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assays and other applications. The invention also relates to instruments and methods where

measurement of light attenuation by a thin film is no longer dependent on the generation of
elliptically polarized light.

20 BACKGROUND OF THE INVENTION
The following description of the background of the invention is provided simply as

an aid in understanding the invention and is not admitted to describe or constitute prior art
to the invention. _
Optical measurements are commonly used to determine the thickness of thin films.
_ 25 Elhpsometers prov1de this information by determining the degree of elhptxclty in polanzed
: light that is reflected from a thin film. Elhpsometers typxcally include a light source, a
polarizer, an analyzer, an optical compensator or quarter wave plate, and a detector. For
example, U.S. Patent No. 5,936,734 discloses using singly, partially, and/or multiply
polarized electromagnetic radiation for ellipsometrically measuring regions of a patterened
30  sample system, while U.S. Patent No. 5,946,098 discloses a modified ellipsometer

comprising a retarder element in the form of a prism.
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optical compensator and the polarizer at different angular speeds to measure the resultant

transmitted optical intensity as a function of time. A Fourier analysis is used to determine

the Stokes parameters of light that is reflected by the thin film. The film thickness and

refractive index of the film can also be calculated in this manner based upon the Stokes
25  parameters. A disadvantage of this device is that the system requires additional

components including a time dependent

rotating compensator. These additional components increase the expense and complexity

of the system.

U.S. Patent 4,725,145 discloses an instrument and method of use for measuring the

30 state of polarization. The instrument contains only a photodetector. The photodetector has

a partially specular surface and is placed at an oblique angle relative to the incident light

source. The light adsorbed by the photodetector generates an electrical signal that is

2-
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U.S. Patent 5,625,455 discloses an ellipsometer and an ellipsometric method. In the
method the complex dielectric constant, the complex index of refraction, the transmittance,

the reflectance, the adsorption coefficient, the optical density, and other optical properties
may be measured by reflectance of a monochromatic light source. The instrument and

25 method of use provide a direct measure of the optical and spectroscopic properties of the
sample without numerical approximation or wavelength frequency scans. The light source
should be elliptically polarized and the angle of incidence should be between 0° and 90°.
The digitized intensity data reflected or transmitted from the sample is analyzed using
integrals or sums. The integrals eliminate noise and allow the method to start and stop at

30  any analyzer angle.
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on optical substrates with l_ow reflectivity. The most significant limitation is the poor

signal to noise ratio obtained with these instruments. These instruments also have
difficulty measuring films such as amorphous silicon.

25 For example, U.S. Patent 4,680,084 describes a very complicated instrument that
uses multiple light sources and lens and beam splitters and more than one detector to
determine the thickness of a film. In addition the method requires that the optical substrate
have patterned features present that are opaque to the incident light. These features are
used to correct the detected signal for contributions unrelated to the film thickness. U.S.

30 Patent 4,618,262 describes a laser-based interferometer that measures an etching process
depth by the use of specific features on the optical substrate to determine when the etch

process is complete. In this method the distance between adjacent maxima are used to



depth by the use of specific features on the optical substrate to determ ne
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SUMVARY OF 2pplicatinnsraceqrding fo the principles of multilayer film reflection theory. The

reflectometric instruments should also be capable of performing measurements without

undue time being spent to align system components, to acquire signals, or to analyze

signals. The instruments of this invention are easy to operate and the data interpretation is

25  straightforward. The instrument performance is highly predictable as the response to any .
particular binding assay system can be modeled and the instrumentation is tailored to

analysis a particular binding assay surface construction or a range of similar constructions.

SUMMARY OF THE ]NVEN'_I_'_ION
30 The invention provides devices and methods for use in measuring film thickness
comprising an AC mode fixed polarizer ellipsometer. Use Qf the AC mode eliminates the

need for the precise alignment of the polarizing elements, thus reducing the cost of



30 The invention provides devices and nethods for use in neasuring film
t hi ckness conprising an AC node fixed pol arizer ellipsoneter. Use of the

AC node el m s the need for the precise alignnment of .?gs[ﬁ 51 2ing
el enent s, *ﬁh@%@duci ng, the cost, of -5 WO Q1/11310 PCT/ US%% 1 @h;
manuf act ur imagufaqRrigg thedsvice. In theAG mads, gne °8 mfmfﬁ@%%?"ttsz £E€-80F el enent s,

e.g., the .gn e_Y%Pﬂ:egblaHQ&,‘ Rbtafel Hbompléte Eﬁétﬁﬂébﬁbtﬁ?%&hﬁo@mbes at a
constant speed in order to generate an alternating signal at the detector

el ement . Trﬁmmeltmm‘@ak gt ¢hesdetpstor elgment. Tb@(ﬂ@ﬂTﬁ‘i@Pﬁ%@ﬂw@i@Iﬂbﬂ"m
= oract Y . i . ) 5 i
Phi cknocs risHRg BREL Sl RRERHS dubolfole S ee frein it in Wb VBl e GHARAD > 1

change Bn ih ficknessyioducesdistedpessiopdi@il & larger gigaal differavie fér 4 ciange inAs t he
anal yzer or_pol arizes rotates, the signal received fron]a t est s;téfeace
a

varies wi t Hhickres$)oangthysa batter signal fomaisedati. fisthe §r or gplanigerTplaes
function Ofsi#amcei\)_mg%{s VRS with thd YeatiBn BPES anatysek (bifizEH] ocur ve

with an anplitude and phase that iIs characteristic of the filmb_’ei ng
anal yzed. Thadesiwstasfunetionys timecThe signaliobseived isthys aquasi vsinusoidalsfurveswithiares i n

t he signal generate bu referabl.y. uses eak t ifference as the
out put gf or %m@ﬁg% &Bh?.sﬁihﬁ?}si Pﬁa‘?‘ﬁ'a “°i°§?{°a*ﬂ5‘2?e‘W§%$§3ﬁe g?’tagﬁlyﬁ‘ﬁwcean peak
si gnal 19 r afillizb anycebmbeation d€ featutesie FR sigha] grficraled, ot prfeablnlises a pexiamt

t hi ckness determnations can be nade %_ncorrpar i,.son of the peak to peak
val ue for dreakfiffsenge asthepataut for g snegificithin film Bor dustance, ap\axerage of adlithe nent

out put Ver S & értﬁy ' ohfed G b sed on a
filmthat i's SFI%?%}I& i%ﬁh‘?ﬁ:&g? I n %rop-egrgtﬁ}eééﬂpga’?ﬂig ﬁ#ﬁtb cﬁaﬁ] to be
anal yzed andétdrinirtations ciebpe giatie iy comparisorbef thepekus péaktviabieSoman wiknosett ur e as
the substrate, us jth the test fil The standard cur al so be
created by ﬁaﬁ’é’&rrs{%gté%°asé%{&g&ﬂ%ﬂe&ﬁé‘!s%ﬂsm/&&&ﬁ&%ﬂm P&ﬁ?@?@? *Stesi gned
such theg afhe stahhddWiBRlis BatAOoRE Gk ;haﬁfs%hﬂi‘lﬁ%i@nﬁd&lﬁﬂﬂr@{!rﬁ@ﬂb Heéthinhi ckness
differentiation over. a pre - determ ned range of 20 thickness for a given

optical supftto besaalyzadand thatis depesited pn a sehsiraia ity the mestruptisaas thent
enbodi ment Ssuﬁaﬁﬂtéﬁé‘eagﬁ@ttﬁél %—Et 1Y $he! Garldaf e 2h alh Be BRLRA b;pLeg%cm”O

pol ari zer, respectiv the neasurenent of a change In
char act er i staladatiofs. [Thg AC mopdd ¢ipsoeritef isodesignedospth that alkinktetment paramptiersr t i ng

one or nore thin film. By el.imnatin ol. ..both of the polarizers, the
Forl ect onet i et FA s makp ikt ArabaioB v Rare s Adtooiodl 88e of
expensiE. thitknéss feraBivérfoptiba sisjontand iiig figh $)Tombi@atieyf. ovi des an

advant ageous increase in signal intensity, because any optical elenent

will introduce sQtherinpEument grhediments (reflectametrig)iinvolvethe iseqf onp polarizes of
Instrunment js p&ﬁﬂeﬁ rr@éﬁleéﬁ\k'ﬁ'?gl HO Rl RnYenP 8% chaREAIR BichidactBristics of light

reflected from an optical substrate supporting one or more thin film. By eliminating one or

both of the polarizers, the reflectometric instrument design is both less complex and less

25  expensive. The removal of the polarizing elements also provides an advantageous increase
in signal intensity, because any optical element will introduce some insertional loss of
signal. The single polarizer instrument is preferably used when only one component (i.e.,
the s or p polarization component) of the incident light is to be used. In the single polarizer
instrument either the polarizer or the analyzer may be removed.

30 Moreover, at a steep angle of incidence there is very liftle operational difference in
the s - and p- components of light. Accordingly, if both components are used to measure

film thickness, for example in a polarizer-free device, the instrument performs



the s or p polarization conponent) of the incident light is to be used. In
the single polarizer instrunment either the polarizer or the analyzer may

be renoved, 3 eover, at a steep angle of incidence t | y little
oooﬁ’@ 14 ool

operati onal” ence in ‘the s - and p-, conponents of |igQ ccordi ngly,
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t he proper wareleigtnaftincident lightiadd auglé pfjincidencd cambyl sslegtedi nci dence can be

sel ected. Thus, a_single instrunent, desi can. il
acconmodat et}gugnﬁﬁ'ﬂae "%meﬁts‘i?ﬁwgﬂmsegﬁcﬂgi gwgg%é:ys %gétggngﬂlﬁgrc}sﬂ m | ar
opt i cal 1@ ubgiffefinEbindling @isAR basédsird similacophioslisibuiaie, t he invention al so

provi des net hods of using any_ of the devices descrihed hereiog*t,o relate a

change in |ight Inpthesgrefemed smbodmertsethe invention alsoprovidessucthods of psipg any

t hi ckness d ] [ i & hntensity
cur ve gener o Baeyies pRrbalbelfin ol PR R Ao S B S e
created 15 wii¢kness. Anexwzt thidkmessdaterminatigun dan bt made byrédmparisen tolacstandard film
The detector  signal intensity.. ed W t hgut r | r |/ owi ng
correction Hgﬁﬁgyﬂ%%‘a? e[dlw%/}gm ‘S’é’ﬁ%ﬂ%cg‘reéﬁ ’I"%Feﬁ? @%Ss{aﬁ;f/a&% ?‘Q"é‘?g“‘f“‘%"

appl i cafhonwath akn6®h filth itiat bplivdlBi similkr to thcadsh filin. fThe deectoeggial intensity ndi ng

control sanple, or other background neasurenent. . The Fresent I nvention
over comes t Fay e serdayithort rerrection. ehiolewingicpresiion ysipg g cofpparatiig defggior 5 ¢

out | ned abgiey 3ckied (e N0BRcalib ofd horkliAh Kinddh 06iied Rbhaiegifvedovi Ces

that neasur ss Wwth acceptable acCuracy for a variety of

bi ndi ng ass hindingredntool isemplegrpithier hadkgreundimeasuttimegt.t o t he pri nci pl es of

el li psometry. These advantages {.al (" er or
the polarizer to Refiii ‘né{g'gifé‘é’?éfg?‘ﬁ%ég%@g?‘ﬁg%ﬁg‘? foydx{i‘s%s%@l??é@?é%ﬁ | i ght
f rom t hggsanmt sre'oadmed aivwve, i ddRmcesthpirnby providingedstieffectiveideyicestthates t o a

film25 thickness through the use of, a standard c,urv? or,. ot her reaf(a;ence
data. This mﬁ egs with acceptable accuracy for a variety of binding assays and other

applications according to the principles of ellipsometry. These advantages are obtained by
rotating the analyzer or the polarizer to produce a quasi-sinusoidal intensity in reflected
light from the sample under test and by mapping selected intensity values to a film

25  thickness through the use of a standard curve or other reference data. This concept permits
the devices described herein to perform film thickness measurements without undue time
being spent to align system components and without the use of complex mathematics and
optical components. The system is inexpensive to manufacture because it does not require
the use of an optical compensator, quarter wave plate, or other precision optical

30 components and component alignment.



t he devices described herein to performfilmthickness neasurenents w thout
undue tinme being spent to align system conponents and w thout the use of
conpl ex mat hermatics and optical conmponents. The systemis inexpensive to
manuf act ur¥CBY3e it does not require the use.of an opPFEEHPYEMBFensat or,
quarter wave pl Zhws,ing fiest aspectpthe énvention degeribes Hevdeesdornse iredeterminidg e diponent

al i gnment . 0 . Thus. in.a first aspect, the
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i's used t o ratiationnwittetithe. The isignallobesired fon? thedleftodr RAIBY fodeReminkgimse of a
standard f nctionl?that correlates film_10 thickness to detector signal

i nt ensi ty. URFKG5SS Y 2methed gomprising the usenfig standard dunctign thapeorralates fm ¢ he

f ol | owi1ng Qﬁmtoidg&kﬁgggﬁﬁhtg&ﬁydevi ces: (i) a light source that produces
nmonochromatic el ectromagnétic radiation, (ii) electromagnetic radiation

sel ect ed from t epatiourlxmpeforred embpditherits)ome br mbte, of thefollawing ch géit , and

ul travi ol et._ |41 A . a.fifst polarization el enent conprising g

rot at abl e tllgél‘%)%%? fh% idﬁ{é&?ﬁ' pi %pgsnt(s{i)%:e g\a prodyess ’5‘8}"&&‘?%%" °EPE‘ﬁ87‘?F°

conpr i si ng radiatishalis) kleetronhgetic faation sdl@ted fr&ﬂiheégnidprc%hlpﬂgﬂn?wsm& light, el ement
conpri sing, rg‘i table polarizing filter, and a second polarizatTon

el enent cor’r‘gﬁ?" %‘Mi“ﬁ%l%é‘@t‘z@ﬁaWF polarizatipn elementoompzising ia retatahient
conpri 45ng i % b Zd ' . ' ' l.ement
compr i g PRaHEE AR () & el poiriglion Bfich 5pARTE RRARbE BB AR T, |
and second (P st podarizetiore¢lement cemprisi®da potatablel polarizing filtersand tsseestal | Nt ensity

si gnal at ' tector viii) relati a filmthickness _to an anplitude
of the quajﬁiaglz%ﬁ)g Oelfe(?gqnt f%@?ﬁ&ﬁ@?&ﬁ%&?“’dﬁ?%lp& AAjion element ¢ hi ckness to
a peak tocpmpHsingp fikéd pttariing fileer hnd aisecond PoRtiSAion|efinRABEdnpris I, (x) a
control sanple . co rls(lm_{ri]g a _known filmthickness, (xi) a control sanple
that is a g&g’é{ﬂie\?@alg%ﬁ& Totating pideast pnq ofjthefirst anddgeandipglacizition elemmptsitei ng a
nor mal i20i NGrdwiiCd R -id s LS [ ity to a
conparat i vg, det ecdédgrg ég{lq%sﬁiaafl lﬁir??gel S|l %%@g?ﬁ%@ﬁ%ﬁﬁﬂeﬁgﬁ%éﬁﬁ@@%s

to an amplitude of the quasi-sinusoidal intensity signal, (ix) relating a film thickness to a

peak to peak amplitude of the quasi-sinusoidal intensity signal, (x) 2 control sample

comprising a known film thickness, (xi) a control sample that is a negative control sample,
(xii) a standard function comprising a normalizing function which relates the detector

25  signal intensity to a comparative detector signal intensity obtained from the negative
control sample, and (xiii) a normalizing function that is a ratio of the detector signal
intensity and a comparative detector signal intensity obtained from the negative control
sample.

