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PCT/ 1 B95/ 00368 The ‘present invention relates to a process for
detecting eVWRAS83BRt |y excited |um nescence with a planar di &

opti cal sensor platformbased on a wavegui de. The invention also relates to
the use of said process in qualitative affinity sensing and to the use
thereof for the selective quantitative determ nation of | um nescent
conponents in optically turbid solutions. The invention further relates to
a sensor platformsuitable for carrying out the process where |ight
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| um nescence can be differentiated in accordance with the choice of
radi atlon fractions that can be detected:

With the evanescent fieild i is possible in particular to excite luminescence in the optically
thinner medium. This excitation is iimited to the immediate environment of the interface of
the waveguide. Evanescent luminescence excitation Is therefore of great interest for
analytical purposes. '

A planar sensor consists in the simplest case of a 3-layer system: a substrate, a wave-
conducting layer, and a superstrate that usually constitutes the sample for assaying. |
Especially in the case of thin waveguides in which the thickness of the waveguiding layer is
smaller than the light wave length, the number of diffusible modes of the light field capable
of propagation s limited to a few discrete waveguide modes.

- In the case of thick waveguides, a host of modes can be guided. In this case the need for a
substrate can often be dispensed with, for exampﬁe for thicknesses In the range of several
/10 mm amﬂ greater.

Prior art methods of detecting evanescently excited luminescence can be dmerent:ated in
accordance with the choice of radiation fractions that can be ae%ected
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of the "vol une fum nescence": a fraction of the fl uorescence ex0| te by the
gui ded wave is emtted into the full space angle; this fraction can be
optically recorded and fed into a detec ion system Detection of the
"evanescent | um nescence": conplenentary to the | umi nescence enitted into

- the space, this evanescent |um nescence is back-coupled as guided wave into
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| um nescence excitation. Such optical fibres typically have a dianeter of
up to 1 mllineter and conduct a host of nodes when |aser light is coupled
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substantially reduced in size or even nminiaturised to integrated optical
sensors. An enhancenent of the sensitivity is usually associated with an
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radi ati ofinhéliet ek fitto Y fibrb e’ QUiRAAIgE HinieAsidriioftRE hSEratus and the fact that
comparatively large sampling volumes are required ére further drawbacks. The apparatus
cannot be substantially reduced in size or even miniaturised to integrated optical sensors.
An enhancement of the sensitivity is usually associated with an increase in the size of the
apparatus.

A further drawback is the sensitivity which is _Iimited by the endface output-éoupling: as
excitation and luminescence radiation run co-linearly and have to be separated by beam
splitters and filters (e.g. cut-off filters or band-pass filters), the discrimination characteristics
of the filter unit limits the detection sensitivity.

The use of thick planar multimode waveguides is described by D. Christensen, D. Deyer, D.
Fowers, J. Herron in "Analysis of Excitation and Collectioh Geometries for Planar
Waveguide Immunosensors”, SPIE 1886, 2(1993) (Fibre Optic Sensors in Medical
Diagnostics). Here the excitation radiation is coupled into the waveguide via the endface,
and the luminescence light emitted into the space angle is detected. Alternatively it is also
possible to use an endface output-coupling. In this latter case, the limitation of sensitivity

- caused by the necessary beam splitters and filters are a drawback in the same way as in
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Desi gn ofregpranceqngl®ipl ers", Appl. Phys. 14, 235-254 (1977). The processes

described by Tiefenthaler et al. are useful for affinity sensing by the
direct detecti:on nethod (via the change in refractive index). The

d ihs pl ﬁc erfBvet pridir artueseosf apleion gnore Gien amma@gﬁaﬂn%ﬁrmémp@ﬁ aﬁbig@bgp@mﬁﬁ? to
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Feport s AR At SREE 0. SIATE B VG 45 oMt Grating Couplers on Planar
: Waveguldes as Integrated Opitci Chemical Sensors”, Sensors and Actuators B1, 585
{1890), and by T. Tamir and S.T. Peng, In "Analysis and Design of Grating Couplers”, Appl.
Phys. 14, 235-254 (1977). The processes described by Tiefenthaler et al. are useful for
affinity sensing by the direct detection method (via the change in refractive index). The
displacement of the coupling angle resonance is determined which, owing to the change in
refractive index, is govemed by adsorption or binding of molscules.

Varicus aﬁtemms have been made to enhance the sensitivity of evanescently excited
luminescence and to fabricate integrated optical sensors. Thus, fou"exampie, Bﬁasensors &
Bloelectronics 6 (1991), 585-607 reperts on planar mcndmode or low-mode waveguides
which are fabricated in a two-step ion exchange process and in which the coupling of light
into the excitation wave is effected with prisms. The affinity system used is huran
ﬁmmun@gﬁ@buEﬁn@iﬁuoresceineﬂabelﬂed proteinA, wherein the antibedy is immobilised on the
waveg_uﬂde and the fluorescein-labsiled proteinA to be detected, in phosphate buffer, is
added to a film of polyvinyi alcohot with which the measuring region of the waveguide is
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process for determ ning um nescence wth a wav'eqli de, which
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I nvention et 0 provi g% g%nﬁfﬂ@?@éﬁ??%g sré?és'%lli r{e(L)grt}r%n nc?g%seeoéf tﬁ of a

pl anar omql@munﬂda@gmm@tmrty causegibydhe raflection gratingasd which is emitted with the
luminescence signal ‘into the space angle. The characteristics of the necessary filters once

again limit the detection sensitivity.

The invention has for its object to provide a process for determining luminescence with a
planar optical waveguide'. which process is simple and economically viable and for which, in
particular, only small sample volumes are necessary. It is a further object of the invention to
provide a miniaturisable sensor platform on the basis of a planar optical waveguide for
carrying ouf the process. |

This object is achieved with a process for determining luminescence with a planar dielectric
‘optical sensor platform which consists of a transparent substrate (a) to which a thin
transparent waveguiding layer (b) is applied, which sensor platform is provided with a
coupling grating for the input-codpling of the excitation light and the refractive index of said
substrate (a) is lower than the refractive index of the wavegundmg layer (b), by brmgmg a
liquid sample as superstrate into contact with the layer (b), and measuring the Iummescence _



This object is achieved with a'process for determining | umnescence with a
pl anar di eﬁg%g optical sensor platformwhich consists of paithkedisag ent
substrate (a %‘Ii ch a thin transparent waveguiding |ayer (b) 1s applied,
whi ch sensor platformis provided with a coupling grating for the

i nput - coupl ing of the excitation light and the refractive index of said
substrate (a) is lower than the refractive index of the waveguiding |ayer
(b), by bringing a liquid sanple as superstrate into contact with the |ayer
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t he wavel h par anmeters active 1 ndex, layer thickness).
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in the practice of this invention, the excitation radiation is coupled into the waveguide with a
coupling grating and propagates in the waveguiding layer as guided wave. For the afficlent
evanescent excltation of the luminescence it is possible to achieve a high fleld strength at or
near the senser surface by choice of the wavelength parameters (refractive index, layer
thickness). | '

Surprisingly, it has been found that, for the dimensioning of the waveguide described
hereinbelow, a substantial fraction of the luminescence radlation is coupled back
evanescently into the wavegulde and is transported by the waveguide together with the
excitation wave. Hence the luminescence radlation can be coupled out of the waveguide via
a second coupling grating which is spatially separated from the first coupling grating and is
conducted to the detection system. The advantage of this “grating detection evanescent
luminescence” over the “volume detection® of the prior art resides in the sﬁmpﬂiﬁed poésibiﬂity
of minitiaturising the sensor platform and the detection system pertaining thereto.

