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The present invention relates to a process for detecting evanescentiy excited luminescence
with a planar dielectric optical sensor platform based on a waveguide. The invention aisc
relates to the use of said process in qualitative affinity sensing and to the use thereof for the
selective quantitative determination of luminescent components in optically turbid solutions.
The invention further relates to a sensor platform sultable for cam/ﬁng out the process '

Where light propagates in a waveguide, the lightwave is not compietely limited to the actual
waveguide: in fact a fraction of the lightwave propagates in the contiguous optically thinner
mediumn. This fraction is tarmed the evanescent fieid and Is the basis of the variegated use
of optical waveguides in sensing technology.

With the evahsscem field it 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



WO 95/33198 PCTI/IB95/00368
-2-

. Detection of the "volume luminescence": a fraction of the fluorescence excited by the
guided wave is emitted into the full space angle; this fraction can be optically recorded and
fed into a detection system.

. Detection of the “evanescent luminescence": complementary to the luminescence
emitted into the space, this evanescent luminescence is back-coupled as guided wave into
the waveguide, transported there and coupled out via the end plane of the waveguide.

Methods and apparatus for detecting the evanescently excited luminescence of antibodies
or antigens labelled with luminescent dyes are known and described, inter alia,'in US-A-
4582809. The arrangement claimed therein uses an optical fibre and endface coupling for
the evanesbent luminescence excitation. Such optical fibres typically have a diameter of up
to 1 millimeter and conduct a host of modes when laser light is coupled thereinto. The
evanescently excited luminescence can be measured in simpie manner only by the fraction
. tunnelled back into the fibre. The quite large dimensions of the apparatus and the féct 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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the arrangements described above. Further disadvantages here are also the large sensor |
dimensions and the large sample volumes associated therewlth.

In WO 80/08503 there Is disclosed a process for exciting luminescence by total intemal
reflection ﬁﬂu@rescéme (TIRF) using thin planar, preferably monomeode, waveguides. The
waveg@id@ in this process is used to increase the light field strength at the sensor surface,
the excitation radiation being beamed in from the underside and reflected totally at the
sensor. The volume luminescence emitted into the space angle is detected. in this process,
the interaction zone. between excitation light and molecules having luminescent properties is
limited on the sensor, as excitation takes place only in the area of the beam diameter.
There are therefore ohy-aﬁmi&edl pcssibﬁ!ities of dimensioning the sensor via the beam
diameter, with restrictions in diameter and divergence owing to the very narrowly confined
resonance angle.

The prior ast use of one or more than one coupling grating for the input- or output-coupling
of guided waves is described by K. Tiefenthaler and W. Lukosz in "Sensitivity of grating
couplers as integrated-optical chemical sensors®, J. Opt. Am. B6, 208 (1989), by W.
Lukosz, Ph.M. Nellen, Ch. Stamm and P. Weiss, in "Output 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 attempts have been made to enhance the sensitivity of evanescently excited
umﬁnesceﬁce and to fabricate integrated optical Sensors. Thus, for exampie, Bﬁasensors &
Bloelectronics 6 (1991), 585-607 reperts on planar monomeode 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
immunogliobulinG/fluorescein-labelled proteinA, wherein the antibody s immobilised on the
Walveguﬂde and the fluorescein-labsiled proteinA to be detected, in phosphate buffer, is
added to a film of poMﬁnyi aleohot with which the measuring region of the waveguide is
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coated. A substantial disadvantage of this process is that only minor differences in the
refraction indices between waveguiding layer and substrate layer are achievable, resulﬁng
in a relatively low sensitivity. |

The sensitivity is said to be 20 nm in fluorescein isothiocyanate bonded to proteinA. This is
still unsatisfactory for being able to detect microtraces, and a further enhancement of
sensitivity is necessary. Moreover, the reproducibility and practical viability of coupling light
into the excitation wave by prisms seems difficult on account of the considerable
dependence of the coupling efficiency on the quality and size of the contact area between
prism and waveguide. ' ' '

