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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

PRV NS PINABRE STRPACE PHABMORICESOSNVOE SENSOR

adjacent to a sensing surface. A variety of sensors

based on SPR t echni ques have been devel oped which

Phi cknoSSATHNEN: RS ARDIRGAPBRRG L e aORep
films occurring mgsEJqR(gm)‘mDE\qf,Lem\/mNTnet al film
In recent years, SP sensors have_ _bheen

exThnepiergs fusded Hirauahe: giaat hbsilauied §Fﬁaes W&%ﬁéﬁ under NIDCR

a variety of biological materials and
gran%@gr(%ﬂeﬁ%l gllng events in real tine. For exanple, SP

sensors have been used successfully to characterize

ki net i ca and dynseRdfpioe b PSRN,

pr Qﬁﬁédgsplaﬁﬁ&f RisH$andd QSMQSCB59§§ h 'i@chﬁﬂfiile aﬁaﬁiﬁ@i kxcitation of

mol ecul es, nonitor antibody-antigen binding
surfach plasmons (SRs) Memytmhcmu@éandaphquab changes in &mcfbad gegion adjacent
snons sur e .pla ves or
to o BrEERER s art voney Srostitin BiGeMuESER e kGRe Royg, pegp cevetoped
wh1cﬁr15iﬁﬁl@§taeseﬂ§1h&é In@dant of @narhétberihadie b@dl&ﬁ@narﬁl index of refraction of
conducting or 25 semconducting thin filmand a

ultraghiie files pecdagp the purjase o 8Ij§md¥1%ta]g@%r by wgeyreaisupl sergors have
r a n

been, B8P Rep AP g AR EL LH BN M8 o0 phiitis of a variety of

bioldg@d?adi petidrinds sl terprabe biading exenta inretabtimeoFos erampledsi sarsors have

r|aI s ar hi h) ocal i zed at . the surfac

beeny P CBERTERAM o[ SPRSEARAL JHOGRTPRISEY £ é B8R Afetaces, probe the

kineti&d £ISdinRes diMiGtedcBibhs bewkbie bfbteiR, RotSRs ARG INMFA and proteins and
exponentially in directions Eer endlcular to the plane

smahl rmolatdés, | mopitaypanjiiody-angenT himdggasnda chatagterizd RN Snhfridization

SP may be quantitatively described by a

proc%sﬁﬁﬁ’act eristic decay length corresponding to the

di stance over which the intensity of the SP decays toe

1 tinmes its value at the conductor (or sem conductor).
- grdcecplpsmonsa #sp kuoRy ay syrfrce iflaseon wavesyor| Rageen pelpsitons, are

chmé?&?ﬁﬁ%ﬂogrgfﬁgﬁ‘%@? pfobRb&S Sﬂa?aﬁlel o WP ROACO46Htn 2 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
conducting 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 spatial distribution of a SP may be quantitatively described by a characteristic decay
length 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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1L =Fk+ 2 (l); 2 R s wherein Re refers to the rea

part of the quantity in parentheses, k,P is the
waetaee1pl asnon wavevect or and ks i s the waveR€DUSI003/084265

the dielectric sanple | ayer adjacent to the conductor

(or sem conductor). For a dielectric sanple |ayer

corrprl sing mater and a conducting thin 5 film

he decay length is equal to about (D;
83 11% k I%t havi ng a wavel ength of about 632.8
e glsyby Is calized nature of SPs nmeke them

|deaIIy suited for detecting very small changes in

whert8f Ré@eéfersetol thel esal @a WITthd guanits & phregtheeg) 105858 the surface plasmon
proximte to a sensing surface (< about 30 10
wavevacieb Ajb ke IS Shrmvagpireies ih Bysdiclgetap sprpledayer edi a59nt to the conductor

(or sEMFORIG 5‘1? GGl &19@9{& AIID nc:&g co ﬁf‘ﬁ%@%&r %th E&)&ﬁlzﬁng thin

I nterna eflection o ent beam
film Koetpsshgagold Reectdvay gegieisr yquaévtandmiarSB 1 nm for light having a

wave? | eg%l%jﬁ?q%ﬂfeagi g &\gqla Y?ﬁ%ﬁl@ﬂg’éﬁ%ﬁﬁ L n?trg[%s P]g{/\]‘il%nm ideally suited

for dEt%Et‘il?gC{réry Smhal1¢Rxngds & ﬁ%&ﬁxﬁ‘e 1h@éé@6c%uﬁﬁ% iB%Edsiie r'ég@ﬁs roximate to
propagates parallel to the outer surface of P

asemmgaurfﬁcpd(tﬁ abijraéehnm)o the | ower refractive 15 index
| ayer. The prismis needed to achieve the wavevector
mat chi ng conditi on between the incident excitation
| i Eh&orﬁ@ﬂtl@ﬂaﬁ SBRIthethedsy laasinécited by @vaiedeont dlcetre@bgnetic waves
| e, photons of a certain vvavel ength and incj dent

genebate upest ttefrh lrawgalereﬂepmom ehan dpeidefalight heam. wdiy dhe Kygipchmann-
Raod LR, BTN MRl 6 hBIC' 6, Bl TR 50

positidiee Tb‘é"cwaenQﬁgHeeﬁhd?m réﬁ@i‘ﬁ/e wdek didhevted iyersad eeetece8P, which
and can be nonitored as a signal of_ 20 SP generatjon.
plopmtf'esr praplislepythe joyter rurfesq of dprmstsh filguadiageahto fheelower refractive

nde i, SRSk RhNL ) B8y AL RPIARY R oen

incident ¢xvitatiqu liglihand this swofme IplasfnotlheF(ﬁt 4 givBPRielectric sample, photons of
conf i uratlon is experinentally difficu

a cefign waYGligth e%%@enff i TSGR AL Pl Laicsient waves that

pencBaR-thEhiRed |lé67»er bt QL8 surPiR JIRRd Bt the Hﬁeftﬁccﬁele&h@%ﬁ'ﬁﬁﬁ interface.
are created by evanescent fields generated as |ight

The pﬁ@pﬁg af ecflagtsdright il srerefpre ke wducepzndeoan hainemnitozed asg signal of
SP gteg?lgﬁlor? n?xét%r 1%12“ Ofh :%oe:élgﬁ)a({:%lp elggragm% C%fl?_] P%al\f%l%%r and prism are

sepaidm byependgap and Sk mm&iﬁdtdmr thefsidehef th&Cméitehﬁhhlegj’ﬁcent to the
bot h_the_ wavel engnq and angl.e of .ipcidence o

PrlSBflheA deaebaskrrt the dio SR onflﬂu@aan ti$ &t 1%%6?’@8%@6}%"35? difficult to
maln%fﬁ 2%ﬁ%ﬂ%n Qntttﬂﬁ‘:kh oﬁlr{aﬁ&rfﬁc thQNSHP n?é@lqods surface
¢kneds of the | gher r ac ve I'n ayer, | ower

plasmety @e tcreated byd@mnssaeml fealdl&ageaeramdohs lpbhpirwpagates c(awn a fiber optic or
conduct i n in filmused to coupl e radi ant
wav ST bl o iy )

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 the 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
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el ectrons present in the conductor. The di spersion
weeuwaviwon? for a SP is provided by the equati oPCT/6820681034265

k sp =k O (Il); 6 +d 5 wherein kO is the free space

wavevector (ko=c)/c); s,, and Ed are the conpl ex
modRebimfleb | dédtioRs REsent NE KO BSMRLINT TR dEPBISFRANEHBHDATGDr a SP is

thin filmand the |lower refractive index dielectric
provislagpl éhe ¢qapiden: r espectively and co is the angul ar

frequency. A resonance condition of exciting an SP is

that the parallel conponent of the incident wavevector

(1cpa,), st _equal the surface plasnon 10 wave

vector (lgsp)gs k =k (111). par sp The parallel

cogponent of¢ tdhe inci dent wavevect or may be expresseﬁb)

i n"tsprns0pf the index of 15 refraction of the nmedi um~”

in which JRg*lEi ght is incident, n, the angle of

i ncidence, 0, and the wavel ength of the incident

light beam k, by the equation for formation of a SP:

k 27a2 sin(g) (1V). par A 20 Substituting equations
wherkin lanid the/freespace e vastori(ki=age)o i atwkedt dre theadomplgshpermittivities of

relationship. expressi he resonance condition fqgr _ .
the CPH%“‘?‘&F ?eE‘HC%P%g’“@ Fﬁgé@“‘pﬂnﬁﬁ% ﬂo“(eﬁ r?fgar" © 81 rﬁléeqecm sample
layer@ Rb&ctivklyl 1@l bl 8BS asdildhr FEe( 8 LY A reBbndnbe cortiéticiedfexciting an SP is
beam 2TGn sin(O k 6c¢6d . 06 +d 253 W
that thoqaralebyampeey ofShe dBideas peBevRS o §kesi st £qal #g surface plasmon
e ipn.V, for a given netal filmthickness and set
ave %%#gﬁ%tive indices of dielectric layers, the
resonance condition nay be satisfied by variation of
either the angle

koo™ o (1I0).

The parallel component of the incident wavevector may be expressed in terms of the index of
refraction of the medium in which the light is incident, #, the angle of incidence, 6, and the

wavelength of the incident light beam, A, by the equation for formation of a SP:

_ 2/msin(0)

k par A

av).

Substituting equations II and IV into equation III 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:

k c d ).




10

15

20

25

30

of incidence or the wavel ength of the incident |ight
beam or both. 5 In the derivation of the dispersion
wOo edoavawon? for the SP, equation I, two additi oP@l/US2003/034265
conditions that nust be satisfied for surface plasnon
generation to occur becone apparent. First, SPs are
As ispeviiddna filoze equakidn 34 foam gbeh yndisl faxcihickdeyand-RObBFfaeEve indices
.dncident light. And second, SPs are qonly supported at
of diglgctrip dastersa dee Traorangs conditirymay e satistied bypweriatien pi pithes the angle
. j ' s b d 1 quations Il -
Ofm(@/aerggggggs&?vﬁ% e ?e ?g%%dle\i}{eﬂé{r’%gg%(lﬁ’o rq%éﬁlg dielectric
sanpl e | ayer adjacent to the thin netal film changes

t espnance condi t.ion for nerat i,ng SP,. Thjs .
ciri5E RRESL AR SO SR TRy o thendp pdplen 1 two additional

condfioh§ €hdt Yy HERASHTIINGr bitacel PRt seteRtioh RS ot&lr! 1RE6RE apparent.
i ncident beam as a function of angle of incidence,

Firstygle laengtielasized vad 19 ¢ancpelerhe preciied dry poolarized incident light. And
Lo . ¢ e ‘ s i o
oG5 b Bhohi o FRAREE R RS ol Bfpivics o

oppobigagipgaused by a conversion of radiant energy of the
incident beaminto SPs at the interface between the
thin metal filmand the lower refractive index [layer
' Qy?lkl)ﬁs@ra{elaeﬁ e@%’%h@ﬁ YV, %ﬁ%g{eﬁ 6 RATHRHvORMR D he dielectric
al so been used to excite “photolum nescent materi al s.
sampBpkyerf adjadeht/to the drigyndial diimachSRzesshe maphande tondition for generating a
phot ol.um nescent 20 material in . a manper, resylting in .
sp. Cifsretifen l%fre%ﬂlila%?eeewﬁmrt Y2 RS PRIt wﬁélyn §Y measuring the
intenkty6F B8 G8MGEd 1AEidBRUeAHIaRAGRINCST anb¥e FdsliddneBakavelength of the
__detector can be positioned in optical conmunication )
incidgit beather swths iSafsfectionaafehe tespeanse cenditien restlbhin a ghagp attenuation

in thc%_lhnge(z)ngsh ﬁ,g)? ‘rtﬁ:eerf;ﬁgc’c{:ﬁal quatrni% Qiu%e 'é%ng r%g \F esi I;] SF raégaRhgrl%’reg%ﬁ%f(sj%w incident

Ination enua ctance

beanffiflo SPR 4t nhke G@ehfadel hetwesceB ahinhastab€en adnibedbwed edratidve index
provide a sensitive neans of characteri zi n% chem cal .
layerp5  gane gRy Sieeapratially glosalized upatigg s Bawealsp Bemyr yeqd to excite

phot AEAS s Serd? m&iﬁsﬂi Sg%@ig%ﬁhif,i]eﬁgrgg%nﬁjggﬁqg @&?}ﬁecp{o_ e{llkelﬁtﬁﬁ&nescem

resonance condit changes i n the refracti
materindiexa mhnzer [resmiting infexaitationenfian ddectrdniel tensition psangihg fluorescence

o Bty 8 ool b e iRgTEL oSl srmmunicaton
with $RAQAES g IsrfA fohBedsBRANANEEsHS B iffubRBednE of RlafiRfalsdfingied by the
SPs are nonitored in real time and directly related to

SPR atvesriss al Ther cquiyinatical ofc hitenyeted aelentanica PRAt methasis sindgSPR induced
surface adjacent hi : tal..(o e $or) .
o A Rob i g TP Seaf B BRRHEA chemic
and sigkeal dhafgafoconir@giadh Seradurfagnpounds by mani pul ating
the chem cal or physical properties of the sensing

surface. In these applications, the sensing surface

By B CORALE DV PR Ril{TBUAE IRperftBiiLE tHRISPR! B N& céhdition on

changes in the 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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characteristics such that the refractive index varies
w0 pooth@7pT esence of a specific material to bePGENS®A3/034265
For exanple, the sensing surface nay be nmade sensitive
to a particular antibody by coating it wth an
bindiaptdhgemteristi¢shaichathbi thediefratitvenindeheatein Migd pregance IR specific

detection _has been successfully i ncorporated into a
mateHgi{g e SeRsed o HREFEEIS-YheFasmg Sidads IB‘I%E‘? pafle spnsiivetyg particular

antibd8Y b @éaﬂn:éqjt H/g(hﬁﬂ ahfienSE IR raﬁtﬂ?@n U arF%eﬂﬂb%%) %ﬁﬁédl@se 8PR detection

rranu act y Bl Acore, Inc
has ogeni sakcesstnlyi gu:paiommd axmpalmmﬂae( of @rmnmcmélyoavaﬂable biological

sensip FReRRLEr Ve BEHE N ierie i EE mabiaglrsdy BlAcore, Inc

index, (3) a dielectric sanple Iayer (or probe
re on) haV|ng_a second refractive index |ess than )
nesdlly, e SPB. ¢pticst configuaationyeomprires (bf atseurcsped elg¢trgmagnetic

radlatclolgi‘ n?(?n C}hcﬁﬁcaﬁﬁlnﬁlgl%%pgﬁ‘we( &mﬁ?fe%p %391%1 ng f%t lieﬁrac‘uve index, (3) a

sem 'ng-t m posttione

diele@t}iiicl saftipleylaydrabS piods rapdor) DAPIRL arséc@fddefrhkﬁlvedn@xdeisﬁhm that of the
npl e | ayer (probe regi on% and (5) a detector,
first tq@frgcta@nflmbeefr 21 6, oBFCHI¥C FaRTRISS B £oMPonetia {dki % tquducting or
seml&gl{cﬁgg%c E}ﬁlg &‘% H?ci’nlg{ﬂtbeﬁ@%gﬁﬂ% ggtu?aglygfb%lﬁltlsgfrvre]aciomponent and the
dieleciicl satrt;ﬂeotayat (grblee tegicey) fand (éSbeﬂmanr t [te'thm pdmf@iratlon an incident
transm ssiye 15 nent and t.he onduc
bears iy FanSpGeH APiCBE dEE RREMAGHE TBEMinT SooIae O dpeidfhe such that it

undefdde§CioRsl tReBalabRskidh SRRRD!iBtePhcd BRSNEINNGhd téptical transmissive
intensity as function of tinme. If the resonance

companett ehdrihogondussig ithinEélmat | Bhes reflected iucidgnivbeam is collected and
direcrte tlé)anéetect(glr %El])lg ?ﬁ‘ﬂ:\ﬁs{r gqts 19{685@} a%Pfuﬁétlo% r{le If the resonance

rrace e con Sem con

condlitlbrfloﬁtllhéﬂ anHqiddtiens [leloevtis intet Sﬁdﬁhﬁeﬂeagsﬁs cdn@Sﬂﬂd:d iﬂﬁ@ a SP at the
i.n a nmeasurable decrease in the intepsity

interfage betyesH theeniBrinhYasemiswndaemnedy g ard @ﬁ égﬁst%ﬁample layer
resu@g b %&eﬁs&%ﬂ?‘aé rQ&seEﬂ#fﬁeqﬁt%ﬁﬁt heah &e@iﬂ @Bég&ps

npl ary optlc Igurations are escrl
Rot henhausl er, B. and W Knol| (1988).
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T e AT L e

Exen%ﬁ | @}is;t?caphé‘ﬂg@ﬂatmn@ r68 aeRYib&d il RBinhA¥RE,SB." anthinn Knoll (1988).
oli'd Filnms 187: 349-356, 25 Hickel, W and W Kno

"Surfapg@la)smdnﬁnﬁmomny dﬂﬁﬁ_gﬁ@&@lﬁéﬂ%uﬂ%éw pﬁi@?ﬁ)nw and W.
Knoﬁgpgsf@ S a\éeggfgtﬁgg}ﬁhrrﬁ?ro?éoy&%%l Lg%?.gfffhﬁ’ﬁ 5914 %ms 187: 349-356,

Pt id
Hicldel,| W& 2hQ9W. 36rolB (Br919e " Biitél puid spthtlaﬁy refdlvdd siface plasmon optical

Koo et al 1 'Choi ce .of . metal and - .
mvem%p@ Rt thef Bhotgfiﬁw@@en pabanyisBiigat cnulilayse esseahlies.” Thin
tql I3 G 1 2 "
Solif ¥l ’ﬁjﬁ%zrg“’?’BRdé‘gﬁh Wdﬁogﬁ%nﬁ %t f(g?&ymﬁ st 44, (19@?) Choice of
metdl Snd fravelepgth Sonsur0e-phsmoa neenamce sesON) pome npn&mdmfaimms Applied

.of 1 esol uti b ati gn the object.. Applied
0oL 3 I8 55 S A R ok bl S s DR e oo
reso@RY¥ MR ros8bpyAl impkdRfeht of RS RlsbkutiOA Yyrotation of the object." Applied
Optics 32(13): 2426-2430, Berger, C. E. H., R. P. H. Kooyman, et al. (1994). "Resolution in
surface plasmon microscopy." Review of Scientific Instruments 65(9): 2829-2837 and

Brockman, J. M., B. P. Nelson, et al. (2001) "Surface plasmon resonance imaging

measurements of ultrathin organic films." Annual Reviews of Physical Chemistry S1(1): 41-
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surface plasnmon mcroscopy.” Review of Scientific
I nstrunents 65(9): 2829-2837 and Brockman, J. M, B
we200Mekon, et al. (2001) "Surface plasnmon resPCEHOSE03/034265

i magi ng neasurenents of ultrathin organic filns."

Annual Reviews of Physical Chemistry 51(1): 41- 5 WO
47, RbidA/ %Oﬁéﬁb?@iﬁédﬁm&ﬂl Bg4idbirenct’ in wheic fentiretichetoe e extent not

i ncor oraﬁ reference intheir entireties to the
1““”@%?%% epﬁﬁ HEP@?@H? with the present application.