- The dimensioning of planar waveguides for the mast efficient luminescence excitation
possible can be effected on the basis of the theory of planar waveguides. The following



Surprisingly, it has been found that, for the dinmensioning of the wavegui de
descri bedyd gg,gilgpel ow, a substantial fraction of the |um ngepagvsmodsadi ati on

i s coupl ed back evanescently into the wavegul de and is transported by the *
wavegui de together with the excitati on wave. Hence the | um nescence

radi ati on can be coupl ed out of the wage_gul de via a second coupling grating
which is spatially separated fromthe first coupling grating and is

conducted to the detection system The advantage of this "grating detection
evanesce,nt | um nescence" over the "vol unme detections of the pdor art
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pl anar wavegui des for the nost efficient |um nescence excitation possible

can be E’Fm%@%s’(ﬂﬁ"dw%‘&ﬂ%& BioetestronipeBr 3156255, (18A 1k Dvfd el "detical The
foll ow "

hor) O Bvequide diffachian $tiR8s: coupling between guided modes®, in Progress jn Optics '
in thi sXXbhresk £ Wolk GlsewiesiNaw Ve (1991)Lukosz "Principles and sensitivities
of integrated optical and surface plasnon sensors .for direct affinity
sensing and i munosensing", Biosensors & Bioel ectronics 6, 215-255 (1991),

D. G Hallhe peumrat@aldemggneeeanﬁscemtéetd o r@iamnwg@gu@empmrthgsmmm igui ded

nodes" %’ elh a ics XXIX, ed. E. WIf, Elsevier, New York (1991):
The pene 1 'on “dept he evanescent field of a pl anar wavegui de into
the superstrate is expressed by the equation : for the effective nodal
refractive index Neff, the superstrat refractive i ndex n[err], and for the
~wor ki ng wavel engt h [err]A& laNhe ation z denotes the coordinates |
vertical to the wavegui de“surf N%. de}iot es the coordinates of the

wavegui de propagation. Taking into account the standardi sation factor f for
the electric field strength at the wavegui de surface

for the effective modal refractive index Nerr, the superstrate refractive index Ngyper, a_nd-- for
_the working wavetength A. In the above equation z denotes the coordinates vertical to the

waveguide surface, x denotes the coordinates of the waveguide propagation. Taking into

account the standardisation tactor f for the electric field strength atthe waveguide surface
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in which ngn, is the refractive index of the waveguide and ngy, is the refractive index of the
substrate, there is obtained an intensity curve I¢ of the evanescent field above the
waveguide propertional to:

o IE ,_-,f.e_zf/&.;. .
This intensity curve of the exciting evanescent fields vertical to the waveguide surface
determines the essential sr:aling facter for dimensioning the layer thickness and refractive
index of the waveguide. For analytical utilities for the detection of luminescent molecules in
the proximity of the waveguide layer, it is necessary to take into account the distance of the
molecule from the waveguide surface when dimensioning' the waveguide.



[err] in which n[err] is the refractive index of the waveguide and n[err]

i s the refwardsizgmg ndex of the substrate, there is obtainedpgfapiisdad t Y
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parameters must lie in the following range:

« refractive index num 2 1.8 for the excitation wavelength A,
- layer thickness tux» < for the excitation wavelength A, preferably tam < M2.

A particularly advantageous embodiment of the process (s that when the layer thickness Is
selected in the range from 40 to 160nm, and simuitanecusly the depth modulation of the
gratings is from 3 to 80nm, the ratio of depth modulation to layer thickness being <0.5.

These wavelengths can alsc be characterised In that they typically permit only the
propagation of waveguide modes of low order m < 3.

The Eyminescenee whﬁch is evanescently coupled back into the waveguide is transported
therein; characteristic therefore Is the attenuation coefficient I" of the guided wave. Given a
low Stokes' shift, identical attenuation data for the excitation and luminescence radiation
can be assumed (péssﬁble- causes of the waveguide decay are scattering losses at the
interfaces of the waveguide as well as absorption in the waveguide layer or in the substrate

- or superstrate. If there are no proncunced namow absorption bands, then no significant
change in decay caused by the Stokes' shift of typically 10-50nm is to be expected both for
scattenng as well as for absefmﬂon Such spectrally narrow-band absorptiun effects must be.
avoided in salecting the material for the sensor platform).
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An optimum value for the grating distance B has been found to be B = x,,, with a variation
possibility in the range of B = (0.2 - 3)* xue (Xve: 1/ length for the drop in intensity of the
guided excitation wave in direction x).

(Conversuon I' [dB/cm] = Xy [1/mm] : X4=100/(In1 0*1"))

For greater distances, both excitation light as well as guided ldminescence Iight is strongly
attenuated and lead to a strong signal reduction. The downward limitation is not expressed
primarily by extitation and back-coupling, but rather by the demands associated therewith .
made of the positioning of both gratings and of the excitation radiation on the input-coupling
grating. Here spacings of less than 100um are inexpedient, also in view of thé dimehsioning
of the width of the input-coupling grating described below and the light diameter of the _
excitation radiation on the edge of the input-coupling grating. '

The invention is described hereinbelow in more detail by means of the figures.

Figure 1 shows a schematic sideview of an optical sensor platform which is particularly
suitable for carrying out the inventive process with a possible radiation curve.



fluid cell. Furthernore, it is advantageous that the outside edges of the

sensor el eyeeE3sges not have to nmeet any optical quality requigraEedtses SO
that their configuration can be adjusted to the fluid cell - in particular
to the configuration of the sealing enployed. An optimum val ue for the

grating distance B has been found to be,B = x[err], with a variation
possibility in the range of B = (0.2 -"3)* x[err] (x[err]: 1/e length for
the drop in intensity of the guided excitation wave in direction Xx).
(Conversion . r [dB/cm -> X [1/m]: X err]=100/(InlO[err])). For greater .
di st ancekigui@ shews pitep view af thghsensor pletiormue! figuraieéd | uni nescence light is
strongly attenuated and lead to a strong signal reduction. The downward
limtation is not expressed primarily by excitation and back-coupling, but
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the light dianmeter of the excitation radiation on the edge of the
I nput-coupling grating. ~The invention is described hereinbelowin nore
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for coupPiiiiann reRpectofithe xicomppnents of the waysyestorsisiek f or coupl i ng out
the lum nescence; 4 is the waveguiding |ayer and 5 is the substrate. Fi g.
1 shows a possible path of rays for the input- and output-coupling of
excitati by ady, tustkesdenaons at,imuinfegén kanecigttcaldratiMpva@msor  pl atform
A gui ded wave with propagatio ’(\ﬁ direction x is excited by the coupling
grating 2 in the sensor plane. when the resonance -

kg = 2% *N g = ko * N : wave vector-gulded wave with effective modal refractive index

Nen

in Fig. 1, a negative angle s is shown for the input-coupling with

ka=ks"c086 (ko magnitude of wave vector In the plane of the drawing)

so that the gulded wave runs in the “opposite direction” to the excitation (so-called
“backward coupling"). Positive angles are chosen for coupling out the excltation wave {with '
kew) and the the luminescence radiation (with kew) ' E

A high degree of baekgfound treedom is achieved by such an input- and output-coupling
c@nﬁguraﬁ@ with markedly different directions for reflected incident light and light which is
coupied out. The spatial separation of the different radiation fractions ensures an optimum
signal-te-noise ratio in luminescence detection: excitation radiation which is coupled out and
numﬁnesceme radiation do not run in a common path of rays, so that fiiters (cut-off or
banbdpass filters, not shown in Fig. 1) are used only for suppressing scattered light, but not
for the full intensity of the excitation radiation which is coupled out.

A further advantage of using an autpmeo@upﬂﬁng grating is that different spectral
components of the luminescence radiation are coupled out in different directions. It is



condition in respect of the x-conponents of the wave vectors is net:
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(so-call ed "backward coupling"). Positive angles are for coupling out the
excitation wave (with k[err]) and t he *t!8e | um nescence radi ati on (with
k[err]) A hi gh degree of background freedomis achi eved by such an input-
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t her ef omearked gifierenceg. neans of this invention to detect also nolecules in
weakly | um nescent sanple nedia even without additional filters if the

| um nescence of nolecules to be detected and of the sanple nediumis
spect r alAligmativelyy identical grating constants can be used f_o_r the gratings 2 and 3 to simplify {

fabrication of the sensor. This may be impoftant for as cost-effective a fabrication of the
sensor as possible, as a number of process steps are omitted when using holographic
structuring 'for_ grating fabrication. The spatial separatio'n of the direction of excitation which
is coupled out and luminescence radiation is still ensured when using identical grating
constants. Only the safe separation of the direction of the reflected input-codpled radiation
is omitted, so that additional measures for reflection screening are 'neceSsary, e.g. using
apertures or light traps.

The coupling angles can be placed a.dva'ntageously by the choice of the grating conétants
in the range from | 9| =1° bis 50° (for the magnitude of the angle). Smaller values should be
avoided on account of the.Bragg reflection, as otherwise this reflection occurs even at low
tolerances of the adjustment or of the levelness of the sensor, in conjunction With the non-
occurrence of input- or output-coupling. Larger angles up to almost 90° are possible; but.
aingles far beyond the normal ones for sensors should be avoided for a proper
implementation of the path of rays. '

The diménsioning of the grating depth can be in accbrdance with the prior art (T. Tamir, S.T
Peng "Analysis and Design of Grating Couplers", Appl. Phys. 14, 235-254 (1979); T. Tamir,
“Beam and waveguide couplers” in “lntegrated Optics*, ed. T. Tamir, Springer, Berlin
(1979). 'The so-called "leak parameter’ o is used here as feature: o describes the 1/e
decrease in intensity of a guided wave in a waveguide whose interface is pr_oVided with a
coupling grating of depth tgaing. Hence 1/ is the characteristic length for transferring the’
radiation energy from the guided wave to a wave that propagates freely or vice versa.