The use of gratings for the luminescence detection as claimed in this invention is described
in US-A-5 081 012. This US patent discloses grating structures for coupling excitation iight.
into a waveguide as well as special reflection gratings which enable the excitation wave to
traverse the waveguide a number of times. Enhanced_sensitivity is said to be achieved by
this means. The volume luminescence emitted into the space angle. Moreover, the
excitation radiation coupled out of the input-coupling grating after two traversals can be
used as reference signal. The drawback of this process is the strong increase of the
background radiation infensity caused by the refiection grating and 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 op_tical 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 anéguidi’ng' layer (b), by bringing a
liquid sample as superstrate into contact with the layer (b), and measuring the Iumirie_'scence _
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produced by substances having luminescence properties in the sample, or by substances
having luminescence properties immobilised on the layer (b), optoetectronically, 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 are excited
to luminescence in the evanescent field of the waveguiding layer, which process comprises
using a waveguiding layer having a thickness smaller than the wavelength  of the
excitation radiation and which consists of a material whose refractive index at the
waveiength of the excitation radiation is 2 1.8, and coupling out from the waveguiding layer,
and detecting, the luminescence radiation coupled back into the waveguiding layer (b} with
a second coupling grating spatially separated from the first coupling grating. '

Preferred utilities of the process form the subject matter of claims 20 to 23. A sensor

‘platiorm and the preferred embodiments thereof which are particularly sultable for carrying

out the process of the invention are described in claims 24 to 38. Preferred embodiments of
the process form the subject matter of claims 2 to 19. ' ‘

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 systemn 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



WO 95/33198 _ o PCT/IB95/00368
-6-

dimensions are in this connection to be observed (W. Lukosz “Principles and sensitivities of
intégrated optical and surface plasmon sensors for direct affinity sensing and
immunosensing", Biosensors & Bioelectronics 6, 215-255 (1991 )» D.G. Hall, "Optical
waveguide diffraction gratings: coupling between guided modes", in Progress in Optics
XXIX, ed. E. Wolf, Elsevier, New York (1891):

The penetration depth of the evanescent field of a planar waveguide into the superstrate is
expressed by the eduation
AZe\'a = x . _— 1

& INL -,

for the effective modal refractive index Nex, the superstrate .refraéti_ve index Ngypers 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

2 2
n., —-N
— " fiim of
f ==

-2 2
"ﬁlm —n.tub

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_Z/AZ.C.-

This intensity curve of the exciting evanescent fields vertical to the waveguide surface
determines the essential Scaling factbr 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.
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For luminescence detection it has now been found that the evanescent back coupling of
luminescence is an efficient process for thin, highly refractive planar waveguides. The
choice of layer thickness and refractive index has an effect on both the (computable)
excitation efficlency as well as on the evanescent back camp&ﬁhg. in the latter case there is
competition between the input-coupling of the radiation fractions of bound molecules in the
proximity of the waveguide surface and the input-coupling of unbound molecules from the
sarmple voiume.

For an efficient detection of molecules having iumﬁnescént pmpemas in the proximity of the
- waveguide surface by the process of this invention it has been found that the waveguide
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 luminescence whﬁch is evanescently coupled back into the waveguide is transported
&hefes‘;n: 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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This luminescence radiation transported in the wa‘veguid'e must be coupled out and guided
to the detection system. An end-plane output-Co’upIinQ is_nof expedient: on the one hand it
requires a high_quality of the wavelength edges and in SOme-cases'contacting'the optical

detection means via a liquid or gel immersion and, on the other hand, the integration of the

- sensor elements together with the fluid cell is thereby hindered.

