical interference affects in SPR. imaging
and sensing applications, a light source of the present invention generates incoherent light,
Light sources useable in the methods and devices of the present invention include halogen
lamps, light emitting diodes, fluorescent lamps, tungsten-filament lamps, grey body light
sources and black body light sources.

“Bandwidth” refers to a characteristic of a distribution of transmitted wavelengths of light.
Bandwidth may be defined in terms of the full width at half maximum of an intensity profile
of a distribution of transmitted wavelengths, which refexs to the full width at an transmittance
equal fo one half of the maximum fransmittance. In exemplary embodiments of the present
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provi de excitation |ight and/or detected |ight having
a selectably adjustable distribution of 10
transmtted wavel engths. "Center wavel ength” is a
characteristic of a distribution of transmtted
wo z0008aei7engt hs of light. In sone enbodi mepggusfiisies

wavel ength refers to the m dpoint wavel ength in a
distribution of transmtted wavel engths. In other

inventionCUAROWIIRST B tectel EighE bRfmafilyRRUSARYI bR IR tFanbMisdifEprbPerties
transm tted wavel ength in a distribution of wavel ength

of a Seleﬁ@Yn@delq Freyelenet selecian shch py, opliqeb interfsrensa ftent sThe

transmissaib%gi,tuﬁﬂs WRMELSEY Relb@ItRy 9dihQatid %va@é’l&fgﬂg gelﬁfgéfﬂﬁiggt edeflt

. o adistribution of transmtted wavel'engt enter
inventiongeg/sslested oMertiheiange ofjabens lmas poabdut 1100 niread wearepreferebly 1 to
' ' ' ' el endt h,havi ng .t.he

sbout 207 8 Shihd BbleK.. 158 B8 MR I Y P Y OvaE gy
distributidza uf sheemited Wwaovebmmpihs icharadtafizd hyt y lppobiddeddiR @ 10 gh) is

il in SOUr € "odr ef gslrfs to any devjce or naterial capable of
USeItl I e e R EOAGIO-QOLGiTal% on or a plurality

‘ of devices or nmaterials capable of generating
« el ectromagnetic radiation. Preferred |ight sources in
Conductingdaysra ieders 19 #layat somprising aceppdmite mfteripbrriiphes dgetal.gnta

o oo | i : ‘. s j
snicondifo G SRS AGROR o oy S RIS
are used ex eensingrsyrieced dulithreepresent afvattiohor Prafeaked icomyluctig lapdrs in the

- interfer ff L .SPR I magi ng and sensing
present m&’%&&}“ﬁ-‘é‘g [ ogg,segms %lﬁtorg%vgf ggerﬁ)’f the present invention
generates incoherent light. Light sources useable in

e the nmetho nd devj ces. of the present invention
Dictectrl FEpiadeyma, B § Q&?E@Cﬁwmpé fivmedlipigost e surlace of 2
conductinly! 18 BEARE bubRBPRsmbi WseeR - Didl@R aniphi Rers eg gﬁé ey

. . light sources and bl ack body |ight sources.
mvenhon'ﬂggwrabmrew éloge toothy senvingamurieed ef 4 eongpcting layer. Probe

regons b gt in A, SRR Tt MENRL T Rl bt Elbnerting

layer having|sfirfaxsyilasmono fhemenn (ansenriag syrfageplidving a ddpttathat is defined by

oA B T BB B S
imaging ld@vibesolof tthe prasenMinvdntian Satt t Eapisle . of Re@iRMh@MiMring and

- enmbodi nent s of the present 22 WD 2004/040717
characteriping c fepesiasiive indo At ¢ piebeEReRi idlechic gaplsdaxsgs and

probe re%h&mm' SHPTdpBRfiblaY QRARED BP oY cEME ahd/BN IS $4aBdrs for
roperties "of a selectably adjustable wavel engt
introductige | of cineterial sigc the adiclogitic camplentagerf endiorcprobé region. Thethese

. transm.ssi nds_ of. ex | AL | ect abl v, adj ust.abl.e
embocim{gh FIELB e A i TR Ak DN Gty AT R
compositieg lof Qlﬁfediehkﬂﬁ? stuhgllerlaﬁg endftheaprobé réionn Allerdftively, dfdfechiv

re prefera

_ and 1to . L
sample layers and probe regions ma%/ be operational connected 1o static cells and/or static

reactors.

“Selectably adjustable wavelength selector” refers to a device, device component or
combination of optical components capable of selecting the distribution of wavelengths of
light which are transmitted through the wavelength selector. “Selectably adjustable

wavelength selector” also refers to a device, device component or combination of optical .

'components capable of selecting the distribution of wavelengths of light which are

substantially prevented from transmitting through the wavelength selector. Selectably
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5 about 20 nmin sonme enbodi ments. Use of wavel ength

sel ectors capable of providing a distribution of

transmtted wavel engths characterized by a | arge

bandwi dth. (> 10 nm is useful in some enbodi nent s
wo 200lt@J07i7NCr easi ng si gnal -t o-noi se rati o. (ﬂ%ﬁi/&gzas

| ayer” refers to a |layer conprising a conductor

material, such as a netal, or a 10 sem conductor

adJustablma%lbﬁ’éth sﬁ@&&‘é%ﬂ g ﬂr@s\éﬁtr ﬁwéﬂ%ﬁ%& w&r&%%ﬁ@&m of

surface plasnons and © are used ensi ng Surtaces
transmittedh wayniengthat chiarplerizddohy aPrates rwzexdlengh,d batdividih |aag en'snmy

R SRR EN e T

include, tiit eteamt hmniecl ayepnqabmtarfemneadﬁam 0ok, Edbr;I-P@otSdﬂﬂ&%Q gbaf

15 . co n a havj surface | asnons
optc ineFiePitc g BT ppE Sigshctelyaba- 160 preshpnion,
spectromdeta’s! efthtin@d ahdI6d prekehsPEIROEY z{:@gﬂoﬁiﬁﬁaﬁ&ﬁstﬁ‘eréd? tER6m§ 1%1;35(% g

g%ce of a conducting |ayer. Probe regions
mterfereﬂﬁ? filtcrs of the pispant Bxyertismgrg aspable ofseleptably @quamtthet dsttibugion
of transmHé 858 %yqeﬁ%ﬂuo '@5 &@Wﬁbﬂ é&s&-@e{? r@hgﬁlﬂﬁﬁs
t hereon (a sénsing surface) having a
an inciderndof reflectedieamt dxis. decay | ength of the sur f ace pl asnons
into the dielectric sanple layer. SPR sensors and 20
i mgi ng devices of the present invention are capable
“Surface p]fasx:&mnmscrtgncmnsdr’o ot SPRBshsort ¢ Al Shohlymguddy and fsFerl (0
d he refractive |nd% of a_probe region. Dielectric
any devict J dfoq CRROLS SEpabj BRI BEFS dstority O SbBRRAEANEAIREES

in the reffIHREGA®RE ¢f0a flréB¥ feBloh SusBRALQY tatfdnoéff LiAEd ?I I)l%r In an
introduction of material to the dielectricC sanple
exemplary gpleaditaenty BR jenessedatecy Plhangesin thehe&@tlvemﬁ@dofrmpmbe reglon
[ C e f
o R 8 bkl LG b358, bl LOUEF e
ExemplarliSEResens0i:sceoggmind EPRagnegm@dﬂmteh mhmh@b@cap&l@le ©fi generating an

mage of B S O B S SREL S S B B

region. ANethsiiveB{ SPRCsens@REAhS prosSiR| iBednB Yetdts SheCplasmons
vejen th selector" refers to a device, device
capable O%Ia Bhetolymineseent matSTIMA PIWPISE PropImA0 0Be AHBAE AL aces
Ofamndtgﬁﬂ@gy& of selecting the distribution of wavel engths
i ght V\/nl ch are transmtted through the wavel ength
selector " Sel ectably adjustable wavel engt h sel ector™

B T RS e —

of couplirpetadizatii agrgyhintc mwtace plidsinois. Ofn mﬂi\éﬁdr@‘!ﬂ'if fegnbaftinleng it SPR

substantjally prevented fromtransmttin

. whi,ch
optical aS%q’ﬂ'bib aﬁ {*ieer@e%ﬁ}awr'mfl [FORBTISSs tAggicl eeer Layera 31 djeleciric yymple

layer and g&ﬂﬁétQ@QZﬂJ afthnie WP AROBLBHRER o odRY 5 kN1

sel ectors of the present I nven on may transmt a
configuratins tAlfesptivels, TR opticghassemblise mex\cemprisst WavegtidesaGberaptied

devices oxgﬂfﬁ%c&%%ng@agﬁk%g%a'f assgrgﬁgevsyi oﬂﬂé p%erégntiirrf&eg@gt{ }qu include

a number of optical components including, but not limited to, prisms, thin gold films, thin

~ silver films, thin semiconductor films, flow reactors, static reactors, microfluidic devices,

fluid channels, optical alignment systems, totational stages or any combination, of these‘_ '

components.

“Tilt angle” is a characteristic of rotational position. In exemplary embodiments, tilt angle

‘refers to rotational orientations of an optical interference filter relative to normal incidence -
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profile. Exenplary selectably adjustable wavel ength
sel ectors of the present invention include, but are
not limted, to, optical interference filters,
etal ons, Fabry-Perot etalons, fiber 5 optic

wo 2004040e1f eronetric filters, fiber optic dewcgRSeodhiRs
Fabry-Perot filters, nonochromators, spectroneters,
gratings and/or prisns, slits or any conbinations

with respeietedie irdcxRAplightypropighiat axik Nrefefiefan ﬁghtf pro @aﬁoﬁ) faxis.
resent invention _are capable of selecta

h
Specﬁcaﬁzﬁje PRely 'eie @i e arelt Giatigh of g svriece Of w@aéqdewg:tcnls
componefy sﬁcﬂtaﬁtdn%u@:ﬁ%rf&eﬁc@tfﬁ{ei 0Rahe é(f réMH ho HeSinQRLE @i%gfj

orthogonal an incident or re ecte beam axi s.
pwpagatmxgmma@e rpﬂ%qﬂlo Hehte ponzgation swsiss oFxewplatySERfacen 3 Sptivale
rmusl and refer to devj

mterfercncg %gce rese 1 ven owﬁy 58 P{l%eda agé{lteacgtg‘ S Fangt c%reom 8‘?1:0

onen apa
about soogﬁlaf@ﬁéfefab@im @h@@g@ﬁ 354 n the refractive i ndex of a
probe region using excitation of surface plasnons. In
an exenpl ary enbodi nent, SPR sensors detect changes
In fhel hﬁlo(vﬁfg{ ﬁ@stch fon, '}Qnﬁféro% %eﬁfiﬁ BRI %foﬁ,fsléev'ié%gah&ﬁce
pr oxi mat e enS|ng surface having surtace plrasnons
componeits grd ingthodst df éheaument ifwemtip ave wet3B¥th ins:rréurts prooite ki the iR

. devi ces ch are c ratln n
oxplanaton BOE BrebiR G S e BB IR aPRerto b apad fgee of
skill in thé g iﬂme&e afvenitun can bppatiided withbut tieee speeilie detai®gi on.