The nost common configuration in SPR sensing

applications involves angle 5 nodulation of a

subBlst anest atdnymop nowtiguraionce in Rersensing nagipdieationsi givolves angle

modlGRGL afce gbhiratd By PEhuole g BRE R FRRER, JEBFRRET m s

techdig@id, %Cstu?ﬁce §1&B§1ﬁ)ﬁﬁé$o@bﬂ1¢é SRV GhEcdRitddChy eRAQRR the intensity of a
i nci dent beam as_the angle of incidence is

reﬂe@%t%hﬁamt@élm ryowczéeptlcsa@heg%émqldﬁm &pampngs thp angle of incidence is
n e

s RIS REE AL S BB MRANE s 0 s

attenﬂﬂtdnecstkthﬂ ditergity @f tlfﬁnﬁﬂd&htmemnodomspnmdm tofthd fhinimum of a curve of

refl ected beamintensjt i ncident a The., ..
reflegif bEaTg JRICBS BRI E e #1Ele P raRpl DueaRRgie g s minimum,
referfelaeco LS SRR naANH e (055, ms deﬂ)e?ldgiﬁ%nﬁ@ HdeRBf fMctifd B¥ar Fhe surface

refracti on near the surface of the conductlng Iayer
of the\demhptmg tnyer. Admjpnnga mfblndmne 1o alageriats intthe smsmgrrgglon adjacent to

nt | ayer changes. the
the qopfadhr FEF Fikver e ek AIaERARY PolRooaRR TeRish abd causes a
meadiRAII AR i tBdvhlue iof of, hteYaﬂ’uﬂeathn &6the sRfadit O f, i thédefods) provides a
of the shift in Gsp, therefore provi des a T
sensigigns Mepe ofe APSCTHMEoEEr yharactenieng haliaagese ripzithgy composition and
i a f
conc%}?dgg)ﬁa f SnQet%rhagsé %g%grﬁlgﬁlktréggn B or)&i?lﬁ[ﬁg rﬁtn{c?é I?ER]& I(zlgglo straéed linear
corredietiome sikisa betvdeh nesthanaeodrghd siiftonad @xdtsin doatewetions in the sensing
.resonance angle shifts and protein concentrations in
I€g10he sensing region. 20 Despite the denonstrated
ef fecti veness of angl e nodul ati on SPR techni ques,
theses optical configurations have several practica
| i Pesratei tbnslemehstgth:d affqltieemd oif anglcrmqptlittm PR techmques theses

op‘ucéx Y ﬁ% tn]i S lxjfgrrgtg LT %f li nlgglajé"g?t %Fx%le modulatlon optical

con@maﬂﬁhs n&qﬁﬂa@ @8J bﬁ ®Rmpliagted emeapfcohipenernc rélgidn beaMblies for
ically,” such assenmblies provide for rotation of

a
selecéahiao aﬁ]asmrcmthefanglﬂ afgreidensg of ghe lﬁ@éﬁ@tsh?am nbyRrigalliye suchrpgsemblies

provgcgl ﬁl ﬁf %n'(l)oﬁl%‘g é %ﬁ%ﬁﬁ%&&%ﬁ% {bsd S@l&lﬁl%tl):pﬂ@% b polarizing

optldsoafii‘di/@wfoﬁtloﬁrtsf 4 emmbrnatign w$ dighf csliretion @ppitexnd atdetdéctor. Optical
assenblies are und§3|rable because they _are cos

configyEttions 15IHRRE 5T Of GEChh AIMPIEY UPTAEOR ASHICS RE odsliilg because
they 244 &%ﬁkt géﬁfﬁﬂ? restaeG L) %d UsGuitd QB ehaMiinaf@ and realignment.

conpone i on assenbl es i ncreases an |nstrunent S
Second, use of complex optical 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 lasers, in angle modulation SPR
techniques results in unwanted 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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sensitivity to optical msalignnent caused by
vi bration and variations in anbient tenperature 30 and
wee@gsurer Finally, use of coherent |ight sourPEFUSEOBIB4265

as lasers, in angle nodulation SPR tech iques results

in unwanted optical interference of reflected beam

c ospathentoptic8u cbnfigpaticalcommhe@r fter SRRe seisingndpplicaidhe involves

ecaguse it resuylts ip frin patterns, which . ) )

waved i gmda%tlpy e@%vggeegtht REGYBHOT QPO SPREGTBHons Higeigtensity of
the r&RcRIANGEIdBY: HRBR fsSRdHHMERr aGi iR ABRAUMAAAdd e as the wavelength of

'PCT/'US2003/ 034265  Anot her optical "configuration
the imnidhand hean iSPRteswtisaliigvaipdl ilo shdse teshhiqued, wevrfaee/plhsmet resonance

nmodul atiaon. In wavel.ength . | atd on.optic
curvEBratnletn s UPHE VR PlAu TS R RRg BRI Eboagy o the wavelength
of thé RN bedi® dWdrfed MM tvadvelnE @I codrekpohdthpatd Fhem@imum of a curve of

i nci dence as_the wavel ength of the incident beamis

refleefod thepimt jéeisity wease wavelengthheduradethas dae sesopauyavgdength (Asp),

indic?%%% {1¢ la&ﬁﬁ%@qgé? ?easérrlag#% \églgdel o¥ W&Z{#}e?g%&%t gﬁ‘i‘l’?‘é"{li%lg)g of refraction
of a svaviap eeibin adjadent tethi uifatendf tieamdustingdayerd Qubhgfication of the shift

ensity I NCl eam as
i mavelgggthiégrres onding to the mninum of a curve of .
in Asp. dPETEET @ PTBVART F APRIEYC oans d OORERYHEHIG HiardCl etsedhapges in the
compbitldCarlde& AR atiWR b8 AN {’fRking rb#6h C &PRSwavelength modulation
satisfaction of the resonance Qongltlon and is _
techrdeyrsredamoniy empboyi ancastant anglsf ofdocidence apfl, therséavs,i dognot require use
bl iqn d'acen%E} lthe surface of the conducting
0 ‘1@8%1? ?Ca?ﬁéﬂoﬂﬂf"ﬁ EWG'Sh of the shift 10 in k , P,
therefore, provides a sensitive nmeans of observing and
characteri zi ng chﬁgges in the conposition and . )
cofivether applisatien oftBr foatensing 18 SBY epgingyfeshniquysp wherein spatial
aifteKE S1B0 RABAMPY Bliook B WalES R ANIRLY  BRHEY oPtime. In s
techrigap) iarcellirsged, afiorohdoynatip tightbeanoisatkedfor ascieatioh @ SP4 and reflected

. . Anot her applicatjon of SPR to nsing i.s SPR i.nagi
light cORRFICGIARE, 1 AHEPES e FRRIORIHYe BHcBIeRsOpferey detector, such

o ki L ,
s o PRRGECHPLI ek 0 hSELCDIAG0E ¥ EnRAE, 88 i oion o

monitoned gh rreatetiing byi gfiservivega mtive-dimensidrnsl déstighutioni ehmessugmsreflected
. d reflected. ,light di t b ' .
ot SR Sl N RE A PP R 0BBe 2R coan

regics off IR YHOBE a2 witlyasdtishy \the SP @dsofi@i¥e candifbh hed RERR foNefficient SP
conposition in the probe region are 20 nonitored in

formeden. Thersfasy, hessaegiony wall exlgbiiatersiciglledpd lighthgtengigies. Other

. of | ec i ' Siit i . .
el DA Y506 G Sfhpd RU 8 F mgrins hvi
refraotivd) dntfickst whichrdanot satesgy oies SBf rebdrenps ebediioreandedo not result in

satisfy the SP.resonance condition _and ovide for .
efficignt .Sg!f%tmlatgp. T €4 ggse r?gfgp%?vgf%}?h.aﬂ?lhggér? . fiyities of the incident
bean®X MhipfeterREd BNURL RAEBiLECEL R JidBMavidY &fftdnk @Bemfdal'8Rd physical

regions of the probe area, in contrast, may conprise
propetisorésatt ipranbiowgd chaaeteiizing theaviting ppeber area. ac The enaximum contrast

betwlggﬁ Ltlcezgfi%gf‘vlmllgﬁ eg]groﬁgtar?sagéhlﬂt}/ei hgt%in%ﬁ) 15}? Sv%pyallﬂ]é: She imaging angle or

o5

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 S1(1): 41-

47 describes an optical configuration that is reported to improve quality and sensitivity of
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efficient SP formation. Therefore, these regions wl|
exhibit high reflectivities of the incident beam
wredoiesientes in the reflectivities of regi ons PEWUSZP03/034265
di fferent chem cal and physical properties result in
an i mage characterizing the entire probe area. . The
imagengénemated by SPRsimagiey teelenquesgiThesithors Hisclposobe opti@d arrangement

con 5 SRR B, Bt B 30 8 gl

assenN§llyS Bfkro R tbadll - infed@Rhte fileHhh@CRaldkaPR die%%&nfif@l@) camera. The

i magi ng neasurenents of ultrathin organic fi
refelmﬁpwszé'wpeiﬁé{ @ﬁagmﬁspgrrgmondmgrfp éiweydlggl(emy inteyferentg filters, which

passe%ecﬁfrf%regfe&% r@& %%g(glgaﬁy tll%tljl{ a}k tﬁeugh?ﬂéﬁﬂ%a &%%EQR image

quahBC'ﬁAdySB@ Qﬂ)’tﬁﬁé&ﬁ by idmges @eae r1ﬁﬁeﬁéreh§z’e IPREr iHMRGignthe appropriate
techni ques. The authors djscl ose an_opti cal
transa&lﬁsawggwmeﬂ%ﬁﬁh? displgsed msthofsrgapére\iing eonsigig, iterative image
r
st BPUSERRPL AR SIS S AGELE ARSI, s o
authars pphcapdéyv depend @@D)lgle anammg tohoptinradly @oatnast tlmmammle‘m in ¢heir probe

reg1olnn?g)‘[qx gﬁclgr)l{qrv?tfgp oghoéevtic?g élgtfe%{arpp%er filtprs requires repeated

alignWRWE bt BXSitdloreael (le@édtl@ﬁ o}ptlgd'ltarraﬁéélﬁéﬂﬂﬂ hid Qfﬁilﬁ‘éﬁ HRS Raching of
report that SPR inmage may be optim zed by

the referenseiipriraitedato pm@& fcenﬁmethnsl premdmg/ dwgretehéetectlon wavelength

selecBR% (ﬁ) qh r?ot tp%&gges {He a‘% lﬁg 1 Cpu%r e gxcﬂg r? 3t detec%o wavelength over

ISC OSG S requlr e consum era

a contitges ragabf vatusdjRisdllypthc niythddliklosee Bi@p(ﬁb ﬂ&fﬁimple to significant
i nserti on of different interference filters.

intengitieh of light i e ingareyel e%aofoﬁetsﬁeql @ySelsnGQPgC%era which do not
contrPhké {Haéﬂ’lx nﬁ %b[foﬁﬁatu;nha%d agéal,g'e ndtQI1E inht PQ gﬁ)bé Qegion.

region. ver, renova nsertion o ptica
|nterference filters requires repeated al i gnnent of

t e tation a det i on .opti arran

i ¥k SbrEcte@l drith gt ForopaE i o SRULARS T fugmpgods and
dev1&§tfb§§énefaﬁiﬂ§'$1dﬁﬁitﬁlﬁ %ncag;agg @ér%nfti’éo?lﬁﬁ&h% ﬂlteiﬁy %%&mc} not utilize

wav el eng sel ecti on an 0es not provi e abili Yy
angle enqdutesionhBPRx partigelady apeledmodulatiom SHR, epterdtdonfgenations having
com}gl&? tl‘%)tgl tond %ea:%saeglgogletshe u?%l#glsmet 4] sglalla.]cyn IdF\tlllgees or t\ge(l)v%fength modulation

SPRi heingi drdes ﬁﬁagl,mg tavihgVvédiginunensty engibhs inodheaai elfglﬁobources are
amera, which do not _contribute to

by the CCD c
need?%ag?ér?%ﬂap ﬁtmaibkﬁqs%dnﬁwn%ﬁ@éﬁ%@e whaﬂhselrrnmewem&ew&le optical
interfe‘?&icggroﬂlémm ﬁ@ld@?ﬁﬁaﬁ%@ &gn&ﬁg?& g'fsoﬁﬁ[)ﬁ goi ng t hat

a Cclear et hods a

need exists evices for
generating SPs in thin conducting (or sem conducting
films) which do not utilize 20 angle nodul ati on SPR
particul arly angl e nodul ati on SPR optica

configurations having.c lex ro i onal _assenbl i es.
Further, net hoo%I?MM%éﬁr@Eﬁ @rfﬁé{@ﬁ@ h nodul ati on
SP %F&Svle{l] anﬁ)g(/?\ga?sl np}ag}p?ig gg{z/l:g%g aﬁ& nctlévrl]c%o lc”!cs) %onents for sensing,

imaging and characterizing changes in the composition of a probe region. More particularly,

the present invention provides methods and devices for detecting changes in the refractive
index of a probe region positioned adjacent to a sensing surface, preferably a sensing surface
comprising a thin conducting film supporting SP formation. In addition, the present

invention provides methods and device for generating surface plasmons in a probe region and
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needed. Finally, tunable SPR instrunents are needed
which elimnate undesirable optical interference
w@e@blo#&ms7 and provi de enhanced sensitivity andPCT/US2003/034265
resol ution. 25 SUMVARY OF THE | NVENTI ON Thi s invention
provi des net hods, devices and device conponents for
charsvesizingg the comgosigomind thbarrelet esgior by gdnergieg one bhenore surface

osition of a obe regign. Mre particul arl t he i
plastgor, ESARATCRY GHIPS ADGPD 1SS METIRSISaaCE évgasoff e probe region
The SRURAL A8 LRRBYIBE thpleBSit iBfdnf6h Y ROusdidXdQEct acmd characterize

probe region positioned adjacent t0 a sensing surface,
adsomQheatabtpyloa 3 énslmgy@lnpmmb specEapIUck ian gméecmtﬂs rand ions, to a probe

cond filmsu SP fo tlon. add tion,
regiof QU BB & R oreifE G P O Pl e aEhBOGEYY b Sy selected
chenf€1 &k %h?ﬂ@al?#d%ﬂe&lﬁe% PR ke pReséht BhRAEoA ?ﬁi\@d[bsaﬁeﬁ/ele%gth tunable
WO 2004/ 040717 PCT/ US2003/ 034265 char ac erizing the

SPR cesapig i davings ofndt Heaginp iseviceyitwt a5y conlleaeli pepsinge clegnges in the
occuH‘Fﬁc% SHSPRCGa/R ARMEP &R gﬁagr%\?aer?%lg\@@maeﬁd%o? rsr%j A%Kion as a

sSnon resonance | mages
functi®@i bﬁdﬁn@rphr@k&ﬂarl;emmf rebeet 16 espivbe iroyientumdsradilg Plysical and/or

ysed to detect_ an acterize dsor tion,
chengg] Gh&esn Bﬁnaga at%? g%ﬁéﬁﬁi% .Oé the freRt iyention may be
used TP GEL!BEciad 4 s%ﬂﬁmnttﬂat%rdqm%gtaét mg bPfleay AR dehik ibite.
inity

a probe regi on having sel ected binding af
ot her selected chem cal or physical properties.

Fuy t.her esent nventlo rOVI es

{ b R obisdfof et b VR Brorite b E YBR SR8, gpd imaging
deviddh Gh&A@R BbE rfuirs BNgHIAH nﬁﬂ@ﬁﬁ@ﬁ %)gﬁ‘n&h@rly QeFidEs SMEB @ not require

SPR and/or the SP resonant wavel ength rZEU|red for SPR

comple¥ rapticeinreiation agsgmelieso iﬁOTOf’arﬂnﬁethep%ﬂ&l@ | iggidgnag; inh conventional

N T -
invetédni ¢@Sprovide hlethoés entl dewest whithmaynibze lﬂlSeSd)cbtﬂ‘rence of optical

etect specjes in_a_sol on that are in contact with
lntergeaeq@sapa&tﬁ@fa%n@ﬁh@ Land Q@@lces tWhich gHmipgte the gecyrfrace of fringe

pattePdLSRA 1 sieBMENvhRR td@,%rﬁﬂ@vspi@ ihtd @bJ}L?ah%P RndeB6ful&ht@PR sensing

I magl ng - devices that do not re e dngul ar
meagwpeiodrds.i dhjs pelr aricthdranbject dévthe e>$esmu miventtoontt progvgei methods and

|l ex optical rotation asse | s for varying.the
dovicgs o8 BeeHng Piaels: FBot BRE o HiuISH Soadraes g of stoms,
moleefids Oftd Gahs, CRAch 986 atdt ORJuir t preetdetibm ElabdihgO Pk Relse®f such as
the present invention to provide methods an devi ces

fluorggrieahlabelitigrarzadipsnsive dabgling prosesses. opt i cal
interference, particularly nethods and devi ces which
elimnate the occurrence of fringe patterns and

S pRC khee ayit; thedpgsad éndhiton medeq uawitelergid tolableswafaee plasmon
SPR sensi 20 nmeasurenents is yet another object
TCSORCE [{eNSPF &es‘qflsmgr\;gﬂmrq;ﬁlgtag H’é‘zﬁ’ét gesaxﬁdhe refractlve index

of a probe region. Wavelength tunable surface plasmon resonance sensors of the present
invention provide excitation light and/or detected light having a distribution of wavelengths
that is selectably adjustable. An exemplary wavelength tunable surface plasmon resonance
sensor comprises an incoherent, polychromatic light source, a polarizer, an SPR optical
assembly, a detector and a selectably adjustable wavelength selector. In these embodiments,
the polychromatic light source is positioned in optical communication with the polarizer and
SPR optical assembly. Light generated by the light source propagates along an incident light

propagation axis and is directed through a polarizer resulting in light having a selected



10

15

20

25

30

devices for detecting materials, such as atons,
nol ecul es, ions or aggregates of atons, nolecules and
WO eng/0408inT ch do not require pre-detection | abePCTyS2003/034265
processes, such as fluorescent |abeling or
radi oactive | abeling processes. 25 In one aspect, the
polatiragisr ndriérmatemt iprﬂfembby/i ahbstamtialyv tehagizedt lightbbe s-polarized light.
surface 2%Ias resonance senso %hfor sensin

Prefgesdi RO COMSTeRE L BRI g RHE b SRap, of eslly switching between
1n01dE§tf ﬁ%ﬁ 'hh\Yﬁg st ariAtioR oPieRBRBoA Sl QBOI&W@hQﬂEﬁ%’[IOH. Light having
tunabl e surface plasnon resonance sensors of th
a sebp@éemlanzarﬁmenom@ﬁatmnow diredisdianie ither IBRy fﬂptlaﬂdﬁ@ﬁmbly In an
t ect t i.Stri ut| on .of \
exeniiry rodub el 4815 e abiebto DA R SRR AR, o oot
samplél Ngfet end urcfoﬁ@tﬁztmlg d5yeR Hokitisn Matrveen IBe dRMehic ragaﬂoandsme dielectric
an incoherent, polychromatic |ight source,
sample [layer z ebhe diglesPiy gpwale dpyer aﬁé@éﬂﬁlty the, copugting fila qomprises the
a
o881 2B o L BRSO SELFELE oS one o mor
optiqabssltimatienl elememstposaioned) bemeee diel pDiycdenhatimh:gmcsbmce aed the SPR

.apd  SPR o i ght gener b h
ovtich nemels P Brepio e Centpesr e B T PP sssemby.
propagation axis and is directed through a polarizer

resulting in light having a selected 9 WD 2004/040717
PCilwgaatsy o84R68PR papitisal 2seibly @ inglesaef mgidence resultlng in total

R PG SR B T €0 poraion o 1
exe1ﬁp1&§r%hﬁg1ﬁkﬁﬁ@ﬁsl ﬁghlﬂfrﬁg igd€ing alaSﬁgIﬁh?e otideatslight psodapaiunigkis or light
bet ween i nci dent t havi ng pol ari zati on

propagatiagt alongnthgn aefkecw 4ehty é‘quohs maﬁ%ﬁt teough a sefpetably adjustable
v BHR 8158 BLAES Rl bR LG i e an the et

In aepﬁefam}edr smierdimentreint selbdtebl $RIdjuxpahle a&ava]@ﬁgi’rb%yectm transmits light
ises, a dielectric | a.dielectric

hav1p%9 Q}strélﬁ{ylog Siapsipitted, dvalvg%/;ggth?) Sedeqted,to gonesate, eerfgﬁeeplasmons on the

surfeg:b &lraft thiddcBYE rlay’%? ddfabentdb ehe pldbe Cre%ﬁﬁ Wnilghd P6BhgatihB&long the
dielectric sanpl e [ ayer adjacent to The conducting

refletietl ihight apisi is alstacted bypthsbdeteateri dheretx sampingrthe sﬁi:actlve index of the

o S8 OBl PSS R D AR BRIRR B8 R ot

a lighEtMRLHoA BRmeAt ¥ehfoet®di dto tHeGtbtecsRtib GRPAIVE defbetl&E’Eénsnwny and
10 optical assenble for collimating the Iight beam

resolitipact ed to the SPR optical assenmbly. Illumnation of
the SPR optical assenbly at angles of incidence
resulting in total internal reflection generates

li @hbnepérﬁb@@ﬁiehtn gleqiresmgt mvem:fdnq;:rbveidesl a gietnpofapagafyimgpercentage
axi s uratians, .l gh aat'n
reflegfryifgs pheelerEemcld frelderl fgnt b Satrdierioe S e fﬁrﬁfP@Wﬁﬂ gembly. In

an é;(ﬁﬂlg ﬁténﬂg)dﬂln&ﬁ,g i 8pRebpiRa! %gsekﬂ‘tﬂlﬁtls akbatey Fi’l%ﬁﬁﬁgted with p-

a selectably adjustable wavel ength sel ector
polapiosd hghiraad sipolartred dighi epnbelpdiva adistnesst of the folagiver. Ilumination of

rce. a t he . det. ctor neferred f e
e SRR §iBT P iE bt o B 1B ey SERREL Stying he sP
resoh&rRBSE¥nHRiohi @verts radiant energy to SPs, which decreases the intensity 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

10



10

15

20

25

30

having a distribution of transmtted wavel engt hs
sel ected to generate surface plasnons on the surface
wo@toole7epnduct i ng | ayer adjacent to the probePCEUSN3/034265

Li ght propagating along the 20 reflected light axis is

detected by the detector, thereby sensing the
and § p(ﬂﬁ:r&ﬁdl ligght rezdRingdfont bﬁemﬂi@hﬁuﬁl&gﬂnﬁﬁ of RtSFRaptical assembly with

ht propagating along the reflected Iight axis may

Subsn%ﬂfé& P-peleBgedRnd sipqlariged light beasisi on el enent  and

focused onto the detector to inprove detection

sensitivity and resolution. 25 In one enbodi nent, the

pr bs ehet pi‘era;meatn triventiqur, othe detectabiye adpistableq mmlblﬁgth nglector provides

wandliigll e peStiopibt vecrof domeb RaBRsRnE 5 caforathfgpgtions and

measluﬁngaé‘ 163 HaVeleRRR dhd¥BRbry thle SPPRreBfidLal PdReMeY selectably
is alternately illumnated With p- polarized Iight and

adjugtaljo| wavickagth sgbatobpf dhe eresenteinygition ebminatds theenced for angular

Q zer., IIIun1n Lion P
modézla #%n Eor Solil h]? egvftrl]\ée 1§dt\%a (\i)/%e o'b% ﬁegso Spk%ethods In
the ctdih&xSR’)f&ﬁlsr ecrtacm:&leqﬁewnt Inﬁfdanﬂ@mVﬁﬁ\tei’perfg&ﬂ laaﬂﬁg estefsgl selective
to SPs, i ch, decreases the |ntenS|ty of

variafigh |og @t%mb ansBpradateciad lighy i 2 mapRepaus §m|8<§Pa1ie§%@&C? fQyuitions and
resulﬁﬁg Sn G eﬁ&?’tﬂ)ﬁ 'A]s SP dlgﬁfn eI Ahditi ddiillg CaFrﬁ %Scrﬂ@eh(%ntt I'(Bﬁ the refractive
I'n 0 I ght y be

ensit reflecte olari ze
indemoﬁﬂmqirelquregimar wavdengﬂewnahle SP&r semsarf ofithegwresentt iagmtion provide a

ctivity by conparing.the jntensities of detecte
meafs o fiedins A HATIOTRE RBUSED b iTo Rt 691 sgBposition
b111dﬁ1%qifﬁnl@§%rﬁf ﬂeé&ﬁu\? Shthe ﬁﬁ)@lr& ipg fromalternative
l'um nation of fhe SP optlcal assenbly with

substantlally p- polarlzed and s- polarized i ght beans.
esent ion, the

Bl ¥
N S e e

is sefdely adjasthbly. lT:h@fdiitrlfaﬁﬁom@ﬁﬂ%@ﬁhﬁﬂtédﬁvﬁ@ﬂ@@iﬁs&ﬁd@ﬁQ)é the present
conditions and neasuring a resonant wavel engt

invepfiereBgs by dhatacisizebinigimpal 2 peptenwavelenedh, sb@pg jdslppyd wavelength
1nte1f|’§?][§; gﬁ{;ﬁ%' %M{ﬁ&@%&%l@?ﬁ %19& Qf ol 1€ d)?és%ﬁteﬂltve jon argncapable of

i on tes t need Tor ang
seledtivelysetssiting tdeenggrsvavelenpth ofef discibutien oflttwsnuftechwpveﬂb@ths over

regi on hy SPR nethods. In the context of this ct
2 coBRRyR of falEN 1§ RFOHEPSH VRN ERaIg R NGO Eh e P epith and/or
Wavﬁ%ﬁﬁ%ﬁﬁsﬂ%r&ﬁfe' 1R n@hsrhied donhe FAM10KH 818GbEeMay be selected

in a manner sa |sfy|ng SP" resonance condi ti ons
to elahmice tless sdrisitivg drnreSHutdore of at $Ri?q sepgngSmeagemenic eAlternatively, the

cent?rgxggﬁtl%@hs Pégll S strlg\}gtend A 0 g()rrev{f [agh | ﬁlg‘%apmgy Pro?fle of light

trandnfi€e® %QQE@Rvalvé\l%ﬂ{thls@IécﬂéE %/eiydl% &ledfﬁﬂatbserﬁhﬁn&eﬁ‘)mhmage quality (i.e.
and nonitaoring ysi cal, and chem cal properties, such

optimal IeGAGHS; lfl‘ilfé(rFonth?t ity differqni pres afide pedheregipn)y
t he probe region. 15