"The adj ustment of the angles for input- .and out put -coupling is possible

t hr ough t%%}%jﬁ@ of grating constants Alerr] and A2. For ddiempéfizes r ed
-case shown rn"Fig. 1 with a direction separation between input- and

out put - coupling, the grating constants nmust be chosen wi th marked

di fferences. Al ternatively, identical_ grating constants can be used for
the gratings 2 and 3 to sinplify fabri‘i:iof‘l'on of the sensor. This may be

i nportant for as cost-effective a fabrication of the sensor as possible, as
a nunber of process steps are omtted when using hol ographic structuring
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-11- expansion of the grating in the direction x is marikediy greater than the leak parameter. The
intensity profile of the freely propagated beam of light which is coupled cut is, however,
inter alia, asymmetrical on account of the attenuation of the guided wave through the

grating.

The following aspects shall be cberved when seiting the leak parameter for the input-
coupling : ' '

< positioning the light s;)dt with respect to the grating edge

- mintaturising the sensor element. |

Although small leak parameters {a<<t/mm)} and corresponding large beam diameters
(we>>1mmj simplify positioning, the possibliity of miniaturising the sensor is markedly
restricted in the case of grating widths substantially greater than A=3mm. The grating width
should be A > 3*w,to étﬁect complete coupling. in addition, inhomogenelties of the grating
and the waveguide have a negative effect on the coupling efficiency. Whereas large leak
parameters (c>10/mm) with beam diameters w.<10um permit very small grating
dimensions, they also permit a positioning accuracy of <<100um. Furthermore, the coupiing
efficiency is in this case limited by the fém that, inter afia, the beam divergence is markedly
above the anguiar range of the coupling resonance.



| nportant for the choice of the depth of the input-coupling grating is not
primarily | ute value of the |eak paraneter, but th iHesooRpt of

| eak par ar*%&%’%g% t he radi ati on paranmeter of the inci denteT| ght (beam
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. A cost-effective fabrication of the sensor platform is possible in particular whenever |
microstructured polymers can be used as substrate for the waveguide coating. In this case
the detection sensitivity can be limited by the excitation of the substrate-intrinsic
luminescence. Excitation of this intrinsic luminescence and evanescent back-coupling occur
at the waveguide-substrate material interface in similar manner to the above-described
mechanisms at the aneQuide-superstrat'e interface. This substrate-luminescence can be
avoided by a.non-lumi'nescent interlayer of low refractive index (i.e. having a refractive index
lower than or identical to that of the waveguide) which is applied to the 'substrate before the
wavegunde coatmg A particularly suitable interlayer material is SiO, or consists essentlally
of SiO, having the composition SiOH,C; into which lower hydrocarbon radicals may
additionally be inserted. The thickness taurer Of this interiayer shall be chosen such that the
energy transported by the evanescent field of the guided wave on the substrate side is
localised within the interlayer. This condition is in practice met if tourer is more than six times
the value of the penetetration depth ze, of the evanescent field. A five-fold value is
appropriate for an optimum signal-to-noise ratio in evanescent luminescence detection. This
‘condition is safely met for touer < 2000nm. |
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geometrical form can be governed by the construction of the entire apparatus into which the
sensor platiorm is bullt. Preferred arangements are those that permit substantiel

mintaturisation.

In addition to thie above-described use of organic microstructured substrates it is also
possible to use inorganic substrates such as glass or quartz. These have the advantage
over polymers of low intrinsic luminescence. For the cost-effective fabrication of sensor
platforms _ﬁt—ééq'-howevaru expedient to provide these substrates with a coating of low
refractive index into which the grating structure for the coupling gratings is inserted as
described in EP-A-0533074. " |

Furthermore, the coupiﬁng gratings can be located at the waveguﬁdeiéuperstfate interface. -

Methods of producing such gratings are known. Mainly photolithographic or holographic
-methods and etching techniques are used for their production, as described, inter aiia, in
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further advantage of the use of an intelayer may al so be a reduction of the
surface roughness of the substrate. The wavegui de attenuation r is thereby
reduced with positive effects on the si?nalto-noise rati o in evanescent

| um nescence detection. Only essential4y parallel light is suitable for

| um nescence excitation. Wthin the scope of this invention, the expression
"essentially parallel” shall be understood as neaning a divergence of |ess
than 5. CThemicak BiscHekadal lahg Envilnmértanviibdd Sendbiscr.Jaot. SPIEYWaK byes, anysr gent .
G eater g%gergences sinplify the adjustnment of the input-coupling angle,

but redut®®4he | uni nescence signals, as the width of the input-coupling
resonance is then markedly smaller than the divergence angle and thus only

~a small fraction of the inpingin ne for the | ym nescence excitation is
Svai | abl The STaipg shhcbtoatbe BRghced e S st o AMBraaras Tahsiefe 1o e
optical Gansgiding ByePinwiBiRiRe drifig staictlrd isthkaimaged, br tHaegrhfrigis Produceli p. a
pl ate, a round disc or any o; her geonetrical form provided it can be seen
by the niidBewayegyidingdayarselt Deviations from planarity are not crucial if
a guided wave is capabl e of propagation in the waveguiding |ayer and an

| nput - and out put - coupl i ng schene_ anal og;ous to that in Fig.1l can be
real i sedTheageatipg PeEad GapRe200 a1 09Q R while the gialing advaniagepusly banably @8 on

of the ﬁeénjicfo?ci Pi?é!rié‘Hbﬁo'iﬂFéEtiVé‘.i ch the sensor patformis built. Preferred
t

arrangenents are those at pernit substantial miniaturisation. I n
addition to the above-described use of organic mcrostructured substrates

it is al ﬁ\ﬁthﬁﬁtﬁéisghﬁe Bﬁh&éﬁﬁvéd%ﬁh%?é‘ie?msyé}ﬁblb%m peHaRedtfo MbAST theX¥ntfd/ar t Z.
These have the advantage over polyners of low intrinsic [um nescence. For
t he cost s@l@fierctoi becagsayed whichanaytoniain asubplance to besdétected - theraralyie, The
di . . : ) :
o 1 nieeGSH S B meiER? o SR 48 67 mbistbofhss Pl ) clurssdi il A litoe
i nser t edobitbe dessoripiattbrinis EGntacted 3dhone or niure ishlutions. At leaston ofthe sglutjoss | ngs'
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met hods mrtte @radtice of thiccinmentioas are used for their production, as described,
inter alia, in ' '
If a substance having luminescence properties is already adsorbed on the waveguiding
~ layer (b), then the sample may also be free from luminiscent components. The sample can
contain further constituents, typically pH buffers, salts, acids, bases, surface-active
substances, viscosity-influencing modifiers or dyes. In particular, a physiological saline
solution can be used as solvent. If the luminescent constituent itself is liquid, then the
addition of a solvent c'an_'be dispensed with. In this case the sample can contain up to 100%
of component having luminescence properties. '

The sample may further contain a biological medium, for example egg yolk, a body fluid or
c0nstitueri_ts théreof, in particular blood, serum, plasma or urine. Furthermore, the sample
may consisi of surface water, solutions of extracts of naturai or synthetic media such as soil
or parts of plants, bioprocess broths or synthesis broths. |

The samplé can either be undiluted or used additionally with a solvent.
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¢hem cal, Biochem cal and Environnental Fiber Sensors V. Proc. SPIE, Vol.

. 2068, 1-13, 1994. The grating structure can be produced on the substrate
and afterwards transferred to the maveQU|d|ng | ayer in which the grating
structure is then inaged, or the gratlngsiﬁ produced in the wavegui di ng

| ayer itself. The grating period can be 200 to 1000 nm while the grating
advant ageously has only one periodicity, i.e. is nonodiffractive. Wthin
the s COpeisaftame isBi v'ewgts@@é 'nmertmebes Buffer 2 ipedteinisolutichs ambmmwsba@m.t he |
entire so u1| n to be ssa contain a.syhsta t o be ecte
*" he anaBARENS PRI Ao oo, Keldest ReB pig AlbRE ThemoRtere o iy
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enpl oyed 88Me®ont ai n a substance havi ng | um nescence properties which can
be detected in the practice of this invention. | f a substance having
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the | um nescent constituent itself is liquid, then the addition of a.
solvent can be dispensed with. In this case the sanple can contain up to
100% of cSwuitebie ﬂumnnasaawgcammmmm@mﬁm@dﬁe@@&wwxgaﬂ@m@m@emmm urt her

contain a
Comst 1 uc LB 8bod i ook 3 SRR, G585 ey ribinde Yl degbon
Fur t her noderivatinves, canmadn dasivatives, idistyrylf biphenylsc stilbenecdegrivetivas: pbﬁw cc;:amnesg acts
of natur a t eSS
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- chloride, tris{1,10-phenanthroline) ruthenium chloride, tris{4,7-diphenyl-1,10-phenanthroline)
rutheniumn chioride and polypyridyl-phenazine-ruthenium complexes, platinum-porphyrin
complexes such as octasthyi-platinum-porphyrin, long-life europium and terbium complexes
or cyanine dyes. Particularly sultable for analyses in blood or serum are cyes having
absorption and emission wavelenigths in the range from 600-800nm.