Alternatively, SPR sensors of the present invention
generate surface plasnons capable of exciting
TR R HHSHIpRR A8 HetH¥RS %Eh@és%n@ aSVidel RRpEndRE M&%&M@&e
] or more surfaces 20 of a conducting layer.
in the refigpfivedadexpnd spopysitionef @rpgolledeamypl@mtmfata nsies susiaes- cl
pMcularCWé?lﬁﬁlt Sind §¢R %Iﬁing%ﬁgés and ‘ilfna <3 %l/lc&gafré ?H)krﬁﬂﬁ which
energy - Into surface asnon
are capab@‘rtnﬁ)dbtemng ,SPR @Eﬁtiomudmhemm Irqsomfncd& hm'vplr & seatnstant
i.nvention rses a dielectric | di el ectric
angle of Jasiotge.) cFichy the brotéat, iyeRtony PIOYYEY BthOHTGET Fovises of
generatindS PR SE4HFR6a £16bd @gion GO AklbdHic RierOt t 0 opti cal
configuration. Alternatively, SPR optical assenblies
may conprise wavegui des, fiber optic devices or

Fifhieh f1r RELH R0 BlbRIS 2 s@?ﬁiag Ridvf ef a ging%e@foe P e

present i nvention may I nc a nu ptlcal
present inyowivoriuing 4 seddctablynejustable waneldngth aebdtot @osittoried rbstweehian

f t hi d
polychrorfiicdight sofe abdlh Rpr bl hasthtily Tk ey P SERIBAGN S fevice
100 compﬁeammbychﬁﬂlaﬁb Ujlet sodrea1nd is optival d:dmhurﬁd:atlfgﬂ ?ﬁﬂtpoliﬁzdrﬂﬂﬂ,,
nation; .o

optical int oﬁ%tsﬁl.’?o 146 %% So&{q@a%gen; ng%wrtget@pp@gqn@ cf;:pector 155.
As showrf af Fighféniil exelaty 8PR ik AERLATHO %mggﬂjnﬁﬁm ySincluéid hght

? refers'to rotational orientati an op ti cal
collmahqn emgng @6 cemprigingslenses 1485 japd pinohake A Wa posditiened énntwen Bight

source 110 and polarizer 130. Further, SPR imaging device may optional comprise collecting

and imaging optical element 158 positioned between optical assembly 150 and detector 155.

Incident light 160 from optical source 110 is collimated by collimation element 170

and propagates along incident light propagation axis 180. Incident light 160 is passed

through polarizer 130 positioned to intersect light propagation axis 180, which is capable of
selecting the polarization state of incident light 160. Polarizer 130 is preferably capable of
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WO 2004/ 040717 PCT/ US2003/ 034265 w th respect to the
i ncident |ight propagation axis or reflected |ight
propagation axis. Specifically, tilt angle refers to
t he angul ar devi ation of the surface of a rotated
WO 20@pad7eal conponent, such as an optical ipgtrarsbms/esacs
filter, as neasured relative to the incident |ight
propagation axis or reflected |ight propagation axis.
selected Fbstaytiadlyyp-salarizad ess-pdlarived briedtatfoni nf @citiar ¢ighte 60 iahd 816 of
. of t.he present inventi.on. may. be oriented at til
rapidiy sitaiis bES el Biapisrieaion ai ypo Bgea b pRoTRtoRLr ABplged
distributibfi offtrkndittedatetlengs dffpolabieed iakidewilight 10 $assbdthicdPh optical
. NUNEr o speci fic details of the devices, device
mteffel‘e%caﬁt?ﬁ 9. Ve is pasiioned tor inferrectolight grmpagation s d80arla the
embodin®aH illfieakdd ih Figfﬁfedl? bptical ifeféieAS: Mt 1 falé%gctl trotatable about

pl anati on of the precise nature of t ention. [t

ex
a rotationgl pxis pdiichip aviead orthoganakio the mncidhgdightpropagitionl axisni 80Hdue
. i4N [ . b racti ced w thout these
o o pebint i VSR 30%: SRR Gl B 156
shown buleiw iociested sabhdibati it eomnangun 0 ktespling ofsthe diangng).h Av@ediffeient:
. he refractive index and itiop of .a_probe region
m‘aﬁ‘mﬁfp POHFHIPE o PPijodl dHE ﬂﬁn@ﬁl?%pﬁ #f, shqen phFEeEy I?arﬁ‘ this
embodiménty eleengelintt HaaileiSR SaRmitd 158y hlﬁf $e %&tﬂb[ﬁﬁﬂ?&sted by
cting

devi ces, are provi ded which are capabl e of dete

rotation efpppticaingierfpspce Bl 14ndr atnreigrabembedimericentictlripterfersncey

e AROEAG n SR Bl 16} 46055 PR 1 1S SUEBERY

_invention provides
face witlsPRpe¢atdgdke dfcideniplight @ropegition axis may dwepleleciivelyt eaded] ¢hus,

. r.1.20. Fi_gur schenmat i cal ] lustrates si.de
varying 53 A5velcid b Yo e R RREY T b iy ThERES 4 Fpftonat
position bHugiidal dmerfearica dilter 5!? detadihas ’&éjv\ﬁbﬁi’él lﬁ@éﬂ? cﬁmlﬁ&lm %f hight

... Selector positiqne etween a ychromatic |ight
which is G545 QEFaLisiomp 1 0 PSSR BT S oS a1y SPR
i magi ng device 100 conprises a polychromatic |ight
source 110 in optical conmunication with polarizer

Lighphaving pelepted; wavslength 288 ds dirgotedronio8PR spivabpssemgblly 150,
which coé‘lﬁﬁ?ém. ﬁﬁsésﬁﬁaﬁ]ﬁ:ﬁ (Y&dlgétﬂg 1 ;?P%%ipzaﬁicﬂi 8ele0fi é@?pclg ?a?&@ffm

own i'n Fi'gure exenp I magi ng

- arranged frethe Epetschnmhh ypticakdonfigurhtioghtA. prefirled thit caruetingimyet 2207 6F

o presof SPRRUFH 17 0 St Bl B B e B S50 rpl P o
about 60SHR | AR giefired EHiélE@ridT8¥MSIO tlhyen A30COMPiSCa g@éﬂeeféfgioﬁgm

. and imaging optical elenment 158 positioned between
operationglhy pqupled 4q aseagioy on s, sueh ag adlowk esll, ataie celloflow eelijrenetor or

static cell feBbr, L8036l 'Hltﬂﬁ%iﬁ%‘lng&ﬁ'&lr %‘tﬁ) é‘él%bé Sectdl 270 R5:EMaRMo the
collrmation el enment 17 and propagat’es al ong 1 nci dent
surface of thigheongwasipg dpeyei 229. dunsindiB®. of KirecS RReoptichli agdemblyGlH0i a8 angles

.. S . thr h_pol arizer 130 Si,t | to intersect
o nciaeASRESapd L SHARRME e FRe RS bR, b A58
reflected dight @idpaghtioh eaxfixo R ithatis AateSicatlsy Gfo-tiarhdent defealot 155.

16Q.. Pol ari zer 130_.is preferabl capabl e of 25
Optionally Bght o apical assombly 150 ey e collesion by eotios] collection and

focusing element 158 prior to detection fo enhance detection sensitivity and resolution.

At least a portion of light having wavelengths that satisfy the SPR resonance
condition is not reflected by optical assembly 150. Rather, this radiant energy is converied
into SPs on sensing surface 260, which comprises the surface of conducting layer 220 in

contact with dielectric sample layer 230. The resonance condition controlling conversion of
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WO 2004/ 040717 PCT/ US2003/ 034265 sel ected
substantially p-polarized or s-polarized orientations
of incident |light 160 and also of rapidly swtching
bet ween sel ected p-pol arization and s-pol ari zation

wO 200904087t ati ons. A selected distribution gfriRansi¥yieted
wavel engt hs of polarized incident |ight 160 passes

through optical interference filter 140, which is
radiant eR9Sy ol AR §1Suions %rs‘ﬁ%ﬁ ly |db§gﬁﬁelﬂ’ bf Mﬁh&ﬁe "i'x)ﬂe§ 01’ §%roﬂen

the 5 enbodinment illustrated in Figure 1
region Ziﬂnrre?ﬂﬁl@ieewc@e fSF‘flStl?@r su{fm: 269 sae@@tmmfyhghotr@ﬂea@d é:yamal

assemb1ya15%%%te9t]%f"1 55 pr %ﬁﬁé 6P chiaRl A1 @ﬁ h(gﬁa{?e‘fé%fgga% ofifent 3f e

i'nci dent pagatl on axis
convertedp‘@x&ﬁ};?emd the emntFQfg;bls grdeesst has sldvat mo]h@reeixlpﬁfﬁ'fed optical -

nterference filter shown but is
seomerri e SR bR o eif i Lo S el v P o oo
angle of dmﬂiana@géelecfédﬂo @eﬁeﬁa‘w Gﬂldl mtﬁaﬂbliidgeﬁﬁh oF rhth@ﬁfci%l'éhtglﬁb‘émoﬁpoil
nc er are.shown in Figure 1.
flumina “Pﬁ ﬁﬁ%Sf‘i Sﬁ%ﬁl Jﬁﬁepw%mﬁr&% dosineludess %ewe ;
embodimét9 R beint 186 ahglg b 11:!6Wn&els sekasiR Qéjﬁstﬁﬁé u’i‘fu%g embodlments

rotati on of optical interference [ter
correspond te BRR sengorg aging devienstthat ate bothtangle enéwc‘eelength tuaerblel40
is nmounted on a rotation stage (not shown . in Figure 1)
so that the angle of the filter face with respect to
Figure 2i shcwsjanexdmp@my SPRamagjag devicecdi0chaniy ahalteahivet dpticaly

contiguralfll FEWiL PRy ooHBEFHRe e BIEROPE: Dol 40ck dorgms ts

intersect fefledtéd Hight Aiptiedd tprdpagationt&ist Z50e NSithithd 1ot @E opAdhl @Sﬁﬁ’ﬁdﬂtﬁ)ﬁs
e maveleggth dlstrlbutlon of light whichis

ShOWHm@%gP'@clv &priqa Telseh %Wvblfwataws albayh 8 eefatéanel gxis. In
exemplar§ SPRCﬂrﬁng Yde9RE 866, Uptidal Jin {Jf o leo s §9F&§}1§ q%t%’ﬁable

wavel ength 200 is ‘directed onto optlca

about a rojapnal axjs that is ongptddsmthogonpl fosthe fflectedhlight |pmpzag:atnbucam,sm§0
e o 0k i A0 2 L RASLE i SBIBAS) hMRlr P s e

shown blprlefcmened dublh rthat dhdomes gt bAyey pRAO offthé Rieavdhgsemh this

. _invention are.qald. or silver e avi ng t hi ckness
embodimgpf 167 e Wlongl GBS et BT g e eieCallp et n b
rotation dfl Qitﬁ@lt it fo5cha® | ftet AMEI D3R CAIRELEASI BdribhtBRR bEYpabal

operatl onal Iy coupled to a reactor or cell, Such

mterfefeﬁ%s ﬁéfeir 1l ig eshpwn g Jfigwrecy| | In ap oagemsplaty ﬁ@h@dlmpnto roptical

111tcrferen¢°et ﬁl’(&)ér g‘“};ﬁ '(1)3% élﬁfrég glltz g %o%%&@a?k §10‘P El%og&lﬂtlﬁ ?fqu% @% i r 'aﬁéle

of the ﬁltqr fice vuﬂmehp@ctt itonte kefleated Hgﬁ prdlzlagajmn gk lmagr be fselédﬁﬁel@%ed

tycal at a S ce resulti
thus, vary Y oh Ry SR 3 Mt o Rl B 55 il S Ghsgptation
position q@r@nag dhieffgre@eOfiler A40 ' RidraRkke @:el WwillenBh CRAEBticAN LK
that is detected by two-di nensional detector 15

detected b eF“ﬁWé ILF3:, Asishomm fry E!&P@p% iSPR| imags deyige 38pmax poiienally
include cufdfk FRG 308! pOYHRRE b&GRkerCRIN Cl'il] ahdlo Jcﬁl%scéllrﬁgy PETR%

pri or to det ecti on o en ance d

_ exemplarysmdtmmt eytof fidier H2dk at700 nm 180 Pdss ﬁﬁmd@r pdﬂem om shbrt
‘pass ﬁlterr esotrlllan%\léclesn %he mye?llsi%ngg thtthg%fngsxgz{vleﬁng{thst Pess an 700 nm to

minimize heating of optical assembly 150 by incident light.