The term “sample” as used herein refers to any material which can be deposited on

30  the surface of a substrate to form a film. Preferred samples can be organic materials such

as biological materials (e.g., nucleic acids, antibodies, antigens, receptors, analytes,

chelators, enzyme substrates, etc.), or inorganic materials such as silicon oxide, silicon
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control sanple, and (xiii) a normalizing function that is a ratio of the
detector signal intensity and a conparative detector signal intensity
obtained fromthe negative control sanple. The term "sa . ed
herein ref ¥CIPBny "nat erial which c?n%bﬁag deposited on Qg gﬁaﬁ!s%?face of
a substrat edl?’ﬁdq’éﬁl‘ﬁ?lhmmqen?‘c-ﬁml?weg pf e@éﬂ_“ﬂgnﬁ?‘ﬁ%}mngs_ erials such
as bi ol ogi %&mﬁm& %&@r@‘ﬁ%ﬁw cOHD! Sintp1dCas dSed HRPdin RAGH RSany 3Mstid@Which

al yt chel a

receptors, an es, ors, enzyne substrates, etc.), or inorganic
materi al s dackis adksindilmi Sush amegative contrdl gample ca bamsed foprovide Poelimod/ 21437

di oxi de, silicon.nitri c.. A sanple preferably can be a sol ution

cont ai ni ng c?ﬂ}?ﬁrauﬁ%?l@?’a?%?%ﬁ'ﬁ%vﬁeér m "negative control sanple" as used
herein mefers t rhefams HhER’T @idethid fith” ad sekBerein réferto afonk b mGtedhyess sfegat i ve

control sanple can be used o provide a_baselLjne qQr _cq tatiye signal
fromthe d%@.mﬁeqﬂéeﬂ%‘rtﬂ%‘m;) ;q%ﬁqat%.ﬂﬂfacq.m _‘Fqnﬁ%ea %utﬂpséé?‘%?sﬁ refer to
a one or rf:‘%[?guﬂ %X?ﬁ ﬁliéﬂlAesls,ﬁMEi ) A5 BidkRbss MBBRASISt R th BitkAess, okt SO Risur f ace.

A filmca about t hi ckness, about 5 A in thickness, about 10 A
i n t hi cknesthickudssyabo@30D\A in thibineks: ebet 2004 ie thidkngss; sbout 30k inthicknessout 100

A in thickness ut, 200 Ain L Ggkn baut. -] Rt hi about
500 Ain tH e&#&@?f “&B‘Sg‘ﬂes 5“5°‘}&t7$h iR ks, gb%g??@ @%@Jc@éls% ﬁ?@%“rﬁess,
and aborg 1508 30R thickdess. PakicHiag§ preRavel iafe il ionabohes Aasl alboue 1000 Apméstom
about 5 A to about 1000 A; nost referred, are filnms fromabout 5 Ato

Y
about ‘350 A?refmed@reﬁ#msﬁgm@éﬂta?_té,wﬁbOBbﬁoc%l support” and "support" as used
perei h relel L0 the iatiPatstite hbé)}}calaéggya@%a%pﬁoﬁamsed heaelR refSl 19 @Y -

Sui t abl e substrates can be nade reflective material known by those
skill ed in supportwithinanidvice foriacemplepnderatudy. Suitable sehstyates anbiginadde of amhpl e

filmis depogited. Preferabl t he substrate is a i b ] waf er,
al uni na, or“’ﬁ?“:!egg“ﬁré W&%&?‘)s@g@ﬁg‘glvh ﬂ%gﬂéprgyﬁ?ﬁgip Zag%?s'%léés@%%at erials.
For exaqmp! ewhigh a SatRSIk Fikth & dEpysife. Fefebly the babisahie ivepdlishetisilicontvederyi t h a

| ayer of anorphous silicon, a_ fibrous material coated w.th_al um num or

chr oni um ardluminagsiglasser 3 mpterial spatedyith eag er mare of these maferials. Fr example i oy
with a |ayegy, té‘ﬁﬁﬁ‘)eé ég??l&&ib itneTohted ¥ith a Tayer ¢ antoRphous Silicon, a

consi deration for se on of the substrate is the reflectivity of the
mat erial anfibrous material gbated with alunigune oxghsemipm dnd an pptiqablayenod amemders| . The

Sy o e
serves 30 dédnEidération for selection of the substrate is the reflectivity of the material and/or its
ability to be coated with a reflective material.
The term “optical pathway” as used herein refers to a pathway within a device
through which electromagnetic radiation may pass. The optical pathway serves to direct
electromagnetic radiation from a light source to a sample under study, and ultimately to a
25  detector that measures one or more properties (e.g. intensity, polarization, etc.) of light that.
is reflected by the sample. The optical pathway may contain various elements of the
device, such as polarization elements that are positioned to polarize incoming
electromagnetic radiation from the light source prior to contact with the sample under
study, and/or electromagnetic radiation reflected from the sample under study. The optical
30 pathway preferably includes only those components that are required to permit the detector
to provide signals that facilitate qualitative measurements of film thickness. Such devices



el ectromagnetic radiation froma |light source to a sanple under study, and
ultimately to a 25 detector that nmeasures one or nore properties (e.g.

i ntensity, j,zation, etc.) of light that. is reflect sanpl e.
The opticaV‘J%(|;dall{i ‘#\gy may contain various, el ements.sof the dz’gfrr%?&'{i&’h as
pol ari zat i GAP* & eastspifectively denlpyved foxapplications whers silipsemeteis hevrmot geen
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, for

applications where ellipsoneters have not been traditionally use
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referred is, el ectromagnetic radiation fromthe ultraviolet to infrare

\R/avel engt hé’,"IYCIHQHaP‘&%%%F‘P? 'l%’feé‘F%P menqchramatic sadigtion;is.prefemed Thedemms vi si bl e

i ght . 10Ul t@i3hGotibriktic B br ShBnociRichac AU ok HsddiRftn by ©d 10 the art,

and can include any source of nonochromatic or polychromatic radiation.
The use of elfshempgnstieradiation tiaving » baridwidsh éfat isrsu{ficiefitly nawowrto fifiction as a

"monochr ongt j ¢ fakh Q. or " non opati.c", | ight as.used herein refer to
el ect ronag%e c&&a&&ﬁﬁ%‘ i(}%ndegl% P{%o e%E%rﬁ 0 ""Hﬁﬁhttsﬂ%.ceﬁ are laser Eﬁe’éﬁ’f’pfﬁ’?ﬂ{ row to
functi on adight emittingldiodesvel ength for design purposes. Preferred |ight
sources are | asers, | odes, and i ght emtting diodes. As used

aSer [14 y? | g . v
herein, the ter MsYgethegsip, the tegn cdetegtor” zefers do.anydevics fordsteating ng 15
el ect r qgBgRcirEmhsidtidtal ' ﬁ:tr‘iﬁ el L.cal
signals, and i nclﬁggmgﬁggg%umlg? | pu?feildrﬁg(,gfeg ot (gld(lgjoo‘?glts:{l s%’%}s’p 8?’8%‘?1‘%%\ cal
reagent s, phetomaitiplistssphothstiesics,and phetechethical esagents, whetherithesznizteorsare di gi t al

signal s, asg,. . t her,. | h%_gfetect'on device.. Preferred detectors
detect el e%@%&nef@%&@ﬁ%ﬁgl stf’sc‘ﬂflgﬁ?yy Eglgdf{e&mnémcﬁh t he

resul ting [Prefemed deteetons detéot elettranidgnetic afiati6d pasicAlady Fisible B8 RAth tBE 0Cessi ng
el enment can 29. process these signals to yield this information, for exanple

by the use "sRltngpiucdonofielectrical gropieal signals.A signal prosassing elgmant garf j | m
t hi cknegs. i : : [ ' ' S
|t o1 prot e drEeBARRS sl o yiol it ito/RiERGS GFlaple tiine hoo B BIRG, .

ei ther a toassociate the signals with a film thickness. In especially preferred embodiments, the fitm

thickness is interpreted as a binding assay result, e.g., the result of a test showing either a

IQ

positive, negative, or inconclusive result in a test for a specific analyte.
The term “polarization element” as used herein refers to a device that receives
25  incoming electromagnetic radiation, and produces therefrom radiation which is polarized.
Suitable polarization elements, such as polarizing filters and analyzers, are well known to
those skilled in the art. As described herein, polarization elements can be positioned to
polarize incoming light from the light source prior to contact with the sample under study,
as well as light reflected from the sample under study. A polarization element can be fixed
30  within the optical pathway. Alternatively, one or more of the polarization elements can
include a mechanism for varying s - and p - components of polarized light with time by

rotating the polarization element, or a component thereof, on its optical axis. Preferably,
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positive, negative, or inconclusive result in a test for a specific

anal yte. The term "polarization elenent” as used herein refers to a device
that receives 25 inconng el ectromagnetic radiation, and her ef rom
radi ati on WRMABW polarized. Suitable pol ari zation el eng{:uf/g%éu‘csk as

pol ari zi ng this m@n@w@@mayemngéh@%uﬁ logatedin the:positianaf aRlariea®ri n  he
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study. A pol.arization el can be fixed 30 within the optical pathway.
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out cone of the neasurenent. gferab f;!{ej near polarizing filter may be

rot at ed upa’c‘@“éﬁ%ﬁffab%" 1° o Jess Bring mpstgre optical axis wthout

i ntroduci ng APPY i T%Qaﬂiﬁ ﬁHEﬁiE?n%n&h{sQﬁeihod%fﬁleWuﬁﬁgﬁﬁlﬁhﬁml&iéksSof .
rotation is I|m SsS t an about 10; even nore preferably, linmted

thi s rotati @samnplel ThqmﬁhOdSGam casaprish aroviding a device\gomprising a HgMiFEUICRIa gnrent  of

about 1 SS be| f PR tion
concer n§5rretpﬂgﬂ§ ’oﬂn %“ (i%' : ’r#rteﬁt%kez%gégo eﬁg saﬁ?gﬁmgﬁ%t hods
can conpr i S@ox&&@ﬂbﬁvdtcﬁ@m&ad@w, wnexewmmmagmc rddigtion doreflected froriBhepol ari zer,
an anal yzer, and a_,detector; direct)ng.el ectronpgnetic radi atlo fromthe
| i ght Souré@?lﬁmm%lm,g“ ighpndhat is PEried fovan ?3 08 s

reflected fy §alqﬂilﬁg theQleRfrbrahghistid ﬂmaﬁbxe&he&e@ﬁ&atm@sah@w wirigdhe t hat
Is directed t mards e using the polarizer; polarizing the

h
‘el ectronag nenalyzer,aqﬁaun; @: ggﬁﬂiﬂ%@r the afl?lm foranstaes pad psoment ofithe Palr?&F"’gFiz er;
ot At 190" DB R ERL raffaibil it Blel dfdctn@ i Holhrib el Bt Ot OF ! he

pol ari z orragne I'c radiation etectrng the polarized
el ect r onagneéficeted idirpthe sample using the detector to obtain a signal corresponding to the
intensity of the reflected electromagnetic radiation; and correlating the signal to the film
thickness of the sample using a standard function that relates film thickness to detector
signal intensity. Other data analysis means can be used as known to those skilled in the

25 art

XD

In particularly preferred embodiments, one or more of the following may be
included in the methods: (i) a standard function selected from a plurality of standard
functions obtained from samples having different optical properties, (ii) a comparative
detector signal intensity obtained from a negative control sample, (iii) a standard function

30 comprising a normalizing function which relates the detector signal intensity to the
comparative detector signal intensity, (iv) a normalizing function that is a ratio of the

detector signal intensity and the comparative detector signal intensity, and (v) a polarizer
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reflected fromthe sanple using the detector to obtain a signal

corresponding to the intensity of the reflected el ectromagnetic radiation;

and correl gt e signal to the film thickness of the Lng a

st andard fﬁh&?’?g&pt hat religtes filmthickness taq:detect orlsé"glB ‘ﬁ’{#‘?’h

Lnt ensi ty. “OFREMAIYRSE MALRTYIes Acomesprnding quas-siuseidal sigealdipm thy detRsl98 ski | | ed
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e
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di ff t ' | . tor _signal jntensit
bt ai ned. R pBiueh! dHOE! bofifred ipht) Tk RIRRI T hiks o Al Bl fofiRmteR "' 1Y
conpr i sibng smndﬁﬂrfuidtibh,r@.jmﬂhngmumbb bthnpiﬁbﬂ]roe&ebfeﬁcﬂﬂhﬁ(ﬂ%@ Ee;lﬁté Gitva | .

Intensity to, e copparative detector_ signal, Intensity, ILv) a nornmall zin
funct fon t <5 35 4 Wpclin gt ﬂierfsagnaté@%%ﬁ‘fﬁe%@rawaﬂ mtm%filmghemnsw )

conpar ati v trtatiil. Y0 mapBlnE iihibue ARG b6 ¥dedFo RAEGE i8S thie trtedRy01/ 11310
PCT/ US00/ 2 237 ﬁ%r an ana ﬂg? hat p?lte)vi es aecorrespon ﬁlg%ﬂte

quasi - si nusotrasponding tud partiedaridegree of wotation withal filot thitkeesgese ather thappiig ai ned

in a tinm doggi . edeternm ned , degrees. of..rotat.ion of the
pol ari zing W'T'.a@??&éé &gﬁﬁg%g@gﬁ?@é‘l‘%ﬁ&é&&ﬁ@ﬂm ﬂﬂia@?ﬁ\}'ﬁmtﬁ’ \?ﬁgggre and p
cont ent10of dlllvefeped & inzigweonteyhdf thiblappitcation aytStahilard figRAbs”Aar € used as i nput
to generate a 5 standard function, e.g., standard curves of enpirical or

theoretical dat 4 PHHEUFAdRtage thatdenyes fiomethe ellipsometimembasiments ofide magni t ude
of _det ect Orininibitls thitoBaién/of e dded ARG tinYoRhinfihdPostiBhd | ON AN
to re p the In y

mappi ng techni que nmay be use ate or ens correspondi ng
to a parti adjustmentgf he polarization elementintonden td optimizdintensitsia sighhle Srenotheer

[ t ' . incl ude Lt ho limtation,. neyral. networks and
oDt 10§ SRR i P bl B 5o RSB
appl i cahi orofpslarizing fétatich dndweéd t6REtablish ajphlt foGehlimpltudddaBEqiasat deri ves
fromthe el lipsqonetric _epbodi nents of the invention is that operation of
the devi ce HBEidalsienal Jhispsak topsale ynplitade iy uppds dnnyhinto thy slandardewve 8 t he

pol ari zat i Qpd&hs BBEmih @6dknbl, Optim ze intensity in signals fromthe
detector. More partlcu{g@fy, nmeasur enent data can be collected fromall

poi nts in the cyspatiqlarhfprpfsired featungofithe ellipsometrivcembwdiments is tealsk bfd a peak

bt tude MRS fnfb Bl SRbreespd B BBl ol Biknsiey B SlahaiBin S abec or i ne
film t 130ck reeamparafivedetédtarisignal tepsif obtdined foaeh HEgLivE confie] Qirpld TRfEet ri C

enbodi nents is the 1El,ljnsle_ of, a ) ) ) )
normalizing function is most preferably a ratio between the detector signal intensity and

the comparative signal intensity from the negative control sample, e.g., the detector signal
intensity divided by the intensity of the signal from the negative control sample.
In another aspect, the invention concerns devices for use in interpreting thin film
25 binding assays which comprise a substrate for supporting a sample; a light source for
producing electromagnetic radiation to illuminate the sample; a detector for detecting
electromagnetic radiation reflected from the sample; an optical pathway between the light
source, the sample, and the detector; and a signal processor for correlating the signal with a
film thickness on the sample. The optical pathway comprises a fixed polarization element
30 located between the sample and the detector to linearly polarize the reflected
electromagnetic radiation. A signal produced by the detector corresponds to the intensity

of the electromagnetic radiation reflected from the sample.
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normal i zi ng function that expresses the detector signal intensity in
relationship to a 20 conparative detector signal intensity obtained froma
negative control sample. This normalizing function is nost preferably a
rati o bet w@OIIKHOdet ect or signal intensity and the corrpﬁ?ﬂﬁ?‘\?@“@?gnal
intensity from tlhgarieglatly prefered embbdisents] ene ar mypre of the following aan be inplnde

intensity divided by t.he.intensi of .the_signal fro e control
sanple. In é%‘gﬁg?‘”és bgﬁp,gﬂts?'lgc? ﬁ’é’e’?{f’?‘b" sglgﬂ%c r Sadgee\f/%cé'glglaﬁx (;%rgghiédga%f)ﬁ’

i nt er pr et i ngj) efbtforhdgnBiic ABialibsHefetabhsseicted Hunt the gropicomPrising wisible lighe, f or
supporting a sanple; a light source for _produci el ectrpna neti{ﬁa ,

radi ati on tM@@h&ﬂ@ﬂWOQQ@F&“)&n%{Y&fWW gigct@g}ageﬁt}cr}' lation that 13

el ect ronmgngt i G- li gt : : SRAgelif t : | pat hway
between 1h e&%%%ha{leg S%E’F ggelaﬁz%ﬁléa g%‘%? fgl,b&ghhbtﬁlﬁe d etng g%egy?n&gtggﬁg)ayé i gnal
processor fbetwearthepalbrizegandibe detepter, (iv) telating affiirh thicknessitn @ hin dilmbinslinganp| e.