The use of a second coupling grating, which is spatially separated from the couplihg grating
for the input-coupling of the excitation radiation, for coupling out the luminescence radiation
is able to avoid completely the end-plane problem. A further advéntage is that the grating
distance A in direction x (i.e. in the direction of the guided wave) can be freely chosen. The
possibility is thereby afforded of an optimum adjustment of the distance A to the attenuation
for each wavelength without the necessity of alt_ering the external dimensions of sensor and
fluid cell. Furthermore, it is advantageous that the outsidé edges of the sensor element do
not have to meet any optical quality requirements, so that their configuration can be
adjusted to the fluid cell - in particular to the conﬁgur'ation' of the sealing employed.

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). _

(Conversion . T [dB/cm] = Xy [1/mm] : Xy6=100/(In10°T)).

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.
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Flgure 2 shows a fop view of the sensor platform of figure 1.

In Fig. t, 1 Is the sensor platform, 2 is the coupling grating for coupling in the excitation
radlation, and 3 is that for coupling out the luminescence; 4 is the waveguiding layer and §
is the substrate,

Fig. 1 shows a possible path of rays for the input- and cutput-coupling of excitation and
luminescence radiation into and out of the sensor platform. A guided wave with propagation
in direction x is excited by the coupling grating 2 in the sensor plane when the resonance
condition in respect of the x components of the wave vectors is met:

ki sk, tmek, =k +mel" ‘A » T integer, ke reciprocal grétﬁng vector

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"c088 (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 ccupﬂing out the excltation wave (with '
kew) and the &he ﬂumﬁnescence radiation (with Kew)

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
c@mp@nents of the luminescence radiation are coupled out in different directions. it is
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_ therefore possiblé by means of this invention to detect also molecules in weakly
luminescent sample media even without additional filters if the luminescence of molecules
to be detected and of the sample medium is spectrally different.

The adjustment of the angles for input- and output-coupling is possible through the choice
of grating constants A, and A.. For the preferred caée shown in Fig. 1 with a direction
separation between input- and output-coupling, the grating constants must be chosen with
marked differences. |

Alternatively, 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 mput-coupled 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 constants
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 wuth 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.
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Important for the cholce of the depth of the input-coupling grating is not primarly the
absclute vaiue of the leak parameter, but the adjustment of leak parameter and the
radiation pararneter of the incident light (beam diameter and divergence). For the optimum
input-coupling of a laser beam with Gaussian profile (Gaussian parameter we) overa
spatially limited grating it is necessary to cbserve the following conditions jor leak
parameters, bearn diameter and posﬁmmng of the beam with respect to the grating edge

o °We= 1.36

o XefWo= 0.733.

The vaiue x. describes the shift of the centre of the light spot towards the position of the
grating edge. This shift must take place away from the edge to the structured area.

By cbserving this condition itis possubﬁe to achieve input-coupling efficiencies of up to
greater tharn 80%.

An analogous obsewaﬁén for the output-coupling leads to the resuit that here tos a high
coupling efficiency of 80% and more can be achieved. The premiss is that the lateral
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 guﬂded wave through the
grating.

The following aspects shall be cberved when setting 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.
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We have found that the range of leak parameters «=(0.2-5)/imm is a good compromise
between adjustment requirements, positioning tolerances and miniaturisation. For the above
described waveguide layer thicknesses, a range of {gming= 3-60nm, in particular of 3-40nm,
for the grating depth when using a sinusoidal modulation at the interface of shbs'trate— '
waveguide typically corresponds to this range. As the leak parameter is heavily dependent
on the profile form of the grating, the important dimension for the sensor function is not the
geometrical depth but the leak parameter.

The substrate of the sensor platform must be transparent at the excitation and emission
wavelength. The substrate may also be a plastics material as described e.g. in EP-A-
0533074.

The substrate may also consist of a composite system of dxfferent materials, for example a
~ layer system on a support plate or the like. In this’ case it is only necessary that the
refractive index of the material directly ad;acent to the wavegu:dmg Iayer be smaller than
the refractive index of the waveguiding layer.