To generate a SPR image, polarizer 130 is adjusted to trausmit p-polarized light and
optical interference filter 140 is adjusted to fransmit light having a distribution of
wavelengths satisfying the SP resonance condition for a particular probe region composition
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condition is not reflected by optical assenbly 150.
Rat her, this radiant energy is converted into SPs on
sensing surface 260, which conprises the surface of
conducting layer 220 in contact with dielectric
wo 200388012 | ayer 230. The resonance conditi @argRshEHddsNd
conversion of 26 WD 2004/ 040717 PCT/ US2003/ 034265
radi ant energy to surface plasnons is strongly
and refracibpaiiieN DetBtot NS5 dédtritdht MfledtEHBIm Bhticd] ARS8y 156 Ih b
. 270, proxiate to the sensing surface 260, Degectlon 3?
generating iagfi"f?t tardimegsiogabdistgpution of r&k@@@ Hightyintemsities sorespending to
- i itS I ; racterizing: whi &b - I
prpolarizD Rl 18 30RE SRR Sl R EHANR @G0T
polaﬂzedd@é eyidepng SPRowwnge rof Megpmobke tegiopr &fserafedconptinatiah of light
' rs_and. i mgi. devi ces .of the
source and SAFBIEAT S ionTisbind SRR, SREH yHF VB Elp B ongs e
normalizationh ef thedntsuge perodrized ofladted hijte imalsiteeid edtd ©raRilateha

. . lncident bea n..illumpation of the SPR optical
image in legiis e&ﬂﬂ%‘ﬁﬂ%%“?ﬁ%&ﬂ confirbh Fegicd tpnfes Gogregponding to p-
polarized iphe ¥t perceieflédivnics puMEE 130t ARSI o Ahndnif k36854
. is selectably adjustable. These enbodiments
light and &, pecaad, Brrdintensipmel disidbyition 6 aefleniadilisht indanisities ix meneratade
corresporkiRi ol BdifkiZA HighRY CAS .@%&é bRk b rchfbnnOtéhls Br JRUR
an exenplary SPR i nagi ng devic 0 fravi ng an
reflectivitylig genpratechhy tdgng thelraticcafipkpajarized intansityl to stpilsizepinitansity at
. j guration, optical interference filter 140 is
awhpum%@%{ogbned to intersect reflected |light optica
propagation axis 250. Simlar to the optica
configuration shown in Figure 1, optical interference

filter.is | ectably rotatable about a rotatiqpal
At oo to@fort G1el o i Griig aab praiosen s ot the
interferentd fitterf bycome gighifiche Spifidaly, B¢ afdmdity ¥ habMitd] Spolakaidt
tional axis that is oriented orthogonal to the

) a rot to, :

light decriages g hecpepeE eV gehifieskio gharter waslongtitas ¢ampared to the
vani B FORF YENOhFUSNESpfy FDR1 G FUEOREa RS e e
rotation apgles rmoawpalizgd Hmagestmist incdudesa oertectidn facter ghathés effect.hdlhe

. d ' ) .t hi ' L. th I th .
comsuio 88 kol o020 T gl Sl BE) B e
intensitiesoaf] mpdlafte&ym& 8-polatiaddi ltghlt pdssaipiy the Iﬁltérrihfehé afsemlfbffsmlfi@r

140. .On one.rotati.onal ori ation of optjca
plasmon géapizfion, Jh8 de4q (piEpsitpelerhipeIsHy maglAged) TRl can be
used to cowbiol BElN-RRBANR Mt nRRHiGERN effelt) 6f the 1RAESadck lFisF A0

is mounted on a rotation stage (not shown in Figure 2)
example, eash measurederogpieectiaity valee mpy becdivifledchy the ratiorof hsauntensity

_ i _ '. i o i
of pp Olals.%%e 21?{1 Hv gf;tﬁes é#tk%g% &{ %@gﬁﬁ%ég r g?ﬁg&(’?xﬁ %@ I tg ng h gen(gffr
wavelengthi ghtthet lratsaitted gt dibtibptiti ao fdoktar for Thskarbhtiore depdadent

. Jotational 25 si.tion of. opt.jcal .interference filte
tansmissipf G T s R Bt e Rty el Pl Gy SrRolEsd)

- correctiondRétGGE @ftadivedi O ditldpént i:ﬁ@irﬁg{lf?@!@s bk #k Ak §s # by Bird

i magi ng devi ce 300 may optiona }{h .
order polynomial function to generate a cofrection curve for the system. The correction curve

is then used to obtain the correction factor for any distribution of transmitted wavelengths.
Figure 3 is an expanded view of optical interference filter 140 showing a plurality of

rotational orientations relative to normal incidence with respect to incident light propagation

axis 180 or reflected light propagation axis 250. Specifically, rotation oxienfations
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include cutoff filter 302 positioned between |ight
source 110 and optical assenbly 150. In an exenplary
enbodi ment cutoff filter 302 is a 700 nm | ong pass
filter and/or a 1000 nm short pass filter, which
wo 2004@dargES the intensity of Iight having mqyghgmgyﬂﬁmgess
than 700 nmto 30 m nimze heating of optical
assenbly 150 by incident light. To generate a SPR
oorrespoﬂdmib ,a fxed tgijt ilnigdxr 3503 d iase@@fl lﬂi&f&ﬁle@@ﬂ ]tcafeathWiLt ]Eu?t tilt an; 40
. ol.arize tical interference filter
350 is Sﬂﬁ@ﬁa&a&sﬁ’@wd gﬁ’r a5 SR WAAEWE 3a inyiherqopistt olovemst

embodiméty RIf AR bikSens abveifiof, 1k e R &ﬁ@ﬁg%{h?%@ﬁﬁéh hd RRaduRid
a particular probe é@glon conposi tion

relative to gy angylay piiontuion ofjeplirBintsiress filkm auqhéfmafc:s |0¢b0g0n@lé§t the

~ incident g@g?&%)ﬁean%g%ﬂ% i 'hgﬁ]tt r5€a%£tfo?1ta§95 fm%{hﬁﬁgﬁz%%ressed

) , er eby erating a f
tilt angle fis\@0 digness siinusdhe atighet heivmen Mnouﬁalrte ﬂieqﬂare aﬂefmeghiy the filter

face end {F4EERRY b B8 (R SRRASHIRY sPhedlueBo e onf & imestirengn il
transnutsr Héﬂt detving P-digbuion Z(ﬁ'dwhvewﬂkth@ rpati i egharaciftd Bjagfs cétter

wavelongl) G FARUSFERER FIGBIRGER gl HATIETES DB g forn

about 1 MR it& BHMABY Ntk ik PRYE!E %%leﬂﬁftﬁ ﬁﬁenrsﬁgéj Pfo%?es arg su ubstantially

normal i zati on of the nmeasured olarlzed reflecte

Gaussian sheped of herenizianskaped. nExamidary wlcg renee flters provide cénter

frequencﬂesefvﬁﬁc %e RRIHEE Mer a%@%cotf 'aﬁﬂuft ¥o r%? alfdol{ﬂ&% d:;refgﬂﬁlg about 00

ted Intensities correspo
nm. light into percent reflectivities, polarizer 130 |s
adjusted to transmt s-polarized |ight and a second

t wo- di mensi onal distribution of reflected |ight

Ini dite @Rfbollin®at, Ir@tamrlﬂo@h&m filter LA ShERAAE Srid Wlelength of the
spolarlz‘g i mage of the probe reg|0n|n

An
distributignof frangpittg ngthﬁéﬂheewwﬂyngtbs dB Ae pxamplary gmbedimer)

~ wherein th6pticai inférféfen@e ﬁﬁ’ér b éﬁs@s b ﬁ‘r?%‘efdf efafb SR bR & length

intensity at each i on arger fi

of the opticgl igterforsneafiies s, pm\h@edrbalﬂmxzmamn de pe ndent
transm ssion effects of the 15 interference filter
becone significant. Specifically, the intensity of
transmtted s-polarfzed 4 ightogdecreases and the

cent | engt h i|s dqMhinf tled |fo shorter wavel engths as

ﬂconpgggif gzthe i ngo -polarlzed l'ight rough
téneer t eerfter énfce |fil tler ||As’ a result, at 1arger
filter rotation anglds, "horgalized i mages nust

include a correction factor for this effect. The
correction factor for any imagi ng angle can be sinply
detergpned by ri ng éhe 20 intensities of .
wherein Ageatg & BPiCoRIEF SAHHeE $he; distabutiop f trpnsmiticd wavelengrhs, O isr
the tilt ah t?he((.fﬂ?%@%@o&ft Sdée[vfeﬁﬁ R AR MndRREE HitnOR
© I‘%el S At ens, ty  p- pol ar%ed)js nt engﬁ’rﬁt y%g pofpaeryiqg)eg]S
reflected jor dudident aghtbpropaggm axes cod re dy ﬂx’emeﬁ'actlve index of the optical
transm.53| ects of .the
mterferenBeo lgé;rf gfrillte 6 g@dﬁ&?&&gﬁe@tﬂs cors n'milge f’(ﬁo’c ctal lons 1 is ¢ half
wavelcngﬁﬁhmktdyeﬂcﬁftheeﬂlter.w ty val ue may be divi ded by the ratio
: of the intensity o

2
G

An exemplary optical interference filter useable in SPR sensors and imaging devices
of the present invention has a full width at half maximum bandwidth of about 10 nm at a
normal incidence (angle between the normal to the filter face and the incident light axis).
Figure 4 show a plot of center wavelength as a function of tlt angle for two interference
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of p-polarized light to the intensity of s-polarized

i ght corresponding to the center 25 wavel ength of the

transmtted light distribution to correct for

pol ari zati on dependent transm ssion affects. In one

WO 200emdoorti nent, (the intensity p-pol ari zed) pErabRnSaskd6s

s-pol arized) correction factor is neasured at several

di fferent imagi ng angles and the data is fit by a
filters havithg qedter prvidengths laymuommbincifienve f about 850pen éfillddeliAanonds) and

cor ti,on curve f.or t.he.sys The correction rve
about 88073k {dbeh BfhoRMd & i i o4 T0% colloE wEraoRl ne s e
filters shiflibytabbiudsi @ f6fa JatiamsinttiieshoWoieth @NE 13RS . TROvAi8bE 6f fe
is an, expanded view of optical interference filter 140

center wayRlsngth aekeed) Witk ther yalugs prediciad i using| EotafiomtVdt | dhe intensity
o relati o . ct 10 Lnei ¢
distebutich Al ABIRY ol ABRE Galliad ub 33 R Ghlef o B4R 35"
The widthpofdhaGatssiom irdetisity ﬂﬁﬂles,?ﬂ@?)@ir%‘i maﬂehspcgl_ })y qﬁng%iei?gtgly;gﬁ as the
. .prientations 8 WO 2004/ 040717 P U ) 4265 |
ﬁlfeflsﬂt@f}.ﬁfogﬁs@"t&ﬂ abo20% Aboys p aﬁéif’ of 3yt 20 “3B vah ohthedatgnity
distributiohiiAdreREAhGre BRRIA L SR (b Aditlohbit20809! € 350 is
smal l er than second tilt angle 360. As shown in Figure
3, in the context of sone enbodinments of the present
[ ti.0 | fiers | ar deyiation_ as.
T AT g Ravcldont, G080 Geb o Sork BT Rl s B Yo
refractive duutex cfadm iahtwer $x@62 i ebdutt 3k H0° fumha binelind bf wvateo b agonal

. t.o,the i ncident light propagatian axi.s or_reflected
(refractive indyy otﬁgg’ggiag"ﬁsga?%ﬁ’g Wit %@Pﬁ@@%g daysr SER dpode. iy
results of BBG @IcuftiO ideisie ast Mk BpEmilien A WavdeoRes bR abea 938 |

to the FI ane defined by the filter face and the

nm to aboptf7qem for RaRRterizing. the exparfed sangs S wimariivrsplengthn Ehis
range spa_t%ﬁés‘s &ah 15 RhEEhSHE fseer'j.geilar] do§éred E% tﬁl@ %élﬁn&lrtﬂ S raggéégfagl}l@a

istribution of wave gths t is C acteri

by a singleepiicalrinterferendediligt. n, bandwi dt h and wavel ength intensity

profile. Preferred bandw dths range form 10 about 1 nm
to about 30 nm and preferred wavel ength intensities
SPRrsehiokemddmagiag devias of el preseficititemtian mali apapkiselstand-alone

.. Lorent zi an sha . Exemplary optical ipterference .