The optical path C ri ses | xed pol.arization el.e t ocat ed

bet ween t he%ﬁzﬁ?&zgﬂ° ayt%B?Pﬁgﬁ?F’ﬁg%Sf)%W@emte}l%%ng | ect ed

el ectromagneti ¢ pmadphbs dpect, AheSihGéhtion R6rtets ibtitds bhmestiings film docknesspdnds to
the intensity of the el'ectromagnetic radiatjion reflected fromthe sanple.

-12 WO 01/ 14 sameplewhichicomprisenqviding p deviceeamprising g lighbsauss aAciedema At one

sour ce. 1§ar s RRLEY AR Rl (6Bt » Sabfle il S5kt o iyl 1

source produces °nono ectromagnetic radiation, (i
el ect r omagnbétiveer the samploandthedetectdrt firenting electtbniagoetic radiatioroifipm ghentight si ng

visible light, infrared light, and_ ultraviolet, |.ight 1), | rl.

pol ari zed eF%MQﬁ%&sﬁﬁai%W t‘_f h‘ﬁtsmflgle’ %Jclég)gg%ﬁtrgﬁa?’l%w r%dr}gu%-n if

pol ari zed rf‘éﬂ%&tb{Yﬁ;{ﬁl@ sﬁn]fllaﬁlbﬁg fHe sedvmld Gpfic pathwhy1e thddieobdr; idatipay bet ween
the polarizer and the detector, (iv) relating a filmgthickness to a thin

fi1m bi ndi npelanzingthe elestomagnsiigradigfionslong,the S5t opticahpabwayAt 8 PREHARPHECTS| ngl e
pol ari zati op el : | ' ds of
roacur i 19 ot i duRRab cARRRRwic) BE e el B0 SRR T 2
conpri sing sadiatigh teflectiod by theaardple @sing the detektor tn obti a sighal cairespandingtp thet ween
the light source a a . sanpl.e,, and g.second opjical.,. h t he
sanpl e and f"ﬁ%‘s’(%?ﬂg? Eﬁﬂzctg) Flm%}cere@?tb%arﬁc&olrrgiapggihg%ﬂﬂg r&%%ﬁhe | i ght
source al onghidhessiofitieisamplel Cal -pathway to the sanple, such that

el ectromagnetic radiation is reflected by the san};)the eﬂ?or.l t he second
optical - pat hway Inparticalagdy peaferssd embodiments, Oneormare of the fllowing capbe o nagnet i ¢
radiatigy a | i fhaPitic rideAtioRthedis ekSentiQilys ONt act
of the g eck@%‘%%&#g{eﬁ%ﬁ%g‘??lg%%@Lﬁ?ﬁgd?ggpl g‘;%ﬁdet ectin the ¥

el ect r omagnet érp- polarizaitrelative to faiptane eflinoidendedn thersptand opticapa \wayjeetweasor t o
obtain a si %Pe%ola%%grra%a%?eng{eré%r,t(ﬁ) ;epa%ngaﬁlm thickness to a thin film binding assay

result, and (iii) performing the method without polarization of the electromagnetic

radiation reflected from the sample.
25 In another aspect, the invention concerns methods of measuring a film thickness of

a sample which comprises providing a device comprising a light source, a detector, a first
optical pathway between the light source and a sample, and a second optical pathway
between the sample and the detector; directing electromagnetic radiation from the light
source along the first optical pathway to the sample such that electromagnetic radiation is

30 reflected by the sample along the second optical pathway to the detector; linearly
polarizing the electromagnetic radiation along the second optical pathway at a position
after contact of the electromagnetic radiation the said sample; detecting the
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intensity of the reflected el ectromagnetic radiation; and correlating the
signal to the film thickness of the sanple. In particularly preferred
enbodi nment r nore of the follow ng can be 20 includ in.the

met hods: (%Oq(mﬁ’égrly pol ari:zed e| ect ronmagneti c radi ation® 1 FO%“’
essent i al | ycleciromagnetic radiation reflecteddbythe sample using,thg deteespr topbtaiensignsln t he
second opti g&teshstd Mﬂqﬁ&ﬁﬁg, e | ik e AShE
relating a fil 'rsr??]"li ckness to 0thl n ?%l%éll)%ﬁél n ggg*l%%%ésu tofrea@(i i)
per form ng thesigneakth the flin thisknesp of the sample.on of the el ectromagnetic

radi ation refle he. l,e... 25 1 n_anot her .as t.. the . invention
concerns met hodgﬁgjgn%lggh&’ﬁtg?%r%qo qqﬁscweggnmof@egéfﬂyf%gm% conpri ses
provi di iy aindidedin themithods: () lifedrlyPolarisedélédtronidghlitic95diftion thatlis ésiéntiaftpt | Cal
pat hway between the |ight source and a _sanple, and a second optical pathway

bet ween t heS-SEPriolarizadiTelaive (.1 plang,ef ingidense in the sespad optisatpptewaydbetwesnals on

f the |i : : . : | h
that el ect r Boumizet bl € oAl (Y Ylabig 2o BAGRs PR iRl bidalol SedQ Wi, 0
second opt i el (iipgetfomging therhathatewiticub polatizatiemof the elecranagheti@ratitation prior

el ectromagngtig radi.ation al gng the second optical pathway at a position
after cont aﬁ%”@?"“{’ﬂ&"g}‘ﬁﬁﬁ"&ﬁggnet Ic radiation the said sanple; detecting

the -13107 WO 01Ad $padd PUWRPMcarl fo tRlifrhfioHTeRALd pedifit bathbinRidns bF ect ed
by the sanple using the detector to obtain a signal “corresponding to the

i ntensity oficmpgais that opezate accarding to shanrinsinles of swltinde thin-filem teflectionstheary.dy  t he

signal tot | L& . i. G (| referred

e ngodi ment S?ﬁrgfﬁégeg‘ reﬁ%%@ix{lgf, ﬁeﬁb&h&%ﬁrﬁx&w é&c%élsg%gsé]%ﬁ# ﬁ&%ry(}hﬁ A t he met hods:

(i) | : near | ;élospu?nad tolinbark j/pcﬂa::iztrm n];p:ﬁc:brco hgﬂiuﬁﬁﬁqﬁﬂnbﬁﬁe sbxﬁplegﬁ@&tshﬂkdlm Sh or
- polarized,relative t ane of. incidence in the second optical pathway

Bet \R/ee n th eothﬁr(ﬁrgll[e?ﬁcg?mg‘ﬁﬁngﬂﬁ rﬁaeemg&ld*ath“(ay cymprises a pplgrizing iﬁlltﬁﬁp‘pﬁﬁ 18k ngs s to

a thin 181 mpditised s lﬁi‘eﬁﬂy’pﬁ%ﬁgh_ttlﬁﬂgréﬁekﬂe&ﬁBﬁftﬁ%ﬂﬂwuﬁ&?Fec .hod wi t hout

pol arization of the el ectromagnetic radiation prior “tore ion fromthe
sanpl e. 10 An opWiteess twainstiament configuratigns, theniotarizationeléroent; eitheniddle patteci f i ¢

conbi nati on : . C | n Q .t rinci ples of
i ¢ pl e ¢ nor e et Bitbnbgic MGk BhS; R6EbA BPRat SRt  ne
opti cal pat fadiagion,dsysed seselart pud conipohery of ihee polarizdirdledrdmagidtic irsiftibn] Le.,
l'i nearly pol.a{iale light prior to %s AR uln‘i,nation of, t he sanpl e under
study. In cither the s- or'the p- component. When the polarizing element is in the path of the

20  incident electromagnetic radiation, the s- or p- polarized electromagnetic radiation is

incident on the sample under study. Upon interaction with the sample under study, the
clectromagnetic radiation undergoes an amplitude change relative to electromagnetic
radiation that has reflected from a sample under study without the added thin film, e.g.
relative to a negative control sample. The reflected electromagnetic radiation is not

25  elliptically polarized, and there is no change in the degree of polarization. Rather, there is
only an attenuation of the light relative to the light that is reflected from a sample that does
not have an added thin film. A similar case is generated when the incident electromagnetic
radiation, and thus the reflected electromagnetic radiation, is unpolarized. In such a case, a -
polarization element in the path of the reflected electromagnetic radiation will pass only

30  one component of the electromagnetic radiation to the detector.



ot her preferred enbodi nents, the optical pathway conprises a polarizing
filter that is 15 positioned to linearly polarize light that is reflected
fromthe saml e der study. In these two instrunent confy ' , the
pol ari zat i\lmoé@]é#gnt , either in the path f.the inci dent11 %ggs%%’;%%gnet i C
radi ation or i nit#NOth5EAIReE: the IVERRQRGPREFRTASVISGRINE 459 10 MPREFGE MEA s sed

to select qgfai Which Rbmphses ARhBsHatkaBr Rlppérting FBaNRE, adighbsbuadeifon, | . €.

either the s- or the p- conponent. When the polarizing elenent is in the

path of theraigcing clegmomagneiicradistiontedilminatethesample, adptgctar fopdetgetingo| ar i zed
el ectromagnetic radj.afi | LOg Fm ifatiﬁﬂ%ﬁf . Jdpon
interactio %ﬁ#?lﬁa%%%léﬂsag%g?}é%gﬁgg?h@?‘%?@?‘ﬂggﬂé ectrona ng%‘? %:eﬂ(r%%%lll%t?i on
under gogs asurdé]Titd satighte, adibthg detectbr td/®sigiml proeessordforepmedatiog said digadlivath t hat
has reflected froma sanple under .study w thout the added thj ilm e.g.
rel ative t& Hmfthigkgssyen ?b‘;ﬁ‘\“%ﬂ?eﬁﬂﬂfagp%?ﬁ?d!%@ﬁ‘ e@f?’@?”é?’???’?ﬁ#ﬁ‘g ﬁ’@t iC

radi ati on isgeiy of BfidudghddAubikiienbhdeRom kil © 1S no change in the

degree of polarfzation. ther, there is only an attenuation of the |ight
relative to theln payticularlyprefered enbasiments, fone of morsof edolloying gdncle not have

dded thi il i La o ' .
ol ot r omagrissded 1o dePiodh P HER3reS HEMBAREE RO BRolaRE olcBEbABRErC
radi at 1Qn, rhdiatibAP@i) 2lec@Gibagnetic fidiatiomseteased, from thegraupicomptising eisibbeelight,i n t he
path of the reflected el ectronmmgnetic.radiation. w !B‘L E?g,]?s otpll zaf%ﬁ on
conponent defQTPth@téé‘fiPM%ﬁ‘étl‘Bgt’ 1) light Spuree;pasiiiongrLieiaye fo the sample, g
01/11310 PGH $a0RH2I frdbide hllod RREIEEY indiBRRE! (v) s eplill Sithwa LoighRBNS devi ces

for use in interpretfng thi I ndi ng-assays which conprises a

substrat e fmsithe apolarizémiorateddwtwien thedight sgwrcesnd thesample, nosagpelasizerdocated

el ectromagneti c radi atjon,t.o i1l ym GL OF: _
detecting & @%ﬁ&‘&ﬂktaf‘gh}eéﬁegﬁ’éﬁ%r @gqt[ g@tré%;qg{rng% tgﬁtsagﬁ%%? I:lg%ncgpt I cal
pat hvay shetigny fdif abéul 08 toPabdRLB08 detdrintned a¢Titive, to 8 lifle hdithalipitheplatic ofthel a
signal processor for correlating said signal with a filmthickness _on said

sanpl e. A semplel (vDradiiht saurdsypositiencecat ap argle efincidense raging froph@’ 0i20%.4¥idi t y of
| ect t di_ati,. f e o )

or et er o cHihidEiR G f ph BEAEEC LRt kg Hokfor 0BTl Sl

devi ces: (ifiimAhickgHss tostiincRini binding assaresidt, (im)modptioatpathway ceroprisimgaynet i ¢ 10
diation, (ii).electropmgnetj i ation. sel.ected from.th : |

Compri 51 o WaiREdIer WHICh Broviden FeADGImaoaR ot &) angrane fudiosRam )

| TGNt SR s Bitehd daARAE efrdth iélighPsdult ahd e sempR(knd (ki fElefiGh g Hltkro_pr Ovi de

a lowangle o e, (i1v) an optical pathway conprising neither a
pol ari zer |locateddul theaipticd pathivay betwyieen the saraple arfbthe Beteddefipl e, nor a pol ari zer

| ocat ed In another aspect, the invention describes a method of measuring a film thickness

of a sample which comprises providing a device comprising a light source, a detector, a
first optical pathway between the light source and a sample, and a second optical pathway
25 between the sample and the detector; directing electromagnetic radiation from the light
source along the first optical pathway to the sample such that electromagnetic radiation is
reflected by the sample along the second optical pathway to the detector; detecting the
electromagnetic radiation reflected by the sample using the detector to obtain a signal
corresponding to the intensity of the reflected electromagnetic radiation; and correlating
30 the signal to the film thickness of the sample. Preferably, the electromagnetic radiation is

unpolarized at said detector without movement of components in said optical pathway.