To observe SP formation, characterize the SP resonance condition or measure the SP
resonant wavelength, exemplary SPR sensors of the present invention monitor a decrease in
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

11
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Preferred wavel ength sel ectors provide a distribution
of transmtted wavel engths that 1is selectably
w@djudtEht e. The distribution of transmtted PCT/US2003/034265
wavel engt hs of light of the present invention may be
characterized in terns of a center wavel ength,
interisaied s dit funatich vb thel wagddngti of Hplsti transprittddi bye theBwevgdtmtly selector.
vel ength selectors of th resent. i nvention, are . .
The E’él’%ltg sgpec%‘oelg ad&@{ it% WV%B{B%}E% ioﬁ dlg:h];] éhaa; &g sletected provides this
funchBy &M@t Watledtisl tihdHld WPRORebrs! GANRMhdsBfk invention. Therefore,
wavel engt hs over a continuum of values. In the N
seleqtatdy eastiustable rwavelengthh scledonses! sy eiresanft inveb@erdwnait fpe positioned
nd/ or ., wavel engt h.i ntensi rofile of l.ight. ..
anyfitE, S SRR 3 ol Bitoc i o i Pty Ot it papgee to the
detedtOr. €Th 6 CnibidirBens thel stectibly adktdbieona@iengthSRector is positioned
sensing neasurenent. Alternatively, the center ) )
betvigey dhecnefyphremeatindicht sewscend e, Sifaratifal erscary & provide selective
. . i : i '
ool P ORI OLRRI S RLALIAR O b Il IR B 1o e s
optic@PRiskeralle auehl subyeq@entty. deteptedmal Inr edothat embodintbek the selectably
. contrast within different, areas of the obe_.regi on)..
oI s et SRS eh QEPEr? 26 SR SPIFLasTRiLy and the
deteSBPH PrloHUeQElOBRS Mjfsthldft oithe Rt RARNBTWHRKBLBR Wildeted onto the
exenpl ary SPR sensors of the present invention nonitor
deteetoriend deiseteil.n Theresent syvsntign alio lincjides reatbodiynents hawing additional

t SPR i cal .assenb Sel ect abl vy, adj ust abl e
sl oA  SPUERE Sietions WRELane” PRVENEPER! Bravhesg stone te
optical PE@RGY ®btvadh Wisd pdlgctirbiRati@ystiangiuice andfthé d@bétot. NAh advantage of
are detected. This allows resonant wavel engths to be

positiening af Bleyselestablir ediusiatde wavelength selggfor between the light source and the

SPRCAFRGES ) S T8 PR TERSE G VL B e

are éxploegisiot the SPRS optidaliassbinbly. oReduvingthe ehtengityhofolight ididetted onto the
.transm tted by _the wavel ength sel ector. The ilit)
optiqah ETLLY /BT (¥ VDB STGEHEmBafF gl tiereatval asseanbly
due 35 G1AREBEHE] DUV icHBRrdnite SchahgiCH 8RR Gftichl@ssembs) @Rgichange the
tunabl e SPR sensors of the present invention. _
refrafhige gfdox of thegublecregion ynd dpseureadlPR sensingl raeagruiemeatseet dgmages.
of the present invention nmay be positioned 5 anywhere
in the optical path of collimated light fromthe
polSkrbiaBRRhijasthble Mvadedsiipfe stlRclofie usdbleefii ®e pleRem@nNiivention may
enbodi nent, the sel ectably adjustable mayele%%;h o
compepeanbievies podeviccensaponsat Gpabletaddragsmifing awaleried distribution of
. R c ' arovi
wangh R34 FOULE GRS A0 Ll o flin Rk SRRl Mhi wavelengths
of Ishi ellengtdxsmplary Renbedihdmtaf che Iprgghit divergohe theosel¢atain @djustable
SPR optical assenbly and sub uently. detected. ln
wavlkBe e i PR LG N HETSERGCR AR e 3 dpaoapaditbtable about a
rotaliBie! KRObALHBhACTChe! HaROSH ilchtaee PASYBRASINE! ' Fhe incident light
optical assenbly and the detector to provide
propmghtéwt ixie ontheustiontett ligtt prépagalien aéiputlh dlris embodiment, rotation of the

oni 55 SRBLES 1 FehT BB SR SPAFASR s o o

tran@€lfetli Bahe optical interference filter, particularly the center wavelength of the

distribution of transmitted wavelengths. Exemplary selectably adjustable wavelength
selectors of the present invention include, but are not limited to, optical interference filters,
etalons, Fabry-Perot etalons, monochromators, spectrometers, prisms, gratings and linear

variable interference filters. Preferred selectably adjustable wavelength selectors provide
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sel ect abl y adj ust abl e wavel ength sel ectors, which may
be positioned anywhere along the optical pathway
wheiwe#11t he pol ychromatic optical source and PEEUS2003/034265
detector. An advantage of 15 positioning of the
sel ect abl y adj ust abl e wavel ength sel ect or between the
substa'nghlily sheirseme amed trdnemitGRRe aper caatangs scrfndzdnyeri wavdlatgths needed to
ht havin ted b

e dht GTROTG HRPUEE T GBS SIRRBP D afloHEge pppFleniath sclectors

havd Rel ¢hitdctbAged milRSdsion Bopdrtiedivitdireted 0Rhe pt EB%lanzed light. In
optical assenbly is beneficial for avoiding increases

disciete W@m}@r@]@ aparaben, (ravelspgihdaning seaants ysed dogenesate SPs that result in
optulng %rnﬁt g gnq’feggrgtﬁa?%ats?ﬁ%eer@éﬁer I%gfr:ogligllq \%v?l%g%tﬂ%c t]{;gggﬂeratlon the

cent@f ‘Qh)\&ale‘r@@i ofntha Iﬁﬁhtﬁbﬂmrcﬁ’ tRhknBed svavelengihs wiag RNiontiaichsly varied
Jmages. Sel ectably adjustabl e wavel ength sel ectors
whilg SERIngasiprieyts o5ipeges ae fUsstsdon may conprise any
devi ce or device conponent capable of transmtting a
sel ected distribution of transmtted wavel engths and
sulbst arfta atlegtalply eadpustabhe) walvelehgthnetdctsiionSER sehdoes of the present

inve s paglening shiftp o onerhe Pl BRYn R ESErEIon Liht, detected

lightGVEHENAHE pP@ERCARfcel and Mctiids GROviHOHRY HRINe 16 %oﬁﬂlﬁdo%my tune the
which is rotationally adjustabl’'e about a rfotational

wavelghgth ghistribefimmapt P?@lﬂah@n piehialetseterl dightien deth et g gubstantial range of
s SR RSFR ) 2 OGS0 s P ERPABRY L RR 1 rn o

seveﬁﬂbﬂd&ﬁﬁﬂianoxﬁ@ﬂefst IWﬁvéléngt]Iil eunability prtvidedttsrthBramidRte of the present
fi.lter selectably adjusts the distribution of
nveHQoR PO Fanges 14 %IFR r%Sﬁa%ncswen@@ovs tonssletecier md eheacterized as a

func@Bh ! c?:tajum'em @F Eu?%]e@ nGesbi ! lreﬁtnta}l&a E(Bl#cﬁﬁ'&? rnllary%[I b Qiél%% Gtlated to the

wavel ength o distri trans
refractive ligtegt dfsthe Exareptegion. s"Ellleecﬁ)BEblvyavahbpg&t tahdlh_illty provided selectably

Ien se tor of the ent tion . .
adiuf e B Pt L D0 e TEn: TEeppllos TPHeRFLs gyagification of
phydiédl b8d §hem1@Elﬂih@flt%ter@@&rdﬁl?@ﬁl‘ébe Rdodd O Burther, wavelength tunability also

nmonochronmat ors, spectroneters, prisns, gr at i ngs and

providasefar a wiskei dymrmiq range fof SBRc senspustasithe presemteinvention. Particularly,

v B R BRI B Bt B s o

detesindiml clefradtdrisarivedyatitoad eange of maeigals bhviag lifférent refractive indices,
wavel engt hs needed to , measure the. resonance
thlclsmweﬁg% tehemicat esqmeresiiongct db| 4dHignusisahPE Aneglerighlt Rdjustable

Wavél% fil Rledtor A \%W\@éﬂsoﬁr@fﬂg?%sgﬁtgﬂgéﬁtﬁ% itk %Q the Heed for angle

erties respect ari ze
modlutatlodl t®C dﬁb@t olamete ngtthe PR adsboance wawmditiongoth dbu@rmnng a resonant
in.5 0

e to erate SPs.that resu t
wan et e d bl T R s ey, é\var%%afrgé@fna i SPR opticel
conﬂ‘gﬁﬁhﬁﬂ 3% BereFRINN bOGuSPBESR éd?l@igufahﬁns %ﬂ:taﬁff r |C%Hﬁb‘lé3( rotational
the distribution of transmtted wavel engt

optiesd rissemitdigs [that\age spatialljipiidctsPRetlysandatensitive m ml éslent due to

vibritidh %8!1'(?1%}@ S etjfsa&b?ent l.u%cgﬁplté/m tﬁ.ﬁt atﬂu?ther avoiding optical

waveleng sensors reserit
geometries having complex rotational assemblies is beneficial because such assemblies

require frequent calibration and realignment.

Use of an incoherent, polychromatic light source in the present invention has several

advantages. First, use of an incoherent light source avoids problems arising from optical
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10 invention provides the ability to tune the
wavel ength distribution of excitation |ight, detected
WO p@ho4017 bot h. The present devi ces and net hodBCPUS20031€34265
the ability to continuously tune the wavel ength
_ distribution of excitation |light, detected |ight or
interigepceqnt beamy dostneneita enesaigé friom thagyeitasiogtahd reftesfedrbmbing. Optical
e Ghohtf ot Sy A B9 el ARG s R riceB e i images due 1o
formAative lo€ g Hereidtaddinged dndsseekide dn by ditidh SingbRdréRUieht Sdurces, such as
the present 15 invention allows changes in SPR
halogen; d#apt eAte JRENRENSNS ©EbE highly sergdusiblecmimstiicsrandeare easy to
: . function of time. Changes in SPR resonance
opﬁ%%ﬁ%ﬁgﬁbn may be directly related to the refractive
i ndex of the probe region. Therefore, wavel ength

tunabi it rovide el ect ah| adj ust apl e wavel engt h
serbe Pt Re B GBS pined S abelfoeBleuS ety SERCamibassembly
conﬂg%ﬁédﬁdnf | @iy PR Dbl 6RbmBICassRizdlseable in the present invention

\aracteristics of the probe region. Further,
comyses laghigtthetaluflabin qoniactivith a2isprandididectfio panaplodajer arranged in the

] g f. SPR.se rs.of the pres i nventi on.
o AL Spl P 95oRLa PO RERIR, ikl LOGRRHESSIbARRS: BB of
presértEigv@igiodenibg disclefe SPR dptiesledtberhblict NonftisiywheegufdRs, fiber optic
to detect .and characterize a _very broad range of
deviges epticsl 8raHEgS HRITicPPbIEHen PEhes SAmMROTERE ces,
t hi cknesses and chem cal conpositions. In addition,
use of a selectably adjustable wavelength selector in
SPRnyems@iagtf of hightpapada bf peneeatingBPsehbyrbe abekint the methods and
.nee or angl.e 25 nodul at.j.on .to. detect changes in fhe .
AeviEBr LS BIFATL 4TG5 Ob S it g 68 G ncer infared region
of tHeeNQhBRbRetRY spdbiirh i(dut 800 B b %ﬁ_@&tql@bo W &s BREAR: for some SPR

. Avoi di ng angl € nodul'ation SPR optical configurations
imaging lppledationshbedangsail peotifessiacrsasedi iglinetiviedndext squisitinity ycompared to

[ ire conplex rotatiopal. . optical..assembli.es that
teonf B¢ e TRy Healied o fR nanB ol G0 380 3r bebns Gitared may be
bendfici fbrgmeniiit applieations whekdi@ tHeGtobd o fonan@aSghttd ablhi@l kpecies that
ressure_and tenperature, Further, avoiding optical 3%

pr¢ ¢ . :
absogla Bhibe visdle Frglem gingwefsTred cnbedimenisaihe aeaelengtheef light employed by
b c h . . ¢
SPR AR Spor BEGRHE Befibe bORP PRALKRyed Bt SolbCiERUR the range of
aboyp @1y ahr torabbuc837ipht source in the present invention
has several advantages. First, use of an incoherent
| i ght source avoids problenms arising fromoptical 13
VOwRR4 Aab]ESPR WISRBP34 QB4 BRRent iRl b HRY BE o?éra{%@qg‘a variety
conponents generated fromthe excitation and reflecte
of diftezent opeyetiprsd imodest EPReeratienal addss carrespand to different types of SPR

ubst ant i.al | egr.ade SPR.sensi ng .measur s _and .
meaffEBLA0 ditetehe SRRHRAE, Shst OF ey pRER AT M Gal Mittppas of using
thesé pedidse . Exetpta¢liSPROgEnsdrf 60 tHRI@8dent ingBiktichoité esableSodperation in a

as hal ogen | anps, are inexpensive, exhibit highly
plurglgy ob gpRrptnempa¢sensi ti es and are easy to 5 optically
al i gn.

In one operational mode, SPR sensors 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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The present nethods and devices are broadly applicable

to any SPR optical assenbly configuration. Exenplary
wERR4opt7izal assenbly assenblies useabl e i n t hECPUSRE3034265

invention conprises a thin netal filmin contact with

a prismand dielectric sanple |layer arranged in the 10
compKisetactwardimensiphalcabt gieparednt yeftrctivitg vetsto thepdentealwavelength of the
.. geonetr.y. ternatively, sepnsors of the resent . .
aistfb R of S ls SR et o i vave el fpdlas ° Qantification of the
resorfe@fRalSREh WRMRBIHUESS of kdsBRint MRivERngHE Bl Fvakes iRPBHh&RIN relating to

gratings or any conbi nation of thesé conponents. An
the opmpesiding oh agrobe igatondwpaisk shefesopanes a@ﬂdn@o@ssmaglybépendent on

ed in th t hods an 15 devi ces of the present

ﬂwr%%%%ﬁ?F%%¥%Bg§I%&%P?§W “havi ng wavel engths in the near

infrared region of the el ectronmagnetic spectrum

(about 800 mm to about 1200 nn) is preferred for sone

SPir anotheyi PRFTAEM Modei SRR frasqrs<f the pipsepf davgntion are capable of

i, ne racti ' AR : r
monk P Q8851 BBl BIIESNE 4 Mol SO bR vaveingis
requizettifar iSrformatéono Mohioringanhanges ia tledisteiputien ofrestefincwatelengths is
or. . certain appljcations.wherein th robe region . .
benefifel POAT SUPRBHIS  RLTERUS E4Cendp BobiaBan e Fpie index and
compdsitid ScduBSieh tﬂenﬁﬂib@f@%iﬁ)ﬁﬁ s@HPRALRRRES dub RE binding of chemical
wavel engt hs of Ilg t enployed by SPR'sensors and/or
specieprigipajloge of desprope regiopr Esert emnbodimehib theaPBR sensor iwwavelength

er r . of .ab 45 t 0 .abaout 857. nm .
rane Qe S D FisBiouo BRRY balbdr & s e R il ™ formaion or sps
and htfen@natiorDBf feflected 1her athednteRsidy wad/biehatcentpeofeflectivity of reflected
di fferent operational mpdes. SPR operational npdes

lightcisr eniiird as0r dimdtionesf: titgpeisr gm gerrvagign sigiesyabnt Shanges in the

esoffo{ £l ASORTh 82 0RELS, HABSE A BFGRIHE composion

of thBRRoe nepiurs aref otstiweq mad ehdractanizmit byomeasueingapelinge af the intensity
operation in a. .plural.it f.0 ating .no .30 In

and/ ngerg%qggt xiegﬁgwngb%{el:eﬂgggg ilgh%ﬁ%itewtlgﬂg, gl?]gssgpﬁors of the present

invehtiHte el QPaBlE ICARARNS @hanglE 38 Ykd f&oﬁn@“vﬁv@ieﬁ%‘ﬁai &"diSfibution of
resonant “wavel engths tesulting SP formation. Tn an

resorgweerphatelengthybligenerating e phedliy t efbteporatice stuatssecorresponding to

citef L S e St 3 AR Pk B GO e Bt s

in theREHABENtIRIVRleaihng distPhutioassirasmentonavetengthSmedyetsa gickclR related to

resonance curves generated by the nmethods and devices
correspoRdig Fhangsh in CHRRBATIIH ocoruiiygnin figapioke vagton. Use of a selectably

. . | . - | . n N «

wioFGTL SRURSRSATER SR Aok ) TRERLENL oL huaniin
the shifeein the stsondntitravelendth wadstributoih sf tesamaairivhtaehdlys. t he

wavel ength selector. Quantification of the resonant

wavel ength or distribution of resonant wavel engt hs

Pr B infifigeriopbRFibR M08, 4 faddlbdigh tithable/EPRC QGRGSH the Bre3éntanvention
probe regi on because the resonance condition is
is capablengjil gpatelimaeat SR imaging device. In this embodiment, the SPR sensor
includes a two-dimensional detector, 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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5 the refractive index of the probe region. In another
operation node, SPR sensors of the present invention
wae@4oapabl e of nonitoring changes in the resPCEN$2003/034265
wavel ength or distribution of resonant wavel engt hs
required for SP formation. Mnitoring changes in the
normdlizdd tduthieve afi dgﬁﬁﬁhﬁfPlR wayed Bdétgtlfts thes cdbipgtinesf iightakource and
ecause it provides information related to changes in . |
wavelsnglh aripeie Py die et AReETies perices a\ﬁvg'elagrh riéﬁgnqeeﬁt fra@smission
intenBitieD e £3HHAs of %‘hr@s%n‘?ﬁﬁ‘f@ﬂtﬁﬁl Aitfectife PorHlisnErelf, a s-polarized light
chem cal species to portions of the probe regron.” I'n
beanoisedimcteddit rtka SPRt dptic8PRseebly omdi assasand bemdirhensiomakedistripution of

selecti.on aof. a.distrihutyap,of transmtted wavel engths .
reflefig bt Rl hief g v pdie SehACSi-eifiat PORGRiuh ofentations
is préfefabBeidfievell Bt adjddh@etifans Lpblﬁ_ri@&%cf@ftioﬁ@di Getkedf €he polychromatic

~_reflectivi té/ of reflected 15 light is nonitored as a_ )
light spwree pah thef SER ppties) aysemblio feerppaiison of fintt épd secondrignglémensional
he. . | r i ng: Lo
releqtfd g AR A R e HIGPRC AL W o BBERPRRs the probe
regiopl (hefefrediSPR iafageygﬁﬁfaiﬁﬂbyaﬂﬂ peénnmthbiyad dyvices comprise a two
. heasuring a change in the intensjty _and/ or percentage
dimepgipp disiRfitiop R BETEENTTPIGIHIVIO & ARERoIIgrY camRdiinent, SPR
image§ 43 ® rc_%n@f:te:?1 her RiiESeRles Y SRl ﬁ—?)oﬂﬁﬁatﬁ(ﬁp%hﬁni%ion properties of
measuri ng changes I n the resonaht wavel ength or
wavelgrgth sddentors msaf inZbe pesan amceting el tentrlysrangmipsivarmaepentes which

a pluralit f.resonan curve re i n 0
vary B RtieBn ObpRuibaT R | e tec Rl St Brufifhet selector SPR
imag@igP Ik T8Ot GH 1160 Pedskmto ASventibe IFEBSHEREM] SBE fkanshittibpelight having
resonant wavel ength or distribution of resonant

distrijatien ef grangitied viswelgngthe selyctpd fapryideoimagey hagpe salhanged optical

: 0 t . rrj ' eqi . .
avsEBRFRh s FRERh: SO RREHEIRCL B DEARLRE ALPQU fovenion
are capstie of gbadhtinpnintages ckiebrinpg diigh cdoraspbaakaehighly reflective regions

uantifying. 25 the shift in the resonant wavel ength
and gifenpgted FSflsGEOMISENSr esonant wavel engths. 1 n anot her

operation node, a wavel ength tunabl e SPR sensor of the

present invention is capable of operation as a SPR

i nhgiangthde vaspect, |the t priesené ninveitmentproviles $RFhadsnobr detecting and

e Ot TR G SR S G P h Y e repion.
PartiBhl8f1$[ 4 SPREBEREE BEMe pRsdit ARVehA 8Hay be indGRM MAWiNE dielectric

a wavel ength distribution capable of exciting one or

sammie fayespperationglly seundel igta repeorsPehoista daw celb gelow yeasind, eapable of
rat. T - Cotr . 0 i

e8I TBL R LU LB b SLLEh S e sampic
dieledirkt lﬁy&tﬁﬂd?proﬁé rég&éﬂbeEkadplair}gfﬁacﬂofﬁ, efstipable aforepetasiag a flow of

an i nmage of t probe region. |In_sone_enbodi nents, .
chenigal BPSES PhaOBHOBIOT ?re%fifléfarypmﬁéuu& Phd gqngpsts the probe region.
e R SRS ks HOLZBRRLOAR D i it stped hemin
and/@Pphysimal erdpegsssuchies seaetive bindmg affightiesschendenl anattivities and/or

physical properties. For example, the second probe region may comprise a reactor having

one or more target chemical species, such as biological polymers, immobilized 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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wavel ength sel ector of the present invention produces
wavel engt h dependent transmi ssion intensities. In
woreiochods1pf the present invention correcting fRPCT/UKI083/034265
effect, a s-polarized light beamis directed at the
SPR optical assenbly and a second two-di mensi ona
biopodyménsishelt asoprotinsSorrodicbeeidedides whiensing emdaces efthe present invention.