mstruments; |“§'é‘i‘%ﬂ“b’&é€v€b8 &%&W%cf‘ deyice At the pegsent; iNeption

may be i&%geite@ it @ RERr Abviedd Ut tus&D ad) AbAS cdiicBedd &f fisBRbhintabowt
100 run. 15 In one enbodi nent, rotation of optical

sensors ofthq prasent ingention may beweuplehioaeaciprs dlosingils static cells, flow cell
iSt.r i It v g
s, Al BRI SLERDA, AUAIAGE o
characterizipg theaintekantiensf etedenembledulasy amd dyugi seesniag hisshuyeiRer diow
tal.on t center wavelength , of the optical }
oels operfighaf spffd 6 i iR S g ey b BieE bopeion e
useful for @8livefing thedéA kpectel B Bk ipkdbe region. For example, the SPR sensors of
the present invention may be combined with a microfluidic fluid delivery device to introduce
materials into the probe region. In an exemplary embodiment, the sensing surface of a sensor
of the present invention comprises one wall of a microfluidic flow cell. SPR sensing
measurements may be conducted during conditions of continuous liquid flow over the surface

or static flow conditions. Use of a microfluidic flow system is beneficial because it provides

‘precise control over the time-point and duration of sample delivery to the probe region.
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20 centertilt) 1 2 (VI) wherein "t, is the center
wavel ength of the distribution of transmtted
wavel engths, QGast is the tilt angle, ?,,"t,(0) is the
center wavel ength at normal incidence with respect to
wo 20d¢oe717 ef | ected or incident |ight propagatireseaxeszand
nis the refractive index of the optical 25
interference filter. For optical interference filters
Ali@tfplreheﬂs reifed-althis-applicatior h@l kereby Andogpotdte! inahdir entireties by
h thic er of the filt | ar

reference Gt 390, eiePoictar Y e ol Bt ity B SRB i e

applicationmelgiwil) hé@\ppaeﬁi to Wne tof @rdiha$ Rl intie Bit iR nlifods, ddikdes,
w dth at Qflf X|nun1b ndmndt of about 10 rim.at a

devioe elogenin, FIpEFIAPRIPGFEH dhanthese gprciieally deserifed
herein caﬁlﬂet@phé@ﬁerha ?ﬁcﬁ&eoﬂ A€ Iu%ﬂﬁod As%}bac@f H%éloseﬁ'}ﬁkhrn? whthout

show a p ot o center wavel engt as a unction of tilt
resort to P expesimeptgion. nAB eftdknews duncliona\@yuivdentaforatiods, devices,

device oEfie AR TR B BRI o] SRS

mtendedhﬂxdenedmma*sse&ﬁﬁmn@npam di anonds). As shown in Figure
4, the center wavel engths passed by the filters shift
by about 65 nmfor a variation in tilt angle fromO to
35. The variation of the center wavel ength agreed
with the val ues predicted using Equation VI. The
intensity 5 distribution of wavel engths remai ned
substantially Gaussian up to tilt angles of about 35.
The wdth of the Gaussian intensity profiles, however,
i ncreases by approxinmately 4% as the filter is titled
fromO to about 20. Above a tilt angle of about 20 ,
the width of the intensity distribution increases
nore rapidly with angle, up to an additional 20% 10
The range in wavel ength tuning needed to optinmally
i mage sanples that vary in refractive index from
about 5x|10-5 to about 3x10-3 from a baseline of water
on bare An (refractive index equal to 1.328 at -850
nm was estimted using a 3-1ayer SPR nodel. The
results of these calculations indicate that the
opti mal range of wavel engths is fromabout 845 nmto
about 857 urn for characterizing the expected change
in SP resonant wavel ength. This 15 range spans | ess
than 15 ran and, thus, is easily covered by the
wavel ength shift range provide by a single optica
interference filter. SPR sensors and i magi ng devices
of the present invention nay conprise stand-al one
instruments. Alternatively, the SPR sensors and
I magi ng. devices of the present invention 20 may be
integrated into other devices or used as device
conponents in instruments. The sensors of the present
i nvention may be coupled to reactors, flow cells,
static cells, flow cell
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reactors, static reactors, mcrofluidic devices,
bi ol ogi cal system anal yzers, instrunents for
characterizing the interactions between nol ecul es, and
drug screening instruments. Flow cells operationally
wo 200804epi7ed to the sensors and imagi ng devi eesweiooikiarss
present invention are 25 useful for delivering
chem cal species to the probe region. For exanple, the
Example SPBh@&eieason0df an bh@nilirg SPRLserisbvent i on may be conbi ned
Wi mcroflurdic flurd delivery device to introduce
Hm%&w gf PR srngorp gE ths pegsent isigniing. tojspnsg shangewiy the jefractive
index of®BDAMbEBREon t RS SRARED ByS Uk feRhRn AaS g&ﬁﬁ{moa&l SR 5.
resent invention conprises one wal m cr of | ul
Specificalfy, iis ¢ geal of BpPRreset givergion eprovide ﬁﬁhtsgmm;camvélemf lscnﬁdivekj
[ 0 UI d. flow o th
cetecion 4 HAfdcf e BltDe diIShAE e LI Bl Yl s
a goal of hecpredehiindéntion t@ BPR yeiser p’r@wd&ﬂgl eflirgé dindagic ange, which are

rov.i des C|se control r f he me- poi nt and
capsble ofrplig Suecls Biae o ViR oot @ dicBhe 1 egi on 30 VO
20041040717 PCT/U82003/034265 Al'l references cited in

this application are hereby incorporated in their

jretie reference herein toQ . the extent that they
Tl e e Ghyfoml deFPol Ao Qi SV Fges of o

“exemplar@ PRI §&abdrORere | domudatiotfly 3RRRIE Mndt &aBREd0h HorlitOadg the

skill in the art that nethods, devices, evi ce
refractive eindigesn o5 lovrrwpéqen‘aat@n picese dolutiensan dhe eeeqqmpbme SPBt spmpor

I
employedg%g:[é %%gs’gﬁe pra |I%:Iéts%ﬁa%ﬁe I iven ﬁ%ﬁ&g&s% rogldflﬁme

5. The pallychuingsie Hghtaomicnisa ltSBdMquanzémkmgen lampL(Ddlan enner, Lawrence,

v confEP L FRILE i BB R Wi SOHLIE) T

from the mme@ GoMted ) AreLIMFINGE Sers qs&nﬁmmhhsmﬂe@mcs bsﬁmgton,
rein are intended to be enconpassed by thi

NI) and fbﬁwhﬁii PHpinhale (1G9 am/wmﬂmmﬂm¢M%¢m@om
. e S4B B SRR 1 R s BB g o
the pinhole andforioa celbmsied beanc [Thisgepanided addesoﬂerﬁat@i:‘meian@assiemﬂmw@f
o o R0 RO B bGE SHP TR g g

motorizedt JEtiPH e@@wmdvq:}oﬁrmdrpmﬁ@ DfRe d8 L&PB@%&&{ endCapaiRd.
of sensjtjvely 5 detection and characteri zat| on

images caélhb&n@csglwdncqnﬁf@u?r&m Abe ight themipsssest thepugh oBenteelepenss, filter

(Edmund EubHer o tic%, B | ngtog,qi’ﬁg 10 sIgE&s B'58R6W bahd( I\m WS FwERNIR

. sensors TOVI rge ynam C range,
operating creqwalbnghsoin fheotrian gnfirmedeto aptandilyviomiyast the dangeasfgeefiadtive

indexes if 8 @ e Rk T and VS HEmbiefoBl RAFRE g Blemgpr

, Corporatnan Irvidd, €A P |that heShigles ehibe fileefate o@Dt Ak leyllimated

I luated b ni tor t he
source bea%) glg.y g va?i%g tﬁgsavaggng g]ﬁ v&évélg gltbs of il&% that are passed by the filter.
Rotation of the filter over tilt angles of about 35° form normal incidence, results in variation
of the wavelengths passed by the filter by ~70 nm toward shorter wavelengths.

The SPR optical assembly comprises a prism, thin gold film and a flow reactor. The
entrance and exit surfaces of the prism were custom-ground (Matthew’s Optical, Poulsbo,
WA} to be perpendicular to the source beam for an incident angle of 64.8° at the metal
surface. Light reflected form the SPR optical assembly passes through an imaging lens
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refractive indices of | ow concentration sucrose
sol utions. The exenplary SPR sensor enployed in these
studies is based on the Kretschmann configurati on and
is showmn in Figure 5. The polychromatic |ight source
wo 200484117150 W quartz hal ogen | anp (Dol an- Jgnififsee0snsses
: Lawr ence, MA) coupled to a multi-fiber Ilght pi pe
(Edmund I ndustrial Optics, Barrington, Li ght 15
(Edmundf[ﬁcﬁ:mrfahe ﬁ@%@ﬁn@t&m% oo fwsﬁmm%fﬁ‘c&olnefﬁt the

ndustrlal ics, Barrington

CCD det@%&%@!ﬁadi AApRERs| %Uﬂ(lab@socw "Elheaaf@ﬁ efrsamplgriniarogation is

t S
s B R ERAAGpoOL LT prtilhon SUESORNN, iy i
howemmﬂMWmW@éwaﬁqngmmmm,Altsan,pif}ﬁhol e and forms a
collimted beam This expanded and collinated beam
passes through a polarizer (Ednund Industrial Optics,
Barrington, NJ). The polarizer is nmounted onto a 20
UseoDe ilightd smtmteaaxido intsfemgee (ikbcvmmnlima(t‘m gnmadmg fincident tipl,

mtensme%C@ém’&]I%%" St ]I'n}%g‘%h%%i O| aﬁgﬁlzf‘??arﬁ@ﬁ 9 S%go ?rpﬁﬁgﬁ’énal

by the s3olarizé® rsi@ﬁlen@mtﬁtrl tparanze(nﬁﬁtmupsidémdwﬁsmisaion Qitel@ Sof - the
that selects a narrow band (10 nm

B
mterferenﬁ@?\;f{%n g’PCOI’éFp éiganﬁpﬁﬁ Aheldigric Aot rotation: #glasea S| Gompared oto
trans:mﬁefdﬁn—?cﬂﬁﬁﬁ&'ﬂgﬂt %nhtteﬁ% of Rendn@RGEs Bélat‘iz%ﬁ 6L detRasck BAE

esallgéj Iter is nounted onto a notori ze
center wavelenrgth ims edge sbmmmlmﬂm@@mﬁmgleu ipincrensedi Ae a r&N)t, »o
efl ter faevvlthrsett t
targer S0 Rl AR, SorBend el B AGRAh ook RRA el P15
effect. Cmrkmt:m%toes’lgtxh sleiﬂlfmjhedﬁytméahmingahenmsmedoﬂqypdlhﬁed and s-

fi ati noftefl rt|Ita es _of
polarized ah%ﬁ PO, pridteiigncs Thsceence;qf wﬁjﬁqeaal?smn |
fomauomflﬁehﬁtld\ﬁﬁﬁhﬁﬂ%ﬁ&arﬁ@@ﬂ(&%n% éﬁﬁaﬁiehs} RdelfB¥as- 1@&1 dBorrect
toward shorter wavel %ggt hs. 30 The SPR opti cal

for polarigaticardependentnisgnsaission cffesis pf theninferisemee fltpin Hadh measeod