bet ween the sanple and the detector, (v) a light source positioned at an
angl e of incidence 15 ranging from about O to about 30, determ ned relative

to a line nor‘;rgl to the plane of the sanple, (vi) a light source
posi ti oned "R "4 ¥ngl e of incidence ranging from0-to 20, FCHYSPO2I4T i ght
source posi ti onebh particakerlypoeferrestt embedinknts; ene enyonegf thedoil@ving cardbe (viii)

relating a .fjil b.C N hin filmbindi assay..resul t X)_.an
optical pat nv(\:/glfgacl:}dl%? 5‘5%& ?lag.@aIg%{tg?qr%%o&qiopﬁ%rﬂg%agﬂeéfw} ace deterdped | y
pol ari zed | refdtive td X Jinéndgiflabtoi thé sgnplé, (Fi)eh dpticapathwiap cadpiidifg Adithecal pat hway
bet ween the | ght sour%e and the sanple, and (xj) a polarizing filter

| ocat ed in PPlatizssiqcated betwernthe light spurcs apd thesamplecnog ggpolarizerjacated between),

anot her aspggt ' ' ' . ri '

i ckness o mampliint TR0, (300 AEe BeAEHAS Rl EAoHRbIR oFulanell

| i ght sour c80°, §ivii@loncinple ofincidéncstanging ifiond 0918 20%WdY) Diotwungle dfficidendht sour ce
and a sanple, and a second optical pathway 25 between the sanple and the

det ect or; drangmgifnm @1 007 nd §ribtelating adilmithigkness torn thindilm bjnding awsay resultal ong

the first optica édoen§ : ' : . . . ' .adi ation
Is reflected byh’ttﬁggeg,\gér}rgprlre a%@?@@é@%ﬁo%gﬁkggs%%%%%@tﬁ%{e@q

det ect or; deduwrcd andgh¢ datectarlascpositivagtintthedovixdianangles of rididentedhdérg t he sanpl e
using t detectar to .obtgin,a signal . correspondi ng.to t.he intensity of
the ref Itigct 8?%?%9‘?6%@1’%@°?§&%ﬁ§96‘?ﬁf%@reﬂ}nﬁ’%‘f‘g@ilﬂéh‘%ge‘t‘% signal to
the filmth _tssfﬂ%es&ioﬁ,fthé Hght35urBt €un e'pREifibmdal af an hriile 6f iRGHERERERRg ffork adi at i on
is wunpolarized at said detector w thout novenment of conponents in said
optical pat Rbess0° to.abgut\ A6, Gleterminedretative tesoineonormpyl toithe plame ofgle samiple. pr ef er r ed

enbodi nment s r . 1. | ol d.in e, et hod:
(i) a light Pl %%g’f%‘i‘? gffn“é%&ég’l’k‘"‘g gi“l %W%Q%g(@i’é‘) & h%?’hﬁﬂoﬁ’eab(%ﬁ {eéra LS
rel ative to26° hbout25foomnablout 30°t The veevslehgth of the eleatiompdnietitadintioh wede conpri si ng

nei t her ol ari,zer, | pcat ed ,bet ween the light sour and the sanple, nor a
pol ar i 24 | BEEYRsg B b esmincd cmp Y’élsgﬁamﬁﬁl@m&lg%iafe setipn thegryithalisang| e
of inci denceenanewhth ﬂléﬁﬂ]@&%iuc? \t/l%e@gﬂflﬁ‘é&lect&?gaﬁ%léﬂgﬂﬁs laGidh B0 bEthe bingle

i nci dence ranging fromO to ow an I'nci dence ranging from

0 to 10, an@fingidengecthg@pprgximate thigkngss efthe thin fibm an theisampleumder studynapdabe ay
result. In & ﬁvﬂu%@éﬁﬁqsﬁ{éﬁ?gwgﬁ@etﬁg%hmvem i on descri bes devices in
e e

which the [ight source and ctor are positioned in the device at
angl es of i nci dehcaywt éreareflétomstrixémisddinients) ik preferred t6 Bdveawtadditiohght to the

det ect o,,can be used. In this device confjiguyratign, .the |light source can
be posi £Pon a7 e et dhanithese that evs speigally maeptored 8 el dn SIS 30,
deter mi ned kéfledfoméRic émbddimddewhere Hght it PolahifedPridP R htabt\Ritl #&RARple under

study, it is preferred not to have a polarizing filter located between the sample and the

detector. Similarly, in the second reflectometric embodiment where light is polarized after
contact with the sample under study, it is preferred not to have a polarizing filter located

25 Dbetween the sample and the light source. In the third reflectometric embodiment, it is
preferred not to have any polarizing filters.

The most cost effective devices described in the invention simply mount a light
source on a housing or frame that positions the light source relative to the substrate and the
detector in a manner providing a suitable angle of incidence. Reflected light from the

30  substrate arrives at the detector relative to the incident light or light that is reflected from
the surface without a thin film. In this case, the light source is a monochromatic light

source and the combination of elements includes neither a polarizer located between the
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Preferably, the angle of incidence can be about 0, about 5, about 10, about
15, about 20, about 25, or about 30. The wavel ength of the el ectronmagnetic
radi ati on provi ded can be determ ned enpiricall ' ltilayer
thin fil m‘&gfopglghson theory that is, well known in the a?ll;. ﬁsoplr’}l“gasj ch
theory, theighbsquseandfhesemp ey study nog an pralyzerlocatef betwegndhe sampleundee o
the appr oxidgdyemll Medete®s. of the thin filmon the sanple under study, and
the reflective surface that is used to support the thin film In any of
t he refl ect oret rA partigtlercidwantage of ithe presept inyention ip the operaomef theidi t i onal 20
pol ari zi ng n . r i £ ca ' . For
exanpl e, i nr@ﬁ%:é&?%g?ﬁ bé‘ﬁ'ﬁ?’g&p gﬁﬁgﬂé@eﬁﬁgﬁﬁéﬁnﬁl Lw er%%%ﬂ%ﬁ@&gm ari zed
prior td& codkémerts. Removingons armpbe of itbaolarizingjements froin thedhistrumest'supticdlo have
a polarizing fjilter | ocated between the s | e and the _detector.
Simlarly, Rafh WﬁE@é%ﬁ&‘%’f?ﬁ@bﬂ@ilﬂqﬁt@ﬁ‘%ﬂ : n?h%gﬂeé“sl“i“ﬁ'ﬁf“ PO ari zed
af ter Contsf%ﬁ%iﬁw &@n e R ifistiittats, Whetd Yight ik ldsﬁb;ﬁiaﬁiaéé {Rughdhe t 0 have a

| e

pol ari zi ng ter located 25 between the sanple and the light source. In
the third rrfdrizingsiements Morepattiendarly, meastremen dath isrqoliectetbas a detactor signaly

pol ari zing fjlt.ers. .The fef f LV - devl ces CL. i | .

I nvention slp*?ﬂflﬁltﬁﬁtd%?m@%%tgtﬂ%%%so 'gg'gglﬁ' ‘ghl%%im "gggaﬁiﬁlfgpﬁg&?ﬁgf&l%%si tions

the |ight Skidkgrounddralepativetedt iehilt orobérhndicatorof filr ehickhedsohbge. Inritsanesanner
providing a suitable angle of incidence. Reflected |ight fromthe 30

substrate aftpfapental form, theduierprataon of test W‘gtst‘%"'sﬁﬁéiauﬁé‘?ﬂ?ﬁ'? PRROTRY | ght
that is reflgghedr %%#?%Bgﬁdﬁpéﬁ ?glgarl]‘gﬂt&ﬂﬁfﬁxeﬁu}éﬂieﬂtsfshbmngltﬁbﬁr@éeﬁc@&se, the

| ight source Is a chr omat source and the conbination of
el ement s i natiserde of athin film onthp preserice of a fibw with @ thickngesgreaterdhamspreg@lated1 1310

PCT/ USCO 21437, .li.ght source and.th | n zer

| ocat ed bet%eéwﬂfl hga?ﬁﬁp#‘esu ﬁgﬁ:eferlée? Sﬁ@ g@ﬁ%“# ﬁ&%ﬁ%g@ éw}gid%gpﬁh%ﬁar
advant aff? ofo Yeltglcilare Sitbvitied/he tespresils cohivtisivepedstiblisiithe presdiee or absence of
reflectonetric, enbodi ments do npot, reguire pgsiftional adjustnment of the
pol ari zat i oficl adirnBerause thesignal g Bhe %BPfﬂﬁrﬁgmdF°Wés’ﬁﬁfg‘F%;'Pﬁ§°@eéﬁf§nt s
fromthe i néﬁﬁlb'ﬁ@mfaﬁal?ﬂtcbﬁ&htraﬁ&tiﬁa'sﬁﬁﬁl@,atﬁ@ﬁls&nﬁlﬁelﬁm.‘.o protidb hght

avail able to the detector. Thus, the instrument is nore 'sensitive than
convent i onadquantitstivedeterminatiph of analyte¢nncénirafions withgut pm absalypte daterminghion pf

pol ari zi ng gl ;ﬂ%%a%n&%bre particularly, neasurenent data is collected as a
det ect or sig‘ﬁ ntensity that is conpared to a delimting value. This

del i m t200g val u€lt isalsosconemplated that e test hiterpretdtion oould include @ghitd indicttest resul t

or other indicator of filmthickpess change. In jt t . s
namely, an indicator that the test ?semconcfl]lglvg gecause tfle sslgnr;? lsiltens1ty falls within a

I

range of values between a definite negative and a definite positive.
In addition to assays where direct detection of analyte binding results in an increase

in thickness on the thin film support, assays where a decrease in thickness or where the

25  analyte concentration is inversely related to signal can be envisioned. Examples of such
assays would include enzymatic degradation of the thin film surface where the substrate is
specific to an enzyme as the analyte of interest or a competitive assay where the analyte
competes with the amplifying reagent and the thickness change decreases with increasing
analyte concentration.

30 Also instrument response to a change in thickness can be an increase in light

intensity to the detector or a decrease in light intensity to the detector.
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fundanmental form the interpretation of test results is essentially an
answer of yes or no, positive or negative, based upon signal intensity

measur enen ing the presence or absence of a thin fi
presence o%a‘ﬁp?%nwith a_t.hi 633 el esel g%‘?)é"gﬁo'{l%’?eshol d

thi ckness. In such a pref&® SO hi ckness does not

N OF ] 3
need 15 to be capgul abils a AQMEESTn Bind Sithalyr R s e&%wﬁing%meestab! I sh
the presence or absence of such a film BecCause the signal I's a function
of the fil npresentinmention vhere angeof polarizing eleinents és fotateda. f uncti on of anal yte

concentration i ng ' al rovi de..a uantitative
det erm nati on o;hg'nzzi g! e@@g%%g%sﬁs[@ﬁ %ﬁ%&% a%?ba%g%f mﬁl&'é't %ﬁaﬁﬁzﬁﬁt i on of
the filbthinskumet. 20 It is also contenplated that the test interpretation
could include a i i.ndicatqr, nanely, an indicator that the test is

i nconcl usi ve be iéﬂm@sgiﬂaﬁﬁmrm@mgwm%awofq%méhepr&mmﬁnm| ues
bet ween a dghérdiHeSolidatih ik AANz& pdstibR isEmbAsi tive. In addition to assays
where direct detection of analyte binding results in an increase in

t hi ckness on t heFIGa# depi¢ts athin fifro - enalyxisginstrwhent eccarding todhspresent inventioness or
where the n t ntration is.inversely related to signal can be

envi si oned%@gﬁ{pl é’gm%%qgﬁé O?aé?glég%ﬁmdfﬁ‘qoﬁ#ude enzymati ¢ degradati on of
the thif0fil m suFIGas depibes b ik fitm S Whdlying Rstnsment BRGEdihEtoltRe sl FVERiaS t he
anal yte of interest qr, a conpetitive assay where the analyte conpetes with

the anpl i f yWhge K Relarizing glgments have hepmeammovethange decreases with i ncreasing
anal yte concent rggi cg’ﬂﬂs Litsde ddHBR ALt éﬁ)@ﬂ@ Raldsi | hi ckness
can be an increasg ?drilbplll ght %ﬁﬁtensidtdy touélﬁe et Z%rt or 6?%ﬂg§%?§tg§e in

| i ght i nt enthin §jlm -canalysing anstuments of the i@ndn. 11310 PCT/ US00/ 21437 BRI EF
DESCRI PTI ON OF T.E%AWNGS I depicts an AC.node thin film- anal yzing
i nst runent accorﬁc_}ig'ng etpg’tst%@oged%eééﬁw €AY SYshTm Whete dhegsenlts arem merease

el ement 45 i Sinfinlesiyds a Fn@tioR ofiafresiry thitkn@s af diffeent dnalzér AAgIbs. Used with an AC
node thin film-_analyzing 5. instrunent. FIG 3 depicts a thin film -

anal yzi ng i nst r U8t dRictsH mpdeled ACmadegssay systen whensthergsultgiars axdectease in

pol ari zer i fidnbity RAANEDH of fkdakifd thh ?ﬁ' Lcts a thin film-
anal yzi ng i nst r&lment a%%orodlﬂ% log%llﬁ"l%m%)%ggen | E%/nglrﬁz?ro%%fé\%\here t he

pol ari zes in t heFipflaalepietsrthetheoreticahramsquasirzimmsoidal data for the AC mode assay

system of Fig. 8 as the analyzing polarizer rotates for varying thicknesses of a binding

20  assay layer above the t- polymer layer. Fig. 9b depicts the theoretical final output for the
AC mode assay system of Fig. 8.

Fig. 10a depicts the theoretical raw quasi - sinusoidal data for the AC mode assay
system of Fig. 7 as the analyzing polarizer rotates for varying thicknesses of a binding
assay layer above the t- polymer layer. Fig. 10b depicts the theoretical final output for the

25 AC mode assay system of Fig. 7.

Fig. 11 depicts a theoretical output for a single polarizer instrument in combination
with a specific surface construction.

Fig. 12 depicts a theoretical output for an instrument with no polarizing elements
as a function of the polarization state of the incident light and at very small angles of

30 incidence.



10 FIG 5 depicts a thin film- analyzing instrument according to the
present invention where all polarizing elenents have been renoved. Fig. 6
depicts an assay surface construction suitable for analysgj ] y of the
thin fil mWOMYAIN%ing i nstruments of the invention. Fig. s“ﬁé’@@%‘?a
nodel ed AC node RERAILEDPESCREIIONQF FREFERRED EMBODIMIEXES 15 in
intensity _aofgﬂl%&l' Eht?f i ncreasing thickness at different analyzer
angl es. Fi %‘U nodel ed AC node assay system where the results are
a decrease in [FIG.gns atsyhenmtia diagrant ofarthinffilinr@ngyzing ipstrirherit 166 sccarding f f er ent

anal yzer angles. Fig. 93 depigts the theoretical.raw.quasi. - .si nusoi.dal
data for t H%%ng“‘%fgg%% ’éé’é F‘Eﬁ%’r&zﬁf &ougei@ Q’fﬁg rﬂ%?ﬁ"ﬁf}‘? N@ﬁlﬁﬁpg?titger
rotatesgfor, ﬁf@cfpummgﬂlﬁk&ep%mepm@nb lnREOE basddl 085 ARIml kg aldstrate t he t -
pol ymer layer. "Fig. 9b depicts the theoretical final output for the. AC

nmode assay 16§ sestsranchppartsurface H0gA rptating apapren ke hecoipalasizingdilter Ald.dtiasi -
[ i dal dat,a, f [ l yzi
polar zer FRRIRLE skl Rl Wi aTe@bor TR WBilble HftuménCionfipitBF V7 00

CKNnesses ndi ng assay |ayer above
the t- pol yiives ®esombiried assem6ly iflelpding secoinbpdliviningfilier ahd détecadr Iddi where f or

the 25 AC npde, assay system of Fig. ig. 1]1.depicts a theoretical
out put f or the amahgerds %E?tﬁli’&%?teﬂpﬁ’é{“&?ﬁ\gm E‘I?"Fw%t#ﬁilﬁgkeisﬁiemwlf h a slpeci fic
sur f ac%co%ﬁﬁ#ﬁdoﬂm chhtfbllel 21 9GRS PherolahO06itéppal méte P16 arldFeceives

instrument wth no polarizing elenents as a function of the polarization
state of t Isignaladiodedeteckarddd. and at very small angles of 30 incidence. -18

WO 01/11310 PCT,US00/ 21 T PRERERBED
EMBODI MENTS Aci@g?ﬁ’%es rﬁ% @éﬁ@“%@@%&é@mﬁgﬁ& §gﬁ‘am of a thin
film - analpgBich@nafis bf momsthrohidic ightabuticadut ispreférebly aasmothromatinlightn. A

| i ght source 102 i s mpunted i f{ixe At ionshi i th respect to a
first pol farsP‘)_‘F?tQ“‘T'h Webﬁassb&a% 2@%‘%&%&“‘8‘3 i&pﬁlﬁ‘ﬁwﬁfﬁgéﬁf&%‘g afirs
filmbagri rict bathivad & 1205 AnMiinaté i Hlh-HehvideaeBstiald)1 08ALight 64 thidg

anal yzer, i.e., a seco polarizing filter 112, is coupled or integrally
f ormed wi t Hirst ogticad patbway segmept 1284 pojarizer by etipneof thedfistn idgment | ves

t he conbi neqﬂ%sggfg?érxbﬂ,g%b%ggﬂgﬁﬁgﬁﬂ polarizing filter and detector 114,
yzer a y S

where the 4 'S°ro epper notor 116 however this is a
| ess desirabl e Mounting base 106 includes a first pillar 122, which selectively retains light source

102 to transmit light in a manner such that first optical pathway segment 120 is at an angle

20 ¢ representing a departure from a normal line 124 taken with respect to substrate 108. The
first optical pathway segment 120 can include a narrow beam of light or a wider body of
collimated light. In either case, first optical pathway segment 120 exists at the center of the
beam. Selective adjustments may be made by a pair of perpendicular set screws, a ball-
pivot friction clamp or any other conventional selective adjustment mechanism (none