Particularly suitable luminescent cammwnds are dyes such as fluorescein derivatives which
contain functional groups with which they can be coval em y bonded, for examplle '
fluoresceln asamuocyanate

Also very sultable are the functional fluorescent dyes available from Biological Detection
Systems inc., for example the mono- and bifunctional Cy5.5™ dyes alsc described, inter
alia, in Clinical Chemistry 40 (8) : 1818-1822, 1984.

The preferred luminescence Is fluorescence. !t is preferred to use coherent light for the
excitation, as the resonsnce condition at the input-coupling grating can thereby be met with

high efficiency. The laser light sources used therefor will be chosen according to the
absorption wavelengths of the luminescent or fiuorescent molecules.



The sanple can either be undiluted or used additionally with a solvent.
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especially if - like different ruthenium complexes - they exhibit enhanced luminescence in
the intercalation. If these luminescent-labelled compbunds are brought into contact with
their affinity partners immobiiised on the surface of the sensor platform, then the binding
can be determined quantitatively from the measured intensity of luminescence. A
quantitatii/e determination of the analyte is also possible by measuring the change in
luminescence when the sample interacts with the luminophores, for example in the form of
luminescence quenching with oxygen or of luminescence enhancement by conformation

modifications of proteins.

Suitable materials for the production of the waveguiding layer are typically inorganic
materials, preferably inorganic metal oxides such as TiO,, ZnO, NbsOs, Ta,0s, HfO,, or
ZrO,.

Taz0s and TiO, are preferred.

In the process of this invention the sample can be brodght into contact with the waveguiding
layer in the immobile state as well as guided continuously over:it, and the cycle can be open
or closed. '
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TazQerr ]zhe deﬁec&or substanoczes immobilised on the surface of the sensor platform is gulded, the
analyte becoming bound in one of the partial steps. The detection of the analyte s eifected
by binding luminescent-labelled participants in the affinity assay. The luminescent-labelled
substances used may consist of one or more than one binding partner of the affinity assay,
or also of an analog of the analyte provided with a luminophore. The sole criterion is that
the presence of the analyte leads selectivelyto a luminescence signal or selectively to a
change in the iiminescence signal. ' '

The immohilisation of the detector substances may typically be carried out by hydrophabic
absomt&@n_bﬁ; covalent bonding direct on the waveguide layer or after chemical modification
of the suﬁace, for example by slianisation or applying & polymer layer. in addition, a thin
intedayer consisting e.g. of SiO, can be applied as adhesion-promoting layer direct to the
waveguide layer to facilitate the immaebilisation of the detector substances direct on the
waveguide. The thickness of this interlayer should not exceed §0nm, preferably 20nm. }

Suitable detector substances are typically antibodies for antigens, binding proteins such as
protein A and G for immunoglobulins, receptors for ligands, oligonucleotides and single



Ta2( err] and TiO2 are preferred. In the process of this invention the

sanpl e cany@RysRspgaht into contact with the wavegui d| ng I ay?,@mﬁgg

i mobile state as well as guided continuously over and the cycle can
open or cl osed. WO 95/ 33198 _
PCT/ | B95/ 00368 : ' -17- A

be

~speci fic enbodi mrent of the process consil$ts in i mobi'lisi ng the substances
havi ng | um nescent properties used for detecting the analyte direct at the
surface of the waveguiding |ayer (b). The substance having |-um nescent
pr gp\% ti ;strauds obBNA)l‘J arrdb[eNArmI tbel(; aorhpllehmmm Siravidss Bvidim hfbﬂbibtin,t@zmg @drei N
an ich can th e _excit to Ly esc n nner, .at t

U f ace. GrePe SUESEgr re sotaciors pr BN BRER o serbonyales, Wil ptige
protein |res;ggutndedffmu¢pattmrs ig immdbilisesieh tha gerface dfane béesor phetioas “amaepsnn be

nodi fied a

I n partlcot?l

unt sald partner can be determined in this manner.
qﬁ? ar%gt[eﬁ uﬁ%ﬂﬁ«g&?s@f an affinity conplex can also be | abelled

with |um nophores so as to be able to effect the .determ nation of .

concentr

in the for

ons fromthe ener transfer between the two, e.qg. ..
CO e Sl R0 o B S e B eafie s, G5 il aoroRssiiye aeess
for Carrwrmwtnuﬁismﬁmbessrfd@lemhpma:sdndwidnﬁshy assays consists in
i mobi lising on the surface of the sensor platforma specific binding
partner as chemical or biochenical detector substance for the analyte

[ tsel . oninfiRs siffpfosPbasd et thé BaPENETasSAY, the HpIa Whth CRaiRE rd Alalb i St eP

or- nultistep assay t he course of ch, in successive steps, one or nore
t han one USKNAWRN sﬁn@m&aapmn aﬁg’eﬁ 28 & 'W@Wﬁeﬁm!%@ﬁ gfa 69’"?%“@1@%@%"@ xeeptifoes

i nmobi | i s@q.rfaacém«rab%urnga&srdabnhh% SEmaQ witH tﬁ&%@ﬁ éénae'se gﬂ ptl%ﬁ')r g:f:&te

becom ng
ef f ect ed

bound i n one partial steps. etect I on te

thg luminsrentriabeliechand emlabwsséncple@lesaeqmmtg forithe bindingssites fat memy

I
e i s L. SRR i SEG BRI gl i

t han one

anal yte moatrgteréupwgn the sample gorjaias npianalyts. With inceaasing Goncenteationtof the

presence

selectively to a ¢

sibstah€e &Pﬁ% ggtgc Ieg,agtgeérﬁﬂnsgéénﬁs ls¥nkf &&gﬁb&%@ﬁmcﬁh%ﬂ@kew

um nescerice S|gn sation

t he detector substances may typically be carried out by hydrophobic

In a competitive immunoassay it does not necessarily have to be the antibody which is
immobilised: the antigen too can be immobilised on the surface of the sensor platform as
detector substance. Usually it is immaterial which of the partners is immobilised in chemi-cal
or biochemical affinity assays. This is a basic advantage of luminescence-based assays
over methods such as surface plasmon resonance or interferometry, which are based on
the change in adsorbed mass in the evanescent field 6_f the waveguiding layer.

Further, in the case of competitive assays the competition does not need to be limited to
binding sites at the surface of the sensor platform. For example, a known amount of an
antigen can also be immobilised on the surface of the sensor platform and then brought into
contact with the sample which contains an unknown amount to be detected of the same
antigen as analyte as well as luminescent-labelled antibodies. In this case the competition
between antigens that are immobilised on the surface and present in solution takes plat:e
for binding of the antibodies.

The simplest case of a multistep assay is a sandwich immunoassay in which a primary
antibody is immobilised on the surface of the sensor platform. The binding of the antigen to

m

is
the'__

of



absorption or coval ent bonding direct on the wavegui de |ayer or after
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exanpl e a conpetitive assay, or also a nultistep process, for exaxp e a
sandwi ch assay. In the sinplest case of ‘the conpetitive assay, the sanple
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at their immobilised detector substances. A Ea 'um | um nescence signal is
achi eved ideserped gioveyatibar sgealiad ypefl ean ba inmabiises enthesurface of the senser.
Wth incr%ﬁﬁkﬁ&ﬁﬁ%p&aﬂﬁéntion of the substance to be detected, the

| um nescence signal s under observation becone | ower. In a conpetitive

| mmunoassay it does not necessarily have to be the antibody which is
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t he part n&iafin affinitysystem.sed i n chemical or biochenical affinity assays.
This is a basic advantage of | um nescence-based assays over nethods such as

surface plasnon resonance or interferonetry, which are based on
Exampﬂgs of types of affinity assays will be found in J. H. Rittenburg, Fundamentals of

Immunoassay; in Development and Application of immunoassay for Feod Analysis, J. H.
Rittenburg (Ed.), Elsevier, Essex 1990, or in P. Tijssen, Practice and Theory of Enzyme -
immunoassays, R. H. Burdon, P. H. van Knippenberg (Eds), Eisevier, Amsterdam 1985.

It Is furthermore possible to use the surface of the sensor platform not only for single use
but aiso to regenerate it. Under suitable conditions, for example low pH, elevated
temperature, using._orgénic solvents or so-calied chaotropic reagents {salits), it is possible to
dissociate the affinity complexes selectively without substantial impairment of the binding
capacity of the immobilised detector substances. The exact conditions are strongly
dependent on the particular affinity system. |

Another assential embodiment of the process consists on the one hénd in limiting the
production of the signal - in the case of back-coupling this also appiles to signai detection -
to the evanescent fieid of the waveguide and, on the other, in the reversibility of the affinity
complex formation as equilibrium process. Using suliable rates of ﬁow in a continucus flow
system it is possibie to monitor in real time the binding or desomption or dissociation of

bound luminescent-labelied affinity partners in the evanescent field. The process is



the change in adsorbed nmass in the evanescent field of the waveguiding
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Appl i cat peRerdigradlB!NeIae Feto i§ achiévedn i tasy. The dimuitaneous measurement of
luminescence and absorption makes it possible to. determine luminescence quenching

be

effects with high sensitivity.

in a simple embodiment of the invention, the process can be carried out by irradiating with
excitation light in continuous wave (cw) mode, i.e. excitation is effected with light intensity

that is constant in time.