Cc
percent BB e S R boh (RS PO REll o JB P
dependent wanswispion pfeads.cul ar to the source beam for an incident
angle of 64.8 at the nmetal surface. Light reflected
formthe SPR optical assenbly passes through an
i magi ng lens 32 WD 2004/ 040717 PCT/ US2003/ 034265
(Edmund I ndustrial Optics, Barrington, NJ) to forma
Figuye Gsigch ¢arveegiéon( ersgmn ok icomedtion abquird SPIReim@échm goladzaiion

sendn SRR SHLBERN, 3R g0 ol

Figute 6 sﬁmmma@m offPhd @ieASHIF pHoladifed Isphpaivided B theWuinlbf ffibemity
ten in- house using_ Labview 6.1 (National

of S“POIaIVﬁ% ilglerrfemeg drfferenf filjer rotgiion angigs dn fe ahsan@WE susfacer RISmens
To esmat@ Eﬁﬁfa‘ﬁhﬁﬂ@yemf thé tErecEOTBloRaulL! raaﬁr»@ag' dkdOrrbi (i‘ivgecﬁ‘ltf rent

l'ight 1ntensities that vary with center wavel engt
regions of g gpures beasy. Farh peini inrfheplot showp-ip Figers G dxiths iayerage of 400

pixels. The error in the data points increases with increasing filter tilt angle, from < 1% for

rotation angles less than 24° to 6% at an angle of 36°. The variation between different runs is
considerably smaller, < 0.6% for all filter tilt angles. Also, shown in Figure 6 is the correction
curve, a 3" order polynomial, obtained from the data. As is apparent from the plot, the
correction factor at rotation angles of less than 25° is small (less than 1.3) but increases

rapidly for the larger rotation angles, up to 2.3 at 36°.
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by the s-polarized signal. Further,

pol ari zati on-dependent transm ssion effects of the

interference filter becone significant at |arger

filter rotation angles. As conpared to 10 transmtted
wo 20qa0pwohari zed |ight, the intensity of trapsmusioastosszss

- s-pol arized light decreases and the center wavel ength

is shifted to shorter wavelengths as tilt angle is

increased. As a result, at larger filter rotation

angl es, normalized i mages nust include a correction

. I S fect. .Correction_.factors we
UGRE el ‘%"’?}élrf'é%‘f?[zr en%“‘i“%%d PRI o A8 X GPOIAY R o5y
was calcudatell for a pobardgiv deftdciV infashistdpiy Adddro@hapatude, 1X10° to
2 JLnterference filtgr in the absence of surface plasnon
1X10™. % Plations gssumed a basg re C?Yenlfl Wpter equal to 1.328 at ~850 nm.
The expebled Rspisd 6£khé EPR61IS fo¥ clempaY if fsiuﬁﬁlg Yeftab@R! hadas shadin

. to correct for_polarization-dependent transm ssion
Figure 7.of Fiscdada ghovnin FiguisrF éakendmo facequat theEeypprimentialyr mgasured

transmissRAHafd bf 5lﬁfﬂflt%1°$ juf b Yabdh@ I@W?%c(rﬂi &F{) .o a‘r&i cgétﬂolﬂﬁ cotresponds .

correction'factor to correct 1on
to the expieisd mehpanse toff fesinstewieninfon hfgincncha® ifrsguple rdracvesindex at

o opin A s S 5L A OB G T
data poirttd conigsporidn e it expected regpohdel b the HeRuEbnd gl sthaled center
oints i Fi gur e %show_the sum of the intensity of
Wavelengﬁl- B of géﬁmrl?glm SK sanspds pestretoshive grlingasaespprssrigite ¢
change inQbfrSctiv® indkt 82 Bxl10-8Nfor bOhpdRBn dhd &Efng%n b 4 EBhothfd JF RN

. .angles in the absence of surface plasnmons. To
protein besdnq seae albpaineniq tbiAvy suyfacecorissponds oerteitactive indes dhange

_ : ; o N
o110 Seho B BRI i LGS Bkl A P
center waivelengie ofi8%Y mgeFighre A0dhowp itkeebsimal lbentar inmging (wdvbiengihtas a

. i,nts .increases W th ingreasing filter .ti]J]t angle,.
function { ey inFEAFRTE Batt ipmon bisk P i dre der AL eish Ay BV
waveleng@of®38 nf i0 bnigGptichHiefor @ tlhanbé BN veRHME @il bf LBI16AI HEWOE:,

is., consj derabfﬁ smaller, < 0.6%for all filter tilt

\ o 07 thepiegonies Begsyred ib 2 coitproteelmeth of
853 nm is%séﬁfﬁﬁat e@pested aPthd %gthﬁzglc)éﬁgfﬁlﬁbh% ﬁg&% S Fof lgﬂ%geg Eﬁfng%%i%r

. As is apparent fromthe plot, ctorre
refractive gindexgtthg responae gheasrest at @seenteh amagie iveaveleagth of| 88snmhian

 itcenty ks B P BES058 00030l e A O

decrease B ¢HIHROM InOPl4 Affactivddndeg of081) ayer Fresnel nodel, the
predi cted response of an exenplary SPR sensor was
cal cul ated for a probe region refractive index that

THeRABSrifer® 364p8nelof TROBkdmitiy SPRLQnEortwas ia?fésﬁéa%?d 18Rs 2

. cal cul ati ons assuned a base refractive index of water
series of kyyy) gpnoerjration zgcrage (SEmo-Aldrich SncthSt. dopiec ML) sobgioons dhef

. . f . H | f . .
eSS0 O RS A

Company) Iybnd,drAju riThet systeraxpey starelatdaditeysode dinier @shs niitlof@ipe SBdean
. ban our fjilter e _u%\lI to ,abouf .10 nm_ Each di anpnd
(Fisher Scigngific, Ot E@Bag in Nanostrip™ solution, and then deposited with 1
nm Cr and 450 nm Au. Before use on the imaging system, the Au coated slides were cleaned
in a 1:1:5 solution of 30% hydrogen peroxide, ammonium hydroxide, and ddl water. The
slides were then placed in a 0.2 mM ethyleneglycol-terminated thiol solution for 24-72 hours

in a darkened, nitrogen atmosphere to allow for the formation of a non-fouling self-assembled

-monolayer. Figure 9 shows a seties of normalized images of solutions of various refractive
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to the expected response of the instrunent for a given
change in sanple refractive index at the optinal
center imgi ng wavel ength for that sanple change in
- refractive index. The square 10 data points correspond
wo 200i@40b1¥e expected response of the instrumgpluddondesiicsgl €
center wavelength setting of 853 nm The SPR sensor
is expected to have a |inear response up to a change

indexes. AN ihRELsAGE MRerd WHIEY céi:fteﬁiﬁ'a&né v&(réiéngﬁaom% 80 THeNRages

adsorption of a nonol ayer of protein bovine serum
A throughy T shew the rpeme regiomafl theriaye é?aetar Wbmﬁé@nst of mgfiactive index

1.3338, 1@453 ?Mse ah&“i%éséhé vely, Aﬁe})iﬂé)bﬁx)oduﬁoﬁoofoefadp%gcr deS

ect on the’sernsor response en acquirin
solution, ghe redntorsing gsten Svas dlusted wmédﬂewg:em Anhly&iS :bflﬂm m@agm the8

e optinmal. cen vel e as a . .
region af GREE A SfE T Gisaioh LG PR DL RS Ll &iadn the
signal. Fipffel @GhbWea pIOESDthOéxpsBinBiital réipohd¥RE bl Bxe n&‘ﬁéfflsﬁﬁ%ﬂop‘hs

53t|n|s only optimal for & change in'retractjive

shown, th frspqus pf the qustem is fipggs fasichangespin r@ﬂmhgee@dms FBRHEL1 | ve
i ndex of <3x10-3 the response neasured at a center
wavel ength of 853 nmis near that expected at the

opti mal center inmaging wavel ength. For |arger changes
Therflett?@tl@nehmlé@f the exemplaty, SHRhgenpas syns nsvsstigated ising agsamale of

I f
ot vt Rl PRSP B ORI A % . 31 2, SR
period of vﬁwmhtﬁeﬂg The ppplatized-imb@ebweale porambigedfwith @ shaaged iimage to

obtain pofs Bl efrclifigh e eofioral (Feapard i St BB i 00

pixels. Theswagr Qamp?&slﬁﬁlfed es50h rbﬂw:lﬁl@;nmtar Rhddard $iEton Of 0.13%.

ma- Al drich_Inc. Louis, MJ solutions. The

Thus, the ﬁé@?@@ﬂ%@ﬁ the| ingtrgment éﬁ:1’14 ey Gisstangard devationaer Fa¥%s Fhisd

' reﬂectmt%" Joﬂ'e%oﬁ(%f oL 1B IgAt @V thd QBB ¢ gg%“fcﬁ'clcﬁ% 3y of

he system uses standard size soda I'inme gl ass
~5X10°. i cr oscope slides (Fisher Scientific, Hanpton, NH),
cI eaned in Nanostri pTM sol ution, and then dep05| ted

N iheino i, M50 Ao PRy 5 DERGAR0

over >100L pIkEE mtes the aaignal wa dsb ydrooddized ﬁertempuiai clmngmnnlma SPR

dr,oxi de, and ddl water.,.The i des hen Iaced
sensor. WS %) SPRORERR, FrORenRE gryRa o R B iSO SO
expected, fvith 8@-sqRarb @B RIS sijihl antew enemgur@ 1 rswmtmrmﬁf Ss ho
allow for the formatig a non-fouli

function of gumbgisfgrxplsaveragsd éqralr@@} uncprrgtiede(4o b@ﬁ@wi@v ard psrpcisd

I
o R DA TR BRSO3 00 gt

time) of thevspyecs hwemdakealtd svibtetvals. Spavifisally, mefgitomofnt) dhaeast n te

sty of %P R b AR ARy 1R 9 RO S ol Ao L BRGE,

~5X10°, Addididally]l B3R Was3BdiGased Mulritler I35Kardwas pRsificatibys to the
After.the |ntrotgct|on of each sucrose solution, the
Syswm*hﬁiéffi B%andﬁ?ie@?/@t SIS IRERPed with ddl wat er.

Anal ysis of the signal in the

Example 2: SPR images of thiol patterns and protein bovine serum albumin on gold surféces.

To assess the sensitivity and spatial resolution of SPR imaging devices of the present

invention, SPR images of thiol patterns were generated by an exemplary SPR sensor. Thiol
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5 region after each ddl water rinse indicates little

nonspeci fic adsorption, < 7% variation in the

signal. Figure 10 shows a plot of the experinental

response of an exenplary SPR sensor. As shown, the
WO 20d843nse of the systemis linear for chagyEs20p034265

refractive i ndexes 03X10"3. The detection |limt of the

exe SPR sensor was investigated using a sanple

ik e auely Ao e

patterns ogfa g e (&amensmg wpednately d nnake andhapproxiagely U envab s
i.od of
cleion 8 So SRS BubbSyBlodnd fa2hSh okt Shenti v gl

using a mlﬂmahylsiitheaﬂ?mdﬂ) sﬁamgmgtprotoo:tit ailhe meutmahtamployed was

flectivit Si sz pol.ari [ and dat
optimized, § il iabete® o BeBRa 0502 BE HTS RIS ARE 08HeS antgp o
produce oﬁh ﬁibﬁﬁiaﬁer 20 iol oh Hiaiitrde! Wl\/ﬂﬂagesanr@é ﬁ[&m ﬁ@b’l‘aﬁidd%h@f

13% Thus,_ the defect [imt of the instrunent

Figure 12 Fapyent s & SRRTRIGKER Bog ikl 30 vter oA Wl gn pgtical
mterferené@fdt&cﬂdsﬁi'ohéfd £ VRS RGeSt hﬁ Al V&S Ogu{r(é ('1;'% t btﬂre%&ﬂ% to g

det ect'abl e change in refractlve in
center wapelengepf $hcpeabigurei1d B perespepdalto a senter waveleagthof (ssmmn,

* Figuro 12,6 CEnBb A G MUEIANLALe O S HOf 22 el

center Wavdimgw 838 ansaud Figtd 12 E barazpprdopr 4 edneer mffeﬂd‘,tgﬂaﬁ‘ 814 nm.

e BB B R B B B o
correspontt {gUMe datk TBOUE. t ISquasdifedidtisi e@ed dy édaRet vRih Rk QuaRer

of pixels averaged for both uncorrected (A bottom

approx:mﬁﬁlaséslo HRPYCR ek t Atillugtptedtby Fiprel) Adgﬂ&Espmedateazs tiftaé
away froxgié}%lg%a? gﬁyklt%i%)ﬁgglo gq;@ f%’g‘ﬁé Che cho %EQSQ be é& ofnalfferent