25  depicted in FIG. 1). A second pillar 126 provides a similar adjustment mechanism (not
depicted in FIG. 1) to center the assembly including stepper motor 116, detector 114, and
second polarizing filter 112, along a second optical pathway segment 128. This second
optical pathway segment 128 departs from vertical also by angle ¢;. A basin or well 130 is
formed within surface 110 for positional alignment of substrate 108 with respect to first

30 and second optical pathway segments 120 and 128.
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10 configuration. A controller 118 governs the rotation of stepper notor
116 and receives signals fromdetector 114. Light source 102 can be any
source of electromagnetic radiation, including a polychronmatic or
monochr omaMOMI1{%t source, but is preferably a nenochr omBCTAISINZINAT
source, such as Theldetsetor 114isselectedtbaletent lighfn whvelsnigths oorrespodding tbi the har ges

{1 P bear | it aCE el f o 104 ot FERORT buiestpibea 32, Thedeiseterognent
120 is pol gprbviaeh siphalahit dépredent the inkdrisity oPMIhRAY tRé AlebrSHRRY udibuppotfalich s

preferably a linear polarizing filter.” Mounting base 106 71 ncludes a first

pi | 1 ar 122, b¥%ihe elpctzamics of thesystemcPeteetar 1 i4gransmits these signals te contradles hi&orl | ght
in a mamper t | ' . Is,at.an angle 20
4, repr rey;en%a?}régag’ gtﬁg{r‘ﬂ{‘f}% . ?gr)%lﬁgljmr? g?érsrg}é@(?l%e aiagi?lhnwﬁqcﬁ?‘?’sé's pect to

substrat e 1Qetrolierel 1i8ialstgovems thelrotatiorhofsyeppeargnetot 1 162 Whivhotafes khklgze 1 TR I OW
beam of |ight. or .a. wder.bqdy of.. collipated light. |In either case, first
optical pat ngﬂﬁéﬁfft 1?85%38%?@ to pliminate sieppermeer 1 19and petate analyzezct i ve
adj ust rent spypay be nade by a pair of perpendicular set screws, a ball-
pivot friction clanp or any other conventional selective adjustnent
mechani sm ( none IbwilkkeAppresiatad that tie honping A36 eflightl spiréd H2 ridycopticnallydes a

sim | arqgadj ' . lcted. in 1) _to center the
sserpl 0 | rapakFitedReBOR SIS R RPEloEd e And it b moSe BETREARAE 1 21 ng
filter 112,byihsingtionssfemoehtrofits L8l Thas, bidry tegohEiaér 103%r thelinslys® Q9P thay
optical pat hvvaty nent 128 tﬂe arts fromvertical also by angle 41. A basin
or well 13P478 ateﬁgg’iﬂﬁp%ﬁ‘l’lﬁ CEWF’?tH’E‘eBﬁBsefQS‘P of thsipplapaing elemegisia ratating

substrate | | : ' L nts
150 and 126 CPEOUIRRRACSE hOtmg BoHrizttl Gflad R Yoo R in B S BERLTT G

to detect |Rolarizerinstamment.engt hs corresponding to the light that is enitted

by lig source r .test .surface 132. The detector
pr ovi d_re]"ts5 si gnal sﬂt a@é%'eogrggedssg’%“ P?S)éﬁ\‘ti;%%?évﬂmﬂ’ nstaes ot ector in
any units sgepprateticThe dhyngitiepalirtation states ofthe lifte nfly e GBiddre bie e Qlirfick4o

transmts these signals to. controller 118 on 5 cable 134, and controller
118 i nt er pri&®@ "é@@“g’ip@ er 104 13ietatedy O dight thatjiseflpeted femshe waface way er 118

al so gover nse soRtéd bPpthriZfio §tatd tieh Ble aﬁ?lgﬁth%fﬁei??zméfﬁg xﬁﬂtcrd(tg@ltaﬁferq | yrer 112

on its optical axis. It is also possibléet ate stepper not’or 116 and
rotate anale}tilerrcasq;@pqlanzaﬁmn state ofithp lighti incident vin thie thin dilindsialsonajtetdtbyof | i ght
source 602 By oORtd RAAHoY of the light from the interfaces at the substrate/thin film and at the

thin film/air interface. The attenuation of the polarization state and thus the intensity of

light reflected from the surface is a function of the angle of incidence within the film and

the film thickness. For this discussion a single thin film composition is assumed. A multi -
layer thin film can also be used in the instrument by using an assumption that each film's

25  reflected light adds to the light reflected from the film interface above it. The combined
product is the light that is reflected to the next layer or to the detector. The signal from a
test surface is collected as a function of the polarizer rotation instead of a fixed, direct
measurement used in the fixed polarizer prior art instrument. The rotation of the polarizer
generates a signal that is quasi - sinusoidal in nature and allows for peak to peak

30  information to be collected. The change in signal from peak to peak is a function of the
thickness of the film. As either one of these values is larger than the direct measurement
made from the same film, the AC operation of the instrument improves instrument

-20-



10 contain a stepper notor simlar to stepper notor 116, and that this

not or nmay be actuated by instructions fromcontroller 118. Thus, either
the polarizer 104 or the analyzer 112 may be rotated for oses_of the
i nventi on. WBIMIMR one of the polarizing elenments is rota&GTNGC%HE preci se

al i gnment  Sensitiyly apdaqsnragy.iAn addedadvaniagasisthat thetAG mpasuraerns is frae fomuther i or
art fixed 1pQlofkipfdséntif! ﬂcﬂ%to%dléikcmgg?g?g?ée}g at viry Io RiesH1 9+ 1,

| ight of varying polariZation states Is e changl ng
pol ari zat i Thissiecrease imhoisdalong with thedncréase inthickmess samsitivitgimprovesdke t 0 be

anal yzed when. pol agizer 104 is rotated. O light that is.ceflected fromthe-
surface ma§es°]r31§°g 8“‘85‘359"’8& tl“ﬁeaf? Coyentiona “\%ﬁ‘é‘ﬂ“?"f‘li" fﬁ@tll?zt}'ﬁgevﬂﬁﬁs& i zer

i s rotaged i eibg 86 ndtédd tol ditenBine RS achAS Fhasé BEthe edfREted Bhtoay it at e of the
l'ight incident on the thin filmis also altered by 20 passage and

ref | ect i on cenventignal ellipsomeiry,hut puly require theanalysis of the infensdy pethereflepted i | m and

at the thig rh S gm' : ﬁ'ﬁnen Aok ' | @ n state
and t hus t?l]ght:i i.rl;%lenm yéng%&@l?g t t?aglfeq ectg%d?{)g% ee%l%ﬁap%%g?lfﬂsﬁ #@nct i on
of the anglpeovide a detantiinatien of fill thicktmss.f i | mand the filmthickness. For this

di scussion a single thip filmcopposition js.assuned, A nulti.- |layer thin
filmcan al so bg[q\ﬁé‘ﬁﬂe Pﬂmﬂq@nq"‘ aﬁﬁﬁ‘éﬁ’f@% gEmai 1@5@&%@)@?‘# each
films485 wugfdptiediQtopeitith reRattive indek, ReNdctiGiny, efcCof tRE biititaf suBsatdi@ed td M

i nterface above it. The conbined product is the light that is reflected to

the next | sypportdhe thin films of thedinding assaye Thesg instrumenysetings are elsa influgnced | s

col | ected ' lar.l At ks '

Gireot oStz bttt MEIPR Wehaier ol S Ynd bR, ThlecBeidklie
rotati on otarn bempddlaiisings nugiecofthindilm refleptioh thebytsoftwangpackages. si nusoi dal i n
nat ure and | 0 for peak to peak 30 information to be collected. The
change in %Meak to peak is a function of the thickness of the
film Ag either TR&Srobdss biveify tHeink@smért of RiglefollsWathe fla dagr@f 'of FRS U enment

made fromthe sane film the AC operation of the instrument inproves

i nst r ument The proggss@1p00beginsmith step@H002 imzwhick a pser plagesasample faranglysisyn. An

dded ad ' J 1S i
recent 1 nisifiinineal (% Thid B1ablmdR Bodsp o plteing Sbuirk T0g ilell {0, AP o€
f requenci e shis tifik, askeypak arather inpuhdevice istlsed tp selccta tyheof assayahat ¢hd equiphicokness
Ptivit ' t | ' t he j.nsit t | ati .t
convent | ondi SRR R efrim. £ Gl ot priviinbpdink MR ERAH SEindRE, o not
need t @odetasyaid ifCluddignmiiodsshysForEemai Inihienodefidiey druk,| (WIV) 1 &I bra

conventional e]lipsonetry, but only require the analysis of the int ensi ty
of the ref cembiagtion themef, Streptocopais tegptoceseys R, iRespitdo™ot need to

determ ne tho. @N35ks, Hephtdfs B, a@Harydia species, and Herpes Simplex virus.

Step P1004 commences axial rotation of a polarizing filter. These filters include

the polarizer 104 and the analyzer 112, but in any one instrument configuration only one
25 polarizing element is rotated. _

The rotation of step P1004 produces an alternating or quasi-sinusoidal I, detector
signal. The peak to peak value of these signals is read by conventional analog or digital
methods.

Step P1008 involves normalizing the signal intensity values that are obtained in

30 step P1006. This normalization is performed, as described above, by dividing the intensity
signal with a corresponding intensity signal that is obtained over the same cycle of rotation

with respect to a sample of known thickness, e.g., a negative control or background
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provide a determnation of filmthickness. The angle of incidence and the
wavel ength of incident light is selected based on 10 the optical

properties, refractive index, reflectivity, etc, of the opti trate
used to sUPPBYH3Whe thin filns of the hinding assay. Thegﬁed"?[?#g{”?ﬁsrint

settings arwmple Normalizatienisaccomplishad hydividingfthe neak ke Resk ¥alue ffardhe negative
encount ered_]j |06l 0= RS i ng a
nunber of t dlnﬁ‘oﬁwlgﬁtggﬁ%ﬁgﬁaekory :l‘(o) té\ﬁ%lgg@?(eég@gxb%&%é%ﬂn%ﬁ%ds 15
The processtimé will depgnd be thenmmmbenefivycles measyred and usddinshet data dnalysisdhsitheam of
Fig.2. The process P1000 begins with ep. P10Q2.in which a user places a
sa?rpl e for %ﬁ%‘??gfgy"r‘%ﬁ .mcr?aﬁ‘?%?lg“tcf‘{?ﬁ%ﬂfﬁ’i8"(5‘.11%?'%?5“‘5?‘5% bﬂ’gﬁ‘fer’caé%?eeg ponds to
pl aci ng % ubgktahént ifesighed B! providOrapitiresulth the naber oftylley gslldcted siiduld®be | Nput

device is used to select a type of assay that the equigrrent is calibrated
t o perf or m ménigizediplse theawmber ofimensurgrment ne caphg |

bi ndi ng 20 ' ' ficlency Virus,
(M) T o PRVRE e ity BPHRARRD BB, kil B s MR il 1
St rept ococcus G Cogtrdler HSSipistepPA010 cdnypacesttheodaloniatedsvalidap atstandard Burve.

Chl anydi a speci es, an rpes Si ex vjrus. Step P1004 nmences gxi al
r ot a':riy on of eﬁﬁié? P??‘WEF“FE’? ?eégmn%‘é%’@"# Pﬁ?@?&ﬁ?ﬁlﬁgﬂwe #ﬁéﬁ noomalizeder 104
and t heq@nalyg@Ed idetsitPdinald A ¥naRifurh RSiniiiRtang Sibtadlinghk ainiginy vaee 25

polarizing element is rotated. The rotation of step P1004 produces an
al t er nat i ngfrom themaximynmvales. ddternatively,valugsmay be ehtained fromipsesglegird pointse ak

val ue of 't NGsg, 5l Q0TLiRcd 5 ofSAluBel CORY G 4,50RkinR AL Ol Ohofl\l i, THEL OO

Step P1008 I'n es ‘hormalizing e’srgnal Tnte y val ues

obt ai ned i n AR sigral {3 itkOEed byl in Snaluy ordigitahinethod aml the fieasut®ivalids dieags | bed
above, by dividing the intensit signal with a correspondi intensjty

si gnal t hat Prapogionalite 2 nsdleto Replk valierthe Spptpot pronoghonelitbeing dese €io a

sanpl e K BRIMbatuRAE ital nfetHdd prévi ink BPpSRTUALVRAE al SEHEY Meed - 21 VO
01/ 11318§PCTI usgo/ 21?5&7@1&3% I e.prilvlodrianaq)lai zaﬁ)on I's acconplished by dividing

the peak t oppwides defe avalyzgd andieeportesbaccardingdoa preoiseloetag Hata reduetiontriggsithik. t o
opend on t Aeorign; A PrEceipd Bar GRS an WP R Glon Befholg e plillBecl |
the nunber pedk topediciatensionahrdn theltb-agis and afiim thickinbs ohaheKtaxisl Thisi npr ove,
i L N MR N T TN SN EER =T
20 empirical data that is obtained from samples having known thicknesses, but it may also be
performed through other methods known to those skilled in the art.

Controller 118 concludes the test measurement process in step P1012 by

interpreting the film thickness measurement in step P1010 to provide an output
representing the film thickness or an assay result. For example, in a semiconductor

25 manufacturing process where the film must have a certain specified thickness or it will
cause a short circuit in the device that is being manufactured, the output can be a signal
that says *“pass” if the thickness meets or exceeds the specified value. The output would
say “fail” if the thickness falls below the specified value. In thin film binding assays
interpretation, increasing thicknesses are interpreted as positive outputs, but a threshold

30 thickness change may also be set below which the results are reported as negative. Results
may be reported either qualitatively or quantitatively.
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m nimzed. Also the nunber of nmeasurenment points within the cycle can be
adjusted to provide the desired |level of accuracy while maintaining a
rapid ana&xiééﬂ ime. Controller 118 in step P1010 conpares._the cal cul ated
val ue to rd curve. . The peak to peak value is 1 r ank

e
ordering the naglﬁs-t7mi0@fa§imlaﬁe¢ﬁfémé€moﬂeﬁgaﬁn@aﬁengﬁnme}eré‘omm s from
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anal yzed an@@%ﬂﬁ}&jﬂﬁé&ﬁfmﬁlmlsﬁ’@dﬁ 3%} Tha plat shaws a ckange iy datected
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Controller 118 concludes the test nmeasurenent process in step P1012 by
i nt er pr et i ngCmpdergspense fordthis asssy pensFuetiondnshown in Figo 102 fmBig: Waghovi de an
out put repre | | P g@ﬁgx ] le, in
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attachnent |ayer oft - polyner siloxane of 400 A The . .
: specific binding assay, surface construction. The optical support used is a monocrystalline

silicon wafer that is coated with a 20A silicon dioxide layer. The wafer also supports a
475A silicon nitride layer and an attachment layer of t - polymer siloxane of 200 A. The
wavelength of the incident light is 525nm and the angle of incidence is 55° relative to