. 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 interleyer. 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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A further advantage of the use of an interlayer may aiso be a reduction of the surface
roughness of the substrate. The waveguide attenuation I” is thereby reduced with positive
effects on the signel-to-noise ratio in evanescent luminescence detection.

Only essentially parailel light is suitable for luminescence excitation. Within the scope of this
invention, the expression "essentially parallel” shail be understood as meaning a divergence
of less than 5°. This means that light may be weakly divergent or weakly convergent.
Greater divergences simplify the adiuS&ment of the input-coupling angle, but reduce the
luminescance 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 Impinging energy for the
luminescence excitation is avaiﬂa_bﬂe.

- Within the scope of this invention, a planar dielectric optical sensor platiorm means that
said platform is In the form of a strip, a plate, a round disc or any other geometrical form,
provided it can be seen by the naked eye to be planar. Deviations from planarity are not
crucial if a guided wave is capable of propagation in the waveguiding layer and an mput?
and output-coupling scheme analogous to that In Fig.1 can be realised. The chosen
gé@memcaﬂ form can be governed by the construction of the entire apparatus into which the
sensor platiorm is bullt. Preferred arangements are those that permit substantial
miniaturisation. ' '

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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Chemical, Biochemical and Environmental Fiber Sensors V. Proc. SPIE, Vol. 2068, 1-13,
1994, '

The grating structure can be produced on the substrate and afterwards transferred to the
waveguiding layer in which the grating structure is then imaged, or the grating is produced
in the waveguiding layer itself.

The grating period can be 200 to 1000 nm, while the grating advantageously has only one
periodicity, i.e. is monodiffractive. -

Within the scope of this invention the term "sample” shall be taken to mean the entire
solution to be assayed which may contain a substance to be detected - the analyte. The
‘detection can be made in a single-step or multistep assay in the course of which the surface
of the sensor platform is contacted with one or more solutions. At least one of the solutions
employed can contain a substance having luminescence properties which can be detected
in the pra'ctice of this invention. |

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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Suitabie solvents are water, aqueous buffer and protein sclutions and organic solvents.
Suitable organic solvents are alcohols, ketones, esters, and aliphatic hydrocarbons. it is

. preferred to use water, aqueous buffers or a mixture of water and a water-miscible organic
soivent.

The sample can, however, aiso contain constituents that are insoluble in the soﬂvém, for
exampie pigment particles, dispersants, natura! and synthetic oligomers or polymers. In this
case the sample s in the form of an optically turbld dispersion or emulsion.

Suitable luminescent compounds are luminescent dyes having a luminescence in the
wavelength range from 330nm to 1000nm, typically including rhodamines, fiuorescein
derivatives, coumarin derivatives, distyryl biphenyls, stilbene derivatives, phthalocyanines,
naphthalocyanines, polypyridyl-ruthenium complexes such as tris(2,2"-bipyridyljruthenium

- 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 dyes having
absorption and emission wavelerigths in the range from 600-900nm.

Particularly suitabie luminescent compounds are dyes such as fluorescein derivatives which
contain functional groups with which they can be covalently bonded, for example -

flucresceln isathiocyanate.

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.
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Of particular importance in this connection are laser diodes or superiuminescent diodes, as
such light sources make possible a high miniataturisation of the detection system assigned
to the sensor platform.