The process can, however, also be carried out by irradiation with excitation light in the form
of a timed pulse with a phlse length of e.g. one picosecond up to 100 seconds, and by time-
resolved detection of the luminescence - in the case of short pulse lengths - or at intervals
of seconds to minutes. This method is particularly_' advantageous whenever it is desired e.g.
to monitor*thé rate of a bond formation analytically or to prevént a decrease in the
luminescénce signal because of photochemical fading using short exposure times. By using
appropriate short pulse length and suitable time-resolution of the detection it is further
possible to distinguish st;attered light, Raman emission and short-lived luminescence of any
unwanted luminescent constituents of the sample and the sensor material from a
luminescencé of the labelling molecule, which is in this case preferably long-lived, by
detecting the emission of the analyte only after this short-lived radiation has decayed.
Moreover, time-resolved luminescence detection permits after pulsed excitation - just like
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As signal production and detection are limited to the chemical or biochemical detection
surface on the waveguide, and interference signals from the medium are discriminated, the
binding of substances to the immobilised detector elements can be monitored in real time. It
Is therefore also possible to use the inventive process for affinity screening or for
displacement assays, especially for pharmaceutical product deveﬂapmem by direct

detection of association and dissociation fates in oom%msous flow systems with sultable flow
rates. '

In another of its aspects, the invention relates to -the use of the inventive process for the
quantitative determination of antibodies or antigens.

Yet another utility of the inventive process is for the quantitative determination of receptors
or ligands, cligonucieotides, strands of DNA or RNA, DNA or RNA analogs, enzymes,
enzyme substrates, enzyme cofactors or inhibitors, lectins and carbohydrates.

In a further aspect, the invention relates to the use of the inventive process for the selective
quantitive determination of luminescent constituents in optically turbid fluids.



better signal-to-noise ratio is achieved in this case. The sinultaneous
measur enenyoQksidg1 nescence and absorption nekes it possi bl Fc}/ﬁsﬁfﬁ)ﬁ%m ne
e

"l um nescence quenching effects with high sensitivity. In a sinp
enbodi nent of the invention, the process can be carried out by irradiating
with excitation light in continuous wave (cw) nbde, i.e. excitation is
effected with light intensity that is e@astant in tine. The process can,

however, also be carried out by irradiation with excitation light in the
formof a tinmed pulse with a pulse length of e.g. one picosecond up to 100
seconds, and by time- resolved detection of the |um nescence - in the case
of short pulse lengths - or at intervals of seconds to m nutes. This nethod
i s parti Qgtieallytuehig Haits geaytypicsiyrbaviiologicali filidseichas eggyolk, bodpitwidosuthas
rate of bond formation anal yt.ical : . prevent .a decrease in the

| nesc iRt SeyRLehiadtn 21 alte Svaits Smahdiit forf Ak SR RSBy posur e
times. Bjnoduwdimpswfgreomaten dissolved soipeteaetd anudiSsoivedi planttextrhetst Suieablefiuibsit i on
of the detection it s fyrther passihl o distinguish scattered |ight, :
Raman et fish ik tpeclih bl fefEcpufiied, B.cBelical Bty T asBaler ok seuelds or
const i t ueedctionfsolutions angihating fcor tre production o fleoneacert whiteaing agenissaisoce of
the | abel | ] nmol ecul e ich is.in this case preferably lLopg-liyved, by
 detecti ngutttde Bk aEbpfs of Meibnsrigh and ArRaford THE sk T T ST i 2 s on
. has decajrefiistr/ogredided thesetontaisone/ erimbrerthareone luntinekzieAt tomporizet. MHes  af t er

I ' i - li k 1
g&??gggﬁ%gtg Icgrq thusJ aLfsscg be Iuseed for quality sgggggré%?é. 9_8 _21 -
nodul at ed excitation and detection - investigation of the Influence of the

bi nding of the _analyte on the decay of nolecul ar |uninescence. In addition
to the spBeiitventionisiiystiateshingporedgiail by he following xample s sanseatrationddt or
subst ancegnaied mdlpepipd.i @l limtation of the signal - production to the
evanescent field of the wavegui de, the nol ecul ar | um nescence decay tine
can be utilised as a further criterion of selectivity.  The process can

al so be gg(gfnb@l out by input-coupling the excitation light at one or nore
than one Trequency with nodul ated intensity, and detecting the resultant

phase shift and nodulation of the sanple |unm nescence.
Optical system
The light source employed is a laser diode at A = 670 nm (Oz Optics). The adjustment to a
light spot having a diameter in the sensor plane of 0.4nm vertically to the fines of the
coupling grating and 2.5mm parailel to the grating lines is made by means of an imaging
system.

The adjustment of the input-coupling angle a'n'd‘ the poéitioning' of the light spot with respect
to the grating édge is carried out by means of mechanical adjustment units. '

The laser power on the sensor chip may be chosen in the range P = 0 ... 3 mW,; while P =
1.2 is chosen for the following experiments for the characterisation of of the gratings, and P
= 6.2 mW for the fluorescence measurements. Linear polarised light with TE or TM o
orientétion can be input-coupled using rotétable polarising elements.

A flow cell sealed égainst the sensorby O rings is mounted on the topside of the sensor
platform. The sample volume of the cell is c.8 pl. Different solutions can be introduced into
the cell using jet pumps and reversing valves.



The invention further relates to the use of the inventive process for the
quant it at iwe esdzmeer M nati on of analytes in chemical or bi ocheniBssioosssfinity
assays with known affinity partners and assay architectures by detecting
the em ssion of |abelled binding partners capable of |um nescence, or by
det ecting changes In the | um nescence prgperties of inmmobilsed

| umi nescent -1 abelled affinity partners Y Interaction with the anayte.

As signal production and detection are limted to the chem cal or

bi ochem cai detection surface on the wavegui de, and interference signls
from t he Exsliation end:detectidnare gasigd ouhas shawisoigmaticaliyis Figat rom Betunderside

I mobi | i %?%éigéi%%}gﬁgﬁ}gﬁnents can be nonitored in real tinme. It 1is

therefore also pos e to use the inventive process for affinity screening |
or for displacenent assays, especially for pharmaceutical product

devel oprmeng, -FQXre éhf&ﬁann%%tﬁétab&{&b&f ﬁoﬁ‘ﬁ%‘ﬂétééﬁﬁbﬁ,%ﬁﬁm%s ovedeh M@xdi@{ﬁ@% In

cont | nuods Frow Systens Wwth suitable ow rates. n another of Its

aspect s, lightcdupleshoutah thesdutpetscauplinggrating:(in thet directiern ehk'inandi.aacsrdihgriot he
titatd det ] nat i ' ' I,

i1ty P n SR Tl ot afitier. 06 kiRt oA iEE (rnt stEbaRFRAE on o

receptors or |igands, oligonucleotides, strands of DNA or RNA, DNA or RNA
I , . t t, | nhi.bi t

oct i ne. AL AR ar SPEE PO EIGT, vl (EpERea0 TESs25e IR S o

the use dirhing eleetrenics (idamamasad 866) thuseziedsidtecter fonthet flucrescered eadlatioat | on

of I umi nescent constituents i1 PS LS Rlehora bhisd bl (owlott- oy Srs S47HL98

Opti cal | ya)t Whétidodeboerfie radiatiéry ok &Rl dngldsedidre lcag ibedboused iotithe detechs vioa
yol k, body fluids such as bl ood, serum olgmpl asma, and al so sanpl es

emanat i ndoF4SHHE RS BYBATe iteferants fersstor g repfing S caipresighhihagd:pags 481 ed
soi | SXt B Gfindl-3Rdh ¥5RmPORgaPiie/ RaltBnedl fditopiriel dthétort © al S0 the

reacti on sol utions obtalne . production, I n particular dye
solutions or reaction solutions originating fromthe production of

F1 uor esc gyl deidls ' BHT NI} With o mefisurement ampilifier (UDU 101 C) connected in serles

are used as reference detectors for incident and excitation radiation which is coupled out.

All 3 measurement channels can be evaluated simuﬁtaneousﬂy while canying out the assay
described below using a conventional data input system.

Sensor platform , . : .
Polycarbonate which is microstructured in the following manner with two gratings for input-
and output-coupling is used as substrate: ' o

input-coupling grating with period A = (289.5 £ 0.7 nm), depth t, = 6.9 nm to 12.3 nm,
cutpmncqu}inﬁﬁg grating with Az = (489.5 + 0.6 nm), depth t, = 8.2 nm to 12.8 nm, both
gratings having approximately sin’ profile.