25 normal and the first polarizing element is fixed at 40°. The plot shows a change in detected
intensity as a function of the assay thickness made at various angles for the analyzing
polarizer. All the curves demonstrate a negative slope. Again, in the actual instrument

design the exact angle of the analyzing polarizer need not be known. The curves shown are

the direct mode detection response that would be observed with the fixed polarizer
30 ellipsometer. The AC mode response for this assay construction is shown in Fig. 9a. In
Fig. 9a the infensity measured at the detector is plotted versus the changing angle of the

analyzer and the quasi - sinusoidal curves are the detector response as a function of a
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20 relative to normal and the first polarizing elenent is fixed at 50. The
pl ot shovvswa e in detected intensity as a function 9&1‘ ay

t hi ckness 82’?& vag.i US an th for_the anal yvzi pg Y _pql ayrzer. I the
curves dermnﬁ?f‘g%\?‘é‘h% ‘B%é‘g??s\?g ‘fﬁ‘B‘ﬁﬁt n%‘hc‘WFé ‘%glgug‘?c‘?“llfgﬁ?% sptediagn t he
exact angl efitidn¢f adag vl 48 the b Bréra€fotteEst atohstRf s#édé@‘&ﬁd the Mgl WrRS Shown

are the direct, 10 node detection response that wou be observed with the
fixed pol arfosaing@plarigeraged vt be knewn. Abe instrumentsings net reed to determineshs
constructi og, |13 K ' 1€ ol S| §.X: red at
t he detect oIerdllp;le% Pgitﬁ?(za%ﬂ\l}g{ra%u%ﬁt?ﬁghé hg’%#%igb’}atﬁg gk‘gg t? g(; vg%a {’%@F@%ﬁ%’e t he
quasi - Bi nmsasucsdf the bindiag assey thivknesstichatges Fip.cobe teacmal peak torpdakvalue a
change in the i ndi ng, assay, I hi ckness.. The cyrves in Fig. |.Oa could al so
be present eghg@‘PY‘ﬁﬂ‘éta%BW‘ﬁ?f"X R’@H’é’gﬁy?‘?ﬂ‘é‘_“%&“aﬁ@%‘ﬁ msEYREEd at a
const ant spgggutaWhile e direl Bedbrelof hickdledlih P, sRlicHdsteghtRedidpalas B the

known. . The instrunent does not need to determ ne the conplete  polarization
state of theurvesgaFigrOadhe Bupl instrumentputnut tFig. Ibois prasentetbasca pasitive siope withy e
measure of - bi, gl | GiK: nge. . Fi 10b is the actual peak
to peak val &%ag Bpgggtgﬂc@g}éﬁgﬁ e;H e@ﬁ%ﬁ%‘?‘ ;6%9%19%&1‘@83’5 §3§°ﬁ°ﬂﬁ°§ PR3 BESUYE,
represetds tlmbeact ual instrunent output. 20 Fig. 8 depicts a sinulation of
an AC node fixed_pgo .arizer elli psai)rret er for a B specific binding assay,
surface construc ?""’W@‘i“dg?‘?r‘&"aq esRAnss Plotsdspicied iy Fign7 angd Figt & prejuged fo
silicon waf glect fiRtaphropRaa Wadelt 1€ BfintidkAde? éﬁigm:l' O fer

al so supportsea 49%Apsi l'i con rlgﬁ'?r?lﬁ%e | ayer a’ngxa at tacie%%%fqrg eréﬁgft -
pol ymer si | assaynauppért ogBtmpctionhEhe instousienhparhmeterstaneset whenithadiredtgididei s 525nm

ol ar i 31 g gl ISR AP T fihestigeRor R el rSofiind % ¥ Brnsfitol HRest ot ca
i ntensi 1§ achangé enpetted foraic biding assaysysteinC Ripe 95 andeRlg. 1@k dépict thelgetdd) ghas- f or
the analyzin | the curves denonsirate a negative sl ope.

polarizes. Al \ ) [\

Again, int “Sgt‘gg%ta Follected by the AG amors instrpments aader thegpecifig canditionsal yzi ng
pol ari zer n OFigh6h KIHOMB. ; gﬁmﬁ- ‘ﬁ‘ﬁlél@ﬁ direct node detection
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The AC node response for this assay construction is shown in Fig. 9a. In
Fig. 9a the iﬁéc?n 't n sured at the detector is plotted versus the

changi ng an%ﬁrﬁﬂ%%zer and the quasi - sinusoidal curves are the
det ect 020 esponsEK®RS dapiktsaatilefonitiricthinBin/ibstaimeht 30@addertindIodlelkdsedt change

in the bind] ng?assg){igiihi ckness, The curves in Fig. 9a could al so be
present ed a¥IVeRifReAiltght spmres 202 is moyptedin fixad relationshin with sespent 49 2 olatizing

constant Spgfe i polatipfion ¥enfenP204 48 a support base 206. A film-bearing substrate 108
rests on support surface 110. A detector 212 is positioned to receive reflected light from

substrate 108. A controller 214 governs the operation of instrument 200 and receives
25  signals from detector 212.

Light source 202 can be any source of electromagnetic radiation, including a
polychromatic or monochromatic light source, but is preferably a monochromatic light
source, such as a laser, laser diode, or LED. Light source 202 discharges light along a first
or input optical pathway segment 216 to illuminate the film-bearing substrate 108. Light

30  on this first optical pathway segment 216 is polarized by action of the polarization element
204, which is preferably a linear polarizing filter. The polarization element 204 is held in a

fixed position and does not move during operation of the instrument 200. During set-up or
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conditions selected 9b and Fig. | Qb depict the actual instrunent

out put. Ref reemcbmmlimaar ntyfaca AZhern substrate ¢)8. @Ggﬁf epticabpatlsyaysegmenti216 san hi n
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202 can be any source of el éctromagnetic radiation, including
pol ychr omat 224 providehosimilenadjustment grechanism et depinted in Fig.c) e alnanyﬂladetector

nonochr t i ght
Source 302 A% R the cORUGHE ey cBiindhe 226 Hhis faiSRY sdppifspleppithom 30
216 to ill U%rﬁ@él@)yfah@.nélbbﬁmbﬁm@%ﬁmﬂen%ﬁ&ceﬂl@ﬂthﬁuml alignmeht r st
opti cal pathwa egnent, 216 is polarjzed by action ol ar,i n

el ement ZOQfSL%ﬁtﬁéﬁ 10&with espechig) tpe optical pathway segmeniy ‘??&W‘ﬁ“f&g ﬁégt(m?

pol ari zatlogh ment 204 is held in a fixed position and does not nove

during operati of the instrunent 200. During set-up or -24 WO 01/11310
PCT/ USOQ 2 1437 The ddtectori23A js solected ko datecs Hightlie wayrlenzths cpmesperding tp thert at ed on

'ts opt 56 al hgﬁ(tl tlsxatti e 59 ﬁglﬁ sGUtEE202 and reflected by film-bearing surface 108. The
detector provides signals that represent the intensity of light at the detector. Detector 212

transmits these signals to controller 214 on cable 230, and controller 214 interprets these
signals by associating them with a relative film thickness.
A control sample 132, i.e., a substrate having no thin film or a negative control
25  sample, rests on surface 110. Sample 132 may be substituted for substrate 108 to obtain a
background detector signal or unreacted segments of 108 or negative control zones of 108
may be used.
According to the principles of multilayer reflection, the signal intensity at the
detector is a direct indicator of film thickness, but a direct computation of this value is
30 complicated or made impossible by the related mathematics and the need to acquire

indices of refraction for each of the layers.



S- or pure p- polarization content-in the polarized light. Wiile a single
filter may not be able to provide an absolutely pure s- or p- polarization
content, t aﬁhgblzatlon content is essentially pure. ARy I J.ed
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di rect corrp@teatﬁxéﬂauvhatmwﬁonrélfhualnslmﬂdllwumpﬁuwamedwwumaaGOOJOMM bl e by
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20 The instruments 200 or 400 are configured in terms of wavelength of incident light,

§ - or p - polarization state, and angle of incidence that are selected based on empirical or

Q)

theoretical determinations. The selected configuration is designed to address a specific
combination of optical substrate and a range of thicknesses of the thin films to be
deposited on the substrate. The range of thicknesses considered in the theoretical
25  calculations must include any layers above the substrate used to create or improve
reflectivity, improve or create a favorable environment for attachment of biological
materials, the receptive layer, the analyte layer, and the amplification reagents where
required.
Fig. 11 depicts a theoretical instrument response curve for a single fixed polarizer
30  reflectometer where the assay surface construction includes a silicon wafer as the optical
support. The wafer supports a 204 silicon dioxide layer, a 4754 layer, and a 100A
diamond like carbon (DLC) layer for optical and attachment purposes. The instrument
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The reflectonmetric thin filminstrument 200 is typically used to associ ate
a filmthickness with a signal intensity fromthe detector 212. For

exanpl e, th‘s ﬁresence or absence of a filmis interpreted_as _an_increase
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substrate 108 (or support surface 110) in instrunent 200, is absent from
i nstrument 400. In instrument 400, the polarization elenment 204 of

i nst runent PRéleritendredeaflectomptrimdedruimentshe addi ti on of 15 polarizer 402 at a
posi ti on betwee subst r at 08 and defegtor 2.. The operajign of

i nstrunent 400 P@&gé‘ﬁ?@é&ﬁﬁf‘g‘eﬁﬁfg@%ﬁ“rﬂﬂ ?W%EV%@B%@&Q%O i zer 402
is rotaj®d Ehn idsGumeiti606.8ondonents BorthbPW IRARSRAE20Y and 306 SHBhE 8drhe/ PUre s-
or p- polarization conponent” and then fixed in that position. Thus, in

ei t her i nst identifiar apinprevioys figures iastrunamd S0Qdiffors fiom instryraent 20Qim theitke | zat i on
t i . . L. ' t
500 or 00 BolRiAaBUE GehButybs uhith BHEASbHotd Wi EhGE A andthe HiGalSfGB P ' ©
p - pol ari zsippon swfazt 410)dn thstrombst 200, is alssentcdfroneinsinahern 680.de intrimentis86,ed on
bt gned t ot auiABeatoy oldhss F4oT TalmentatD o o Sep Felarecey Pl and o
range ofst h?él STerOin adiifioh MePofarizEr0R Foud@ in HSRRRER 300 B BB removed.r at e.

The range of thicknesses considéred in the theoretical 25 cal cul ations nust

i ncl ude any | ayeinstrumeny 60Q operajesns theyprinciplethat the pr applitudareflegtiony e

flectivity, . - ' : t of
b1 of ogi cal - LeebENE ubreREAR dndlod YS! BfdEMACABRERIRiBlls RETRETD ©
anpl i fi cat i anglesefieidencedndreflectancpire atchoralgin nbi-thimpiticalsdesices; érsearighes|
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| ayer, and a 100A di anond |ike carbon (DLC), |ayer for optical  and
attachnent peRegighease thatdoes pekrequitemultiple polarizing filters to resolve ellipticity in

calculating film thicknesses. Since at ¢; = 0 (or very low angles from the normal), r; =, it
makes no difference how much light is in the s- or p - state, so any polarization state is
acceptable. As a practical matter, the angle ¢; can range from 0° to 30° without introducing
25  asufficient imbalance of the reflectance of s- and p- polarized components that would
introduce thickness measurement errors arising from the ellipticity of s- and p-polarized
light. This range is more preferably from 0° to 20° and is most preferably from 0° to 10° or
smaller.
Fig. 12 depicts theoretical response curves for a reflectometric instrument with no
30 polarizing elements and a small angle of incident light (10°) relative to the normal. In this
case the instrament is constructed to analyze a silicon wafer with a 20A silicon dioxide
layer and a 475A silicon nitride layer. An additional layer of 300A DLC is included in the
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addition the polarizer 402 found in instrument 400 has been renoved.

I nstrunent 600 operates on the principle that the p- anplitude reflection
coef fi qmntﬂﬁQﬁﬁnW@ﬁ&ﬁ@H}ﬁo@w]ﬁ%ﬁt& s- anplitude reflection
coefficients when the a}ng es of 1ncidence and reflectance are at nornal.
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constructed tq_a_naltyze a silicon wafer with a 20A silicon dioxide
sensitivity of the assay by continuously precipitating a reaction product to build a film

thickness. The enzyme is introduced into the thin film binding assay through conjugation
of the enzyme to an analyte specific reagent.
More generally, any reaction process that provides a specific component that can
25  be attached to a receptive material through interaction with a specific analyte and can
catalyze conversion of a substrate to a precipitated film reaction product is suitable for this
type of catalytically amplified binding assay. Enzymes that are useful for this amplification
purpose include glucose oxidase, galactosidase peroxidase, alkaline phosphatase, and the
like.
30 FIG. 6 depicts a sample 700 for use in binding assays. The sample 700 corresponds
to substrate 108 of FIG. 1 and is used as a sample for analysis in thin film measurements

after it has been incubated with a specimen that is taken from a patient who may be
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| ayer and a 475A silicon nitride |ayer. An additional |ayer of 300A DLCis
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with the analyte specific binding reagent to ensure that an adequate density of reagent can

be achieved and retained on the surface. The analyte specific binding layer is 708.
Representative analyte specific binding reagents include antibodies, antigens, nucleic
acids, receptors, chelators, etc. A protective layer is optionally used to protect the

25 bioreceptive layer 708 during storage (layer not indicated). This protective layer dissolves
during incubation with an analyte solution.

During the binding assay the analyte specific layer reacts with analyte to create
layer 710. Layer 710 also consists of the amplifying reagent such as an antibody
conjugated to an enzyme. The layer also consists of the precipitated or bound reaction

30 product that is produced by interaction the enzyme with an appropriate enzyme substrate.
The amplifying material could also be non - enzymatically generated.
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o

which is typically diluted 1:500 in methanol, spun or sprayed onto a wafer, and cured at
100°C under a vacuum of 0.1 mmHg to provide a thickness of about 80A. The binding

25  agent may be improved to form branch points along the linear PEI chain by exposing the
PEI film to dimethyldichlorosilane (e.g., DMDCS from Sigma Chemical Co. of St. Louis,
MO), which is typically mixed to a concentration of about 2% by volume in 1,1,1-
trichloroethane. Submersion of the PEI-coated wafer in this solution for 60 minutes at
25°C followed by an alcohol rinse and drying under nitrogen flow yields an attachment

30 layer about 200A thick. Polystyrene (e.g., commercially available polystyrene from Becton
Dickinson of Oxnard, CA) may be dissolved in toluene or another solvent to a ratio of
0.025g/ml, spun-on to a wafer, and cured for 60 minutes are 25°C to yield a final layer
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substrates, co-enzymes, neuron transmitters, viruses, viral particles, microorganisms,

polysaccharides, chelators, drugs, and any other member of a specific binding pair.
The receptor material is characterized by an ability to specifically bind the analyte
or analytes of interest. The analyte or analytes of interest are obtained from a test specimen
25 to be analyzed for a specific state or condition such as a disease. The specimens may be
found in the matrix of such materials as fluids, solids, or gasses; especially mucous, saliva,
urine, feces, tissue, marrow, cerebral spinal fluid, serum, plasma, whole blood, sputum,
buffered solutions, extracted solutions, semen, vaginal secretions, pericardial, gastric,
peritoneal, pleural, or other washes, and the like. Or the specimen may be a soil or water
30 sample or a food sample, etc. The presence of an analyte is an indicator of infectious
disease, cancer, metabolic disorder, food poisoning, toxic exposure, drug abuse, or levels

of therapeutic agents. The presence of an analyte may also indicate environmental
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anal yzed for a specific state or condition such’as a di sease. e speci nens
may be sera from rabbits that were previously injected with suspensions of cells form cultures of

Neisseria meningitidis A, C, Y, Wh3s. The coupling was done using the reagent S-acetyl
thioacetic acid N-hydroxysuccinimide ester according to conventional methods that are
described in Analytical Biochemistry 132 (1983) 68-73. The resultant conjugate contained

25 peroxidase (104 pM) and immunoglobulin (35 uM) in a buffer of 4-
morpholinepropanesulfonic acid (MOPS), 50mM, pH 7.0. The peroxidase-
immunoglobulin conjugate was diluted in MOPS buffer together with casein (5Smg/ml) and
mixed with an equal volume of a dilution of a cell-free filtrate from a culture of Neisseria
meningitidis organisms.

30 A 25 pl aliquot of the mixture was transferred by pipette to the surface of a silicon
wafer coated with layers of silicon nitride, T-polymer siloxane, and purified

immunoglobulin from the same rabbit antibody preparation to Neisseria meningitidis.
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* * *

While the invention has been described and exemplified in sufficient detail for
those skilled in this art to make and use it, various alternatives, modifications, and
improvements should be apparent without departing from the spirit and scope of the

25 invention.