nmeasur ed. Swifching. between p- and s- polarizati
In (56, GRRSETERS QU oR e B, OB LB eG6E R e gector may
resulllt ReEbRAlR! IcB&hicRPRIabHQN6E pRELME ShtetdRBoR PodifRh AFREL Gnd interacting

light source and the SPR optical assenbly. Cogtparl son
speciey, tHerehst changing dlaorediactivs-iddereinghe prbe region. eUseol $FRypensors of the

intensity distributions, generat a.SPR inmage, - which
presey 57 G pd% B¢ paed 5,85 IRRET-Oh TR erbh L HREER! PYikg dag. thereby
chara@@fies eehtiy dfthelicab enphy¥ihhficadtivg reigetsheddtilishédes and an
~a two 10 dinension distribution of neasured percent
IntergCEg epACiSFi ti es. I n an exenpl ary enbodi ment, SPR

i mages are corrected for differences in s and

p- pol ari zati on transm ssion properties of wavel ength

sdheai axsmphkeyl dnbddireendy ¢lse PRI nersnt igencrafeardti leadtaodey reference

transm ssi on rerrtie which, vary as a function of .
measprement EHLFSPARGRS o thege ]actg/eslgfleg%?é%lﬁpr%teﬁ 15EI0Qprior to introduction
of inWeMEhENGLdes elREhOingSiRciek MRIIMDIHEN 285 tHRf rehét6r and permitted to

present “invention is beneficial for transmtting |ight
interdvawithgthe Sangesspecisatin the pobe regiemi The $PRaseabergsmhrates at least one

el.ected to provide imges, having enhanced opti cal

anals Gl g st B RS B e e PSR E g (gt a change
in theN@faeiVodfleRf oft Bd Air6Se Mégibr1V et kP RxedpRrE 2AibotEnGE, analytical

generating i mages exhi biting high contrast between, .
measHeghinis are fFepsateiiveacauigengd compred foaech T faeghagactsrign changes in

[ 0 a t LAV, j .

a8, 008 o7, AGRIEI e So RS anah S Bhe BT il an
physichlemdta@l of dhe fgradtioml beitwiter intracting sheiesernd tatpenspeales. Exemplary

specjies in a.probe region.. Particularly, a R.sensor
methejgs Pbe .sfeég%tﬁqunﬁ% i Rapagt aeté%ﬁlar%%dlﬂaa grics, rate constants,
equilftirRing Conbi@ntsS 8P| tReth@NM§harRiRe pahinRRad |tMatC OHRhQEA0 iR interaction

reactor, such as a now cell or flow reactor, capable
betwedn tagdfef spsicios ehg initeraetoLapeeigs.chemi cal speci es, such as

atons, nolecules or ions, into the sanple 25

dielectric layer and probe regi on. Exenplary reactors,

ar ehé IPROEkdsie RN Bhatihd nadhddsomdolievicdiest el pBReeiidgention are

in a solution of other delivery pmedi umwhich contacts .
broaqly applicsble forgetesting apdchpiagistzing gigrllrapy mateish sanagle of ghanging
e LTINS, BUECIEL ofd s AL EpLEEAPILE oy ctccin
chenfitdli speticesinclubipg] dat notadhited tto,ebickogiéadbr polphyis] sath as proteins,

properties. For exanple, th ec praobe region may .. .
pept ok o0 STt B A PLORE LAY TR rpics and

| S PAG RHEBE A% PeQnP HARdsRANYIRISs is that th id
aggr%&ﬁbtﬁﬁeggd onﬁtﬁlﬁg geactor%salrface. SI n an exser11§pl fillryey provide

sensi¢ivb didienont mettiods sanehi dg netirdqaire pof-deteeionhéhemeesh dahsting grocesses

. layer. is chem call difie 0..provi-de .sel.ect.i ye .
Whlcéf%? Hp}eyc’onﬁl.étg]&]lgi, Ws[ﬂyarﬁg (‘Pﬂ%ﬁ s%}:ltl%{yh%t?ecgﬁ e n%hgg}lca and/or physical
propéifids OF thdYgieladl clihaprdpeciss. Orpashdvadiages of Blecpiescht sensing and

materials directly onto the surface of the, L
imaging methods is that they provide very high time resolution, high sensitivity up to about

100 fM and require very low sample volumes.
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conducting |l ayer, such as carboxynet hyl ated dextran,
may facilitate covalent attachnent of 16 WO
w0717 PCT/ US2003/ 034265 bi opol yner s supdiI/es2003/034265
proteins or oligonucleotides to sensing surfaces of
the present invention. In these enbodi nents,
[ rffheoqusemtoinveﬁtmn @rovidespimethods emdctevigssspeadlgs afpdichbie to any

reactor res in bin (O reacti
measw‘%gc ﬂltl% P]é% PTOI?‘FOB@F%E@H”]? g}V@&e gtjorrﬂ‘l‘t@na(tft%ﬁg Particularly,
Wave%@l%ﬁi Rabilifesehy d&llrl@é?sgdf'iﬂe blaSertt ‘ﬁf\kﬁﬁ&ﬂ iﬁ%vidég %fﬁdéht KP&xcitation.

pr obe region. Use sensors of the 5 present
For ¢xawple, |Wa1vaimgﬂbéumblﬁd SPod@ecteec:tf thhaprgmt iimventien may be used for

nd aracterize
ettcff RS eiPE of PG aRaGr SRR e SRR ER{Bfproitn 58 exemplary
embdddnee! deViess sdhe SR&ehehvamibnadte uséd &F aéelrdlg SPRREpAIe of exciting
In an exenpl ary enbodi ment, the SPR sensor generates

fluorggeentes phognhergsagnd ﬂl’@ﬁ&l@onsm’ oheriagt enreies ik Breaalisoigiongparticularly
r h 0

in ChEl%% %) f‘eg bﬁﬁltld er ok élo}l g’hgs(r:e RGick ? %{ag?récg{ulileg% sdeBnd detector
positiped iie opica ddilﬁrhmaiuﬂ&ﬁh with csublln elubmodn@ rmaéerihlg ewhich tie d@apable of

eract, w target speci int r
quan?lgvg%ﬂw I?W@Slépﬁf 5% @ SHaresspee. a?ﬁ'iee%ffgan@avgength tunable SP
deviddl %Ifft'ﬁé FRbenTRARHESIRAY prifIE R theéiné Qﬁﬁéﬁﬁﬁnﬁ Q:n&%? to materials in a
reference neasurenent "to detect a change
reactiosfregion itw mmduegiehent €al ©a phygicad bleangesgyinghe materlah ex e n‘pl ary
enbodi nent, anal ytical 15 nmeasurenents are repeatedly
acquired and conpared to each other to characterize
C hen@Rsher ispdceftha phdsest infelRwongFodidéd N hdtdtl 6f sdnksii-the refractive
Such changes may be related to the chem cal and
indexppl)s prcbre ragipn cemprisingdhg siers ofe (1) passh ghé dronh f @olychromeptic light
p ge c
sourc% ﬁﬁ‘&?ﬁ% Q%ég}]r e o,n{hgfeg§0% :&tlﬁé q{gﬂlt gfréga%ﬂﬁﬁél %ﬁ%lrgn%n tlﬁ‘:?dent light

prop@ahbﬁl iakise i) daeaingosait aglhtSonto ef) Udptichlr assemblqnaitmﬂM@m dlielectric
t her nody araneters fhat characten
Higres

layer, psapRletd! BB EReR RORNP YRS agﬁéasg@naﬁgeﬁ“ﬁ% Fhecdilpgfric layer
e

and %esil?%lgéng }Qﬁﬁgﬂﬁgs g%tkéﬂ)?n%g%talhig%@ Hﬁpﬁg%hgﬁg MY a reflected light

propagepibi cabs,ewhereimd et pettiongofanad ctigleatrice sanpla glay¢rr tdjatdny to said

cond B, b3 R e orSte, SURLLER e s BPL oueh o seectaty
adjufadlé mavbiahgth sHiREbl bosflﬁdsnedqheﬁet biititalpath MefeealsaidNBMk 8Surce and a
i ncluding, but not limted to, biological poI mer s,
detectois ﬁlvagle@p@@@ paig lighhwithi sg,@lsdetqgwrg@rm% BHFigs é‘, e refractive index of
t I
the p%l%’e rggfé)gf gl%c{]ﬁgs E?{\Jﬁr %{Mﬁ& ﬁg&%fbég%ﬁﬁg{atégo ave Q%lr Aeepéecﬁ)? to transmit
lighthatingdisdistfiduti@y oL wavdlangthzadelcctedyto ;gemaratd eurfswlﬂashmms on a surface
detecti on nmet hods which do. no U|r re det ecti on
of saidheandueiing lapa P AGRIRFLY s delefrEnampl Bdhe consuni ng,
costly and may substantially affect the chem ca
and/ or physical 30 properties of the |abeled chem cal
s pkcinether @ieet, tedvrasenagesnto proeidey @wethod ©f gehanafingrh image of a

probe region comprising the steps of: (i) passing light from a polychromatic light source

through a polarizer, thereby generating light propagating along an incident light propagation
axis; (i) directing said light onto an optical assembly comprising a dielectric layer, a sample
dielectric layer 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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i magi ng nmethods is that they provide very high tine
resolution, high sensitivity up to about 100 fM and
wo egpiosig1ivery | ow sanpl e vol unes. 17 WO 2004/ OBOT1$2003/034265
PCT/ US2003/ 034265 The present invention provides
nmet hods and devi ces broadly applicable to any
the pmﬂ&smgimfe (ifi) pesiny spiklight taidugh apsrelw%gesdjmﬂﬂh wavelength selector

lnv s the formation of  SPs. Particul arl
positipng |1%ﬁ{§mﬂ€fe}rpgﬂ1 betygengfaiqd Hghtgawice é@f Blclepiendivdergting said light

with 'sﬁﬁ%%e'cﬁ)? tﬁEl%Bif %&?er@[frf s%ic?ﬁlﬁa 3£ 8218 it el 1B Ron, eﬁl‘ar(w adJ(ustmg said
exanpl e, wavel efigt h t l e SP deV| es of the pre
selecitablye nadjmﬁahi@yww@lmg&d s‘elﬂctcﬁs &f ftesinite light i taaitigora dffistribution of

hot.ol u cent ter Is in the SPR probe region. In .
waveg ?‘Fg%cg?%i 0 gengra e P&Pé{ﬂ"@% on 2 sugﬁ f é@lg%tonductmg layer in
contédﬂ\é\@ﬂhtsbmrﬂlaé&rﬂd%&ﬁplfeQay&@ner ate SPs capabl e of exciting

fluorescent or phosphorescent transitions of chenical

species in the probe region, particularly in chemcal

Sp C T y .
Zhégoagg ntg) g’p‘%‘se@{ @?&tfo% {)lgﬁse g?ﬁeﬁh%ie ?C‘[ﬂ:l% a change in

the Ieﬁﬁmw maex @f avptdbestegtonf bamprﬁm?@ e sEpLDOE: a(l}? ,pas&higc Hght from a
g the intensity

S I e of 10 ntifyin
Poly‘fhara% G zlp‘f@skl@@é g a {yaél.Z?rafhetF@W;gen%%g B&'gtmopagaﬁng along an
i B R ea ARl A 100 OSSR Ry omorisin
dielep‘eiavctalycln a egnph: dielectritubayec Iaama:abncblptimysyem aposrihmn@ eb;:tween a

| th t, the. t i
aictepfipe Bopon it " g, Mot SRRGBn briver e R e napegeyae lone o
refledted ligBEX 0PhgatioR RRREWhEGIONp&EIR bOF S4iAdidit@iSiRRTe Myer adjacent to

(i) passing light froma polychromatic |ight ‘source
said epndygtne leyporumprises theebetagioge GE) passing qudglpght through a selectably

| ' th
adjué%ﬁlﬁ? @\%@%lg@ ﬁsafégtgr gg?l{lgrgédqﬁ {160 B]gcg:'a Iﬁg)gﬁ’ée%gs elgi,zl]l@ff sgurce and a
dete@olr;rpwhaemgsaid Ghetlceably adjusﬂablyeWaveielfgﬂthcidr db exffusted] to transmit

d a cond ctl n | ay osi ti oned bet ween _t he
mClJGP Ylélg |aé9%¥1 twefﬁngﬁléé% Ipgted togRveRS e plasmons on a
S“lf*g%ﬁ%gm P it A0 BRI RIS Ry i Uetocting
said dlght sathr $agd slaWptoe, thexeby grdfratieptat {easts aied refcr@n@mmeawgement v)

l.ayer co the.pr.obe reqion; (iili S|
dete i e B i st G PaBT g BTy BBy enengen one analytical
measiRéB&itOrandOShA) i eBRPariny tdael oRfdreme mm&%ﬁ&ewds ahid analytical
i ght source and a detector; (iv) detecting said

meagurggnentiip defeefpid changringhe refﬂﬁéfﬂ‘@d}ld@wfsﬁakdg)rp region.
refractive index of the probe region, and (v)
adj usting said selectably adjustable vvavel engt h
selector to transmt 25 |light having a distribution of
wavel engt hs BRIEE DESCRIREIGN alfeTHE DRAWPNGsSons on a
surface of said conducting layer in contact with said
Fig. di is| @ e¢heimatis ah@\rv@gl dpeing kreidenpleneievaopacttR timaging device of the
presgntexéxgerr]ltﬂf)n Tl\all%n le%{ ng Qc? st mta@&%négtﬁe t%r ?‘631? gne?nlietween the

e regi-on-co ISI ng
polypladaiati¢ hghtgiohréeram}t}& SRR yptidadasbmblyl i ght sour ce

Fig. 2 is a schematic drawing showing a side plan view of a SPR imaging device of the
present invention having a selectably adjustable wavelength selector positioned between the

SPR optical assembly and the detector.
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30 through a pol arizer, thereby generating |ight
propagati ng along an incident |ight propagation axis;
W@ pooy/odi7necting said light onto an optical asseombiUg2003/034265
conprising a dielectric layer, a sanple dielectric
| ayer and a conducting |ayer positioned between a
Fig. 8lieed satlemiatic ewdng sidvidg elskietplarcview afph exéraplary; seldeeib&pydjustable
enerating |ight propagatin [ on reflected |ight.
waveg@@ééeé?qtghcggp%s’ugg g\gg@]gtg;a:l] 1rgerggp1gq%otﬂte6f Assaﬁlgstrated 9n Figure 3, the
ticl BkGEélce MR &1 RethBieeMout Q r§@tion GRRIMELH
P e ahe 15 WD 58007 640 71y 5280 38R LA, Bhrthogonal o
the plame ofirslidencegi on; (iii) passing said |ight through a
sel ect abl y adj ust abl e wavel ength sel ector positioned
in the optical path between said |ight source and a
Fig. A6k QCHIOF of CéntdrdwhRedrgho as aifindticdNdf tilMahgle $8# flvo interference filters
_detector, thereby generating said |nage of said probe
havingeefngs, waielengihis yat aeina ingidenee jof abayes 36€ nab(filledd]iusends) and about
ector to transmt |ight having a
8a)%@§§$§%ﬁ%ﬁgﬁﬁgf 5 wavel engt hs sel ected to generate
surface plasnmons on a surface of said conducting |ayer
. Ln contact with said dielectric sanple |ayer. In
Fig. 3458 ﬁ)ﬁ?toggageeé anexemplags ShR ipRpibadeuie Ea%?i Weldie Lretschmann SPR
confighidied. of detecting a change in the refractive index
of a probe region conprising the steps of: (i) passing
light froma 10 polychromatic |Iight source through a

rie B F oot FRE R AEREEL HERalshr i R RREGR! e B cpenden
transAésiod 6fUiht @RbsIAM GHchiGigterRfchedBlty, conpri sing a

dielectric layer, a sanple dielectric |ayer and a
conducting | ayer positioned between a dielectric

. i - e . ge r .
Fig. 71 Ble Sed SePObY AETRBIATIIR i IR AP LA o sampte
refraeixvesindssherein a portion of said dielectric sanple
| ayer adjacent to 15 said conducting |ayer conprises
the probe region; (iii) passing said light through a
Fi R Bl ol ol e B B8 ROt O LR rofractive
indexlébard base refhastize mdsaiofl watgrect abl y adj ust abl e
wavel ength selector is adjusted to transmt incident
light having a distribution of wavel engths selected to
Fig. 9ayRBH8taesctiel bR @0rRAlBS M oo fBsuckids fsaluloff h&ahdl a range of various
conducting layer in contact with said dielectric
refragiiypindey o yrgqasured by ag exeeplprypenepr o4 the nresght inyeationsaj d
detector, thereby generating at |east one reference
measurenent, (v) detecting said light with said
Fig. detskotve i, plothel thb\expeairemili gpoake bR as Exanmslas PR sesat. As shown,
measurenent, and (vi) _copparing %aid r.ef.erence 3
the repaRsf i BYSkit IS Heal fon shyneet i relrpetive dpdiferessithandX Bt
said change in the refractive index of said probe
region. 25 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is
Fig. 41 sbbesnltd sigohldwinaiye shtomang fanaiod@fplustber bEpixets aveigRd for both
uncorreated Izg’ gc?t}/c;n(l: %lo%f antdhc%rrected (B, top plot) SPR data.

Fig 12 shows a series of images taken of a thiol and water patterns 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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present invention having a sel ectably adjustable
wavel ength sel ector positioned between the
w@eiogokronati c |i ght source and the SPR opti caPCT/US2003/034265
assenbly. 30 Fig. 2 is a schematic draw ng showi ng a
side plan view of a SPR imagi ng device of the present
Figuﬂenli\m@tédifbsb@ﬂs g aacd@gireﬁetv@IHngtr]?&ﬁﬂ st Al Eigm&lv ed @@tr;lg?sponds to a
sel ect or _paositione etween the SPR optical asse y
centes NRVelRRSHOL 88V s anfig igie 6 GagaaLesnongs e PRI 814 nm.
Fig. 3 is a schematic drawi ng showi ng a side plan view
of an exenpl ary sel ectably adjustable wavel ength
Figs.d8lAcatddd sbampmiagien gf duml ppti¢roaivithmismhenderterefsides ef apphsximately
illustrated in Figyre 3,.th ptical interference
100 yopy i 1387 o0t R0 2 PorSicmalely 305 (Real S oiat S emerated by an
rrﬁﬁ'air [ t pl ane of incidence. 5 Fig.
exe [ g@gkgﬁeg!th %}?ﬁ% ntg%ﬂrt%v\vlgggﬁ%ngt h as a function of tilt
angle for two interference filters having center
. vel ths.at normal, incidence, of .about 850.nm .
Figs, (1A T Bl RAPGHTATS e tiohbB0n DoGREOAPE Op@rPiaP HSHgprum albumin
(BS%OOI‘_E'&) G %oﬁd isGrfaced NThO ghaRNnOFig@i Bpee BRI ¥ sRIR rbgiBfliofghe reactor
__device based on the Kretschinann SPR configuratjon.
with [j bpckgroynd, of siatesc thigiie d dBwbiows andwege ef thegamedqagioad! the reactor

- SRR e, I ' . 1 mMy$Si.0n 4 af
T s .
imagé off shet Jaeaxpien twdth o iexpgnard of watr ekemplaiye Wiler thiagihnge reactor
o G SR AT B LR Siegt oo o
subtrh éﬂﬁlagési iglgrg@ﬂg flim d@fFiagtiye 20 index froma base

refractiv water. FIg. 9 shows a series of
normal i zed i mages of sucrose solutions having a range

oxerpl ory RETGILES DERCHIPTEGN SFARTREN SN o 10

shows a plot of the experinental response of an
exenpl ary SPR sensor. As shown, the response of the
syBeiemingto thadsawings, likhapgesls mdicater le ¢lomentp @nd ghe same number
2SS, t - i. e, Si akh- .noi )
ooveb i i A28 A Ol e USG5 MGk Arinarc,
follobatihdefimdersrapptyed (A, bottom plot) and corrected (B
top plot) SPR data. 30

“Chemical species” refers generally and broadly to a collection of one or more atoms,
molecules 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 solvated forms. Chemical species also includes non-
covalently bound aggregates of molecules. Chemical species includes biological molecules,
i.e. 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 transmitted wavelengths” refers to a two-dimensional distribution of the

intensities of light of different wavelengths transmitted by a wavelength selector, such as an

optical interference filter, monochromator or spectrometer. A distribution of transmitted
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Fig 12 shows a series of inmages taken of a thiol and
wat er patterns with an optical interference filter
weominiwoned a several different tilt angles. PPOQUUS2002034265
A corresponds to a center wavel ength of 857 nm
Figure 12 B corresponds to a center wavel ength of 852
wavebingths?2fay\Be 2dadactdiadd T Rehs US2e0Bt @M%ﬁgthjzb@iﬂvﬁd’rhzarﬁ intensity
ter wavel ength of 845 nm

orresponds. to
profileo frﬁree%edpzyﬁa@e& S Inc@RETSe R PG, o fispighog fransmitied
wave'fé@eﬁseoflﬁg}ﬁ AEREAAIHON dsteliBr B &%esedw&{e%%ﬂhﬁon%he optical

nm- Figs. 13A and "B shows I nages of t'hiol patterns
propestith offi the rfight fsewtcar andsihzeselasfabip pdmxﬂahht whyeléngtDGelector. In an

oxenipi? et GeRbp SrCa” B EEieniy wbheligiered on an

SPR Qptit4lCashéribIe Hndi R VdRdctedby E'c&@ectols%s -a Rib3RAANAIIEAESsian. intensity
ener ated upon the adsorption of protein bovine serum

profily gnshpenter Bmalermﬂt eoraCS@en@ng e ftlhe wavatpreth pddight having the largest
1nten's:i!t)%J u r\ﬁa%e‘fé?tgglb } n vva %s{o?sg é?cpg lljrgg D&a ae{fﬁgsc BP {he Pr%sent invention

ows an

provide etxbﬁatﬁﬂﬂﬁght&gidﬂﬂ defectekiehg}ﬁ davig avkdléctably aﬂylsﬂﬂb}eldlstrlbutlon of
sol ution_of BSA in phosphate buffered saline (PBS).

“mwﬁF waveletfows an i mage of the same region with a
background of water after punping water through the
reactor to renove all unbound protein. Figure 14D

“Cengdromsvetengilf 'fie mevhemciensigeof @ slia;tribuuign fof dwramsreitet veeyeleagths of light.