The arrangement of the gratings on the sensor is in accordance with Fig. 2, with the
following geometrical values: grating distance A = 4 mm, grating width (vertically to lines) B,
B, = 2 mm, grating height (parallel to lines) 4 mm, the dimensions of the sensor platform
belng 12 x 20 mm®.




suitable are all types of the dispersions and fornulations typically used

in the texdbgdgdustry, provided these contain one or norepdHiosHies
| um nescent cormponent. The process can thus al so be used for quality

saf eguar di ng. The invention is illustrated in nore detail by the

foll owi ng Exanple. The concentration M denotes nol per litre. Exanpl e
Optical system The light source enployed4is a |laser diode at [err] = 670 nm .
(Oz Optics). The adjustnent to a |ight spot having a dianeter in the sensor
"plane of 0.4nmvertically to the lines of the coupling grating and 2. 5mm

pgr al I el Tb%uFb@ss calf-floGrebtamee of mermﬂ;ecalabonmms slibstrate. ts&g:at@ wmaemz The
ad] ustnent o

t he .i nput - coulln % gt§1?< 05|t|on|n hellght
_spot W tWt‘P@élﬁéB?V'E‘Q)at'ﬁféa‘ﬁ'P’ f’lq?g gé 00 A NjGHp sb?fttb“!sy" hechani cal
adj ust ”Emeré'riarttﬁe w‘ait)é‘gd.aﬁg3 rayepwenog Bf ﬁlBﬁ rSPALHO8 irfldi Fh,.,,ﬁé)@sbéi xch 8?@hmiandt he
range P = .2 is chosen for the follow ng experinents

for the ohhyaw@knmfmeﬁ(dﬂoéﬁntfﬂe gratings, and P = 0.2 mNfor the

fl uorescence neasurenents. Unear polarised light with TE or TMorientation
can be input-coupl ed using rotatable polarising el enents. A flow cell
seal ed a@glmeanstdimesexrstatlorbygrmthe modes withorder aui= Orcanthe exsijed inthef t he

| at f
Soruet onuavagigh q s SfReT A Aol ampififiofiEhdr TE5 ufe Hpufedunling B el
val ves. under alaitjlé 3869:51 10 £ 1.6)°, alternatlvely for TMo under the angle o =(-22.7 £3.7)°.
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Excitation and detection are carried out as shown schematically in Fig.1
from t he THagigbrdsEEncf ratitafios Rsowpledl cit with ME polarisatnon in an angular range of e =

'31°...40°, the excitation light at angles of e > 42°. A spectral region of A ¢.685nm... 715nm.
ForT™ polansatlon the output-coupling angle is in the range e = 17°...25° for the
fluorescence and e > 27° for th.e excitation radiation. For TE polarisation a light efficiency of
P= 30...50 uW is detected for an incident laser intensity of P = 1.2 mW after the output-
coupling grating. | | | |

Detection of Cy5.5™-labelled immunoglobulin

Labelling of immunoglobulin with Cy 5.5™ dye:

Rabbit immunoglobulin (rabbit IgG, Sigma Chemicals) was labelled in the Same way as
described by the dye manufacturer with bifunctional cyanine dye FiuoroLink™ Cy 5.5™

(Biological Detection Systems, Pittsburgh PA 15238, U'SA):

1.  Solution of 2.5 mg of rabbit IgGin 1 mi of dye, incubation for 45min, solution shaken
every 10min. ' '

‘2. Addition of this solution to 1 ml of dye, incubation for 45min, solution shaken every 10

min.

3.  Separation of protein-bonded and unbonded dyé over a Sephadex R G25 column
(Pharmacia LKB, Biotechnology AB, Uppsala, Sweden), which has previously been
equilibrised with 50ml of phosphate buffer at pH 7:



3 measurenent channels are availabe for the detection, for the fluorescent
and excit afyig@Rssjeght coupl ed out at the output-coupling graprfgrdsionsds
direction of k[err] and k[err] according to Fig.1l), as well as, via a beam
splitter, the incident excitation light (not shown in Fig.1). A
multiplier in the single photon counti n%éode (Hamamat su R 4632 SEL) with

i mpul se- formng el ectronics (Hamamat su 866) is used as detector for the
fluorescence radiation. Its TTL output signal is counted by a conventi onal
“impul se counter (Hew ett-Packard 53131 A). The fluorescence radiation for

t he angl e- discarding tieeah niie f ocused on the detector via a focusing |ens

system -In f ( i . suppressing scattered |ight (band-pass at:
[err] , 72@%@%@%%ﬁ@eé%ﬁﬁ%ﬁ8§%nm Orega) are positioned in front of the
det ector. Si diodes (UDT PIN 10D) with a nmeasurenment anplifier (UDU 101

oxci tat o 1 aPiarRBHHE P el Esitg By 0 0 St sdrhll e ovh Ribsoillondice. .,

be eval uaﬁﬁade siyg)drtcoateBdainy(priteihabsarption bgnd)LA ratlecofaseymymdieedieitd @britelrow

using a conveni?l onal at a I%ﬁ? stem Pol ycar bonate which is
m cr ost r UOPIRCHIES THRg nner with two gratings for |nput- and
out put - coupling i s used as subst rate: | nput -coupling grating with period.

Alerr]= (299.5 0. nr’r) depth t[err] 6.9 nmto 12.3 nm out put-coupling
grating weeklion ysed (489.5 0.6 nrn), depth t, = 8.2 nmto 132.8 nm both
gratings haV| ng approximately sin[err] profile. The arrangerrent of the
gratings on the sensor is in accordance with Fig th the follow

geomet ri chl vAwriiRrSoluioacoRg SNG4 4081 M of Ma#ﬂ?@d‘r thzﬁﬁﬂ ﬂf G @ﬁ)esz‘@:m Pﬁy to
lines) B[Rag] Zﬁﬁ%ﬂéf]snd%n{%d@%tm% rRUthaHY, tull@Eds wbretuﬁm'duétm whtdPn the

di nensi ons of the sensor atform bei ng 12 X 20 nmj err] 957 33198
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2) solution for immobilising protein A (Sigma Chemicals): 1 mg/mi of dist. water;

8) neutralisation solution: buffer soiution 1) + 10 mg/mi of bovine serurn albumin (BSA,,
Sigma Chemicals); |

4) rinsing solution: is also used for determining the backgmund sﬁgnaﬂ buffer solution 1)
+ 1 mg/ml of BSA; ' '

§) sample solutions: Cy 5. 5™ .{abelled immunogiobulin in different concentrations 10°M
10° M; 3:107°M, 1-10"M In buffer solution 1 with 1 mg/mi of BSA;

6) regeneration solution: glycine buffer, pH 2.5

The optical sensor platform is incubated for _w hours with solution 2) to immobiiise protein |
A. To neutralise any still free adsorption sites, the sensor platform is washed with distllled
water and then incubated again for 1 how in the neutralisation solution which contains 10g/
of BSA.

Measuring procedure/assay

During the entire procedme, a fiow of 0.25 mi/min is maintained over the active sensor
surtace:
The process conslsts of the following individual steps:



To suppress self-fluorescence of the pollycar bonate, this substrate is
coated W o gs3hég I nterlayer having a refractive index n =l kdsadds a
t hi ckness of t[err] = (100 1 Onn), therafter the waveguiding |ayer of TiQ2

~of high refractive index n[err] 2.35 at [err] = 670nm and of | ayer

t hi ckness t[err] = (170 [err] 5nm. By nmeans of the excitation |ight the
nodes with order m= 0 can be excited- i49? t he wavegui de for this :
grating-wavegui de conbination.: for TE[err] the input-coupling is effected
under an angle of [err] = (-10 1.6), alternatively for TMerr] under the
angle [err] = (-22.7 3.7)[err]. The fluorescence radiation is coupled out-
with TE pol arisation in an. anqgul ar r.an of [err]l =31 ...40[err], the
exci t at i off®¥ "&h%rﬁtm'ﬁH é"gthdf"%5‘9§°yr'§f"érgﬁ]“?cc’,&&'gggh’?%g'?%isc'ﬁf{ f X
c.685nm .. 715nm For TM pol arisation the output-coupling angle is in the
range e = 170.... 25 for the fluorescence and [err] > 27[err] for the

exci tati‘&&@%%{?ﬁﬂ}?ﬁe Yyt )pﬁ’c'ffe'égﬂg@ﬁ?%n a light efficiency of P = 30
...50 [err]Wis detected for an incident laser intensity of P.= 1.2 mwW
after the outpug- couplin rating, . tection of Cy5.5[err]-Ilabelled

i mrunoal 'o‘%%?h"?g }orﬂéwéﬁﬁeﬁﬂ‘gthgfnslnﬁ%m&' bulin with Oy 5.5 dye: = Rabbit

i mmunogl obulin (rabbit 1gG Sigma Chemicals) was | abelled in the sanme. way
as described by the dye manufacturer wi th bifunctional. cyanine dye

FI uor oLi maqditign| of cggenesation solytion &) G¥r&MinBlaSect i on Systems, Pittsburgh PA
15238, USA): 1. Solution of 2.5 ng of rabbit IgGin 1 nm of dye,

i ncubation for 45mn, solution shaken every 10m n. 2. Addition of this
sol ut i orr washingfor 4imigytes withsinsingissltieRM-45ni n, sol uti on shaken every 10
m n. 3. Separation of .protein-bonded and unbonded dye over a Sephadex R

&5 col um @ar maci a LKB, Biotechnol ogy AB, Uppsal a, Sweden), which has
pr evi ousThe thaseseenge isighal eruplesh Qut visghe Segongiasalingds aagutesiover therentire

process. At the different concentrations, the following changes of_ signal are recorded at the
end of the addition of sample, compared with the initial background signal (signal/noise ratio
between 50 and 100 impulses per second {(cps): ' '

[Cy 5.5-tgG] fluorescence signal [cps]

10°M 7000

10°M 850,

3.10"M 300

‘The detection limit for the detection of fluorescence by grating output-coupling is clearly
below 3.10™M, corresponding to an analyte concentration of 3.10™'° mol of Cy5.5-labelled
IgG. .