The luminescent dyes eligible for use may also be chemically bonded to polymérs or to one
of the binding partners in biochemical affinity systems, e.g. antibodies or antibody
fragments, antigens, proteins, peptides, receptors or their ligands, hormones or hormone
receptors, oligonucleotides, DNA strands and RNA strands, DNA or RNA analogs, bihding
proteins such as protein A and G, avidin or biotin, enzymes, enzyme cofactors or inhibitors,
lectins or carbohydrates. The covalent luminescent labelling last mentioned is the preferfed
utility for reversible or irreversible {bio)chemical affinity assays. It is further possible to use
luminescent-labelled steroids, lipids and chelators. Intercalating luminescent dyes are also
of particular interest for hybridisation assays with DNA strands or oligonucleotides,
especially if - like different rutheniufn 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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A specific embedﬂmem of the process consists in immubﬁﬂﬁSing the substances haﬁﬁng
luminescent properties used for detecting the analyte direct at the surface of the
waveguiding layer (b). The substance having luminescent properties can be, for example, a
luminophore which Is bound to a protein and which can thereby be excited to luminescence
in this manner at the surface of the waveguiding layer. [f a pattner having affinity for the
protein is guided over this immobilised layer, then the luminescence can be modified and
the amount of said partner can be determined in this manner. in particular, both partners of
an affinity complex can also be labelled with luminophores so as to be able to effect the
determination of concentrations from the energy transfer between the two, €.g. in the form
of luminescence guenching. | '

Another preferred embodiment of the process for carrying out chemical or biochemical
affinity assays consists in immobilising on the surface of the sensor platform a specific
binding pariner as chemical or biochemical detector substance for the analyte itseif or for
one of the binding pariners. The assay can be a single-step or muitistep assay in the course
of which, in successive steps, one or more than one solution containing binding partners for
the detector substances 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 analyle leads selectivelytoa luminescence signal or selectively to a
change In the liminescence 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



WO 95/33198 . _ ' PCT/IB95/00368
-18-

slrands of RNA and DNA for their compiementary strands, avidin for biotin, enzymes for
enzyme substrates, enzyme cofactors or inhibitors, lectins for carbohydrates. Which of the
respective affinity partners is immobilised on the surface of the sensor platform will depend
on the architecture of the assay. - '

The assay itself can be a single-step compleﬁcing process, for example a competitive assay,
or also a multistep process, for example a sandwich assay.

In the simplest case of the competitive assay, the sample which contains the analyte in -
lmknown concentration as well as a known amount of a compound that is similar except for
luminescent labelling is brought in to contact with the surface of the sensor platform, where
the luminscent-labelled and unlabelled molecules compete for the binding sites at their .
immobilised detector substances. A maximum luminescence signal is achieved in this assay
configuration when the sample contains no analyte. With increasing concentration of the
substance to be detected, the luminescence signals under obéervatioh become lower.

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 thie 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
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be detected and of mé luminiscent-labelled secondary antibody used for carrying out the
detection to a second epitope of the antigen can be effected either by successive
contacting with the solution containing the antigen and a second sclution containing the
luminiscent-labelled antibody, or by combining these two solutions beforshand, so that,
finaily, the partial complex consisting of antigen and luminescent-labelied antibody is bound.

Affinity assays may also comprise further additional binding steps. For example, in the case
of sandwich immunoassays proteinA, which specifically binds ﬁmmumgﬂobuﬂins which then
act as primary antibadées in a subseauent sandwich assay, which is carried out as
described above, at their so-called F, pert, can be immobilised on the surface of the sensor
platform in a first step.

There is a whole host of further types of affinity assays, typically using the known avidin-
biotin affinity system. o '

Examples of types of affinity assays wili be found in J. H. Rittenburg, Fundamentals of
ﬂmmun@éssay; 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 hand 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
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therefore suitable for kinetic studies for determining different association or dissociation
constants or also for displacement assays.

The detection of evanescently excited luminescence can be made by known methods.
Photodiodes, photocells, photomultipliers, CCD cameras and detector arrays, for example
CCD cells, may suitably be used. The luminescence can be imaged with optical elemenfs
such as mirrors, prisms, lenses, Fresnel lenses and gradient index lenses thereon. To

" select the emission wavelength it is possible to use known elements such as filters, prisms,
monochromatic filters, dichromatic mirrors and diffraction gratings.