Source eam
refractive| mdieasvdﬂcmaseﬁp eds fxllus&hibg( in a?lgm tiBA, tSPRl&ﬁsdrm of @mpresdmt
ensi t ur SI woul d yi.el d factor af
inveation 755 cppeblecgaern Sy 1TREEP G, A PiGPe Tpgiom kaving

refractive ifol2ek§). Addi ti onal ly, the SNR was i ncreased further by
hardware nodifications to the systemthat result in
an increase in the source intensity. Exarrpl e 2. SPR

t
L RS B 6082018 Bl 85 U v
experimergalysieterminiey farrtﬂe syeatplany SPR salsot. | Figuefl3 Shitvs ittegedef thiol

devi ces of resent, invention, SPR ipnages of thiol
patierns ?5131& eémg,%) §EPR0f qanNPxLRately o 1O 4HYy @Rlelefdey and

. approxuna-m& ap ﬁ?%gﬂé{ OfL /ity 7"%‘? (b3 %%gﬁm@%ﬁeﬁya

ace (conprfsing approxi mat
factor of (h#ﬁd IaMm’ dixdctien ef spridde plasmoApropegaioh) the ldwea mmtep disei laterdl

ont o andard,m_croscopg,.sl.i de from Fi she cientific)
reslution s JRIBIICRdp 1 "o b ity i B Eh, TGRSR JomEh P
plasmon pRIpAEA©A len A RRCRL: BFRkeyed was optim zed to

mnimze transfer of material fromthe PDMS stanp to

the surface and to
Figures 14A - D show images. generated upon the adsorption of protein bovine serum

albumin (BSA) onto a gold surface. All images were taken with p-polarized light and a
center wavelength of about 853 nm. The image in Figure 14A shows a small region of the
reactor with a background of water (Rlyat; is about 1.328 at about 850 nm). Figuwre 14B
shows an image of the same region of the reactor with a 2 mg ml™ solution of BSA in
phosphate buffered saline (PBS). Figure 14C shows an image of the same region with a

background of water after pumping water through the reactor o remove all unbound protein.
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5 produce one nonol ayer of thiol on the surface. Al
i mges were taken with p-polarized light. Figure 12
shows a series of inmages taken of a thiol and water
pattern with an optical interference filter
wo 2000080717 oned a several different tilt anglres/ushiosonssssl2.

A corresponds to a center wavel ength of 857 nm
Figure 12 B corresponds to a center wavel ength of 852

Figure 14Brshowsa dififeendfinGge masulésp fomsubitaction ef itrapesvia Vhenigitthardf

. 45 Fi gur.e,12 D corrgsponds fo 10.center
Figure 1455 T ool R Sonnde0l (e 8 HiSadsSroflon g BRI frare e Aw
surface (6@ theriolayey 6l B inhwhér, RIA abdut 1.3 THEx@ERRAN eiffab®le index
ayers correspond to_the |ight regions of the images

I

correspong{p & hangrdn eproen yellestiviy nf pbaf SAW- tTdheterfaeagupmenteghoprigat

SPR sensoUA e DRALR ISvehfisiA ke Tafibld B iR Geniite ddiddfos bABRRges in
approxi imat el y 500 pm by 21%p§”‘ As illustrated by

refractive fandg due thadgorptipniof poteis i thepfope regioni s tilted away from

- optimal position for this sanple, the contrast between

regions of different 15 refractive indices decreases.
As illustrated in Figure 12A, SPR sensors of the
present invention are capable generating high optica
~quality imges of a probe region having refractive
i ndices. An upper limt to the |lateral resol ution of
| ess than approximately 50 mwas 20 experinentally
determ ned for the exenplary SPR sensor. Figure 13
shows inmages of thiol patterns with mninumfeature
si zes of approximately 100 pm (A, left side) and
approximately 50 pm (B, right side). The i nage shows
one di nension foreshortened by a factor of 0.43. In
the direction of surface plasnon propagation, the
lower limt to the lateral resolution was determ ned
to be > 50 pm This is in agreement with the known
surface 25 plasnon propagation |ength on An in the
near infrared. Figures 14A - D show i nages gener at ed
upon the adsorption of protein bovine serum albumn
(BSA) onto a gold surface. Al inmages were taken with
p-pol arized Iight and a center wavel ength of about
853 ma. The image in Figure 14A shows a small region
of the 30 reactor with a background of water (Rl water
is about 1.328 at about 850 MR). Figure 14B shows an
i mage of the same region of the reactor with a 2 ny
m-1 solution of BSA in phosphate buffered saline
(PBS). Figure 14C shows an i mage of the sane region
with a background of water after punping water
t hrough the reactor to renove all unbound protein. 36
WD 2004/ 040717 PCT/ US2003/ 034265 Fi gure 14D shows a
difference image resulting from subtracti on of inmages
in Figure 14A and Figure 14C. The refractive index
change is due to the adsorption of protein onto the Au
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We claim

surface (for a nonolayer of BSA in water, R is about
1.331). This change in refractive index corresponds
to a change in percent reflectivity of about 26%
These neasurenents show that 5 SPR sensors of the

WO 200004838Nt i nventi on are capabl e of the seRreTABe3/034265

detection of changes in refractive index due to
adsorption of protein in the probe region. 37 WO
2004/ 040717 PCT/ US2003/ 034265 We claim 1. A surface
pl asnon resonance sensor for sensing the refractive
index of a probe region 5 conprising: a polychromatic
| ight source for generating |light propagating al ong an
incident light propagation, axis; . 10 a.polarizeyr in,
A TR BSOS PORT (e CH 08 e AR IR PP PfiEion
coF@Hﬁﬁg for selecting the polarization state of said

i'ght; an optical assenbly in optical comunication
with said polychromatic |ight source, said optical

aSS | - Ci ) o] ¥

o e ARG itk B 01 EnEld otk e bt EEhlic
bet igktpremagdiodiasisect ri c | ayer and said dielectric
sanpl e layer, wherein illumnation of said optical
assenbly with said |light generates |ight propagating
al oagobrizefih epticaticdnnginiicpinon pad atid polyabtomatic ligie senrte for

portion of sajd dielectrjc sanple |ayer adjacent to
sai gelesing thet O,ﬁ’ﬁlzat’fqnlsﬁec‘l#ﬁﬁfli?@@ the probe region; 20 a

detector in optical communication with said optical
assenbly for detecting said |ight propagating alon
sai @n opfitabessewiblyi ig optieat jcommunisateas widhe paid pelyelpematic light

refracti ' ' 1 -80L0o0;. .angd -

o B0k, e b as R iIF Lot GO iy 818 aftoflo e
i n fdyer apita calughag kayebpdsitimeed batwebn| saighliclednin aperand said
said.detector. . for transmtting.light .havi.ng a .
o LTt el By YRR Lh-Rfkvoh 3 srif SPLGH alemipty yien
genesiatightsienéraee lihtandpapging ong asefidetddighl prdpdgdtion axis,
condycting layer .in _contact w tg said dielectyic )
sa e g peiion gfsayd dipfestric sampledaysr adiagsnt ocilcphducting
SeNnsmh chhpide@in@plobb Wdidigr conmprising a Iight

col l ecti on

a detector in optical communication with said optical assembly for detecting
said light propagating along said reflected light axis, thereby sensing the

refractive index of said probe region; and

a selectably adjustable wavelength selector positioned in the optical path
between said light source and said detector for transmitting light having a
distribution of transmitted wavelengths selected to generate surface plasmons
" on a surface of said. conducting layer in contact with said dielectric sample

layer.
The surface plasmon resonance sensor of claim 1 further comprising a light collection

and focusiﬁg element positioned between said optical assembly and said detector, said

light collection and focusing element for collecting said light propagating along the
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and focusing el enent positioned between said optica
assenbly and said detector, said |ight collection and
focusing el enent for collecting said |ight propagating
along the 38 WD 2004/040717 PCT/ US2003/ 034265

wo 2004@dohect ed |ight propagation axis and fogghRsheshaits
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i0.

propagating along the reflected |ight propagation
axis onto said detector. 3. The surface plasnon
refl REANRBIRE Propeetsioh alfs Ml Fodisihel bt RRYpa ORE ralhistHe deflected
.collimating, 5 optical elenent for collimting |ight
light prapagation axi) apirsaishAstecior| i ght source, wherein said
collimating optical elenent is positioned between said
pol ychromatic |ight element and said optical
Thessudads! glasmpn 1Fppancg rsersor of Flaiomd rfirtess nompuising ercolimating
opﬁl:aﬁ“emm%n‘y\ﬁ? rc?lliﬁﬁtiﬁ% ﬁgﬂtl s dFR 41 %oﬁr@ﬁr'oﬁl i 11%19 s%ln%ge‘PlSerem
conprises a fTirs ens, a pi nhol’e, "and a“secon ens
saidacdilimpaiigt opmieeld elombnteiznpositmnet! hetweed rsaidapolgchicongdtic light
source and said optical assenbly. 5. The surface
clegpe g?‘fﬁﬁ“ﬂé’?ﬁ?ﬁ%f‘ﬁf W¥nsor of claim1 wherein said
sel ectably adjustable wavel ength selector is
positi oned between said optical assenbly and said .
evelagcoplasmon Esonppee saRFATaefeclaimg 3 uhere said relinentiag ppHeal
. . . _ et Akl
eighent pigTiors LARL RS YRS SnEH AT B LD RGned betwecn
said polychmomativ light kiugdetand said opticalwdsegatilyl opti cal assenbly.
20 7. The surface plasnon resonance sensor of claim1l
wherein said sel ectably adjustable wavel ength
The ehdiade Qilasingn atsofdiict Setksor dftodtidhelr whereinfeaidt electaly adjustable
surface plasnon,yesgnance sensor_of claim?7. rein
Wl I O TeBHES Sof Ppial Spertl? ey et
etalon. 25 9. The surface plasnon resonance sensor of
claim7 wherein said optical interference filter is a

Theiswdane plagmion pesenange sensery efirdaims | whespin saig, selppiably gelfuglakle

R AR oK ER SR S e o i

optichl ustmabllye about an axis which is orthogonal to said
incident |ight propagation axis, wherein rotation of
said optical interference filter selectably adjusts

Thie R@rfabe lldsindh rés0Randé sénsanadldiheldwhervial saidgiclkstabld Adjustable

wavelength selector is an optical interference filter.

The surface plasmon resonance sensor of claim 7 wherein said optical interference

filter is a Fabry-Perot etalon.

The surface plasmon resonance sensor of claim 7 wherein said optical interference

filter is a linear variable interference filter.

The surface plasmon resonance sensor of claim 7 wherein said optical interference
filter is rotationally adjustable about an axis which is orthogonal to said incident light
propagation axis, wherein rotation of said optical interference filter selectably adjusts
the distribution of transmitted wavelengths.
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WO 2004/ 040717 PCT/ US2003/ 034265 11. The surface

pl asnon resonance sensor of claim 10 wherein rotation
of said optical interference filter selectably

adj usts the center wavel ength of the distribution of

wo 20u0fnsm tted wavel engths. 5 12. The surf aeeuBlodsieeis

11.

12.

13.

14.

15.

resonance sensor of claim 11 wherein said center
wavel ength of the distribution of transmtted

Th@asaeﬂa@m@hmd Bsdafél @RGr BY clhf 190MREdi Potat%ncbfiiald _optica]

J=(z sinet ilt Acentertltcenter(0)) 1

mtﬁﬁeﬁea% ﬁ#%f hpopblyerdits ey eqnisngravelspsth e psilstﬁﬂmonmf

trbmide@%apiibdaR, wavel engths, Qtilt is a tilt angle,
Acenter (O 1I's a center vvavel ength at normal incidence

with respect to the reflected or incident |ight

r.onadgatl e.refractiyv i ndex, of
AR WGBuRE ol ghlE 15 SRS oy Ul
thpdisisibotior efsanamite Wmhngthmfs pﬁdvﬁtﬂddlb?y thdwgustion: sai d

optical interference filter is rotationally
adj ust abl e about an axis which is orthogonal to said
refl ected Iight propagabi onyagks, wherein rotation of

said opt' interflerénmed i liter selectably adjusts
sthe E L E%tl on(@l| ;L1 ansni#led wavel engths. 20 14.

ddmeer s Uik péres r ¢gsonanceg|sensor of claim 13

wherein rotation off sai d”optil¢al interference filter

sel ectably adjusts the center” wavel ength of the
distribution of transmtted wavel engths. 15. The
surface plasnpn resonance sensor of claim 14 wherein

whergiy ent dF SRl ceatpgtwavelensth 5of Hbe odistribytiont o6 riragsmitted

weRRASH, oo \(’\?Yﬂﬁé;?.ﬁn%{} R PEAY: dreibient F@I} SRR ice 2

mﬂmmtem(tﬂt’) jeflgct@ g incidetd iAD [ROBAICRETand 1 is the refractive
. CFCT/ Eslgt% 65 ﬁ@erel n enote, is said center
nage \? eﬁeél(:%

Fribution of transnitted
wavel engths Qut is atilt angle, Acenter(O is a
Th% es%gcre plas \rlj.leolnergsgotm.t:t]no%tser?sglt g?ciajjn? (':J'I vgrferr]gzg said optical interference
filter is rotationally adjustable about an axis which is orthogonal to said reflected light
propagation axis, wherein rotaﬁon. of said optical interference filter selectably adjusts

the distribution of transmitted wavelengths.