[



- 25- - discarding the 1 m - colecting a nunber of fractions .

Determ nin /protein ratio fromthe optical densitie
(‘absorptio%’végﬁﬁ%ﬁyf the dye) and at 280nm (protein absorptlmané’m rato
of 1 dye nolecule to 2 protein nol ecul es was determ ned therefrom

Sol uti on used 1) Buf fer solution consiting of (0.041 M of
Na[err]HPO err] + 0.028 Mof KH err]PJ erd?-), 0.151 Mof Nad, 200 ng/l of
sodi um azide, 50 mM of nethanol, bulked to 1 litre with di sti ed wat er, 2)
solution for immbilising protein A (Sigma Chemicals): 1.ng/m of dist.

wat er; 3) neutrai sation solution: buffer solution 1) + 10 ng/m. of bovine
serum al bumin (BSA, Sigma Chenmicals); 4) rinsing solution: is also used
for determ ning the background signal, buffer solution 1) + | ng/nl of BSA
5) sanpl ddiag oy 5 Slerr] -l abel | ed i mmunogl abulin in.different
concentratTtons 1oferriM 10[err] M 3.10[err]M 1.10[err]Min buffer
solution 1 with 1 ng/m of BSA;, 6) regeneration solution: glycine buffer,

Opt i cal_sclienprospartel Bk bR Wil @ piha BbioPiic B sty pelein

i mobi | i s ewmcbtcemslsm of Wmm@ﬂ substrate(aktoiwhich & thin iransnasentvaveguiding layer

L hour | n Ehe Hislfo. AREE peclcr Befofh s priadl Wik a3 kel op Bigodo™ 1 O
c@upﬁ ng of ﬁhe excntatﬁon light and the refractwe index of sald substme (a) is lower than the
refractive index of the wavegundmg layer {b), by bringing a liquid sample as superstrate into
contact with the layer (b), and measuring the luminescence produced by substances having
luminescence properties in the sample, or by substances having iuminescence properties
immobilised on the layer (b), optoelectronically, by coupling the excitation light with the
coupling grating into the planar waveguide so that it traverses the waveguiding layer,
whereby the substances having luminescence properties aré excited to iuminescence in the
evanescent fleld of the wavaguiding layer, which process comprises using a waveguiding -

layer having a thickness smaller than the wavelength A of the excitation radiation and which
consists of a material whose refractive index at the wavelength of the excitation radiation is
2 1.8, and cduping out from the wavegulding layer, and detecting, the luminescence
radiation eoupled back into the waveg'utﬁing layer {b) with a second coupling grating
spatially separated from the first coupling grating.

2. A process according o clalm 1, which comprises usmg & waveguiding layer having a
thickness sma!ier than A/2.

3. A process according to claim 1, wherein the thickness of the waveguiding layer is 40 to
160 nm. '

4. A process according to claim 1, wherein the demh modulation of the grating is 3 to 60nm.

5. A proceéss according to any one of claims 1 to 4, wherein the excitation radiation is
coupled out under an angle different from that of the luminescence radiation.



During the entire procedure, a flowof 0.25 m/mn is maintained over the

active Se@ﬁ%&ﬁ% ace: The process consists of the follow ng-hdkyisdsal

st eps: 95/ 33198
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washing for 4 mnutes with rinsing solution 4), recording of background

si gnal ; - addition of sanple sol utio'nz%) over 4 m nutes; - washing for

4 mnutes with rinsing solution 4). - addition of regeneration solution

6) over 4 m nutes - washing for 4 mnutes with rinsing solution 4). The .

f | uor escéna pradegs accardinglte dny one of cainisel ©ck; ovidrejn de expitatomeadiadioads over t he

ignai aPeeLsding veDiredh BB s b A BR 1né BScuafon Rl nSRRRERS, ", 1.
initial teokaveguids aridthealunfinespente transporiedtin theowavegeide3 coupled 60t innmpul ses

%Boseco%gwgrcdoakéction.[ql 5.5-t9Qg fl uorescence signal [cps] 10[err] M

7. A process according to any one of claims 1 to 6, wherein the excitation radiation is
coupled into the waveguide under an angle in the range from = 1 to -50°.

8.A process according to any one of claims 1 to 7, wherein the luminescence radiation
coupled back into the waveguide is coupled out under an angle in the range from = 1 to 50°. N

9. A process according to any one of claims 1 to 8, wherein the luminescence of the
substrate is suppressed.

10. A procesé accdrding to any one of claims 1 to 9, wherein essentially parallel light is
used for exciting luminescence. '

11. A process according to any one of claims 1 to 1b, wherein the substances capable of
luminescence used for detecting the analyte are immobilised direct on the surface of the
waveguiding layer.

12. A process according to any one of claims 1 to 11, which comprises immobilising a
specific binding partner as chemical or bigchemical detector substance for the analyte itself
or for one of the binding partners on the surface of the sensor platform in a multi-step assay
in the course of which the analyte becomes bound in one of the partial steps.

13.A pro'cess éccording to any one of claims 1 to 12, wherein the absorption of the
irradiated excitation light is simultaneously determined.

14. A process according to any one of claims 1 to 13, wherein the excitation light is coupled
into the waveguide in continuous wave (cw) mode;

L.



) : B .
10[err] M 850 3.10[err] M 300 © The detection Iimt for the detection

of fl uores%cggﬂ%agrati ng out put-coupling is clearly bel ow ?&MM
3 ]

correspondi ng an anal yte concentration of 3.10[err] nol o

¢y5. 5-1 abel l ed 1gG WO 95/ 33198 o

-27 - VWhat is clainmed is: 1. A process for determ ning |um nescence
with a planar dielectric optical sensor “Bﬁat_f orm whi ch consists of a
transparent substrate (a) to which a thin transparent wavegul ding | ayer (b)
is applied, which sensor platformis provided with a coupling grating for

the input 415 AURbES deboldliy B8Rk oAbioPBlaimEN o 13) didhooniidsas irnputchjsiny 1Ré
said substrate (a) is |ower than the refractive index of the wavegul di ng

| ayer (b) exsationlight inghe larmepfiadinied pyise 8t detpeting:the jumingscened fimgueslved t he
| ayer (b), and neasuring the | um nescence produced by substances having-.

| um nescence properties in the s subst ances havi ng | um nescence

properti ed& MRS Qasggga@fpgﬁﬁ@ﬂqﬁig;aﬁ%? %bsﬂ%,iﬂ %ét%‘@ﬁé?ﬂ%iﬁ aiysted ?“'B?“ @Wupl i ng

t he exci t%édggcéﬁ@ﬁ;; oM ddsddepds.oupl ing grating into the planar wavegui de so
that it traverses the wavegui ding | ayer, whereby the substances having

| um nescence properties are excited to | um nescence in the evanescent field -

of the wa el I i i ' Maleh W ayer
naving a th HeRRadbs SRUGHing'0ab o OF GRS £ KD 10, Yl SinkiioRs IR B dnd
radi at i on exaitation light with sodulatest intenaity atrang) orwiprse éhancanedaquescy. et desectinge
wavel engt by of | | o AL ot ' ling out fromthe
wavegui di Egghﬁﬁ%géggwﬁqﬁg&%t@%% %aé cggﬁluﬁﬂg%%ﬁg% on coupl ed back
into the waveguiding layer (b) with a second coupling grating spatially

separ at ed 4g AR bAs'dcbatkidgdRin 'She F Blalnl1 to 17, wherein the sample to be detected is

egg yolk, blood, serum, plasma or urne.

18. A process according to any one of claims 1 to 18, whereln the sampie to be detected is
a surface water, a soil or plant extract, a bioprocess broth or synthesis broth.