One advantage of the process of this invention is that, besides the detection of
luminescence, the absorption of the irradiated excitation light can also be determined.
Compared with multimodal waveguides of optical fibre or planar construction, a substantially
better signal-to-noise ratio is achieved in this case. The simultaneous measurement of
luminescence and absorption makes it possible to determine luminescence quenching
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 Iig'ht 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 monitqr*thé rate of a bond formation analytically or to prevént a decrease in the
luminescence signal because of photochemical fading using short exposure times. By using
appropriate short pulse length and suitable time-resolution of the detection it is furthek
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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modulated excitation and detection - investigation of the influence of the binding of the
analyte on the decay of molecular luminescence. in addition to the specific recognition of
the analyte by the immobilised detector substances and the srpaﬁal limitation of the signal
production to the evanescent field of the waveguide, the molecular luminescence decay
time can be utilised as a further criterion of seiectivity.

The process can é&so be carried out by input-coupling the excitation light at one or more
than one frequency with modulated intensity, and detecting the resultant phase shift and
modulation of the sample luminescence.

The invention further relates to the use of the inventive pracess for the quantitative
determination of analytes in chemical or biochemical affinity assays with known affinity
partners and assay architectures by detecting the emission of labelled binding partners
capable of ﬂumﬁnescehce, or by detecting changes' in the luminescence properties of
immobilised luminescent-labelled affinity partners by interaction with the analyte.

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 assaciation and dissociation rates in contiruous 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.
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Optically turbid fluids may typicaily be biological fluids such és egg yolk, body fluids such as

_blood, serum or 'plasma, and also samples emanating from environmental analysis,
including surface water, dissolved soil extracts and dissolved plant extracts. Suitable fluids
are also the reaction solutions obtained in chemical production, in particular dye solutions or
reaction solutions oﬁginating from the production of fluorescent whitening agents. Also
suitable are all types of the dispersions and formulations typically used in the textile
industry, provided these contain one or more than one luminescent component. The
process can thus also be used for quality safeguarding. '

The invention is illustrated in more detail by the following Example. The concentration M
denotes mol per litre. ' '

Example

Optical systein

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.
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Excitation and detection are carried out as shown schematically in Fig.1 from the underside
of the sensor platiorm.

3 measurement channels are available for the detection, for the flucrescent and excitation
light coupied out at the output-coupling grating {in the direction of K'.» and kae according to
Fig.1), as well as, via a beam splitter, the incident excitation light (not shown in Fig.1).

A multiplier in the singie photon counting mode (Hamamatsu R 4832 SEL) with impulse-
forming electronics (Harnamatsu C3 8686) Is used as detector for the flusrescence radiation.
Its TTL output signal is counted by a conventional impuise counter {Hewlett-Packard 53131
A). The fiuorescence radiation for the angle sectors can be focused on the d_etector via a
t@cusﬁhg lens systern. Interference filters for suppressing scatiered ﬁight (band-pass at A =
725nm with haif-width 25nm, Omega) are positioned in front of the detector.

~ Si diodes (UDT PIN 10D} with a measurement amplifier (UDU 101 C) connected in series
~ 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.

Sensoy platform
Polycarbonate which is macmstructured in the foliowing manner with two gmtmgs for inpute
and output-coupling is used as substmte

input-coupling grating with period A = (289.5 £ 0.7 nm), depth t, = 6.9 nm to 12.3 nm,
cutpmncqu;inﬁiig 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,
= Ba = 2 mm, grating height {parallel to lines) 4 mm, the dimensions of the sensor platform
belng 12 x 20 mm®.
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" To suppress self-fluorescence of the polycarbonate, this substrate.is coated with a SiO;
interlayer having a refractive indexn = 1.46 and a thickness of toutter = (100 £ 10nm),
therafter the waveguiding layer of TiO of high refractive index nym 2.35 at A = 670nm and |
of layer thickness tum = (170 + 5nm). '

By means of the excitation light the modes with order m = 0 can be excited in the
waveguide for this grating-waveguide combination.: for TE, the input-coupling is effected
under an angle of o = (-10 + 1.6)°, alternatively for TM, under the angle o = (-22.7 +3.7)°.