One skilled in the art readily appreciates that the present invention is well adapted
to carry out the objects and obtain the ends and advantages mentioned, as well as those
inherent therein. The cell lines, embryos, animals, and processes and methods for
producing them are representative of preferred embodiments, are exemplary, and are not

30 intended as limitations on the scope of the invention. Modifications therein and other uses
will occur to those skilled in the art. These modifications are encompassed within the

spirit of the invention and are defined by the scope of the claims.
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speci fiqs t ypes: ' L b : | ' ' [ 9:at:nQ purpose
of “the T nJRmitls e Rk S Rebknidod' il ko inddncdbiRE baid ergkithel T FO2
bi ndi ng assstyppe ¢fdhe inventimn claimed SEless; it shenklbevinderstood thiavAlthough the lpresenta

nbi nati on._t her eof ., Strept : St r.ept & B,
Respi 1 at or ymHOR Rrshedh pReR e L Glore b BPetéired abiobiuneats 54 oupue latiresnq
Her pes Si nphedifivitionand Yarfatibn Yihe @ondepts henai disclsed ay BE R3oiais by Bisde and

exemplified in sufficient detail for . .
skilled in the art, and that such modifications and variations are considered to be within the

-

20  scope of this invention as defined by the appended claims.
In addition, where features or aspects of the invention are described in terms of
Markush groups, those skilled in the art will recognize that the invention is also thereby
described in terms of any individual member or subgroup of members of the Markush
group. For example, if X is described as selected from the group consisting of bromine,
25  chlorine, and iodine, claims for X being bromine and claims for X being bromine and
chlorine are fully described.

Other embodiments are set forth within the following claims.



those skilled in this art to make and use it, various alternatives,

nodi fi cations, and inprovenents shoul d be apparent w thout departing from
the spirit and scope of the 25 invention. One skilled in the art readily
appr eci at SYOONEBIL he present invention is wel|l adapted (FETEEMA4Yut the
obj ects an@WeBlaimn t he ends and advant ages nentioned, as well as those

i nherent therein.,The cegll l.ines. enbrygs,.ani an 0 es and

nmet hods for prgdﬁgﬂ*ﬁe %Eﬁlﬁ:hgtsemlgngsﬁyetﬂfn a%ci\%éeg%%&bsrag?ger’ rﬁ{eedfegﬁ" odi nent s,
are exenpl 3pyprighg are not 30 intended as limtations on the scope of the

i nvention. Mdifications therein and other uses wll occur to those
skilled in the asebstratgdersuppRrting said § sare enconpassed wWithin the spirit
of the knventioQqs i ePRanRk j i

01/ 10518 PeT LRt Kt prodiEfhe Beolriifac y appg‘r’ﬁeﬁtqnﬁ%ﬁiaa{%?r‘rs%ﬁp?a Iled in
the art that vanfirstgolripationtelepienhiocatetbatwetnfsaiddightsoyrasand baid saraplest o t he

i nvention di scl osed hegei i t hout depal.ti dfro t SC .spirit of
the invention. ASPFeHgE é’ﬁfié}e% e%ﬁ%??%élfﬁ%ﬁggﬂgﬂeﬁgﬁsgﬁ?ﬁ s?ﬁgsmggfe%ti fication
are indicative gledofi@ pslatifitich Sleflent 166 Keiweehdhid detgctbkarld saldsaipie; aid  t 0
whi ch the invention pertains. Al patents and . publications are herein

i ncor por at ed by &dataanalysis megng fos utilizing 2signal pbigined from said defegiof Iy al

publ i cali on was Ny . d individually indicated to be incorporated
by ref gpence. Tﬁgt%%éeﬁ?‘?% iTTUstratively described herein suitably nay be
practiced in thevherhsatieast aie ofisaid st amhsecand polagizatiinslethénts is arotatabler
limtations which jg not specificall. 14) 031 s.gl osed herein. T us, for

exanpl e, i rFieBRahwhigh rotptes.dug an operating pod of spid deyice to KRRy an § 40T DL (i st i ng
essenti al | YoffhoneAPSf safélsdtdiniapiktio radidtiy with i) bidd @Herdintshidedata waalysiof t he
other two terims. The terns and expressi ons which have been enployed are
used as t aneans uges & standard fungtiomthat copelatss film Hhicknessdp detgetor signaf inteusity,
intenti.l%n that in the use of such terns and expressions of excluding any
equi val'ents of the features shown and described or 15 portions thereof, but
it is recognized. Ahievicy accontig towthirh il cwbeércin said dightourse pfaduedst hi n t he scope
of the invention clained. Thus i‘ii shoul d be understood that although the
present i m“@m‘%&%@%& PH% |y discl osed by preferred enbodi nents
and optional features, nodification and variation of the concepts herein

di scl osed may be resorted to by those skilled in the art, . and,that such
modi fi cati ons addAvsyicasecerdingloslaim iswherringaid slegompansticradition i sg of

this i yentd on adSydipfdotipisiny visife REHBGREGE FLHR] 448 ultraviolet light.

4. A device according to claim 1, wherein said first polarization element comprises

a rotatable polarizing filter.

25 5. A device according to claim 1, wherein said second polarization element

comprises a rotatable polarizing filter.

R
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In addition, where features or aspects of the invention are described in
ternms of Markush groups, those skilled in the art will recognize that the
invention is also thereby described in ternms of any individual nmenber or
subgroup oVOPAMAPs of the Markush group. For exanple, i|PCKUBM24B3cri bed
as sel ected fr o Allevige aeeprdingitoiciaiinslg whbérelnrsaid first pobizetidroelement camgrisesdi ne,

clainms for i rom nd.clai ms for X bein ronine and .chlorine are
Fully: desc A paRolhobie il it SodlelPent lepehd iRt doion e B9pRTfea A ng
clainms. - Jkel\@hdlzbd 1310 PCT/ USO0/ 21437 We Claim 1. A device for use in
determining a filmthickness of a sanple, the device conprising: a
substrate for supporting said sanple; 5 a light source for producing

el ectromagnet i C 9 Yol § o] k3 j ?sfﬁgip‘] - i .l zation
el enent I\”"flocat ed 7b§? ﬁggﬁggg%%n%*;ﬁn?g&?g%ﬂa% sal 3%"5%%?%15%&&2%€{‘%§ for
det ecti ng &l fixed polasiging filter, padiwhercinrsaidsttond ipelirizativmebemenit camprises a a second
pol ari zat i %tgh%me t | ocated between said detector and said sanple; and a
data anal ysi 3 G utilizi ng a signal obtained fromsaid detector to
10 determne filmthickness, wherein at |east one of said first and second

pol arization elenents is a rotatable elenent which rotates during an
operating mode & Adsvige awording toslajaly wherein &t inasiome of said fipbanstaecard sai d

el ectr g j 1&hd ' i : 1er el . is neans
ises o o anRrgeddidnate i d HeyP Rt kot e80T 7 (on
intensity. deteBtoR. A device according to claim1, wherein said |ight source
produces nonochromatic el ectronagnetic radiation. 3. A device according to
claim1l1, wherein said electromagnetic radiation is selected 20 fromthe
group conpri si n@. wideviek Bodotdiff to clakin's ihekeln S filnAR IS [H¥lali®d ad | ONL. 4. A
device according to claim1, wherein said first polarization el ement
conpri ses #npligidgof paid apasi-sinpspidelintensitesignabs S A device according to claim
1, whengi n said second polarization elenent conprises a rotatable
pol arizing filter.

10. A device according to claim 8, wherein said film thickness is related to a peak

to peak amplitude of said quasi-sinusoidal intensity signal.

11. A device according to claim 1, wherein said device further comprises a control

20  sample comprising a known film thickness.

12. A device according to claim 11, wherein the control sample is a negative

control sample.

25 13. A device according to claim 12, wherein the standard function comprises a
normalizing function which relates said detector signal intensity to a comparative detector

signal intensity obtained from said negative control sample.

* C L M § *
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jiibpiiidi rrer rrrrrr -35 WO 01711310 PCT/ USO0/ 21437 6. A devi ce
according to claiml1l, wherein said first polarization elenent conprises a
rotatable polarizing filter, and wherein said second pol ari zation el enent
conpri ses woolames analyzer. 5 7. A device accordi ng to HCIVUS0®214%her ei n

sai d first pol ajjzQiigee RbaaRgio 61a7P13, Wiereimthe nsAthliRflgFinotion s 4 fatib 6f , and
wherein said second polarization el enent conprises a , rotatable analyzer.

8. A devi cesaiddetsetar signal intensity sndisaid gemperafive detectersignahiatensityqbtaingd; fram * 5n
second 10 | arl.zat.l nts is rotated to provide a quasi -si nusoi dal
Intensity s?fggr?aéa{tlgg%s%aé%@g?ector. 9. A device according to claimS8,
wherein said filmthickness is related to an anplitude of said

quasi - si_nusoi dal _intensity sjgnal ., .15 10. A deui accar di to claima8,
wher ei n9aid fi fh Wﬁ@ég '“vtPé’Faéfpadwg?felé‘ sﬁ@élgﬁ?ﬂ‘)’mﬁéiﬂosé fifde of said
quasi - si NUSPLFERN ahdlé Rilktive Yo the Gibidtrate,lahd sAid derttoris positosbdE sdi@prfigedn 1,
wherein said device further conprises a control 20 sanple conprising a
known fi | manglecélativedo theaubstratgevi ce according to claim 11, wherein the
control sanple is a negative control sanple. 25 13. A device according to
claim12, wherein the standard function conprises a normalizing function
whi ch rel at es sdsdA detipdiof measuging b film tldclaiess/ oftacamplepiip arettiod\compesing:t or
signal intensity obtained . fromsaid Ele ative control sanple. [ 1111111
LEEEEE 01 11 Praviding § fqvice.copprising & lgﬁﬁ%ad’f ArSh g 88921437 14. A
device accQgliidg to claim 13, wherein the nornalizing functionis a ratio
of said detector signal intensity and said conparative detector_ signal

i ntensity obt ai digectingslectremagmeticradiation frewthe kight sees towaxs the sampkeyi ce

according g, 4 3elledomifielicialianah f rbiddls ML Sl OST L1 ONed At a

polarizing the electromagnetic radiation that is directed towards the sample using

15  the polarizer;
polarizing the electromagnetic radiation reflected from the sample using the
analyzer;
rotating the polarizer or the analyzer to vary the s and p content of the polarized
electromagnetic radiation with time;

20 detecting the polarized electromagnetic radiation reflected from the sample using
the detector, whereby a signal is obtained corresponding to the intensity of the reflected
electromagnetic radiation; and

correlating the signal to the film thickness of the sample, wherein said correlation
step comprises using a standard function that relates film thickness to detector signal

25  intensity.

17. The method of claim 16, wherein said standard function is selected from a
plurality of standard functions obtained from samples having different optical properties.

30 18. The method of claim 16, wherein said method further comprises providing a

comparative detector signal intensity obtained from a negative control sample.

I




prefixed angle relative to the substrate, and said detector is positioned
at said prefixed angle relative to the substrate. 16. A nethod of
measuring a filmthickness of a sanple, the nethod conprising: 10

provi di ng ¥YUMP. conprising a |ight source, a polarizer PCAASHRINIzer . and
a detector; dirl@Themethbdof ¢laimmlfirehérein tizxiitandaifufictiomcbinprisdsghiormalising

towards th l.g. reb | ect r omagnet.i adiation is.reflected from
t he sanpl e?ﬁl;ﬁ)o ar@?hn%?ﬁghyeqeg%fqgﬁﬁéﬁ R f‘%ﬁP&PF’BPF“FH%&“?@W&?@é& ed

t owar ds thentasipl e using 15 the polarizer; polarizing the el ectromagnetic
radiation reflected fromthe sanple using the analyzer; rotating the

pol ari zer or the analyzer to vary the s and p content of the polarized

el ectrompgnetic h Sl ' | JTR: hs . '

el ectr oggnet i C {ogg?i?%ﬁdﬁél ecitgggnh?r%g(%lr#1 ?hﬁag%tgﬁﬁgpﬁgﬂﬂaﬁggggf ector,
wher eby a sdetgetor sigpaldhtensityadd thercomparativi dagectar signal intehsitysi ty of t he

refl ected electronagnetic radiation; and correlating the signal to the
filmthi ckness of the sanple, wherein said correlation step conprises
using a standar @1f Theinethod bhéliini B, Mhefeid rotabihg HePon@izer drind\@laRebProviag@nal 25
intensity. 17. The pethod of claim 16, wherern said standard function is
sel ect ed f rbfPrEEsPopiing quasi ¢ sigpsoidal signal rom the detester. obt ai ned from sanpl es
having gy fferent optical properties. 30 18. The nethod of claim 16,
wherein said nethod further conprises providing a conparative detector

si gnal intensi t\22o0BAideiice friusoiminterpegiigithie fitabinding seays) the dévicklcbinpiiding:1 1
prrraraaarennnd Mﬁ; - 37 \\D 81%{“%1310 PCT/ US00/ 21437 19. The met hod of

clai m 18 wher ei i VRES QR EHPP ASEPBYS: conpri ses a normalizing function

which rel ates t haighessedeTor Srolitilg ditrdRaghefic tatidtiea 5 ARAhAL Eﬁ@sﬂlﬁ% :ctor
signal intensity., 5 20. The nethod of claim 19, wherein the nor I zi ng

function is a rdtdeteolor fandetecting deqtiomagnalic asdigtionaefiicted fomisaidheamplerpar at i ve
det ect of5 Si Yhinla3gRiSirbdiced by said detector corresponds to the intensity of said reflected
electromagnetic radiation;

=D

an optical pathway between said light source, said sample, and said detector, said
optical pathway comprising a fixed polarization element located between said light source
and said sample to linearly polarize said electromagnetic radiation; and
20 a signal processor for interpreting a thin film binding assay by correlating said
signal with a film thickness of said sample.

23. A device according to claim 22, wherein said linearly polarized electromagnetic
radiation is essentially s-polarized relative to a plane of incidence in said optical pathway

25  between said polarizer and said detector.

24. A device according to claim 22, wherein said linearly polarized electromagnetic
radiation is essentially p- polarized relative to a plane of incidence in said optical pathway
between said polarizer and said detector.

30

i
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21. The nethod of claim 16, wherein rotating the polarizer or the analyzer
provides a correspondi ng quasi - sinusoidal signal fromthe detector. 10
22. A device for use in interpreting thin filmbinding assays, the device
conpri si ngWO/d3MBstrate for supporting a sanple; a light P‘s‘éH?Q?@“%r

produci ng el ect rasnAgieeict accontingtbictaimt22, whéreimisaid tfilm hickhessispélated toa thist ect or
for detecti el ectromagn Eji c radiation reflected fromsaid sanple, 15 ’
wherein a sglg'h@f‘ 36??636%5& y said detector corresponds to the intensity of
said reflected electronmagnetic radiation; an optical pathway between said

| i ght source, said sanple, and said detector, said optical pathway
conprising a fixSdAslsvige pecardingtoslaingds whereinsaid hght SRRICR PLOJNEES| i ght ~ sour ce
and said:s B EQIH . Al iz aid el ectromagnetic radiation; and 20
a si gnalds pﬁggéogs}}%or?n#grg I'n I}e{ar%rg'!éﬁaﬁéﬁgﬁt hin film binding assay by
correlating said signal with a filmthickness of said sanple. 23. A device

according to clajm22,.wherein said |jnearl. | ar.i zed, el ectro etic
radiation is es?e‘[r?f\i °§a'é°95§6?%ﬁ°i°m igewﬁ?rpéégiﬁgpgcaépéh\ga%ﬁon?pﬁlg? ence in
sai d optica@@ﬁ&mﬁoga‘a};@ﬁt\!\een said polarizer and said detector. 24. A
device according to claim 22, wherein said linearly polarized

el ectromagnetic radiation is essentially p- polarized relative to a pl ane
of incigence in gai ' _ . - Sk ' FBfpRghs

det cot oft 50 A el i Rithiatine i R g osRigy By Shcr BB AR
PGTNS00/ 21437  2bsubsiraticfor suppartingadamplet o cl ai m 22, wherein said film
thickness is related to t hi i l.m bindi assay .resul.t . 26, A device
according to cl aaralﬁﬁeh_i?? T BroAucdng ﬂeqtgowe@%agﬁ%mért%ﬁﬁlgégate %a‘%%g?‘lr omatic
el ectromagneti ¢ J @adcairifo¥ tetetting AediRMiaghetRGadA BN TefdcdEom saiPskmpMer ei n sai d
optical pathway conprises a single polarization elenent. 10 28 A device

for use i n whereingrsignalpyodused by saiddeipater %53@95%"9 the iptensigiaf said eefispiedl si ng:
15 electromagnetic radiation; _

an optical pathway between said light source, said sample, and said detector, said
optical pathway comprising a fixed polarization element located between said sample and
said detector to linearly polarize said reflected electromagnetic radiation; and

a signal processor for correlating said signal with a film thickness on said sample.