20. Use of a process according to any one of claims 1 to 18, for the quantitative -
determination of biochemical substances in affinity sensing.

21.Usecfa pm;;ﬁcess according to any one of claims 1 to 19, for the quantitative
determination of antibodies or antigens.

22. Use of a process 'acbcrding to any one of claims 1 to 19, for the quantitative
determination of receptors or ligands, oligonuciectides, DNA or RNA strands, DNA or RNA
anaﬁ@gs, enzymes, enzyme substrates, enzyme cofactors or inhibitors, lectins and

_ camohyé@tés, '

23. Use of a process according to any one of claims 110 18, for the seleclive quantitative
determination of luminescent cqmpnnents in optically turbid fluids.

24. An optical sensor platform (1) tdr determining lumninescence radiation by a process
according fo any one of claims 1 to 23, comprising essentially a planar optically transparent
substrate (5) to which Is applied a thin waveguiding layer {4), sald sensor platform (1) being

| R

& [4 L @ $ ®




2. A process accordiing to claim1, which conprises using a wavegui di ng
| ayer hav. I ckness snaller than [err]. 3. A proces

claim 1 %ﬁ@?ﬁgt he thi ckness of the wavegui di ng | ayer %ggﬁﬁ%@‘@g
4. A process according to claim1, wherein the depth rmdul ation of the

grating is 3 to 60nm 5. A process according to any one of clainms 1 to 4,

wherein the excitation radiation is co@ﬁl ed out under an angle different
fromthat of the |um nescence radl ation. WO 95/ 33198 .
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process ;ﬁ§\ﬁ@é@|Wﬂﬂ atdbuaﬁhg @ﬂﬁn@@) %r&h@ﬁ\pﬂat-é@dﬁng bhéﬁfcﬁihﬁbﬁ hﬁhﬁ?@ﬁ'drﬂtth@ n
inr verse direction and both the

radiation i s cou glntothe_wasmﬁg(/\[g
exci t at i"Biagtvg idex ﬁ'l‘?’r?‘qué"éteﬁ e iiaR e & a‘é‘ﬁ’& IpgRx of ihe wavegyigipg layer
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25. A sensor platform according to claim 24, wherein the thickness of the waveguiding layer
- (4) is smaller than A/2.

26. A sensor platform according to claim 24, wherem the thlckness of the wavegundmg layer |
'(4) is 40 to 160 nm.

27. A sensor platform according to claim 24, wherein the depth modulation of the grating is
3 to 60 nm. :

28. A sensor platform according to any one of claims 24 to 27, wherein the grating constant
of the first coupling grating (2) for the input-coupling of excitation radiation is different from .
the grating constant of the second coupling grating (3) for coupling out the luminescence
radiation. | '

29. A sensor platform according to any-ene of claims 22 to 24, wherein the grating distance
is B < « X1, Where Xy is the length within which the intensity |, of the incident radiation has
fallen to I/e. |

30. A sensor platform according to claim 29, wherein the grating distance is B = 0.2 « Xyse.
31. A sensor platform according to any one of claims 24 to 30, wherein an interlayer of low

refractive index for Suppressing the luminescence of the substrate is provided between
substrate (5) and waveguiding layer (4).
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)used for exciting | um nescence. 11. A process according to any one of
clains 1 erein the substances capable of |um nesc or
detectlng%ﬂ%e aﬁm¢yte are inmmobilised direct on the surface og %$§¥k§
“wavegui di ng | ayer. 12. A process according to any one of clains 1 to 11,
whi ch conprises immobilising a specific_binding partner as chem cal or

bi ochem cal detector substance for the %%alyte itself or for one of the

bi ndi ng partners on the surface of the sensor platformin a nulti-step
assay in the course of which the anal yte becones bound in one of the
partial spem Sensorb&ﬁu@m RicosERey 16 clim it pghéreinahy ineayef olabwireBactivé dbR,

wher ei n the sor @é t he @é@g?lated excitation light is simultaneously
det er ni n&QNSs fﬁs ﬁ?B Dg 0B ng to any one of clains 1 to 13, wherein
the excitation light is coupled into the waveguide in contlnuous wave (cw)
node. 5. A

process 334 SNy Hatfogn,pcaprlingto glal 31 of clajm 323, whigrpindihe W%Qg the

i nput - coypbdder ishei®oamation light in the formof a tined pul se and
detecting the | um nescence time-resol ved. 16. A process according to

claim 15, wherein the pulse length is adjusted from one picosecond up to

100 secondsa sendofp nﬁfd%h%eﬁm.@qc% ¢ oh8 of élaﬁ@/z@@%sotwhé}e?ﬂ ﬁﬁgﬁq&h 18, which

conpri ses |1 nput-coupling the itation I'ight wth Mdul ate ntensity at
one or nolerosHurEH substerie iesed. and detecting the resul tant phase shift and
nmodul ati on of the sanple | um nescence.

35, A sensor platform according to any one of claims 24 to 34, whersin an organic substrate
with & microstructured organic coating is used.

36. A sensor pﬂéﬁom accefdﬁﬂg to any one of claims 22 to 35, wherein the planar
transparent waveguliding layer (4) consists of Ta;Os oder TiO,.

37. A sensor platiorm according to any one of ciaims 24 to 36, wherein an adhesion
promoting layer is present between the waveguiding layer (4) and the sample.

38. A sensor platform according to claim 37, wherein the adhesion promoting layer has a
thickness of < 50nm.
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38 A process according to any one of claims 1 to 17, wherein the sanple to
be detect i yol k, Dbl ood, serum 'plasma or urine. 1? 4?
accordlnggggsgﬁgggne of clains 1 to 18, wherein the sanple 98'ﬁ&ﬁected
is a surface water, a soil or plant extract, a bioprocess broth or _
synt hesi s broth. 20. Use of a process according to any one of clans 1 to
19, for the quantitative determ nation of biochem cal subs in affinity
sensi.ng. 21. Use of a pss according tpmany one of claims 1 to 19, for the
guantitative determ nation off antibodies or antigens. 22. Use of a
process according to any one of claims | to 190 for the quantitative
determ nation of receptors or ligands, oligonucleotides, DNA or RNA strands
DNA or RNA anal ogs, enzynes, enzyne substrates, enzyme cofactors or

inhibitors, lectins and carbohydrates. 23. Use of a process according to
any one of clainms 1 to 19, for the selective quantitative determ nation of
| um nescent conponents in optically turbid fluids. 24. An optical sensor

platform (1) for determ ning | um nescence radiation by a process according
to any one of clainms 1 to 23, conprising essentially a planar optically
transparent substrate (5) to which is applied a thin wavegulding | ayer (4),
said sensor platform (1) being WO 95/ 33198
PCT/ | B95/ 00368 - 30 -
provided with a coupling grating (2) for the input-coupling of excitation
radiation and the refractive index of the substrate is smaller than the
refractive index of the waveguiding |ayer (4), wherein the thickness of
sai d wavegui ding layer (4) igysnmaller than the wavelength [err] of the
excitation radiation, and said wavegui di ng Eiayer*;4) con5|§§s of a materi al
whose - = 3 .38 ~F
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! réfractive i ndex at the wavelength of the excitation light is [err] 1.8,
and the S?P@@hgﬁéatfornl(l) conprises a second coupling graéifdsheake Whi ch
all'y s

1S spati eparated fromthe first coupling grating (2) for coupling out
“the | umi nescence radiation coupled back into the waveguiding | ayer. 25. A
sensor platformaccording to claim 24, wherein the thickness of the

wavegui ding layer (4) is smaller than [err] 2. 26. A sensor platform

according to claim?24, wherein the thic?gfss of the wavegui ding | ayer (4)
is 40 to 160 nm 27. A sensor platformaccording to claim 24, wherein the
depth nmodul ation of the grating is 3 to 60 nm =~ 28. A sensor platform
according to any one of clains 24 to 27, wherein the grating constant of
the first coupling grating (2) for the input-coupling of excitation
radiation is different from.the grating constant of the second coupling
grating (3) for coupling out the | um nescence radiation. 29. A sensor

pl atform according to any one of clainms 22 to 24, wherein the grating
distance is B <. Xerr], where Xerr] is the length within which the

intensity 10 of the incident radiation has fallen to I[err]e. 30. A
sensor platformaccording to claim29, wherein the grating distance is B >
0.2 . Xerr]. 31. A sensor platformaccording to any one of clains 24 to

30, wherein an interlé?ﬁr of low refractive index for suppressing the
| um nescence of the subs\rate is provided between substrate (5) and
wavegui di ng | ayer (4). WO 95/ 33198

PCT/ 1 B95/ 00368 . . - 31 -

Fig.2




32. A sensor platform accordi r%TM:PBI ' 1, wherein the inteolg

refractive index conS| sts essent | aI I y of SI Qerr] or SiJerr] @
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