The fluorescence radiation is coupled out with TE polarisation in an angular range of e =
'31°...40°, the excitation light at angles of e > 42°. A speétrai region of A ¢.685nm... 715nm.
For TM polarisation the output-coupling angle isin 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 FluoroLink™ Cy 5.5™
(Biological Detection Systems, Pittsburgh PA 15238, USA):

1.  Solution of 2.5 mg of rabbit IgG in 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 overa Sebhadex R G25 column
(Pharmacia LKB, Biotechnology AB, Uppsala, Sweden), which has previously been
equilibrised with 50ml of phosphate buffer at pH 7:
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- discarding the 1 mi
- collecting a number of fractions

4.  Determining the dye/protein ratio from the optical densities at 678nm (absorption band
of the dys) and at 280nm (protein absorption band}. A ratio of 1 dye molecule to 2 protein
molecules was determined therefrom. '

Solution used

1)  Bufier solution consisting of (0.041 M of NagHPO, + 0.028 M of KH,POx), 0.161 M of
NaCt, 200 mg/l of scdium azide, 50 mi of methancl, bulked to 1 litre with distilled water;

2) solution for immobilising protein A (Sigma Chemicals): 1 mg/mi of dist. water;

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

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

5) sample solutions: Cy 5.5™

4abelled immunoglobulln in different concentrations 10°M

10° M; 3.10°°°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 hour 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:
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- washing for 4 minutes with rinsing solution 4), recording of background signal;

- addition of sample solution 5) over 4 minutes;

- washing for 4 minutes with rinsing solution 4).

- addition of regeneration solution 6) over 4 minutes

- washing for 4 minutes with rinsing solution 4).

The fluorescence signal coupled out via the second grating is measured over the entire
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. .
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What is claimed [s:

1. A process for determining luminescence with a planar dielectric optical sensor platform
which consists of a transparent substrate (a) to which a thin transparem waveguiding layer
{b) is applied, which sensor platform is provided with a coupling grating for the input-
coupling of the excitation light and the refractive index of sald substrate (a) Is lower than the
fet?acﬁﬁve.itmdex of the waveguiding 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 uﬁing & waveguiding layer having a
thickness smalier 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.
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6. A process according to any one of claims 1 to 5, wherein the excitation radiation is
coupled into the waveguide in reverse direction and both the excitation light transmitted by
the waveguide and the luminescence transported in the waveguide is coupled out in
forward direction.

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°.

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.
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15. A process according to any one of claims 1 to 13, which comprises input-coupling the
excitation light in the form.of a timed pulse and detecting the luminescence time-resolved.

16. A process according to claim 15, whereln the puise length is adjusted from one
picosecond up to 100 seconds. '

17. A process according to any one of claims 1 to 16, which comprises input-coupling the
excitation light with modulated intensity at one or more than one frequency, and detecting
the resuftant phase shift and modulation of the sample luminescence.

18. A process according to any one of claims 1 to 17, wherein the sample to be detected is
egg yolk, blood, serum, plasma or urine.

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
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provided wfth 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 wavéguiding layér
(4), wherein the thickness of said waveguiding layer (4) is smaller than the wavelength A of
the excitation radiatibn, and said waveguiding layer (4) consists of a material whose -
refractive index at the wavelength of the excitation light is >1.8, and the sensor platform (1)
comprises a second coupling gratihg () which is spatially separated from the first coupling
grating (2) for coupling out the luminescence radiation coupled back into the waveguiding

" layer. '

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, wherein the thick_ness of the waveguiding 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-bne 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).

' (T —
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32. A sensor platform according to claim 31, whersin the interlayer of low refractive index
consists essentially of SiO, or SIC.CyH,.

33. A sensor platform according to claim 31 or claim 32, wherein the thickness of the
interlayer is < 1000 nm. '

34. A sensor platform according to any one of claims 24 to 33, wherein an organic
microstructured substrate is used.

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.

W