In soBjectap AR FE A KB TEIHOTER P P OVETRER et 0 3 disribution
of tehaMted Swaveldr@tiaUMes atherl HEbsBMents] KR ebRoERegudiy h8s to the
same_nunber appearing in nore t han one drawi ng refers

transprattechwasel prstle i Awiftributien 24 d?qvﬁlengthﬂ?@mgrtm t.laégest iensityQ In other
embécﬁ ne&%" Iggntgle &érééf'efehgtﬂs Ie Ql % thle %]‘%?A% ?8@1&%& Eecilﬁhﬁutlon of

neral I'y an 0O a co

transﬁtlﬁéﬂ:‘owavdmigelw | B cﬁﬁ(éi oaveragto m@d;lylceﬁeymﬁﬂ;hw the wavelength ina
eutral or ionized. In particular, reference to

dlStf’é’HBﬁlil caf fé?ﬂ’égiﬂé%i i Wavelrmehy deximg ithe latgesh niesifin o pwevelength
dlstrgﬁ ﬂ%’éh ﬁgssitaﬁ oPLeféahxlgﬁhﬁens%g fdrgel cal species in

|qU| sanpl e may be present a variety of forns
includlng acidic, basic, nolecular, ionic, conplexed

“ngﬁto ﬁogrge)v 5et§m ch ragg uq,e(%]cgén&f ngaéergaic eslﬁl%' ifo g%:rgegatyng electromagnetic

radiad8NbICAl pRPARY € UBELABS RUEHANY GphbleTIfegetle@fting bleBtromagnetic
nol ecul es from bi ol ogi cal sources, includi

radla@pel d’g@feerr:d pightysawees Tatye priescat invshtiqw ar@mapglay o gengyating light in
the nea nfﬁ%l&f; T o%t (ftdthgg%gﬁoﬁgg&hg%s&ttruﬂ? (a%%g{ §0FhESo afboﬁt\’\ﬁOO nm).

nore noirec
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 refers to the full width at an transmittance

equal to one half of the maximum transmittance. In exemplary embodiments of the present
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"Distribution of transmtted wavel engths" refers to a
two-di nensional distribution of the intensities of
wo chw40i7 di fferent wavel engths transmtted byP@I/US2003/034265
wavel engt h sel ector, such as an optical interference
filter, nonochromator or spectroneter. A distribution
invemtfont anads/idth tof dete2tbd IShPRGAMDY Hetef2ihe V52 QDS {rBPAZI6Hon properties
rized in terns _of center

way el t hs be char act
of a Fag%g[aaj’usgg%dwamlﬁn%ﬁcpe eMto&n §11-1qhy as ﬁPBfarll igt . rence filter. The
transhfi&TbAddR bR %Qtsgl_%ctai)lg J@&tﬂ@%@&leﬁ@}i%ﬁe’aﬁ){i’s of Bf present

~ distribution of fransmtte wavel engths ©
invenemert ecledigd aveatdhernge of abodtt emmtorabdutoldOtring and more preferably 1 to

i nati on of the optical roperties of the |jght . g

abouf 3T iel T, e @i Ureaed DETERTELE Sefpbn genbe of providing o
distrib@lies @ rtrankiittd WarieBMsAEDar QG 'BINA  ladgB Gandwidth. (> 10 nm) is

distribution of transmtted wavel engths of |ight
usefigjip serme embpdigentsdpRngisasiag Fighalsternsisg rali@l/ or det ect ed

by a detector has a substantially Gaussian, intensity

profile and center wavel ength corresponding to the
“Conthvighehgely efert tghtaykavomgrising al @hgesor makkieh)Suélyas a metal, or a

Wavel engt h tynabl e SPR sensors and ipagi ng devi ces of
Semlf?@“ﬁ?oéé@ﬁf“#n\fg%ﬁuﬁﬁpg BV SHRPAK g}et g’?‘%‘i‘f’q P ﬁ%r%a&‘ﬁ dPE"E?FnonS and
are lg;@@l %@_ts%ﬁisih% ghirdiavth e %recs%teﬁ’if {o. aFfe?e?‘Pe@b&ﬁlducting layers in the

Istribution of 10 transmtted wavel engths. "Center

presamusieation &t this (a4 SOmanavidoer siveclapdrsa di stri bution of

transm tted wavel engths of light. |In sone

enbodi ments, center wavel ength refers to the m dpoi nt
“DicVRue] SIS 1dyerardiirs 6 aitle@fc 18fer HosiisRdd Adskent to the surface of a

wavel engths.. I n other enbodi ments, the center
condpeténg ey hadng perface nlasenops thereers mPi¢lediriqsemplenigydss jof the present
. FSEL [ 0 e ' e . )
inve Yot BERU ol REE b S Wlfer B0 hucnne faver. Probe
regiongfofrithe pestitdnaantioagempaive hanline adjacendis thei suufat©of afconducting

transm tted wavel engt hs. The center vel engf h )
layey Wl%ﬁqr%ace (ﬂlqsg%g ﬁl%geqrb(at s[qgm%g@?@qggﬁwpg] agéepth that is defined by
the Jlbsy ldnBHE bOfhe QrthlANEThS S BY RQAIHE siaMk N8y dr NSPR d

© %?%eg I nt eﬁsi %y e]?%lr vvavse?é)ngt h dist rSi but i %}ﬁs havi %egnsors an

imagBag) sdavaaes opf Libe e pteseritamvienti@nsire ycgpablei lof. se@@ingl i mbmitoring and

source" refers to any.devi.ce or teri.al capabl e of
charySHiAS PGS BbF BLGE o PLAPEPF S GH U iSrrm)e lavers and
probef re@eis CRByObe NBYelitioRhlS coARBRIIE tOfi@R N8t Atlor flow reactors for
el ectromagnetic radiation. Preferred |ight sources in

introdhetiqer € gnatetigly i theo didecdric spablee layer gader arpbyy rpgight In these

e Lo . el qcLr, .

e B8 ARG R Bl B LA TOEPRAGEL oy ot
comp@@@ﬂimif af mambm?irm@mme édyet ahdrhapaibdimgioapt Aka@natively, dielectric

Interference affects in SPR imagi ng and sensing )
sampl dayess apd REobeFegiogh mayohf eeergonah Eomiested e staticetrlls gd/or static
raw@ﬁgerates i ncoherent light. Light sources useable in

the nmet hods and devices of the present invention

i ncl ude hal ogen

“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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| anps, light emtting diodes, fluorescent |anps,
tungsten-filanment | anps, grey body |ight sources and
whbk@ek4dsody |i ght sources. 30 "Bandw dt h" ref ePGT/US2083/034265
characteristic of a distribution of transmtted
wavel engt hs of |light. Bandw dth may be defined in
adjuststleswdieldnth beledtoi 6if theapreb@itf intentiofiumapf tr@Bmit a distribution of
intensity profile of a distribution of transmtted

transipifed evryeleasthiufibarnctesized Syt o qenter ryrvelength, rbaadwigih and intensity
a c I e

proﬁH a%{r%% ptlﬁ'g ?elec?aﬁ)ll‘%‘ 2d aglr%y v&%ﬁ%&ré@%e%ﬁgtog?)ﬁ){f %@n resent invention

includ2, WO 226 04/ 10 Bdl B, Pefi¢dlSROGSE S4B, dtaluas) tHabiry- Perot etalons, fiber

op’uct wéer%ﬂen[rgrhg%%];@?eg%e tegg)é)lrilg %gtgicleqiffﬁg Egﬁll‘é%]%{egdebﬁérg] Hrl%goc omators,
spec@6inbREsa Bl RingR YRl/BNBidnS 818Gy RHbhaAdnPRletdo®! Exemplary optical
interference filter. The transnission bands of

interfexeneg [fdies @éh@ptea@ﬂym@d}lws mbiapahlaoé$eé¢¢gqblh3f s§ugtingdhe distribution

o 538 s AR S IR 1 o B 09 paont

an1n51dabp¢rtreﬂébtmdam sasre enbodi ments. Use of wavel ength
sel ectors capable of providing a distribution of
transmtted wavel engths characterized by a large
@ . nS kw
Sul?a%gq’:i\énsg{rozlarglgﬁnﬁﬁ ge E‘éﬂst £ 0- noi sgénrsg{* a?‘fgr{‘%e(%nguc::y ?ﬁ’ggl? and refer to
any dewer Or deficr G{)Iﬂlp])nanﬂ apeble of mpmitering, detating we tcharacterizing changes
rial, ch as a petal,, or.a 10 sem conduct or
in ipagedieelre iRddnh di HEOF dpEba Migosrtiani ¢ gipsgions. In an
exenﬁﬂ&fy%ﬁ)oﬁ ASHPOSR 38forsalefect a%géssmstﬁ@ ?éffh@tﬁé‘fnfd@)@ 88 a ipfobe region
e’ present |nvent|on Preferred conducting layers in
locatted eprqmre@e nto iansenting rsuaface tlmvmg <sugfgean rglasgmnd bycalized thereon.
Sid v ' refer
ExeriplgiE ek Aol ol s R B ReReh Vst afet GPie.d ftpprating an
imagd ofEbprobé edpdd Etg*rdspny:ﬁﬁné'@vﬂeﬁ@c@&kbﬁhdﬁes Alds@position of the probe
thereon. Dielectric sanple |layers of the present
regiqryy eMfraniivielie | e SBRWER Of dBF GheseRl BYentien eReeraiensirfage plasmons
capaﬁférJfﬂe%nﬂ% \Pﬂot%ﬂﬂﬂﬁigédeﬂtgmbt@{% 9 %’E aprﬁ%a?J% &l (#I'Hfore surfaces
present 1Hvention conprise a vol une acent tot
of a sarrdaiieg lafera conducting | ayer having surface pl asnons
thereon (a sensing surface) having a depth that is
defined by the decay Iength of the surface plasnons
“SPR dbAcdl hSseditdy efelidrs S0 aRNBORbINAYS of SHtlRab eSS n%n@.'Wh@IQ are capable
i magi ng devices of the present |nvent|on are capabl e
of cofplignsidiagt enesgy tinioi swyfage dblasoivas.adneam zxermgﬂ@ﬁyaﬂgb@hmnnt a SPR
Optlcgg r%reef A y% tl\{ee 1:'5]3%9 XlIrl‘gf%léI%IP & %goglsésﬁ% dtde erDi ctré il %f It g:%ellectnc sample
layeﬁﬁfm&ﬁidadtlﬁgla&bloaﬂreﬁ@b lis t}wlﬂfe@ichfﬂaﬁﬂvopﬁ@@ Tc@ﬁﬁglfr@tﬁon or Otto optical
introduction of material to the dielectric sanple

configrgiong nitespathicth SPRegptinal asspmplessay sapptshwayaguides, fiber optic
dev1§e$l SrHGE gltalﬁﬁgg ! %%Bﬁﬁdétaké%ﬂfbh% of B pfrés%m ﬁ@éﬂtloﬁrmay include

ow react or adj ust
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, rotational 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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25 conposition of the dielectric sanple |layer and the
probe region. Alternatively, dielectric sanple |ayers
wW@ea4/040bE regi ons may be operational connect eRICT/US2003/034265
static cells and/or static reactors. "Selectably
adj ust abl e wavel ength selector” refers to a devi ce,
with despece te athp aneidentolight3propagddion adxioror ofeflegttd daght propaga’uon axis.

c one bIe selectln t.he trihutio
Specygﬁggy,eﬁ tfﬁ’gfeo? CLets; h{h ail?%ﬁ rﬂ% a"ceh?ﬂagrﬂtated optical

compddEnRN&E] §NGL Qpﬁ@il &fteAErenceoRilt&S b Rhoss@edl '1'&5@@3' # the incident light
mavelength selector" also refefs to a device, device

propagatiponexis @r reihzm:gdn Hghtoprapfagatpni @als. cqumm@m surfaces of optical
e e B b b U9, L3 SAALLE om0
about b a%f;fe@&aﬁl?"ﬁ‘bﬁg@" {oha%oﬁ‘?é’s@' ength sel ector.

el éct 23" WO 2004/ 040717 PCT/ US2003/ 034265
edjustable wavel engt h sel ectors of the present

nﬁrﬁ%&nﬂg&} ta[ri%glfig (%)rk Zalgrbgrtoéé gi‘létﬁ%lgp &%e} ﬁgt?lﬁ ctlev1ces device
ompRRAiadl fﬂne%msldir& edent ui%ﬂtfldﬂ Se s@%ﬁﬁllﬁme?ed FlobRRlathorough

adj ust abl e wavel ength sel ectors of the present
eXplamuempif the priesise nafure @fithe amvention. [t wilk @apmrermdmmm to those of
er e.filters etal Per ot .
sl i 8 Gh GG i e B o e BPR pRACIASE PR Bl
devi ces, flber Fabry-Perot filters, nnnochronators,
spectroneters, gratings and/or prisnms, slits or_ an
c o RIS YN AB PEaVades arethadsedailioes gng feYieasompanesistiay whsiag changes
f
i 1 by Rfi%p Bk A8 BDAREMiok DEEBI BloBLE pRARRMCRo A consing gface. In
partive e veavglehgthitynabi¢ §PRaensibg dev1aesrandeitriagesdexaodselm@rowided which
is qriented.or gonal.to |nc reflected
are QgRale i otock g SR RABHIAEN 20T RaLEh AR BB furvgy at a constant
angle ITRIRARASE, " PafhdS AL PYIeRY ﬁﬁi'éﬁﬂld‘n %ﬁ‘@wﬂ&f Hethdlls AW devices of
devi ce or device conponent capabl moni toring,
genethsingtHRnignages ehaprebe esgion ng: S@hmf@@lslecfrm layee. refractive
i ndex of a probe region using excitation of surface
pl asnmons. In an exenplary enbodi nent, SPR sensors

deFpate ¢haRgegically i@tk raagdié pem wﬂékeX)fo SPR [ifapidg device of the
region 15 |l ocated proximte to a sensing surface

PresqynYRItion axig pressiehly aidbléﬁﬂblezeavetlﬁeﬂééﬂectOEiee%@rmdybetween a
polyg}g 2l ﬁgféts oﬁ%ﬂﬁ%ﬁ&ﬁﬁ?%s&gb I\f’fglaﬂr1 S?REimagmg device

capa generating an 1 nmage o e regi on
100 cmnpmp alpdlycbrdmatrcéfghasmmeel]lmdlopeml annhhnmlaannm wsthtpotarizer 130,

BRI PRI R
As SBRAIEFRlree X Clidn By OO liahiRE SOt TUN Bl aﬁpﬁogallyf include light

posi ti onéed proximate to one or mor e surfaces
colligwticu clanryt 14 eomprising lenses 175 and pin hole 177 positioned between light

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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"SPR optical assenbly" refers to any conbination of
optical conponents which are capable of coupling
WO 2ebitam71energy i nto surface plasnons. I n an eRENPEANY034265
enbodi nent, a SPR optical assenbly of the present
i nvention conprises a dielectric layer, a dielectric
selecmlrmnlbetaﬁﬁallyagpblaami aonphlafized@rieatationaof @odent light 160 and also of
rets hmano ?(g?cﬁonf uration or O to optical,

rapidli AVitgURG Prgfen iPgtionsg wpRlsAioR LRl A selected
d
sy ROTRAA ARG e ool AR e SOHL B o i
interfsrense rfilter d\éi@nwhmln wepsitivokd die intersend ght pofpagatidncatis 180. In the
cpnponent.s i but no | imt . pris t hi
emb GRIRART Rt LR HEECh oty Pfpiertifkicitec 18t iGlatEply o udbie about
a rothtidrl¥b axik viieH Raseated, orthb?éﬂa@ td ﬂ@qhaaént 11Bhe piphghtibinGaxis 180 (due
devi ces, 30 fluid channe optical ali gnrrent Syst ens,

to the qReatnCetiv 0%&&31@% lothearpjationabprigtaf aiptisal mrfﬁé&éence filter 140 is not
shov&ho O]Q e ted & fixtthaﬁqg F&neé Suid fctlill"é”p%e# cﬁ‘a\%tn Two different
i ona n exe men

rotat'mmgl enemteﬁ@tssd Opm@ll ahﬂefﬁamlnc@ Ifi heﬂtlat)l ar8 sshotvnain Eigtn'rec al In this
interference filter relative to nor i nci_den 4

cmba o oM B Sk SIS BB0D oG ST e et Md@dﬂchﬁbfyh%dJ“Sth by

rotatl ACH &R cal i&%er%&pﬁlgé}tlﬁn BXh ré}‘érrécﬂefn%(%flﬁfénjc, cg;tﬂ:al interference
propagdation axis. Specifically, e refers to

filtert 148 1angmlnmd aheavioettionrstage (ndtshewn finEiguot l)asorthatethe angle of the filter

0 co nent tica terferen .
face AP EFpeqicBTEoBRin Bt FOpTRYRR A, ey gl bOBTIGRES varied, thus
valyﬁlgom@g\awe%hgm@ &f Dpht @bl et psbséd BRttherMRAJalhREForithe rotational
| ary surfaces of optical 5 interference fil ters

posﬂéﬁn ng@pﬁ%ésléwferem@ Atlien A 4ftedetamingsi hatsayvelangth distribution of light
SRR GEMAP 10 Ry By TREREEF ULl 1
nunerous specific details of the devices, device

o TTaR) fiine & it Yoelsmsih o0 & Srrstecname P, Spicl Sssembly 150,
Wh1c%_)§)|% paLd £Brigh 2108, Bif ShRRichAL W @iO taH@ al (f‘é’l@(ﬁflb Qzﬂnplkztlayer 230

be apparent,” however, tot ose of SKiTT 1n
arrargget] i Heet K tetrehinpme npticah cmﬁ“rgutﬂéwpr aPcpre&mbdvﬂmtmﬂu@thgsleyer 220 of

the SHBGTLBLENIG T are STOMER i L LRaPR =i §OB et 30 nm o
aboukt N80 hef r 3kt preRriedd@¥leattid SO Ihjdr OIB0OtoRpideaDe pid Bdbion 270
proxi mate to a sensing surface. In 15 particular,

0pel@mf@ll§ w‘gmﬂed imaBtastoser celbnsich gs ddlove eell, sidcicaligiew cell reactor or
Vv a f
stat1<g§% ?e%%t ﬁélg adrf{ Stgoed#gr g]mgf’eﬁgﬁ%% Q%ﬁo&%gg&?ﬁ?\?‘e} S;ﬂg)flmate to the
surfabe @ftlﬁﬁtconchmhg lykr R20ci Iﬂlﬁﬁﬂ&tloﬁwftﬂliHESPRtobﬁcab aeskaibly 150 at angles
enti on proyl des et hods_and devi ces of nerati ng

of ingidencny grudtings iy tqiplotiernal JRBFEtioR SENSEARS) {iehy; H0cgioppeatite along a
reﬂe%lf'é‘geﬁ 2% E‘?&‘%ﬁ i $ DG Mk ‘t?@ldlebécfehl b‘ystt{'zv@tcﬁﬁeﬁsl&ia@edetector 155.

SPR | magi ng devi ce of
Optionally, hght from optical assembly 150 may be collected by optical collection and

focusing element 158 prior to detection to 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 converted
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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present invention having a sel ectably adjustable
wavel ength sel ector positioned between a
w@oeilogokrorati ¢ | i ght source and a SPR opti cal BCSEE81INY034265
The exenpl ary SPR i magi ng device 100 conprises a
pol ychromatic |ight source 110 in optica
radia@6MBLRY ¢ birtate WlAsmddeliaktr@ly dSdtnde@nl thalrefractive index of a probe
.interference filter 140, SPR optical assenbly 150 and
regiongly prazienis il the spesng purfass 2605 Retestenuef ilight-reflacted1by optical
Is i .
wssolfHRTEHELY 0o ESP T S PN ot g Rl hidlengths of light are
convegers s SP7 Bndribe pktenhof thid pidcpsssi Ak chewn hirtRigea 1, ipgéferred optical

source %ég'and gol r.izer 130, Fu%tEer, SPR inaglng
geor ?scgf %B?qr ! 1@8&1&& N1CeS 9L & ?ipFFﬁentaﬁaer?tr?élg EH/G a constant
angl®BF li@dendt BRAed k6 FeRQaile! toRi ShteRRAl WIRBHAP LY ¢ incident beam upon
.. assenbly 150 and detector 155. 30 Incident Iight 160
illunfinagionopt theafPR optiead absanbly. cHie presant dniption|alsonimciudes, however,

el. t .17 ro tes al o Lnci den i g .
ernb G ERR v oo B QoA TR To SRR BMaie, Adhesg embodimens
corrdspérRLig S ARO$eaBdrE @hd ﬁﬁ&giﬁa&ﬁée@ fied afetbdth herls e6d whidigth tunable.
propagati on axis 180, ich is capable of selecting

the polarization state of incident |ight 160.