The surface plasmon resonance sensor of claim 13 wherein rotation of said optical
interference filter selectably adjusts the center wavelength of the distribution of

transmitted wavelengths.

The surface plasmon resonance sensor of claim 14 wherein said center wavelength of

the distribution of transmitted wavelengths is provided by the equation:

2 05
sin 6
Acenter(gtiltJ - (ﬂ'cem‘er (0)] 1- 2

H
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with respect to the reflected or incident |ight
propagati on axes and n is the refractive index of the
optical interference filter. 5 16. The surface plasnon
resonance sensor of claim?7 wherein said optical

WO 20046408t FT erence is rotationally adjustabl @CaU803/E#6AXI S

16.

17.

18.

19.

20.

21,

whi ch, is orthogonal to said incident |ight
propagation axis, wherein rotation of said optical
whereir Perenie sdid | ¢cepter swiresbangthl \of athe udisiibutidee of transmitted

| SI 1 i vel engf hs_ th I ntiall
VAR s Bt AREOR SRR 18 Sl T BloBHE B Al
with respéat tethe ecflecled or inciiént lphepropughtiaraxes arhis the sdraaiee

. Sens of, cl.aim7 rein said optical interference is

1@8%%1&[‘%%0&9%5‘%}‘8@? e about an axis which is
orthogonal to said reflected |ight propagation axis,
wherein rotation of said optical interference filter.

Thepusteeeplesmongespaance sepsphel caim: T whirein 5¥d epticabiptarrrgen is
.q ] i | Vs t i i .
ro‘t%%t i galuglh Q@ﬁ&&ﬁé Abdut Aol YxiP fvﬁ#&ﬁﬁ@%ﬁc{gﬁ@ et? %&!_ 18' 5_ &c%agﬂ light

J ‘al d Optl cal Interference
propagaticreais, adwrsm rotaiomahsnid emicaldntedérense filter legtablyeddjusts

I.C |.nt.e Lenc il ter has fir nd.second
o s iRon ) A Bl BR oo Bl Sl o AP SR
thiough s@ld gpiteal idférfeehedileel over the range of 0 to about

35. 19. The surface plasnon resonance sensor of claim
1 wherein said distribution of transmtted

THEM S 8NEhdSon! 1850RRRE BGsEY dIZARAMIY wherGif 94i€ bpiiAY Rilc@REnbe is

and said _center wavelength is tunable over a range of
roggsionallys slipsigble pbpupan i Whighf carthopenshin spid sisflentede light
prOpdEatn Bis, UKL NOPRELRL GRICH e bhd ALl Blabiy adjust
thb atishvibutioh afmelasizhgthd dratl ave sitbistahtiedly spreveated drame [@osnaifting

fromt.he range of a t 1 nmto about 100 nm 30 21.
thﬁ?gﬂqgﬂa%técépig“ﬁgg%??%égonance sensor of claim1

wherein said sel ectably adjustable wavel ength

sel ector, conpri ses a nonochromator. ., 41 WO 20Q4/ 040717

BSPYREPsgBuceEnsor il it HEECTRR SRR IFR JBREERCe

fiBE 139 firsPAndCdeBdrid skbsRBAIB) PhraRl hdd SheShidPRIsY eriab 8 ti0InBle

wavel ength sel ector conprises a spectroneter. 23. The
sedrgtel aver the msgroef OF tsabout#$8. sensor of claim 1 wherein
said sel ectably adjustable 5 wavel ength sel ector
conprises a prism
The surface plasmon resonance sensor of claim 1 wherein said distribution of

transmitted wavelengths is characterized by a center wavelength and said center

wavelength is funable over a range of about 65 nm.

The surface plasmon resonance sensor of claim 1 wherein said distribution of

- transmitted wavelengths is characterized by a bandwidth and said band width has a

value selected from the range of about 1 nm to about 100 nm.

~ The surface plésmon resonance sensor of claim 1 wherein said selectably adjustable

wavelength selector comprises a monochromator.
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24. The surface plasnon resonance sensor of claim1l
wherein said sel ectably adjustable wavel ength

sel ector conprises a grating. 10 25. The surface

pl asnmon resonance sensor of claim1 wherein said

WO 200dewigt or is a charge coupled device. 2@cT/Thmozasnicace

22.

23.

24.

25,

26.

27.

28,

.29,

30,
30

31.

pl asnon resonance sensor of claiml| wherein said
dielectric layer has a first refractive index,
Thul’sm*f&aderplamiod reléoﬁbm:e tsenisor sfigihe] hwyiein sahissclecablyaidihstable
re{er%gt ile\;_go i.ndex which is less than said first
WHVEPPEE T rlcﬂH’QQseﬁﬁ&pWQ’in@‘ieﬁ said |ight propagating
al ong said incident |ight propagation axis undergoes
total i nternal reflection ypon interaction wth, sa

- Thesputacs| plasgosreiopance sensomef ejpy bavéerﬁmmleﬁ@@arﬁéﬂ@@ﬂe

wa%@ﬁﬁé}ﬁsaéct&lcﬁhﬁhgees\sg@?%ﬁ! n said dielectric layer is a

prism ace pl asnon resonance sensor of
claim1l further conprising a flow cell operationally

RS RO ATl B S

qu'lehﬁgl:hnelemanmpne}asa@mmg of claim 28 wherein said
dielectric sanple layer is a sanple provided by said
flow cell. 30. The surface plasnon resonance sensor of
The| saifadelplidi@i Srlesbnaiite Chefisdf G 61hin § WARWA saidQete@OMIs| aS@rgd
gold film 31. The surface plasnon resonance sensor of
coppled dgvicenherein said first refractive index |ayer and
said conducting | ayer conprise a wavegui de. 42 WO
2004/ 040717 PCT/ US2003/ 034265 32. The surface pl asnon
Thessdazmismme rrs&onaw& sexisei of claiw]bwhfcmiwaﬁddﬁélémm layer has a
ref i ve. i ndex d said duct i
Srcioh it e el 4 (RS Jabnpfe ORI b A i epotive
mde[&sﬂﬁm @ess ﬁ{m%mddfrsg%ﬁ?acﬁvelmda{mﬁl xslie["@r; ea1<$ uglitmagaung
asppn .5 | i ng device, 34, The suyr.face as[on
alqng ith e identoliall orehoetiion; 45 DreiePey fpial drigroe] Eﬁﬁlﬁctgoau\l@@
infefcdh witlD&RN SR Mlasdeh®lyf, source. 10 35. The surface
pl asnon resonance sensor of claim1 further conprising
a mcrofluidic flow cell operationally connected to

Th%asiuﬁ‘ac%nﬁlgs‘ﬁfyn RASGHERTR! SbndoP of bl QMG sid SRR layer is a

prism.

The surface plasmon resonance sensor of claim 1 further comprising a flow cell

operationally connected to said optical assembly for introducing a sample into said

~ probe region.

The surface plasmon resonance sensor of claim 28 wherein said dielectric sample

layer is a sample provided by said flow cell.

The surface plasmon resonance sensor of claim 1 wherein said conducting layer

comprises a gold film.

The surface plasmon resonance sensor of claim 1 wherein said first refractive index

layer and said conducting layer comprise a waveguide.
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~into said probe region. 36. The surface plasnon
resonance sensor of claim35 wherein said surface of
said 15 conducting layer in contact with said second
| ayer conprises a side of said mcrofluidic flow

wo 200684017 37. The surface plasnon resonancepgsef§bsBizss

32.

33.

34,

35.

36.

37.

- 38,

39,

claim1l wherein said surface of said conducting |ayer
is nodified to provide for selective binding affinity.
ThiOsudi8ee glgndilieéonaifce BERSBNCISES DRABCR: SERNSE! re@hictivk dd¥k 1
wher |n sai d surface of said_ conducting layer in
layes grcieaid Gndprtiog layerroaipaiss ¢ tisal fiSee | ayer is nodified
to provide for selective adsorption characteristics.
25 39. A nethod of sensing the refractive index of a
Tl}@r sistace elsoan cempancs isergor he cline ds cahiprisingas sunfage [plaghon
4$ﬁ %n lychronatlc i ght source through a polarizer,
H% eby “generating light propagating along an
|nC|dent Ilght propagation axis; 30 directing said

| i tical Ly, id.o rtbl
THE PP PROL TP P oy 1 3aieit B FEE s o

intohyRht Iggflsar@onduct i ng | ayer positioned between said

dielectric |ayer and said dielectric sanple |ayer,

thereby generating |ight propagating along a

THeSHul 8 ]ggsﬂldn%ﬁonﬁﬁ& RBGAE bPRa@K | Surthip %Blﬁbﬁbfmg4§ b fluidic

2004/ 040717 PCT/ US2003/ 034265 a portion o

flagy edlbopardtionsiisheningedicdl torsaildjnticd rassetrblys ir eintmdming: tisagple

ses sai d probe region; passing said |ight

'%%ﬁg dﬁ%q&§&4ectably adj ust abl e wavel ength selector 5
positioned in the optical path bet ween said |ight

sou d a detector; id i ht th.said
ot PlaSmiL FRBYAILE TEPH b SR 5 Pateipveld Tie o sad
coﬁdtkcﬁn@f @f&@ meebt Wittt sdid fdbnds tdyep cﬁﬁ\bﬁseg;ei effeabt ¥aid
adj ust ab vvavel ength selector to transmt |ight

miGES Bowrdbri bution of wavel engths sel ected to
generate surface plasnons on a surface of said
conducting layer in contact with said dielectric

Theaswpfaee Iplagmpn rd@nanith ssemwt W clanh €| velieni® Saidhsrfacen of azid

cof ek Labfh 3 P BreGR RHrh B Fesh R pdfics

wavel engths transmtted by sai d seI ectably adjustable
wav h sel ector.
The urtlac %ﬁasmon resonance sensor of claim 1 wherein said surface of said
conducting layer in contact with said dielectric sample layer is modified to provide for

selective adsorption characteristics.