20
29. A device according to claim 28, wherein said linearly polarized electromagnetic
radiation is essentially s-polarized relative to a plane of incidence in said optical pathway
between said polarizer and said detector.
25 - 30. A device according to claim 28, wherein said linearly polarized electromagnetic

radiation is essentially p-polarized relative to a plane of incidence in said optical pathway

between said polarizer and said detector.

31. A device according to claim 28, wherein said film thickness is related to a thin
30 film binding assay result.

A
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a substrate for supporting a sanple; a light source for producing

el ectromagnetic radiation to illumnate said sanple; a detector for
detecting el ectromagnetic radiation reflected fromsaid sanple, wherein a
si gnal pro¥Q9d13Y sai d detector corresponds to the intenBETASN214¥ d
reflected 15 eB2cA deviemaveordingrta diainh 28,rwhesein sqidl light somrt brvdicdet ween sai d
i ght source aid sanpl e, and. saj.d.detector, said optical pathway

conpri si ngnéfmf”%?g[&a'b%%gw 1 RUAt | ocat ed between said sanpl e and
said detector to linearly polarize said reflected el ectromagnetic

radi ation; and a_signal processor for correlating said signal with a film
t hi ckness on saP# %aw-ﬂ%accorx_imgz'g.clam a&vvhezein said ppticabpatway eamprizes a wher ei n
said |irear 't%:fi'ﬂe tromagnetic radiation is essentially

s- pol ar iezeéin%leer@th%g ol%ﬂ%ﬁ'ane of incidence in said optical pathway

bet ween said pol arizer and said detector. 25 30. A device according to

claim 28, wherein id |jnear.l olarized el ectromagnetic radiation is
essentially p- pgf'aé ?i‘@ff EPSRP g?’c'?t‘ﬁg éﬂ’%ﬁg” bmnding assaus ke deyicg gomprgingcal
pat hway bet measﬁweq@@?ﬁﬁﬁﬁ%@%ﬂ@,i d detector. 31. A device according

to claim28, wherein said filmthickness is related to a thin 30 film
bi ndi ng assay r adightsource farpraducing elestramagnetid ratiation to illuinina® taidéaiple;39 O

01/ 113 PCT/ USQQ/ : eVl . rdi.ng _to cl.aim 28 wherein said

li ght ;@ur ce prggﬁ%éég%ﬁg%%tﬁégﬁ af?‘@g%%é‘g?ﬁdmgﬁ%feﬂ?d%ﬁm saq WPT%B. A

devi ce accovireima signat ppodicaihy saldaietictor sarédprids its the iMBAIIYRY s6i@Fallebts8S a b5
single polafization.elepent. 34. A device for use in interpreting thin film
bi ndi ng as$EFEompgEteEAHAAN onpri sing:  a substrate for supporting a
sanple; a |lightas ARG r@%}dx' L2 & 0

i1lum nate said s%ﬁ?gtﬁﬁ% det g?tgér?ghf%?fcg’et ectl gf’ ﬁ%aﬁ%%ééﬁéﬁdc

radi ation ref| easiggaliprenesson for comelpting saidsignabwith a fidi dhickness ordsaiceshmiple. sai d
detect qg corresponds to the intensity of said reflected electronagnetic
radi ation;

o

35. A device according to claim 34, wherein said light source is positioned relative

to said sample and said detector to provide a low angle of incidence.

36. A device according to claim 34, wherein said optical pathway comprises
20  neither a polarizer located between said light source and said sample, nor a polarizer
located between said sample and said detector.
37. A device according to claim 35, wherein said light source is positioned at an

angle of incidence ranging from about 0° to about 30°, determined relative to a line normal

to the plane of the sample.
25

38. A device according to claim 35, wherein said light source is positioned at an

angle of incidence ranging from 0° to 20°.

39. A device according to claim 35, wherein said light source is positioned at an

30 angle of incidence ranging from 0° to 10°.

R
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an optical pathway between said |ight source, said sanple, and said
detector; and a signal processor for correlating said signal with a film
t hi ckness on said sanple. 15 35. A device according to clai 4 erein
said |ightWoOYIB i s positioned relative to said sanple ﬁé’g‘%@?wdet ect or
to provide a | odd.ahdévdcerccordingdeclsion 38 ovhersinisaid ight someaprpdses o cl ai m 34,
wherein said optical rm%g s 20 neither a polarizer |ocated

bet ween sainamﬁaﬁﬂ %éco%?&yéﬂ%é%ﬂ@al t{ssoa‘?lihpl e, nor a polarizer |ocated between
said sanpl e and said detector. 37. A device according to claim 35, wherein

said light source is positiqQnped at. a ngl.e of .j ncidence rangi ng f.rom '
about 0 to abouﬂl'ﬁﬁe‘ﬂ%ecﬁ?ﬁl%@a@‘%?‘f’\yg‘ %f“‘{ ﬂ% ﬁl’smf%e%ltﬂgﬂﬂflane of
the sanpl e g4 Binhg s e according to claim35, wherein said |ight

source I's positioned at an angle of incidence ranging fromO to 20. 39. A
device according to claim35, wherein said |light source.is positioned at an

30 angl e of incigepge.rangi f " I . 11111 11
11l -40 WO 01/ i?' °‘ﬂ€'ﬁ°€%‘gg‘ﬁéﬁ§‘gi?93ér3"h]e%’%‘l‘e“\kxﬁi Jé‘ledcél@'ml gordrng gn(])lgec%laai m 34,
wher ei n saipglatiziap filteowhick providds cielarlypolutizedlighti ¢ el ect r omagnetic

radi ation. 41. A device according to claim34, wherein said filmthickness
is related to a thin 5 filmbinding assay result. 42. A device according
to cl aigp 34, whggei | [ Whbrda® ' sk flReistobaéd i shidl t er
whi ch grﬁ]ovi des ??r%gfﬁaﬁ%c‘gg%ﬁ?gﬁa??ght 1%%‘?&%%%1?6& according to
clai m 42, \optica pathway betwednssaidAightsdurdetand said samplet ed in said opti cal

pat hway between said |ight source and said sanple. 44. A device according
to claim42, wherein said polarizing filter is located in said optical

pat hway bet ween 4434 deviedgrterdibgdo slaintl 42|atiradinsaid fdlariking Mterid locatedih said
interpreting thin filmbindinp asse;}/la, t Bgtﬁrret hod conprising: providing a
devi ce conpPlieal pathway bejwe seppleAnd spid dElGPIOr- o £ st optical pat hway

15

45. A method of interpreting thin film binding assays, the method comprising:

providing a device comprising a light source, a detector, a first optical pathway
between said light source and a sample, and a second optical pathway between said sample
and said detector;

20 directing electromagnetic radiation from said light source along said first optical
pathway to said sample, whereby electromagnetic radiation is reflected by said sample
along said second optical pathway to said detector;

linearly polarizing said electromagnetic radiation along said first optical pathway at
a position prior to contact of said electromagnetic radiation with said sample;

25 detecting said electromagnetic radiation reflected by said sample using said
detector, whereby a signal is obtained corresponding to the intensity of said reflected
electromagnetic radiation; and

correlating said signal to the film thickness of the sample.

30 46. The method of claim 45, wherein said linearly polarized electromagnetic

radiation is essentially s-polarized relative to a plane of incidence in said second optical

A

pathway between said polarizer and said detector.
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between said |light source and a sanple, and a second optical pathway

bet ween said sanple and said detector; 20 directing el ectromagnetic
radiation fromsaid |ight source along said first optical at hway to said
sanpl e, Wh¥P138¢ ectronmgnetic radiation is reflected by"‘%"%ﬂ’“@hﬁbl e

al ong sai d second optical pathway to said detector; linearly polarizing

sai d el ectronmagnet Latd |0 e A A I optical, pat hway.at a
position prior tQ Z' %I%n %@‘%daé)ffc ?*{si]’g?‘é’ &e}ﬁeerg rsglﬁéfélﬁ%!}?%&arnaza‘?gkemn ¥ said
sanpl e; 25 ralfistiontis exgersiallyl pglokeizedrelative td £plsbfdididence & saRldeeshdvpticali d

sanpl e usi ng,sai det ecfor, .whereb signal is obtained corresponding to
the int ensi@?wﬂg%e@?g?@ﬁ@ﬂm%a&%t?? gnetic radiation; and correl ating
said signal to the filmthickness of the sanple. 30 46. The nmethod of claim

45, wherein said linearly polarized el ectromagnetic radiation is
essential |y s- pdBafhemeihodofzldimalS; whereip/saiddilmithickasissiismelated to s thindfilecond

optical pat s n said polarizer and said detector. ---------- I
12l 11%&‘%@%’#@&11 111111 * -41- L MS * WO 01/ 11310

PCT/ USOCQ 21437 47. The met hod of claim45, wherein said linearly polarized
el ectronmagnetic radiation is essentjal]y p-polarized relative to a plane of

i nci dence in safd Sectedpficlaim 45, whersiRsgiddightaource producesgnencchiomatiod sai d

detect qp. Sietfomas 'f’ﬁhﬂﬁgn‘)f claim45, wherein said filmthickness is
related to a thllnnéh:‘afl m binding assay result. 49. The nethod of claim45,

wherein said |ight source produces nonochromatic 10 el ectromagnetic

radi ati on. 50. net hod ¢lai.m 45.. wherein said . nethod.is perforned

wi thout polari ggﬁ}gr{n%%dséa}{cprgﬁgt‘fvﬁgﬁﬁfﬁlg % qdiﬁpﬁf?rmﬁgpﬂtﬂlpgtct ed from said
sanpl e. 15 polerizAioNRIf 64 clRbtrormighbtid Rliatieh fefledted frbiiskidraipr. assays, the

met hod conprising: providing a device conprising a |light source, a
detector, a first optical pathway between said |light source and a sanpl e,

and a ggcond opish CRmefRk e prRiNE ffh fiRth HiniRBRLGys, the method comprising:
providing a device comprising a light source, a detector, a first optical pathway
between said light source and a sample, and a second optical pathway between said sample
and said detector;
directing electromagnetic radiation from said light source along said first optical
20 pathway to said sample, whereby electromagnetic radiation is reflected by said sample
along said second optical pathway to said detector;
linearly polarizing said electromagnetic radiation along said second optical
pathway at a position after contact of said electromagnetic radiation with said sample;
detecting said electromagnetic radiation reflected by said sample using said
25  detector, whereby a signal is obtained corresponding to the intensity of said reflected
clectromagnetic radiation; and
correlating said signal to the film thickness of the sample.

52. The method of claim 51, wherein said linearly polarized electromagnetic
30 radiation is essentially s-polarized relative to a plane of incidence in said second optical

pathway between said polarizer and said detector. e
MR O R R
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and said detector; . directing electromagnetic radiation fromsaid |ight
source along said first optical 20 pathway to said sanple, whereby

el ectromagnetic radiation is reflected by said sanple along said second
optical paMAM{MIB said detector; linearly polarizing sai Bc'gpﬁﬂi’fziﬁﬁragnet iC
radi ati on al ongh3sTheimethod nficlaipt §; atherepusaidilinearly pelagizediclacoomagitetic cont act of

id el ic radiati i th. sai d e... d ' i d.
ol ect r onag iAPRon P speatifty shosiet a3 3b & aRe Bl rineeR o ot SpBPtbical oo or
wher eby a patigna betveeen Biid polaflzerand eddastedterg to the intensity of said

reflected electromagnetic radiation; and correlating said signal to the
fil mthickness of the sanple. 52. The nethod of claimb51, wherein said

li nearly pol arigetheinehbl BFEMRES 1, whefdid Gl fikd ﬂléssfsﬁ%g&hitahkmnﬁhgol ari zed

relative to a plane of incidence’in sald second optical pathway between
sai d pol arbinding agsey ssaultl detector. - - -- L LLLLOEL L0EEEl 111Jr 11111 11
11 * C-42 WD 01/ 11310 PCT/USQQ 21437 53. The nethod of claimb51,

wherein said linearly polarized el ectromagnetic radiation is essentially

p-pol ari zed r el 55t Themethod ofIRRES 1Q whedeii sdRY It sourcedirékiuzerBotbchfimatial

pat hway between said pgl arizer and said detector. 5 54. The nethod of claim
51, wher ei flectmagnetic £adidioBk ness is related to a thin film binding assay
resul t4g 55. The nethod of claim51, wherein said Iight source produces
nonochromati c el ectronmagnetic radiation. 10 56. The nethod of claim 51,
wher ei n sai d neithEhe insthpd of claimeil , wherteinsaid methed is patformed ofithout d

el ectromagnetic..radi atj on, prior.,.toteflection fromsaid.sanple. 57. A
et hod o iizeafEeh s SebieRlungtent Brefeon Bt S Rrle-A Ao SHRRRRE e i ho: 15
provi ding a device conprising a light source, a detector, a first optical

pat hway between said |jght source .and g_sarrpl e, and a_second, opti cal
pat hway bet weer? /s4 |baterp thin film Bindingiagsays, dhe ethod ePrETSEIE; onagnet i ¢

T, Lo eS8 A AP gy o =
: between said light source and a sample, and a second optical pathway between said sample
 and said detector; _
directing electromagnetic radiation from said light source along said first optical
pathway to said sample, whereby electromagnetic radiation is reflected by said sample
20  along said second optical pathway to said detector, wherein said electromagnetic radiation
is unpolarized at said detector without movement of components in said optical pathway;
detecting said electromagnetic radiation reflected by said sample using said
detector, whereby a signal is obtained corresponding to the intensity of said reflected
electromagnetic radiation; and

25 correlating said signal to the film thickness of the sample.

58. The method of claim 57, wherein said light source is positioned at a low angle

of incidence determined relative to a line normal to the sample.

30 59. The method of claim 57, wherein said optical pathway comprises neither a

polarizer located between said light source and said sample, nor a polarizer located

sy

between said sample and said detector.
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20 al ong said second optical pathway to said detector, wherein said

el ectromagnetic radiation is unpolarized at said detector w thout novenent
of conponents in _said optical pathway; detecting said electromagnetic

radi ati on MPP¥IEYY by said sanple using said detector, WHSTESIVHIT gnal is
obt ai ned cor r esffbite mgthod of plaim A8,evheraiy said loveangle offihciddnecirangéscfoom onagnet i ¢
radi ati on; orL.ehating said signal to the filmthickness of the
sanpl e. 58?b%$ﬁ02tgn€ ?lu(%&‘adf claim57, wherein said |light source is positioned
at a low angle of incidence determined relative to a line normal to the
sanple. 30 59. The nethod of claim 57, wherein said optical pathway

conpri ses nei t Hr The msthod of olaim 5% v¢hersin prid loseangleofdndidepie ranges foam 8htd sai d
sanpl e, 5 N0hnea pol ari zer |l ocated between said sanple and said detector.
Freerer-ererr rrrrr 11111111111 -43 WO 01/ 11310 PCT/ US00/ 21437  60. The
met hod of claim58, wherein said | ow angl e of incidence ranges from about
0 to about 30. 61. The nethod of claimb58, wherein said | ow angle of

i nci dence r angef?- Themethod of clginp 60 whereimsgid lowtanglg ofincidenderamss flouy ity sai d

| ow angl e gfo i nci dence ranges from00 to 10. 63. The nethod of claim 57,
wherein said'|light source produces nonochromatic 10 el ectromagnetic

radi ation. 64. éh&heniethod oftlainh 87, Wherein Yidlight Bowdé profindelrohbetsorstse | S

related . to a thin fjlm, binding assay result. 'I1ITJ FLLEEiEnr vilk 11 1l L M
S electromagnetic radiation.

64. The method of claim 57, wherein said film thickness is related to a thin film

binding assay result.
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