P ' ' ) . .
2058501 e PrEBBh) 55 mEBRE o BeP ano EapliEan atepyagve optical

configumtioar i Inetlisooptap odbmiguzano vpideal attexferenc filtercl4leist positioned to

IR YN Y A Se——

shov@ inGNE@t 1088t cafinte @t RiltediSdeldobibly Rfattle hbANThiatiBhl axis. In
wavel éngt hs of folarlzed i ncident |'ight 160 passes

exemlaguSfR dpiging| deviast 3, exptipd einfeirferamce 11@r Idfliis Iselestably rotatable

ositi.oned. to,intersect |ight propagation i,s 180..Iln .
sbouf B30 BHERE Sul TS REEY iR LRGP Bihugrasacio axs 250
(dueitotiy peggRObR 6f Figtife 2L 48k totatmBhlestabf yptical atakkéhcalbidiet 140 is not

a rotational axis which is oriented orthogaonal to the

showm Gt dhtorientgrt syshofhab t comesyeus of sde (e of ghe prawing). In this

: ; ot . i .
cunBIFBREH] 5Bt Uy G DAL B8, Bl v o
rotatomi efitapdicalu altertférance filteorid. oWdnlpforteheotptlicat afentatien of optical

. raw ng) . different _rotational orientation f .
intecfgsicenlien, 040 & B A7 | R 130 AR e RSGHDER SRggRuna, opticel
interfdlerddBifftel P46 ARGIHTEDn a E&%idﬁ?éf@éeeqﬁgtt shotlinsh %d@g%/ DP @bt the angle

transmtted light may be sel ectably adjuste . _
of the diltar faga vath resnectial the reaflected dightieropagdation agig Mayihe sglectively varied,

pref.erred_enhodiren tical interfer e ilter 140 . .
thusPEHEE TEE wERHSTE o el SRS pdsB 0y e GHIRT, Thetelsib i Jotational
positséh b dptitdlEintntdcoffiltene40i ddi@mindsame whelenges BREIbutON of light

the incident |ight propagation_ axis may be selectively

detegied by dletackpyslSS. vAs yhayvg ihEighes 24 eytiragiae deviga300Hagy optionally
. . fi Tk , '

25 PSR 08 ) e THORSEREE ) 455 031 SBR 0. 1
exentfieryveavteldaneitieuchfs filttetod02 isra 700 drh ddrig paskifittar argl/or a 1000 nm short

directed.to optical. assenbly 150 and subsequentl
pass G PP, (OB e eGP LTS OF 6T AU o EaDE e than 700 nim o
minif@¥ehAREL B ARal asseihbBoishyARiBeBTnOPt i cal assendly

To generate a SPR image, polarizer 130 is adjusted to transmit p-polarized light and
optical interference filter 140 is adjusted to transmit light having a distribution of

wavelengths satisfying the SP resonance condition for a particular probe region composition
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whi ch conprises a prism 210, a thin conducting |ayer
220, and a dielectric sanple layer 230 20 arranged in
w0 b@4Meestschmann opti cal configuration. A prefRPCT/ES003/034265
thin conducting |layer 220 of the present invention are
gold or silver layers having a thickness ranging from
and mirectivedfdexunDe¢tectonbffudetéds ight réflgntet ﬁomelj)tldzhledssmmbly d50, thereby

r 230 conpr.i ses .a
eenciaR a piopir -y e ek g oo B et Helf iensiicn cagesponding to
p-pofatio¥d Gghd. , Ir§tsélhé an%mmerfti QUe GRbIdith&REI Al dgﬁ’lblﬁltoﬁt diCreflected p-
cel | reactor, gg ble of introducing material into a
polagizedpléght eogmdesza@ Br tmagmfetht: @religereg®ns uPse of agfontbination of light

sourc%gagl %%x}epe%g%a e ec‘gogé gmg 1 H%lp at | glﬁ%ogﬁ;e \2@1 tslppl?algﬁ%th %ten requires
normiatik&loni ¢1t e Mddasured lpgailarided geﬂw@t Bght lihtghditiedd order to calculate an
ropagatlng al on reflected |ight propagation axis
1mag251@tqrwgto st Cﬂ@trég?"é’d'ltﬁyT? fRvartbnEsiisaisd infersitigsgorresponding to p-
| ©RR!; t I
polar%td %ﬂ‘ 5’36 {}érg&? rgg i E?}IQ%%&;'B?”R el %SZ‘%ng)agf‘%ﬁ%ﬂ s-polarized
hghtleﬁﬁ prseamdt chxaléhﬁamsllonad dlietriébnﬁa’n of rdMom:dt light intensities is generated -

sensj.tivit nd r ution, Ieas ortjon of
corrqspcél}d[mg1 éq,lsy %Q ]iaﬁt hé‘nt ﬁ%a(ge g F R etegﬁﬁ in terms of percent
reﬂeétﬁﬁﬁfq@%‘éﬁerat‘ég "ﬂ)gz;cﬁlhﬁé‘ tﬁesraﬂgtof E)g{ RLE ‘i’nt@rysﬂ?% IsGRllarized intensity at
assénbly his radiant energy’is converted
%wthﬁbk8@§m®n sensi ng surface 260, which conprises the
surface of conducting layer 220 in contact with
dielectric sanple | ayer 230. The resonance condition
controlling conversion of 26 WD 2004/040717
PCAL U2 (aied 3¢ta66n anglel, alnd palazagipnidepsidehiagaspliasomefiects of the
.S str ngly dependept on_the r?fr ct.ive .index of a
interfresige filket diegpme ‘PEE%EWF meesificglly.Be duigusitygok trppsgpigied s-polarized
hght%l@@rea@@ LRE tHeWanRE wal@Bigth ?ﬂhﬁ%decg sh¥rt@REdvERhoth@SS ﬁ}fﬁﬂ)%ed to the
to detector 155 1s Capable of characterizing
transwatt@l pipgtanigedight Gdughrtbe smnmuéelf@dndedﬂﬁ?sAalacremi‘e at larger filter
ext en of thi.s groces

rotatb)lne &108‘8?1?2@ |1m§1gase Bmg }1}021.&&/\“ 3 cglf_r,%it 5;%&%% fglh ahis effect. The

corrdcfiBgl f!&@to(ci &%k GRS Bhadife ABERS emt Henkﬁﬁﬂﬂdﬁ' QRtdtAYRdAby measuring the
constant angle of 1ncidence selected to generate

intensiieg lof privadariver and fstrodarized light passed by ithpehitteriadhe abssace of surface
n ~of t
s VRO 296 05, ER3A0k ARt LIPLAGATF Rl ca b
usedtibeomag! for pdlatintiodelzpendent salsadisidl sfferty (bethalilhtenferHil&Sﬁlter. For
odi ment s orrespond .to SPR sensors i magi ng ) )

emaﬂ%.ee@mewe dreceit eqHygihevaRGmAR & Kot i ot the intensity
r i i

of PRITAAN, fef, JIHE AbnSite T SpYlenany IR0 Plheffohii 1D dhe conter

wavaeigtle adf ﬁmftuagunmedohghto FiIStI'dZEHItIOIl ntoe pémoé nbe polamHth@ependent
Isec reflected |i

transigfia%%rb Ig{ff:cgﬁ &Ioge flgnfrg)to @en ’I %1?,6 jofensiy, p(ﬂﬂl;g‘ fi)%) nten31 y s-polarized)

corr&e@Bh &b ak n®Asured at several different imaging angles and the data is fit by a third

order polynomial function to generate a correction 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 orientations
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shown in Figure 1, optical interference filter is
sel ectably rotatable about a rotational axis. In 15
wex@apsery SPR i magi ng devi ce 300, optical intkRCT/ESPNEE34265
filter 140 is selectably rotatable about a rotationa
axis that is oriented orthogonal to the reflected
correlspcgﬂingptb@pﬁg;atﬂtmngh)dﬁ adG secomtetikt (anglh66ﬂ eres greooin. VEirsiftilt angle

ure the r tio axi s of opti t.erference
350 il ey’ Eonbin agbias S Soum rigtesh D SomER: of some
embcﬁﬁ’rﬁ@&ts Q}ftthé’f rédest RlveRBoDftilt BEglE BN andulart BdvSation as measured

mbodi nment , the wavel ength distribution of transmtted
relatllve trhen aeguliseorisatation abopticed prugﬁ@fdn@yﬁlm snelt thet Wis ofthogonal to the

inciag 1iF aporde Rt PEariect frigY BroamBut ey A1tyaRd8ly exprossed
tilt aBg1OWI00 BedréUnhRug thd dhghbetwesidthe myraaiite dhdplahe dOMiddaB/ the filter
interference filter 140 is nounted on a rotatjon stage
face apbthedpeident bﬁarmagm dnzn exgmplasy emhedigggt, dhe eticphmterference filter
transfnﬂ!st ﬁ%l fﬁ‘zﬁﬁn t '&15&1‘%@%& of inatvgl%n%tﬁg LGt %d aflérgaﬁrized by a center
at on selectiv vari e t hus,
wavalfafgyh ﬂgnﬂh&lﬂwm@ I\Aetnglbhghoﬁtehsl’g'h}broﬁteat mearqddmdd/ichlys range form
OSi

aboubétm{gg;)t H‘tl'[e.l"ﬁ(? o e%@c{eplfqﬁ%r?eglr \gvo & ng ﬁqsﬁ B ies are? ];ubstantlally
Gaus\éﬁﬁ%h% 4 19r&ittibR WhdRA. @fxefngglw optit@l BR&RGeR¥ fﬁ?e&@ﬁfo@fde center

shown 1 n Figure 2, SPR magi ng device 300 nay
frequeptied mhlidhyare |tumblajevarwt wahge pf eyt 690@1 pod imdre peeferably about 100
between |ight source 110 and optical assenbly 150. In
M- an  exenpl ary enmbodi ment cutoff filter 302 is a 700
rimlong pass filter and/or a 1000 nn1short pass
filter, which reduces the |ntenS|t i ght havin

welpeorenernbedimens r@’thfafm gHoptigahfifter 1 Slﬁfth thei ceaten é?‘éﬁtvie]ﬁ@gth of the
i ht . T
d1str1§)(1g%%5f ﬁ%gsgﬁﬁ&f g%héﬁ&'\%%gst gﬂggt fon an %ﬁgﬁ“ﬂz fbodiment

wherpinpibk aiptlzaﬂdnﬂerfgﬂehcaﬁﬂer @mhprtsa& aIP}ablngFamea’m:len,f the tcented d@velength
i s adj ushﬁd to:gransn1t ight haV|n a distribution of
OfthWQPTé‘Faé Hyeherence ey iy Pf@‘”ldﬁ E@ereé‘gf?ﬁ %% condition for
a particular probe region conposition 27 WO

2004/ 040717 PCT/ US2003/ 034265 and refractive index.
Det ector 155 detects |ight (refd ect\ed.5from opti cal

assenbl y, 15 her eby enesH i first
t wor- di rre(ngl 21: {gdl st rQo&ﬂ L n_eﬁge l egted |ight (VD
i nt edsiet | ekt r egendi 0 n[; pollarized light. In
some enbodi nents, the two-di mensional distribution of
reflected p- polarized light provides a SPR i mage of
the probe region. Use of a conbination of light 5
source and wavel ength sel ector gV|ng ntensitjes

whesg) zgdmtwtye RPRIET Wavadprae o b thsrdigRbwiasLet eapsmitted wavelengths, B s
r zat i f
e R0l 200 8L REnE SRR POl s S Sl gt o i
reﬂet:‘edrm m‘mqeﬁf tight prophp@vni andsyandTo is dhw eefractive index of the optical
.. reflected intensities.corr ondi ng 10 .Ds larized .
it e e RSl oS e BT s b BB LR s the i
wavélgﬂlglﬁtﬂﬁgk feQet sAAS Mithr. S- pol ari zed light and a second
di mensional distribution of reflected |ight
| nt ensities i s generated

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 tilt angle for two interference
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10 corresponding to s-polarized light. An inmage of the
probe region in terns of percent reflectivity is
w@enenat7ed by taking the ratio of p-polarized PCL/EsR0NI/G34265
to s-polarized intensity at each pixel l|ocation. At
larger filter rotation angles, the
filterpbdvang eettéromackdgmethd e notmad iscidease ofi abdut 860 sno(filledeliardénds) and

o B GRR g, ESHROE G S o e
filter§l SIGHERS fhoud B9 nld) GorCL M Bt oaN @illtgﬂlglehfrb& S 33edThOvariation of the

shortér wavel engt hs as conpare othe transmtted
centep-wotelanighe dgteed hwith Hho ughies heedicted wsmge Egeateonc 1. The intensity
. filter. As a result, at larger filter rotatjon o
disripiroet WaSr Fd s By e Gel Rebi B tookk ddeiesof about 35°.
The WREH 8F the Wausfh® itBEr{sBS broFIBE hohRTdreiictedBesiRCARProdiRateRNY% as the
I magi ng angl e can be”sinply determ ned by "neasuri ng
filtertihetl@Dfromt08ris abowg 20D f Apeyod it nzgld ofialsbus 20 ) the ivaéditth of the intensity
. light passed by the filter in the absenc f surface
dlstrlgv QhegRasERUF FLy FHED 0l 5o (9 R ﬁl?%'f‘% “.
p- pol ari zed)/ (intensity s-polarized) itself can be

used to correct for polarization-dependent
t r'Hes rangs i innwevdlengtls twfing meededt tor fptrmpallye ithadet samplepthat vary in

) xanmpl.e, .each. neasured percent . refl ectivity val ue nma

reag P o o T 18 Gioct AL nesRur ocifpe 8 WatelBh bare Au

(refrdRtiP® ek 2Qdall to AN328t & {836 rinf)t WaESEstivha®ld inp0d 8117 EPR model. The
I |c%ht corresponding to the center 25 wavel ength of the

resulisrqd et toplsylatipghindigatet thatishe pptimelorapes elewavelengths is from about 845

[ . :
e e T b e L
rangSspaas kit thed )15 nootind Huspis ehalt civeied byekswaederth sldftefmde provide

di fferent ,in%gi ng fg.fg?gl es and the data is fit by a
by a pigleprigaldBieripnesBitital function to generate a
correction curve for the system The correction curve

is then used to obtain the correction factor for any
di SRR isasoisomdoiinagmendavices ofl theapresenh givhstiorBdayicgmpase3stand-alone

.. 1s an expanded, vi.ew, optical ,i.nterference filter 140 .

istelig i Ty 175 SBR SRS g A FETRET ph b’ Seseh fovention

may Rl idtdo¥fed Ot Qthe! ddvines denBed Wk tdevice sioaPonés iimGhdRiients. The
i ght propagation axis 180 or reflected light

sensqsp Op gapreest viestigomay &psenpled & 1opctorse flgwi GHis, static cells, flow cell

[ at j 200 7171 B¢ 3 5.

oy SORYLRR, SRR AROULRAT ST ESORBRARES pruncs o

chardcitdrizirggn ¢Heein®hbktmne betvasn. mélecdets, tankit drag gbeenidpUnstauments.  Flow
smal ler than second tilt ang] e 360. As shovvﬂ in Figure .

cellsppefatiopaly EGMEkto Be serioes Thee APECTSTOTt e PRisERetention are

usefll RLALRAng ChéhicNPebiet & ﬁl%é)ré& R &lor AeMhAlk! @8 BR sensors of
nmeasur ed %el ative to an angular orientation of

the pogsentciaverntivnendyebeewebihed wih aguictoftuidic fluid deivert deyigsrtalintroduce

BRI AT I R TR -
of 1@ BteBeritSinVEntHRIEQRESigEE he WhE NG Ingickelunke TldweeNor SBR sensing

to the plane defined by the filter | o
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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face and the incident beamaxis. In an exenplary
enbodi nent, the optical interference filter transmts
wo p@hn4d1avi ng a distribution of wavel engt hs t he€T/S2003/034265
characterized by a center wavel ength, bandw dth and
wavel ength intensity profile. Preferred bandw dt hs
r ahlj eeferennes] dtedbiouhislapphvdtionadoe hereBY imorporategrie flerir edireties by

wavel ength intensities _profiles .are substantiall . .
refereait el ©rtictan 1 BieY 478 ML HAEEESEL oniEh 4%, disclosure in this
appli@RohCalt Willl B¢ hEpRaRaol ddet & SrdRfafy kK8 BEEHt that methods, devices,

frequencies which are tunable over a range of about 60
devica el epprtsroaserl e foeoceBings anbiechigees aihgr than thaseosnpscifically described
v 300 R 0 2 P, bt o, S B it
resortRV e deiB GikPsritentafiei. t All areMedvan findGondl Rqaivalexs radinadthiods, devices,

enbodi mrent wherein the optical interference filter

devicgopiprsiss materiahy, yRrpeqdareseangd ephnigyes sperificalliadescabggt ferein are

. ' ' : filter is provided by the

mtengédp%%seﬁ&g%ﬁ %S‘B‘#gsgﬁ{lg %‘?&Fﬁﬁsi nStilt 200 ACe =1 A
(0)J 1- (VI) center tilt) ~° center 2 n wherein
,center is the center wavel ength of the distribution
of transmtted wavelengths, Oilt is the tilt angle,
Xcenter(O is the center wavel ength at nornal
incidence with respect to the reflected or incident
i ght propagation axes and n is the refractive index
of the optical 25 interference filter. For optica
interference filters conprising Fabry-Perot etal ons n
is the half wavelength thick layer of the filter. An
exenpl ary optical interference filter useable in SPR
sensors and i magi ng devices of the present invention
has a full wdth at half maxi nrum bandw dth of about 10
nmat a 30 normal incidence (angle between the nornal
to the filter face and the incident |ight axis).
Figure 4 show a plot of center wavel ength as a
function of tilt angle for two interference 29 WO
2004/ 040717 PCT/ US2003/ 034265 filters having center
wavel engt hs at normal incidence of about 850 nm
(filled dianonds) and about 880 nm (open di anonds).
As shown in Figure 4, the center wavel engt hs 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
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5 distribution of wavel engths remai ned substantially
Gaussian up to tilt angles of about 35. The wi dth of
WO b@4/@Gaassi an i ntensity profiles, however, i ncPEHEERN0$§34265
approximately 4% as the filter is titled fromO to
about 20. Above a tilt angle of about 20 , the width
Exan@ile | h€hardic@fishtion oftinsdkemblaty PR iseisorases nore rapidly
with angle, up to an additional 20% 10 The range in
wakis @aﬁ%yrpft%fﬁ PRPSARE et e Prssepinvivatey, to seagrechomgp iaghe refractive
aVv f t ngex u
inded {9 & T JogDE S IR ET T pHEARE b idinel sudics
Spec(frcaﬂy,atismg)al oldibx pexyerg|inventidn Bﬁl&omde Sﬂ?BOsensr)rs wamble of sensitively

-| ayer . SP sults o
detecif oB8 tEtaFiitioh shrashy e TEAREVE e X ArREF DR ahgB. drther, it
a goé!l@% ehée ?%s&& 1h§etftfoﬁrﬂ) APRUEenBG® prévTiing A dy3hi& Mgl which are
characterizing the expected change rn SP resonant
capalle pé pmbgtgwmatmab haging arwjde tangn of tedrastiveniadices urn and,
thus, is easily covered by the wavel ength shift range
provide by a single optical interference filter. SPR
sensors and i magi ng devices of the present invention
neYo adhipve the aftramehtanedgoals, nfatebtlmesﬁnsmvﬂlet% end diyhareic yranges of an

the SPR sensors and inma deV| of . the present
R i U Bt VreR? %nw%@@%%hf apodelih 26 (ripluged Boanagitoring the
refraé‘t?v%d ifRBodeyt v CTRARRbSE éu@rdsé‘ssbﬁiﬂi%ﬁé‘t SThd ré‘f(eﬁ?ﬁ%Q 'SPR sensor

of the present invention nmay be coupled to reactors,
emplopsd inethéss, stadiest iis bassal dnsthe fidretachpednin conégetation and tsashown in Figure

5. Th yOlpeall H sohishu€a 5y ¥ B chelial)fifly (BHEh Fohoer, Lawrence,

MA) J&Jgreactbl@ﬁﬁltbﬁb&EEghﬂmb@gwrﬁﬁmd RadstlAlUOpSEs; BRdiMgon, NJ). Light
instruments. Flow cells operationally coupled to the

fromstbﬁ sewse angollasiasi by 28 évhr@wﬁ@flertsr@dpmé éﬁ@ustrmalé?m%nBamngton
NJ) %} BO%%%G?S&% a pn{l_ngfe @ I Verl %mlgﬁglélﬁéglﬁgusgrialt(?w CS, Barrmgton

NI). pr 286t adhidtgid 1efs (mmbﬁ Iﬁ@tmblhdl @btioh, IBhrAngtb, N0 | cdlleltelight from
fluid delivery device to introduce materials into the

the pihelreandelgrmana cpwnmﬁedeb@@% Thisyexpansisdiand aellimaed eapspasges through
a poﬁa&‘lrz&aﬁ?dlﬁlgnfl m@ﬁ?@[ Ofp‘?lcs tﬁ&lﬂ%ﬁ%ﬁeﬂﬁ% 'P?’gg,&'gg??r. is égﬂmted onto a

nprIrses one a 'mcrofluid
motcﬁﬁl% irotgtionretagel (Nawpdrs Gmg()rhm)rx;(]imﬂ;t(fm]) sh,lp-iplogmzed and s-polarized.

condi ti ons of continu d fl ow ove surface
imaggs) cgi tb§tae?ﬂ}1’ée4 PO I%"ngl fdgn Jrasses r?{“if’iugglaﬁl I&Feéfcerence filter
(Edrﬁdn‘él“ln&)(s%h&l”@bﬁcsb %ﬁ‘iﬂg%rﬁ'Nﬁ %ﬁé’c%%?ectsta RASK Haad (P(F %ﬁi FWHM) of
control over the tine-point and duration of sanple
operatglg wevslengihs fie the ober mégirashtio dotim@ly @onirest0iig Zange of refractive

CT/ US2003/ 3 f
index i Bt 1P G 600 47 Eby® TSI P TP 0G4 foibon stge (Newpor

Corpefdtiohe tivaf, (0 )r ®f @keteeaddts ef ﬂletﬂﬂtérh‘ﬁcéeiﬁitﬁ%sﬁehﬁto tHeedollimated
are not inconsistent with the disclosure in th

souregysameAey Be vaiqd, {Hus VaryEngihp Afexplengtss ehlishs thas Y Rﬁés’e;d by the filter.
Rota’?ikn lo% t}{erhlttet}%v%[ it gl%s gFé%glg§5° ﬂ)@ﬁ o?l%alnmgl%\éh@e resplts in variation
ePem’-Jn S, nmateria CP ec ?H

rocedures an ues
of tht haReleh@he psRETHY tlﬁc”ﬂl{ey b§leg0 hin®tard 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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5 herein can be applied to the practice of the
i nvention as broadly disclosed herein without resort
wWa o00uielTe7 experi nentation. Al art-known functPONEE2003/034265

equi val ents of nmethods, devices, device elenents,
materials, procedures and techni ques specifically

(Edmahed Enduseihl pries, Badviggton, NI nel it Dfdeasedritapp aasgdfitition<1) at the
this |nvent|on 31 WO 2004/ 040717 CT/USZOO /03ﬁ265

CCD %l gtlg@@lgr Qlmaging,.Byrgaby, Canadagdy gqx ot sgopple mterrogation is

circuBERAA 16 Hf APhiabdeYer of)aépﬁqﬁﬁﬁﬁ)ﬂ is rp@f‘fofrﬁ@d RiS&Mware written in-

Invention to sense changes In the refractive 1ndex o
housaugngbebvieyiddnNaisnaldnithinemhtdhnuettpeXOnent al  and

conput ati onal studies. Specifically, it is a goal of

the present invention to provide SPR sensors capabl e

of sensitively 5 detection and characteri zation

chagges al Rght! hs@)ufdéf drflC tritst€erbrivd efiltedf comtihal® p@gidd incident light

Further, it is goal of the present invention to SPR
intengiéipg Biak Ve oVt pﬁgerawméﬁrl@@ﬂagﬁqaﬁﬁcmraw@éaﬂwfﬂhe #riolarized signal

vy GERSRA AL BRI SRR A S, s of

interfgcemks , filket Bwbinensigeifisaiti M fargs Ahe: ehytadon anglamgeAs ofompared to

o g B O, BRSSP ELL PR s nd e

centelr %V@ﬁﬁgtﬁfls sRMie8QH %E&Mr%dv%ngﬂh RO AldHs iBASasedN&s a result, at
exenplary SPR sensor gf oyed in these studies is

largeh £dted rofatioh @nghet Beimadin @mﬁgqsqmnat ingludarad cqnseoslhomﬁactpn for this

effecg ugplir%ctlﬁ)gl fg@tgrﬁ \fl)%'ﬁ%i %%%{Irlg X é’?ﬁ? rlngl_tg\wré %&s:ﬁes %—polanzed and s-

polar®RU P passed Byt oﬁticble{ntérf@éﬁce Hilpe ib EeaBsentd dfstirthé@ plasmon
Optics, Barrington, ?ht 15 fromthe source is
i

formatén. eEh%EﬁtwllﬁW%m"W$e@)/ aieasipERtROMEHZ¢d digek ryag|used to correct
t0 | e
for p@&izﬁﬁon—ﬁ%&zﬁﬂ%é de{hsm . Etie ;cslf gf:ll‘laﬂlt&lfer ari;ﬁl%%gt (])E.(,télp Cheasured
percdid Jrefléstivizg ontheawhs divded by ehs coiretrtiondfattod us tootrabt for polarization
%) ics, Barrington, NJ) collects light from the
depep S BRRSTREACR BHRES 2 col | i mated beam This expanded and
col l'i mat ed beam passes through a polarizer (Ednmund
I ndustrial Optics, Barrington, NJ). The polarizer is
mounted onto a 20 notorized rotation stage (Newport
Cor poration, lrvine, CA) so p-polarized and
s- Pigreer § deg corenies e Bl CoERFUNE g eiErsl SRR aptagss forppolarization

depe%%%%rﬁéﬂﬁﬂgggt%?% 1{ %@}@hthg%a?{f&%ﬁ{ EhffdC e&‘ﬁé {j]tdﬁiond data points in

Figusesd siiwstha somrdfake msendity ﬂ;ﬂp-lpMaEWdl\/Dlglﬂfdlwd@bb}athle sgm of the intensity
vel engt n th |nfrared 0.0 cont r ast

of s—?@éﬂ%egdg% t%@ PR itfprdter rﬁafé%%n gl4s 19&@6 %'@Frﬁ‘?eeofo ce plasmons.