. A method of sensing the refractive index of a probe region comprising the steps of:

passing light from a polychromatic light source through a polarizer, thereby
generating light propagating along an incident light propagation axis;

directing said light onto an optical assembly, said optical assembly comprising
a dielectric layer, a dielectric sample layer and a conducting layer positioned
between said dielectric layer and said dielectric sample layer, thereby

generating light propagating along a reflected light propagation axis, wherein
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.
adM?ahhéﬁ‘aéfPlﬁnﬁbF@e%j usting step conprises the step of

41. The nethod of claim 39 wherein said adjusting step
conprises the steps of. 20 transmtting |ight through
sai d sel ectably adjustable wavel ength sel ector having
a first distribution of wavel engths, thereby

wo 20006485ating a first image of said probe F@/ﬁg%%mﬁzé
E y gl e

transmtting light through said selecta adj usta
wavel ength sel ector 25 having a second distribution
of viayekieneFhsid dilleed arBRe ekl afdoddt 5§00 LondudBEE 18kr
sai d praobe regi on; conparing the spectral quality of
sai cFOPIPFiEss saif drabeaedints i nmges; and 30 sel ecting a

di stribution of wavel engths of said incident |ight
which are transmtted by said sel ectably adjustable
wav diaasieg saidelighit Srough. enbrdentablyt ladjusishle cvaalengthalstlisytor

of AN 4/ 040747 . PCT/ US2003/ 034265

22, WhilohdilShe oifcal ok BN B SRR Ay
adj ust abl e wavel ength sel ector is positioned between
said, light spource.and.said optical assenhly, 43.. The
ot it e arCHR S8 g ABeftos B %géF”é‘B’Ba?gBye%ﬂfFE%t“é@F ef
wav ekidpgsts ré@bigahdr is 5 positioned between said
optical assenbly and said detector. 44. The nethod of
claim 39 wherein said sel ectably adjustable wavel ength
sel eghQfind $aid L Cagr bt e Q[gg{e LLter. 1
The rr'L_t hc‘)gld.aéf' rkgllegti%nl? Zd?" uvaﬁgee ?Jﬁ@%al cs)%%élté:rafo whihaft? light
i nt éwvisg enetituiibn of wivslengtha lselgotddctio generait ailrface plhlmorkhem

e Al o 8 B SR AL R SR e

interference filter about an axis which is orthogonal

to saiqd ipcident light 15 propagation axis, wherein
Tqﬁof%ﬁ’rogn"fgfci i

Jpiereny sad, adiustinge e qompriggs the step of

sy?t@ﬂnﬁltﬁa&ﬁ !viigﬁ@]sh‘iﬁ%triﬂuﬁ,@n aF whvedgin Mﬁ%@gﬁf‘%}&ﬁbﬂf

[ are transmtted. 47. The net arm
rotating said optical interference filter about an

axis which is orthogonal to said reflected |ight 20

Themegthagatfictaim 33 iwbereintveid edjusting sip comprises st step pf:i cal

interference filter selectably adjusts the .

di stribution of wavel engths of |ight which are _

t r amandriittieg. lighB . thidugh rsaidh ecleddbl£ |adjudtabiéd WhRIALM Sdédor
adj usting step conprises the step of rotating said

opt PEYRS P first diserwien of wavelsgths dherelingenarating\p Hest image of
or t BRGBRAL rdgfnsai d i ncident i ght

transmiﬂ:ing light through said selectably adjustable wavelength selector
| having a second distribution of wavelengths, thereby generating a second’

image of said probe region;
comparing the spectral quality of said first and second images; and
selecting a distribution of wavelengths of said incident light which are

transmitted by said selectably adjustable wavelength selector to enhance the
spectral quality of said image,
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43. The me

25 propagation axis, wherein rotation of said optica
interference filter selectably adjusts the
di stribution of wavel engths that are substantially
prevented fromtransmtting through said optica

wo 2004/0i@{f erence filter. 49. The method of elbpig@etdoszszss
wherein said adjusting step conprises the step of
rotating 30 said optical interference filter about an

42.  TBXhtholiog Rldig 9 Wwhedanald dekceblythdhsfabrokfdichp hiclector is
propagati on axi s, wherein rotation of said optical
PRSHBES BRmFRRA iEhous et saidanfical apsembly. ¢ he
di stribution of wavel engths that are substantially
T1;])revent ed fromtransmttin t hrough sai d opti cal

hmsthod roé plaém {39 wherein 48id-selaciabiy ouljugtabir 1wavelength selector is

. : f claim39 wherein
P %ﬁy& S eg‘gg%l% %E)&g’gg?a}} gng‘Pg]Rt%“ {rﬁaﬁ%%gﬁ%é' pol ari zer
generates |light having a p-polarization state

ro t] ng said..i ncident .Iight r,Q ation.
44 ThG RBROIE oL tlpE Vet s PR EY oy i B GRAER e an
ofticaliagatieng flefng sai d incident |ight propagation
axi s undergoes total internal reflection upon
interaction with said optical assenbly. 52. The
45. TREWPRARdAr Ghidl M Idefe! EREopE QN TREE SO e th1Rr 3¢ EPPMEy-Perot
collimating light from sai 8 10 pol ychronatic opt’i cal
etalonr ce. 53. The nethod claim 39 further conprising the
step of focusing said |ight propagating along said
reflected |ight propagation axis onto said detector.
46. THSmbi#od dirvtainmeit idredd sabd afjustid®stepengirisesshe deyd ofgbiatitma s

velengths in the near infrared region, of.the. ..
salf G eg RIS abiny s B o OBk o LR dght
pﬂéﬁ@%’aﬁbmaﬁéﬂ}ivﬂmﬁﬁi tofeilon 3B SANBti¢al te8hce P bdleuiiblPadjhspv
cel operationally connected to said probe region for

thgdistributipmef wavelengths ofdightwhish arg frgnsgitted. 20 probe
region. 56. The nethod of claim55 further conprising
the step of flowi ng chem cal species through said
47.  Thé wetheddf claimié vdioyeircsaichaljusting $tep cooppisesithe siep effrotgting

ohe r.eqgi.on. 57. The net .of .claim 55 furt her.
sl e Bhos TBteE foond A Y I REE i Pt o 3 il g
pﬂob:%gaﬂma;&@ ivﬂae{:ixom-«z?ieh bf sdeﬁm eptingneﬁaemierfgtet hﬂ?]ctably adrj]usas
- refractive.index of sai robe regi.on. 58. The netho
thi dsizfbugion %@%Vﬁk%ﬁé%o%hw lilf'rgﬂ@wgmg%p of fl owing
chem cal species through said flow cell, thereby

chant%i ng the thickness of said probe retgi on. )
od of claim 44 wherein said adjusting step comprises the step of rotating

43.

said optical interference filter about an axis which is orthogonal to said incident light

- propagation axis, wherein rotation of said optical interference filter selectably adjusts
the distribution of wavelengths that are substantially prevented from transmitting
through said optical interference filter.

49.  The method of claim 44 wherein said adjusting step comprises the step of rofating
said optical interference filter about an axis which is orthogonal to said reflected light
propagation axis, wherein rotation of said optical interference filter selectably adjusts
the distribution of wavelengths that are substanfially prevented from transmitting
through said optical interference filter.
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30 59. The nethod of claim55 wherein said flow cell
is amcrofluidic flowcell. 60. A nethod of
generating an i mage of a probe region conprising the
steps of. 46 WD 2004/ 040717 PCT/ US2003/ 034265

wo 20@aswing |ight froma polychromatic |i ghtecanistmensszss

50.

31,

52.

53.

54.

55.

56.

57.

38.

39.

60.

through a pol arizer, thereby generating Iight
propagati ng al ong an incident |ight propagation axis;
’lalﬁrlecihfpdw of shird 39 grheremnsaul sirp eftpacsalg lglsethdugh = goldnzer

SR 2 RS n Pt s et Sl S R B

ﬂmpﬂﬂﬂoﬁaad bet ween sald dielectric layer and said
dielectric sanple |ayer, thereby generating |ight
propagating along a reflected |ight propagation axis,
T Gh&h oft cRBATIORLGE SRl Hgtﬁl bSehtideCaDRIRhIR }EUET: light
adj acent to said conducting l'ayer conprises sa
DRBEiop agis grderges frialdntamalrafleptivh gpan interastioth with said optical
aSelgGt abl y adj ustabl e wavel ength sel ector positioned
I'm the optical path between said |ight source and a
det ect or; detecting said light with said detector,

h er sai d i.mage of said. .15 pr .
ThEGHBR AR, Bt totmr e Sredrentt SpLidpit Y rom sec
wmymﬂmmﬁﬁQMﬁﬂhemt@r to transnmit light having a
di stribution of wavel engths selected to generate
surface plasnmons on a surface of said conducting

oaGitih [ t I :
T P T U SRR o P10 BBgning
abmgﬁ@@g@ﬂ@ghbﬂéammawm@@mGSQﬁoamh@mwmu of detecting a
change in the refractive index of a probe region
conprising the steps of: 25 passing light froma
The tnpthhd ofedsinc39 wigintin saditighe hbdwowelhgths imathandaz @itfiared region

erating |ight propagating al ong an
{11? %%%W%P%fﬁ mg’agati on axis; directing said.light

onto an optlcal assenbly, said optical assenbly
a dielectric layer, a dielectric sanple

Tﬁ%&’éﬂoé ’ éﬂ a‘{!réltewq sl apisaioly fyrber copwrisgsenilevs el
?érﬁ cﬁ&ﬁf éo@mé@ea% s&8 Prob@irshidh fat §GkEity SRIRIE st nto said

probe reglon

The method of claim 55 further comprising the step of flowing chemical species
through said flow cell, thereby changing the composition of said probe region.

The method of claim 55 further comprising the step of flowing chemical species
through said flow cell, thereby changing the refractive index of said probe region.

The method of claim 55 further comprising the step of flowing chemical species
through said flow cell, thereby changing the thickness of said probe region.

The method of claim 55 wherein said flow cell is a microfluidic flow cell.

-A method of generating an image of a probe region comprising the steps of:
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generating |light propagating along a reflected |ight
propagation axis, wherein a portion of said

di el ectric sanple |ayer adjacent to said conducting

| ayer conprises said probe region; 47 WO 2004/ 040717

- WO 20003b719S2003/ 034265 passing sai d |ight tpeeggihoesszss

sel ectabl y adjustabl e wavel ength sel ector positioned
in the optical path between said |ight source and a

det eaisiig light drosi A polseircmatd kgt abl:ye Aeljugh taagll@izer, thereby

wavel engt h selector .is adjusted to transm.t incident 5
1T QR HEBLPTaPaETE Al e H TRAO NN BIRBRHEOR BHEC od t o
generate surface plasnons on a surface of said
conducting |ayer in contact with said dielectric .
sanpigctingaid-lishbende. a1 epjicalassgmblyg paid giptical assgrablyieararsising,
ther e 4RO lyal biki@inid Sl 1€ and 9 i it

a & S‘S%gx? 5 an .cBIE{uS{glﬁgﬁ T pos oned

measur ement, “détecting I ght Wit ector,
t herbetweey st didlevgricalayeeand soive diekaotiloy sirepie layer, thereby

measuyy ement n S..conmparing sak¢d reference . .
o0 S narf AOudRE AR & PR Bl Fr BRI s whsin
sai & phangef baid idivkectrief samplel Myeri adfesnt ofo sad domtuotiey layer
region. .63. .The nethod of claim62 wherein said

opt iCARPrises SUABIPe f¥%her conprises a flow cell for

i ntroduci ng chem cal species into said probe region.
20 64. The nethod of claim 63 further conprising the
st efpatsing said olghti Heoush eni wlictablye adivgiable nveveleas® prlenie

r €988 tioftd in the optical path between said light source and a detector;

detecting said light with said detector, thereby generating said image of said

probe region, and

adjusting said selectably adjustable wavelength selector to transmit light
having a distribution of wavelengths selected to generate surface plasmons on

a surface of said conducting layer in contact with said dielectric sample layer.

61.  The method of claim 60 wherein said detector is a charge coupled device.

- 62. A method of detecting a change in the refractive index of a probe region comprising

the steps of:

passing light from a polychromatic light source through a polarizer, thereby
generating light propagating along an incident light propagation axis;

directing said light onto an optical assembly, said optical assembly comprising
a dielectric layer, a dielectric sample layer and a conducting layer positioned
between said dielectric layer and said dielectric sample layer, thereby
generating light propagating along a reflected light propagation axis, wherein
a portion of said dielectric sample layer adjacent to said conducting layer

comprises said probe region;
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63.

64.

passing said light through a selectably adjustable wavelength selector
positioned in the optical path between said light source and a detector, wherein
said selectably adjustable wavelength selector is adjusted to transmit incident
light having a distribution of wavelengths selected to generate surface
plasmons on a surface of said conducting layer in contact with said dielectric

‘sample layer;

detecting said light with said detector, thereby pgenerating at least one

reference measurement,

detecting said light with said detector, thereby generating at least one

analytical measurement, and

comparing said reference measurement and said analytical measurement to

detect said change in the refractive index of said probe region.

The method of claim 62 wherein said optical assembly further comprises a flow cell

for introducing chemical species info said probe region.

The method of claim 63 further comprising the step of introducing chemical species

into said probe region.
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