To e%ﬂnlnﬁl%rthé SalRMNECH ARL@rRcti flocéfie r(PJte?Wa@ Qal&‘haﬁi&n five different

Newport 25 Corporation, Irvine, CA) so that the angle
regicnf of filee $atireeebeamdiachipoint me;ﬂ;aeplpt tlowhin Eugm‘a @m thg average of 400

v oA b4t DB LSO A1 o o < 190 B

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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Rotation of the filter over tilt angles of about 35

formnormal incidence, results in variation of the
worwel&rTgt hs passed by the filter by -70 rim t POEDS2003/034265

shorter wavel engths. 30 The SPR optical assenbly

conprises a prism thin gold filmand a flow reactor.

The entrance and exit surfaces of the prismwere

custom ground (Matthew s Optical, Poul sho, WA to be

p endicul ar _.to the urce b for an| C|dent an
DUBRES St EleadlAfodedy foF e oporer ot SRR SIR sensor
was éamlégﬁf&%rm re?ﬁ‘ﬁ@@ﬂ?éc‘ﬁv@%ﬁﬁﬁ&he&@?%%tﬁ&s|o$%gﬁﬂude 1X10 to
|l ens 20047040717 PCT/ US2003/ 034265 Edmund
1X10 " dthet qalcalatiops assymedabeserrgiraetivenndex; of W%@rmqaalft@ diAP8dit ~850 nm.
The eéyegtai %%rsg rrllslefo ﬁ% ﬁg s%?x ?tfort dA]l)%ng hi! Sgl%é %ﬁ‘!lcstg‘/ﬁglfl%eg(als shown in
Figuflen?.er Tigg ahﬂaosholv@l inC ng@tﬁ ﬁrtahm intd Giceount rhelieRpaimgéentally measured

Data acquisitign is perfornmed with_sqoftware itten
transpuissiqiobpgid f ok &l tE%\B‘ilHaEW ghopit d Ry oﬁ%ﬂ ‘iglﬁ@PP%#é tpeomt corresponds
t0 th?‘#%%%%dc%?%.nﬁieﬁ% Armetae! ¢ RS BB ARG indox a
the optitehsintdr dmaging twaveleygthifotthetratmple ohemegd engtictiegodexe he square

normal i zati o f the arized sjghal. by the .
data GRS ST ZPTG: GRS RO EErPpBear ] S8 1B brthysingle cente
Wavetlélfg'ﬂ§ i85t 8N sf AACTRe SPRILBsor i bQILRHLO B8y A 1ih&dr response up to a
beconme significant at I arger filter rotation angles.
changs irctsfippatiedindex of~3x¥18fs (for cemparispn) the iadsdptionypit 2 monelayer of the
ensi t of fransm d
pond SR Bl A D YR DB g g BESRR e chane

of ~14A08). gl @ﬁlo@&stthé tffeun gh €hd ensoreépasetvhohsacquitidgudata, at the single

at larger filter rotation ang%l es, .normal i zed j mages
centeryreavelsngihuple83d BBy FemEs Srihpwe the opmal; fnter imagingyWavelength as a

func&Y b€ Efﬁn%@ if qgﬁ&ﬁﬁle"iﬁ&& ﬁlglfnea[ thé%ﬁg?’tlﬁqﬂééﬁ bf %a%é?e An imaging

i nt ensi p-polarize arized lig
wavelassie df BS}B himes oply gaimal foes tlemen mereffralctmer index Dﬁ e3x10 However,

bsence o surfa 15 formati on
for TR A PR D IR DN, TS TpE SBaiRd A agphiet gayqlength of
853 ¥¥aSs HeRIhdt @xpQlid A tthe bimAVbRtet ARddir wﬂ@d?&fgl@l‘? Hor larger changes in
transm ssion effects of the interference f Each

refraptives indsd, tlpee resppaeser Behweed @t @y cepigrunaging crwns]@@athbgf 853 nm is
mgmﬁ ﬁrg%%ﬁe nag: géc?%dnét;#lg %g{n%gf 5%19%5 18191%1%% é)gﬁ;e e?lgth up to ~ 10%

decr&RE E&Cat d}ﬁﬁg@imrsqutarefraarvreeﬁdaxrtg“ ga@lqui red SPR i mages
for polarization dependent transm ssion of |ight
through the interference filter. The dianond data

po t
Do S s BBkl LRI b e
seriesfofslopobmolemmildm gmoséd&glmAMricﬂlehmntStf iLotisy M@} a¢lubons. The
es. in the absence of surface

| oI .
refragY% files OfHBCh SRFAER FALRoT et ARastied UL GrieRaRBE EMilton Roy
Confpah@ NORnd, KN ThoWydtéh sl bh8dRAkize soda lime glass microscope slides

(Fisher Scientific, Hampton, NH), cleaned 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 ddI 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 series of normalized images of solutions of various refractive
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25 regions of the source beam Each point in the plot
shown in Figure 6 is the average of 400 pixels. The
w@ee0an4i7n7 t he data points increases wth i ncreBSI/NHR003/034265
filter tilt angle, from<_ 1%for rotation angles
| ess than 24 to 6% at an angle of 36. The variation
indexest Wk et vereeiaker With al @nte€ @Nsdiag mabelynGhwl -850 nm. The images

0.6% for all filter tilt an%l es. Al so, shown in Fi
A thepugh T j5how dhe same grion gf he Tigwaregclor avith salvkjans rfael active index
1.33830taN8d 1908 Lhe 19aka. . edtﬁfe D& the 1f1ﬁ’6'ﬁlfc 8n RIfQach sucrose

the 30 tofrection factor rotation angles o Tess

soluttohatheZﬁ:acml andIsystérh esas ﬂlhﬂuad WwiB) ddluwaiencAedypes of the signal in the
regiogghie o otTouBs Tquksn (Ko BORPES A BEO TR ng 156 variation in the
signaf, TR 10V ERECL I Ut < PGl fg%ﬁﬂiez‘?ﬁ%%éﬁ'sgﬁ S g A
showngfheaedpouse ofiiblesystdnats lspamn®r 4ha;ngdemeﬁﬁctrmgnd@<adé3XlO

1X10"6 to 1X10"2. The cal cul ati ons assuned a base

refractive index of water equal to 1.328 at -850 nm

5 The expected response of the SPR sensor for changes

| NTisaagEQiohaihBGF tCexeft ity I SPRS 8@br Wik fivedtigated usiigea sample of

data shown in Figure 7 takes intg account the .
ddI ‘@a&ﬁerlnnw a*rqlgvtakéa@a?éac interyaksAnd ANHRPBEAE tigre off-2 s over a time
period il 18" mGEHa TBQ pqﬁ fze&@mﬁ%@g W€ quﬁﬁ&g@ QVlﬂlainas PAefed image to

corresponds e expect response of the
obtamrmtdeunmﬂtecﬁ*nty wasing Mempolaangbirmagesaad'plbm avefagad fiowean area of 100

. dn xat the opti G wavel t o
pixelphiipe stk LRPERERNEha r0Ph SEISCDRY MU SPGAGytRoRoof 0.13%
Thus? #eBd QB Hinfie bf ﬁx%ﬁﬁsﬁfﬁrﬁéﬁt ishey ﬁfﬁ@@q{@s’taﬁ&a&@aeﬁ@u&{ o 0&%. This

Instrument at a single center wavel ength settin
refle@b8tyn porreipendsPR sdnwer lingt déx e detgctablenehasge ih |rn§m’ave index of
_sx]Esponse up to a change in refractive index of 3x10-3
{ or conparison, the adsorption of a nonol ayer of the
protein bovine serumal bumn onto the Au surface
CONbefaftbadiicieased ihahé sighalvie noisteratio(BNRY weat obia11€bd3l)y averagmg
Al so of note is the effect.  on the, sensor respo&se

over zl @i ixely wissa the sierd Wethglse nesmaligedder JemRaraheanesy in the SPR
c i

o T DR e 01 TBOL R s, 0

expettedewithr thm saubase’ thefsigmed |1netensnryd exFigiirewht ehowsthe SNR ratio as a -

rnch g AL S e B o S comse

(B, t6ppNAPL §atla rSP'Reae&@ ClieVétd B&%i‘st&lf oFe3 okfes 31106 iBSRABEE ms exposure
neasured at a center wavelength of 853 nmis ne

time} hﬁtheesopg@t kegmgtakerh at b@tlnﬁqﬁ[ %§pp@ﬁcalwag|fn§or of 1(?{ increase in the
1nter{sh% 1g§1ﬁnal Fv%ulh ?7{ %Q(gince 1&1&6?{%&5%}& g&]givéé a H&gﬁﬁm limit of
~5X 06 8&ad1tluﬂa113§ théslsgm fwasalnbﬂeysddeﬁﬁthéh ay ltainmrarenﬁemﬁe@hons to the

at the &Dtl mal center |mag| ng wavel ength, up to - 10%
systeye Ehab EesBlt bR BCEASHgE he $pUEGERICBSE%S r act i ve | ndex of

0.01. The experinental response of the exenplary SPR

sensor was investigated using a

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

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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25 series of |ow concentration sucrose (Sigma-Aldrich
Inc., St. Louis, MJ solutions. The refractive index
wo@Roogaaitisucr ose sol ution was neasured wi th a PCT/US2003/034265
refractometer (MIton Roy Conpany, |vyland, PA). The
system uses standard size soda |inme glass m croscope
pattemb iodesgold Rintiver (cGnpesihg hpproxideagly d mm Kid)and eppmx'mﬂatély 45 nm Au
ostripTM spol uti on, d.t hen deposi.t ed Cr
electrgﬁ e&glod%q qjio oggfséq.nél BIGASCORS s]o%agrloHJgF & g%f:nt{y]wé was made
usmgAH %&fdﬁfé‘ﬂﬁillshl@ﬁ&léf‘@ﬁl\@b e2esind brbdcal. 1 T3he5pr%€HCHI 'eﬁ‘%loyed was
0% hydrogen peroxi de, anmoni'um hydr oxi de,
0pt1numdeto rrilrhuang ltiadefer @b meaterted rfrqh gbe POMS astanp torN?he surface and to

th
prodfg e SRTRIAERGS Bl Oy oY ekt A BReE a4 i Lolagiped tight.

FigurehE2 fsmmxtal StieOfofaint¥Bs fidkehi sT0a Shiol -a@aswﬁt‘eﬁ Pdttern with an optical
nonol aye Figure 9 shows a series of nornmalized

interferpRge f@f pegtiongdon sevsral\diffpsut tittemelest i Kigureal Yyporresponds to a
oo SBEARARE TSRO PORST kAT o 4Ry o552
Figuren2 Cheriespges to A dehteo wgivelbngthoof 845enmabipure ﬁhcm‘iresponds to a

the flowr or Wit ol ons of efractlvel e
cenicy WayQnEth o 348 Ry Ao GorosRands ib @ SEREY payeonith of 814 nm.
The H¥xh&cahdiBiol BERMMELLRAI % t1RAGIht BHFIRE thesi%défeé 24 tht Réater layers

reactor and systemwas flushed wth ddl water.
corregpraidy &1 shofdatihaegipmal Square megions erpated Y teantaghiotitiddhe stamps,

se i.n ates |little nspeci f.i.c pti
sopreTnala, SO G B i & PG PO e d 22 TS o s i is tled
awayOffrohh %pﬁfiﬂ? r]do 58k afor BB PQRAS e, theaébrﬁﬁéﬁﬂmét@d’eﬁn $B8ons of different

sensor. hown, the response of the systemis
refra¢tm¢emd1cfe@ rde@reasﬂges Asnillugttated tin VEguma dBdesSBR Xsp0s@s ofibe present

inver}qf?zt}g%: cga%fzdé ,céesr}eﬁaémghlglgﬁ,pcrpnc%l qé{afgy dg}agnsg)e 2 pfobe reglon having

refrad®ledndioken at 2 sec intervals and an exposure tine of
1.2 s over atime period of -3 mnutes. The
p-pol arized i mages were normalized with an s-polarized
| nRg %Prp%r 1131? t 6&) nth@ e15%§ regoqﬁéloqlfg)k \ell dsts%/trhg%' r(g{illélgteg;c 50 pum was
expeﬁﬁ&ntaﬂy ﬂe{eﬁmm'EHQ“otl\ﬂIeQXemgl’mﬂ' SPRhﬂﬁﬂ&ﬂ Fip8o13 shows images of thiol
reflectivity with a standard devi ati on of 0.13%
pattemﬁusmﬂx ﬁ@mu@u@cﬁa@ﬁw $lﬁ$st obf apreximataly uHhthm s(A,4 left side) and
ti.on, 0.5% This.
appr?)% ’éebf ?Qi% oP? %‘g ds e Tiep Shevs PP%d%m?f}?l‘il’h@reSh"mmd by a
factoi3l gt eaalh eh¢ firdt@iBn I0f st€idedstddnicd prBpEatioh, the Yok JimilNR the lateral
further increases in the signal to noise ratio (SNR)
resolwgore v@bt@immddytoaheePaﬁl po.  dhisrissincgresinest svithinthedgown surface
1 t he si ﬁas aI nor mal i z%‘% ‘i%rr tenmporal changes in
plaspen,pig an}ﬁ’en A 8ET T at e reference
nor mal i zatl on, hovvever the SNR increases, as 20
ex ect ed, with the square of the SI gnal intensity.
igpees 1#AshBvibovHmagreenatated uponahe adiprtionpt rotpigrhwwine serum
albuﬁ)lF p%g(ﬁLgn@\é?r ggfggf‘a%. bRt *meQé‘s%&%%E& (i @BBEHE%d 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 (RIyater is about 1.328 at about 850 nm). Figure 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 to remove all unbound protein.
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(B, top plot) data SPR data. The data consisted of a
series of 100 i mages (800 ns exposure tine) of the
waewaoe7heam t aken at 2 s intervals. Specifi caPCHUS03/034265
factor of 102 increase in the intensity of our signa
woul d yield a factor of 10 increase in the SNR or a
FigurddttBoshoon al differencdf infige 540BIng. froha dulstiastion bf/images irGNBure 14A and

) s _jngreased further by hardqware . nodjficatiQns to the
Figurgy Qo mi P E LR DA s PR Mo e 0g i ot S8 the Au
surfabdUENS oMolaFATHSA & waBRRINRGut 0831 )i This fainke i@ fidbtive index

protein bovine serum al bum n on gold surfaces. 30 To
corresrpmds &0 2 bleange s percertrflegtisity phehat 26%s olhess Bmeapwengpts show that
i magin evi ces. of e ' ' E .
SPR 5TRP o dareerhd e Bl aible LMk lve SHEUdEREShanges in
refra@BRIAdex dURit6 hdsosptioNd2DEInA4 BilproREIpidB2 003/ 034265
patterns on a gold surface (conprising approximately 1
nm Cr and approximately 45 nm Au el ectron beam
deposited onto standard m croscope slide from Fi sher
Scientific) was nade using a pol ydi net hyl sil oxane
(PDVB) stanping protocol. The protocol enployed was
optim zed to mnimze transfer of material fromthe
PDVS stanp to the surface and to 5 produce one
nmonol ayer of thiol on the surface. Al inmages were
taken with p-polarized light. Figure 12 shows a
series of images taken of a thiol and water pattern
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 wavel ength of 852 nm Figure
12 C corresponds to a center wavel ength of 845 nm
Figure 12 D corresponds to a 10 center wavel ength of
830 rimand Figure 12 E corresponds to a center
wavel ength of 814 rim The hexadecanet hiol |ayers
correspond to the light regions of the inages and the
wat er | ayers correspond to the dark regions. Square
regi ons created by contact with the stanps,
approximately 500 mby 212 m As illustrated by Figure
12 Ato 12 E as the filter is 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 images of a probe region having refractive
indices. An upper limt to the |ateral resolution of
| ess than approximately 50 mwas 20 experinentally
determ ned for the exenplary SPR sensor. Figure 13
shows images of thiol patterns with mninumfeature
sizes of approximately 100 m (A, left side) and
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approximately 50 un (B, right side). The i nage shows
one di nension foreshortened by a factor of 0.43. In

wao b@4disa7ect i on of surface plasnon propagati on, PCTES2003/034265

lower Iimt to the lateral resolution was determn ned
to be >50 m This is in agreenment wth the known
surface 25 plasnon propagation |length on Au in the

ar infrared. Figures 14A - D show i na t ed
Wec[]@gg g ges generate

n the adsorption of protein bovine serum al bumin
(BSA) onto a gold surface. Al inmges were taken with
p-pol arized light and a center wavel ength of about .
858 smrfaceTesnionangeoriancasegserdon seasiol dhgsredragiies indexegf aprobe region
of the. 30 reactor with a background of water (R water
i S“ORBBHI21. 328 at about 850 rim. Figure 14B shows an
i mge of the sane region of the reactor with a 2 ng
m -1 solution of BSA in phosphate buffered saline ..
(PBS) . Fpejyelomatc Egseush 1orrgegeragng {1ght rrgpagating plgps an incident

with a héa[ﬁég%g&%&figmter after punpi ng water

t hr ough ctor t6 renove all unbound protein. 36
WO 2004/ 040717 PCT/ US2003/ 034265 Figure 14D shows a

di fference i.mage resylting fromsubtracti.on of |j.

' Fi guf BOMEATER @Piegl sapETpaton ath sop hebrlygmalig BEFCsource for
change (. 4ug Hedpdlifrafes HaRidfQRmdHehBr Ot €i n onto the Au
surface (for a nonol ayer of BSA in water, Rl is about

1.331). This change in refractive index corresponds

Theae. nehonieihane iRl bl S tyd Blychromatic igh

pr esent sdundes B4itl @ptied] @sseaidptemprisitd e dibnrsid layer, a dielectric sample
det ection of changes .in. refractive index %ue to. )
adsor pt lager &1 peendarting lyenRosproese bplres faidshelggtyic layer and said

2004/ 04l LiufeCline 9 ORASRR: iNbniGhRITLS daig ApUAl ASGmbly with

pl asmon resonan or sensing the re tive
i ndex ofaid lighgeerateyi light plopagatprg domma refleotsidylight propagation axis,
i ght source for generatj | i ght propagat i.n | ong ,an .
i nci dentvhereiy ﬁtPOH?O&p%%%M E%Iegtgﬁzss’mﬁ%e %@5?@?&‘?&0 F%d conducting
opti cal Pﬁgl@gﬁ&ghg@%@ﬁmﬁ@}ggi&gi d polychromatic |ight

sel [

source for ecting the polarization state of said
light; an optical assenbly in optical conmunication

with said polychromatic |ight . ce.. I ' .
assenbl § dfgel“fﬁf '8 i"Rﬁ&é Cafnérlu%lclﬁapf)g gﬁ/gar“,l %E{ 1%1 %%éec r (t;or detecting
sanpl e %8 ligiefropdpdtifg Qsigusdid ngfléaate lighioakisj dregby sensing the
between said dielectric |ayer and said

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 focusing 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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dielectric sanple |ayer, wherein illum nation of said
optical assenbly with said |ight generates |ight

w@eopagati ng al ong a reflected |ight propagatiPCI/ER1083/034265

10.

wherein a portion of said dielectric sanple |ayer

adj acent to said conducting filmconprises the probe

r egfleansd Bfhtaprdpigatib raxisnarap focosing dpmmpropagatingnaleng Hhe reflected
said optical assenbl %&Igr detecting said |ight
pHEBLRPASRHOR PSR PRI {4§9 et ed | i ght axis, thereby
sensing the refractive index of said probe region;

and 25 a sel ectably adjustabl e wavel ength sel ect or

pdZiet sunfaeel plasmioh eesyprieasenpat ¢f clhim efmhencemprisihg a collimating

sour.c nd i d tector. for. transmtting lLight  havin .
2 OiF Gy DA o O er A dienf ol ool AR Pwherein
JQRRI 3bBinfhE asiRichl BRARAS is Posiliofed fhasfeeaf saidigblychromatic light
conducting layer in contact with said dielectric

s sigynent andgaid optd@l assemBly. sur f ace pl asnon resonance

sensor of claim1 further conprising a |ight

collection and focusing el enent positioned between

saild apfdce allasasserdsbyanae dessic hfddhier Bowhereasaild cbiliphtting optical
col l ection and fqcusing e nt for collecting sai.d

| ieéq{pené rCSB]Q%gQSi % r%ie@ﬁ,ga p{pggFeggn S d lenbrgly posttioned between
P LE@% i ation axis

aﬁ%ﬁ#oc %ﬁﬁ%éﬁ%b gS%?%%%g%%@%gwg%%ﬁg&?ﬁggrefIected

i ght propagation axis onto said detector. 3. The

sur.face.pl asnmon resonance sensor .of. clhaim 1 . .furt .
coltsr i B RBR T RRE R i | @i feig SFie0EbLy adjustable
C Ol AvelBottn@ldckdis pdsitaihed detlveRn k¥id dpaeA benbl@id said detector.
source, wherein said collimting optical elenent is

positi oned between said polychromatic |ight elenent

a sai g opti I .eThe s : :

7 obh QO Bl ARG sbnsgh gf EMEEL R R 3ERAably adjustable
Opvhveidngtll BeledtenBnjositionpd bstween shidr sdlydhesmatialightrdootee, and said
and a second | ens each positioned between said

podBfieAY asaeably. | i ght source and said optical assenbly.

5. The surface plasnmon resonance sensor of claiml

wherei n said sel ectably adjustable wavel ength

s eTlsr swfack plgsomntiegmencehsnierf daiind] opeiaalsaidseleatgbly adjustable

anvqrage?elzn%ﬂg S gc%rolg an %Etical 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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6. The surface plasnmon resonance sensor of claiml
wherein said sel ectably adjustable wavel ength

W@ ed0a04w017 i S positioned between said pol ychr onetT/US2003/034265

11.

12.

13.

14.

15.

light source and said optical assenbly. 20 7. The
surface plasnon resonance sensor of claim1 wherein

saltd siefaeé phinonadidnahabidisoMel b d0hwketiaGbitioh 90f &Rid optical
optical interference filter. 8. The surface plasnp

r d5tsHiarraee JHifs orlestabl adivsty thneseaicn waedpnath € dhe distribution of
ﬂﬂﬁﬁﬂﬁ#&¥gﬂ%eéﬂéh er is a Fabry-Perot etalon. 25 9.
The sur mo

ace p n resonance sensor of claim7
wherein said optical interference filter is a linear

var.i abl erference filter e.surfag
¥ clisbes BlDaR <aPIGIOSHOR A CRER | SIS CRHE Wavelength of
' rﬁl@ BfsBIRIMOR of t?rgnﬁﬁlﬁé&ﬁva{feﬁeﬂﬁﬁsaits ARAdddvbyadk Bgiabhe

about an axis ch is orthogonal to sai'd |nC|dent

l'i ght propagatlon axi s, mhereln rotation of said
optical interference fllte Iec y adjusts the
di stribution of transm gé 39 WO
2004/0 717 USZO bh he surface pl asnon
red crer 0 whergin rotation of said
optlca |n er erence r aele tably adjusts the

center wavel ength of th d stributVon of transmtted
wavel engths. 5 12. The surface plasnon resonance
sensor of claim 11 wherein said center wavel ength of

t h@hé}gﬁﬁg r?xﬁe%t L O éeh%@SWa%l Hayel ﬁl@gh 1l5u°tion of t&ansmitted

provi he equat 1 on: . sin center
t i\hmved&ngﬂfsr 61(1101s altil® anglemenvm&)' B mc@rtﬂﬂerelangﬂsai wbrmal incidence

r wavel of ,the djstribution of trans
eV assfesido T fereOied o erdcht i Rrob3kafin at @ bisghe refractve
CERHSE oMRY 8heAM itlerfdreRIfITRE, | NCi dence wi th respect to
the reflected or incident |ight propagation axes and n

is the refractive index of the optical interference

];: ’glﬁere}]gu}'f%cg }g’smo-ﬁhl%s%%?alg%asﬁll ?f}?%p? ERRERNC Said %Bﬁga[l 18{erference

sal erence
filter is rotationally adjustable about an axis which is orthogonal to said reflected light

propagation axis, wherein rotation 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 @ .
A (9 ): (,1 (0)) 1- —T1
center\ ~ tilt center 2

n
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filter is rotationally adjustable about an axis which
is orthogonal to said reflected |ight propagation

W@x008/0408Er ei n rotati on of said optical interfRPCEISE03/034265

16.

17.

18.

19.

20.

21.

filter selectably adjusts the distribution of

transm tted wavel engths. 20 14. The surface plasnon

r esb&raiC . .SeN30rsaid ednddrmvbIelshgtheiofi thet alistdbutivh di dansmitted
optical interference fi &ter sel ectabl y a(f% usts the

cefpeiengife Punitan s pnglietainP} iU EFUF Bpvelnelhahnermal incidence
waygh %&%E&Sto thoreflERRd M i @6t PLASHBPadaBSR ARECHISENSBE refractive
of claim 14 wherein said center wavelength of 25 the

di istlex bithe onticHl intederendetfileed. wavel engt hs is provi ded by

the equation: 2 0.5 sin O tilt A center Otilt A

center (0) 1- 2 n 40 WO 2004/040717 PCT/ US2003/ 034265

WERS b fRe plifHofIredohahidd RnsR HfRIaieN heRE Hidbptidakinterference is
distribution of transmtted wavelengths, OQilt i

[ s . a

t i totatipngihe adpustableeboyt ar axisc siidy is\autbegangt o said incident light
no nei_den S . .

e BerOR Ry “BerstiL il B3k I trcr oo g HREr Mectably adjusts
r efheadibtribation ndexaveleniths thpt bxeatubstahialise peaverted i fkdreriransmitting
5 16. The, surf c,e@gql asm)g resonance sensor of claim7

whidr el said eptispl intestersnie 8Hfer ence is rotational ly

adj ust abl e about an axis which is orthogonal to said
incident |ight propagation axis, wherein rotation of

salbe eptice gllasinnaefaapcrcenirl dfelaine] wherbl saiddptic smterference is

the distribution,of vel engt hs. t hat e substant. al X
or Bl PRI ALARY £ A% TgichPopdhoRsRii i, 3R Bitetted light
| NpRPhEARAGRIS WhieRlin rotftionldTeaRlbtREEInR: RETHRA filieS ety adjusts
sensor of claim7 wherein said optical interference is

r othet digwibution ] wavekinigthsathat areapibsiantalihpegyenigd from transmitting
or hoganaly b sriibRelleated |1 ont  propagation axis,
0 I'on~of sard op

WhET €l I al ical interference filter
sel ectably adjusts 15 the distribution of wavel engths

that are substantially prevented fromtransm_ttin )
t hi b GHTacR HaBREY eaiPninGE SFRSSF O CIFy ﬂV@F.reui g?ldﬂ%{%al interference
S uﬁgélcﬁas_rﬁ TN L GRPABRGRARNSRA L bndd Rld8aid RREER] Bas a tilt angle

sal optical I nterference
selected over the range of 0° to about 35°.

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 tunable 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 plasmon resonance sensor of claim 1 wherein said selectably adjustable

wavelength selector comprises a monochromator.
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filter has first and second substantially parall el

ends and said first end has a tilt angle 20 selected
wo@@n/0441¢7 r ange of 0 to about 35. 19. The surfBCEUS2003/034265

pl asnmon resonance sensor of claim1 wherein said

distribution of transmtted wavelengths is

22. chptieqirfict phamoy rasohandecdenva ] cbaigt h whisekis siid selkbfably adjustable

wavel ength i s tunable over a range of about 65 nrn. 25
20WavEl 2 Felerter coMPEises R P8SERBREe sensor of claim 1
wherein said distribution of transmtted wavel engths
is characterized by a bandw dth and said band w dth

23. héaBheasurfeak péass@nactamdnder smsdrhe alaimgk wdferaboaitl stlentablyoadjustable

about %%ﬁlnft 30 21.. The surface plasnon resonance
s eWeVslength ISqion CPMPLSESA PPMyi d sel ectabl y adj ust abl e
wavel ength sel ector conprises a nonochromator. 41 WO
2004/ 040717 PCT/ US2003/ 034265 22. The surface plasnon
24. 1 eBgnanbrse pbasgon 1gsongnes sengongiedain] gdiceein é@lééﬁg
adj | e r conprises a
spéé’%\?eﬁ%l%lfsee\ri\& ‘S‘Jf%ﬂ%%féei%#r g}é 3 pl asnon resonance sensor
of claim1l wherein said selectably adjustable 5
wavel engt h sel ector conpri ses prism_24. The surface
25. pl A I96 RRAMECTeS e SBRoRphsIAm lmﬂ’é?réﬁnrﬁaé‘gfi
Se&ﬁ\?eﬁtﬁ&ic@j ustabl e wavel ength sel ector- conprises
a grating. 10 25. The surface plasnobn resonance sensor
of claim1l wherein said detector is a charge coupled

26. oL BRSSPt R T Ay L TR Sad e layer bas a

r efifsfbfractive NHE%, WL sBidSdeRc@icelaelé i16yes AP laCsdca® refractive

has a second refractive 15 index which is | ess than

saindex which is déss dleani sped fivsteslraghive idex end whadein $4i¢Hght propagating

pr gpagat.n I ald I ncide ' r ' [

B R I N R
Wi infersdtion voil s28dbptaabaszbhply. 27. The surface pl asnon
resonance sensor of claim1l wherein said dielectric
layer is a 20 prism 28. The surface plasnon

27. | CRRORARSANIS softin@t Rerkof W LRGH €REBYels N8 Belbdt@Wlayer is a
ce operationally connected to said optical assenbly
f oprismt r oduci ng a sanple into said probe region.

28.  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.

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

layer is a sample provided by said flow cell.

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

comprises a gold film.

31.  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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25 29. The surface plasnon resonance sensor of claim
28 wherein said dielectric sanple layer is a sanple

w@eanioded’ by said flow cell. 30. The surface pPE@BDB2903/034265

32.

33.

34.

35.

36.

37.

38.

39.

resonance sensor of claim 1l wherein said conducting

| ayer 30 conprises a gold film 31. The surface

pl Bsmiface phezanaaesmasay seaforadfedlaiml 1 wieren saiddirdt fefastive index
refractive index . layer and.said co cting |ayer

o oA aaE S RDERRRa LY en SO TORSIS GRS 1P

PCT/ US2003/ 034265 32. The surface plasnon resonance

sensor of claim1l wherein said first refractive index

| alisr senfizbesplasinoo mehgosnaggsensgreel claimrl semarisingtd swiface plasmon
fiber. 33..The surface plasnon resonance sensor of

cl H3%"e COMti sing a surface plasnon 5 i maging

devi ce. 34. The surface plasnon resonance sensor of

claiml wherein said |ight source is an incoherent o

| i Ghe sedaseclasmen swonapge susof ffeclpinnd nvherpiaswididight source is an
se . ' further conprising a mcrofluidic
fI@%@%%%ﬁl%%€$g%%%nally connected to said optica

assenbly for introducing a sanple into said probe

regi on. 36. The surface plasnopn resqnance sensor, of . 4
o DR P ipleBIOn BR0HNGS, PSR bFIAER | durPey CRRILLRS pgnicrofluidic

LSS S SRR pRIA S SOREWESpng o syl
pl msopad pebemegicte sensor of claim 1 wherein said

surface of said conducting layer is nodified to

provide for selective binding affinity. 20 38. The

SUThAGErfdcAPIBR ok QENANGLSHBAS Of cOimChRivlleteivh@i®kiface of said
said surface of said conducting layer in contact w.th

satendypiénge deyar cins gapipe Matfie paiflsSqeppd flpEd £QNPHES| deside of said
fo%ﬁxgﬁ&?ﬁ;ﬁ&ﬁcagsorption characteristics. 25 39. A
method 0O j

sensing the refractive index of a probe
region conprising the steps of: passing light froma

pol ychromatic |ight source throuygh a pol ari zer,, .
Fh@%{%wrfgge?@gsg]ppn@sqqaﬁm Sﬁqsgb aaf‘%_lal Efl%ll'?ald. surface of said
| NglfRRling Iagatis RICRPRGAD A @os seldQiWiiRRhd MEin®di d
light onto an optical assenbly, said optical asSenbly
conpri sing
The surface plasmon 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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a dielectric layer, a dielectric sanple layer and a
conducting | ayer positioned between said dielectric

wo agpei04@@mt sai d dielectric sanple |ayer, therebgI/Uus2003/034265

40.

41.

generating |light propagating along a reflected |ight
propagati on axis, wherein 43 WO 2004/040717

PCT/ US2808/ 034 265aid gicletirionsanipls daydr didpledt toi sid anpdwting layer
| ayer ad acent t. i d conducting | ayer conprises

said prb p?%ﬁl pn8§§7$ﬁﬂ said I'ight through a

sel ectably adjustable wavel ength selector 5

positioned in the ogt|cal ath between said |ight

source BAWing dgeaidedight ;throyek et selgptably dad]‘il%@hle vivevelengily selector

detecto ggsﬁl&?edqﬁ ¥hesojﬂ ghl%%ﬂ%%tgle I? {2 %ﬁt 38 a gF:tector

said probere Ing s
adj ust abl e mavelength selector to transmt Ilght

havi ng di stribution o velengths selected to
gener at e@%ﬁ%&@gj Egkgé’ﬁ‘ﬁh 1 detecfor; therehyesegsing gpig refractive index of

conductFaaghﬁ%%%gmﬂ;ﬁ@ntact with said dielectric

sanpl e The nethod of claim39 wherein said
adj usting step conprises the step of 15

temati.call aryin ai d.distributijon,of o1
e endiAeig sHErq Rt Pl afitbleBBh Sclssipr, tq gppamit light
wavel enghiing &l destiRition s wakiRBnpBik Reldcted ¢ béHemtd Qurface plasmons on
wherei n said ad usting step conprises the steps of. 20

transmi eshigce q ghid conduntiggs lwr th enatast with|sgidsliglecitie pareple layer.
wavel engt h selector haV|ng a first distribution of
wavel engt hs, thereby generating a first imge of said

prabe meghodnpf tolains B0t twhegeih | Gid  ddhustitg hstspildﬂ)mprlses the step of
sel ect abl y_adj ustabli wavel engt h sel ect or

seéb%ﬁ@n%n%% Y VBRI AiSHERpEPR 95 P clengiy @wﬂagﬁﬁbwmﬁ gelectably
3§54 e\Mﬂ@ﬁﬁgﬂgfﬁﬁﬁg probe region; conparlng t he

spe tral quality of said first and second i mages; and
30 selectlng a distribution of wavel engths of said

L orttE P el At sal R R 8 cpRets Y el

the spectral quality of said inmage. 44 WO 2004/ 040717
PCT/ US2003/ 034265 42. The method of claim 39 wherein
sai d seltepsmitiing dightigheaele seid selepigbly sdjusieblsr wiawelength selector

having a first distribution of wavelengths, thereby generating a first image of

said probe region;

transmitting 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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positi oned between said |ight source and said optica
assenbly. 43. The nethod of claim 39 wherein said

w@edoeo¥Ebt y adj ust abl e wavel ength sel ector i s PGI/US2003/034265

42.

43.

44.

45.

46.

47.

48.

49.

positi oned between said optical assenbly and said

detector. 44. The nethod of claim 39 wherein said

selThe hadthod afiplagh 9 whevainebzd gelactsklyemtjwntatils vawelength selector is
optical interference filter. .10.45.. The hod of

o B Sions ST e S et S S RP AP tor i s a
Fabry-Perot etalon. 46. The nethod of claim44

wherein said adjusting step conprises the step of

r oTh¢ inmghashpl clopni Pawhensine paid seleeteblyi adjestable siavelgagth selector is
axis.whigh is orthogonal L g i e light 15

pr B%Sété%}elgéjﬁ{“éef flg,gllavﬂ% glf:%iarslge?%bt%g |doéna1(g?&§é§%)rd opti cal
interference filter selectably adjusts the

di stribution of wavel engths_of [|ight whi are .
t r 2he methadcpt daim T whaisthzad slectilly ﬁfiwatagﬂe%\fekngah gplector is an

adb#ﬁ&#{ﬂkﬂ%r cGfprises the step of rotating said
optical "Inter

erence filter about an axis which is
orthogonal to said reflected Iight 20 propagation

2 51 LB SR SPU SR S -

wayglgnat hs of light which are transmtted. 48. The
nmet hod of claim 44 wherein said adjusting step
conprises the step of rotating said optical

SRR b TN 5 A 0 g8 ain

r okat iopficfinteab@nepfilt@albotmiresifie nbivhds foithdgonal to said incident light
selectably adjusts, the_ distribution of wavel

. | | on, ngt ns )
t hatorageios AxaY, Areran Watmrwfe%@fdeeptmabmtqrfes%ﬁifﬁie? ﬁ%ectably adjusts
th S Al i j : [ 49, The
et A e e iy
conprises the step of rotating 30 said optical
interference. fi.lter about an axi.s ich is orthqggonal . ..
t o TEamrchet s vERED BRGERnE S Sapbis SHnor rotating

r oty 2t PAcAfinS AL AnePHitGAboli P S HeRAGs bithd®hal to said reflected light
selectably adjusts the distribution of wavel engths

t hatopagatiauayds, avherein rgtagioreoesrid optiqabinterfaenegifilier sejectably adjusts

t hroough saj.d optical [.nter.f i .. 45 WO

200 Sasp ity b P e iR R iR of craim
39 wherein said step of passing light through a

pol ari zer generates |ight having a p-polariz

: . tion X
st dihe mythshef-alainy hBegsaidpdivneing siep cPmgHEes the step of rotating
pr ] ' 09 isrRbBIRP IR Srcident light
2 AR R 8 ATALATRAISHL By 0 i i
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.

The method of claim 44 wherein said adjusting step comprises the step of rotating

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 substantially prevented from transmitting

through said optical interference filter.
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propagati on axi s undergoes total internal reflection
upon interaction with said optical assenbly. 52. The

woreiohoe7of cl ai m 39 further conprising the stepCDiS2003/034265

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

collimating light fromsaid 10 polychromatic optica
source. 53. The nethod claim 39 further conprising the
st @pe afiethod ui ¢lgins d0dwhemght sgid ogpey af ipassingllighy tlaiigh a polarizer

refl ected.ljght .propagation.axis onto said detect.qr. . .
| ewietaten UehBE o PEP L RS sy BloRaing 4l eaiacident lght
vwayRlapatdisaxif) the near infrared region of the
el ectromagneti c spectrum 55. The nethod of claim 39
wherein said optical assenbly further conprises a flow
ce rat i | | V»oCORNEC saj .obe. regi.on .for .
den JRPREEJrCRR 1ot RRBRCLAY el SbipeRER 00 ihBlien tigh
I egtapagatioh. axIhendeegdes dotalf inedngdl refbeetibnl ip &g interadtion with gaid optical
the step of flowi ng chem cal species through said
fIéﬁﬁE@%F, t hereby changi ng the conposition of said
probe region. 25 57. The nethod of claim55 further
conprising the step of flowi ng chem cal species
t hThaghetbad df tlaow Idefurthet hemptising lansfep @f tchBimating light from said
refrfcfive.indﬁx of said probe region. 58. The nethod
of PRIYSHIIEEC ORI SPUESnpr i si ng the step of flowi ng
chem cal species through said flow cell, thereby
changi ng the thi ckness of said probe region. 30 59.
Thdhawndiberl ofein 138i fwrtBer comenrising thaistepf ofcipcesing said light propagating
m flui.die f . . ho nerating an
st ek i Brosmeni TG S e o | "
WO 2004/ 040717 PCT/ US2003/ 034265 passing light froma

| ychr ic ligh [
? gg%gw%gawt 7 a&mgﬁéwﬁgrgﬁs%ﬁl%lggg ngerf% f I'rzlg]{&p’ near infrared region
I N, ' @ﬁﬁpﬁon axis; directing said |light
on?gﬁgﬁ%g%?gggpﬁgg§e , said optical assenbly
conprising 5 a dielectric layer, a dielectric sanple

| ayer a nduct.i l.ayer si.tion bet ween sai d

o a6 chsthod pEGIa 3 M Esif 60 opRRel st B S ees s flow cel
th %F%Mone@%ﬁédtélﬁto' dafibroBé Spaedor QelivrRBhamical species into said
reflected I'i ght propagation axis, wherein a portion

of psatiedegippl ectric sanpl e |l ayer adjacent to said

conducting |layer conprises said probe region; 10

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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passing said Iight through a sel ectably adjustable
wavel ength selector positioned in the optical path

wheimearTisai d | i ght source and a detector; deP@DUBI993/034265

61.

62.

said light with said detector, thereby generating said
i mage of said 15 probe region, and adjusting said
sel ect asyingdijghs fiabl e patyebtommgicHight lseatethroogh aawdarizer, thereby

O SRS S0 L I R £

conducting layer in contact with said dielectric
sanple layer. 20 61. The nethod of claim®60 wherein o
sai d dediesstiog said lighterep ge opbesdresembb iseid opigal aasembdly, eeprising

f d i h ] : f i i -
8 L ob gt rG% t&iege%tr?c féﬁgrl? %.%1('31@0‘[{1? galéflg gg;%% ;am f%&%gé‘é‘?{ﬁgﬁyef positioned

N conprrsing
li ght fraween paldy chvlemt ilaydri ghd sabilirdidedttic osgipl@ layer, thereby
pol ari zer, ther ,eb%/ generating |ight pr&glagati nag, al ong )
an i nci grRasating dight propaeriing; dongk rdlectsrd light prapagdiog axis, wherein

light o |: & af: ' :
conpr i of R PEME HeldFRE Tpi R LGRAE R HRFERRHting layer
| ayer acum@riseosaddptabegegioyer positioned between said
dielectric |ayer and said dielectric sanple |ayer,

thereby generating |light propagating along a

refl ect flsinb9bdid PrigRAGRLLEN AXdefoctablie ra@%d&tab@e PRAveleédBth selector
of said dielectric sanple | ayer adjacent to said

conduct poritidngg én thecaptipali pahsbetween sardblbght segce aad agetpgbor;

2004/ 040717 PCT/ US2003/ 034265 passing said |ight

t hrough a sel ectably adjustabl e wavel ength sel ector

posi ti oa@dcting daitelight witlkaip aletectre} theeby S@hetating did image of said
source and a detector, wherein said selectably

adj ust aPToBeyREIELBAGt h sel ector is adjusted to transmit
incident 5 light having a distribution of wavel engt hs
selected to generate surface plasnons on a surface of

sai d coadjusitrigngaitl agedectdbly edpistable wiavblesgth dsedictdretst tiagsmit light
sanpl e |ayer; detecting said |ight w sai d det ecto

t her ebyh@‘éﬂ%ﬁé‘ﬂ%ﬁlﬁﬂw é"é?é’?f%l}ﬁ@g S‘ilﬁél%n?ipoegeé’l’?{:aée Surface plasmons on
nMeasur egefitracedg i tcoRuctial thyel Bdonvdct Withdhid dREREGE Smple layer.

t hereby generating at |east "one

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

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.

anal yti cal neasurenent, and 15 conparing said
ref erence neasurenent and said anal ytical neasurenent

W 004@et7¢tt said change in the refractive i ndeRCDUSHAB/0B4265
probe region. 63. The nethod of claim 62 wherein said
optical assenbly further conprises a flowcell for
i ntroduci ng chem cal species into said probe region.

Rt KRR e R L .
region 'poéi%oned 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 generating 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 into said probe region.

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

into said probe region.
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