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The pms~nt inrvention relates to a process for detecting evanescently excited luminescence 

with a piamir dlie[ootric optical sensor platform based on a walveguide. The invention also 

relate.~ to the use of said process in qualitative affinity sensing and to the use thereof for the 

saied!ve quantitative determination of luminescent components in optlcaliy turbid sotiutions. 

The n01ventlcm further mlates to a sensor platform suitable for carrying out the process 

Where light propagates In a waveguide. the Dlghtwave is not completely limited to the actual 

waveguide: !n fact a fraction of the lightwave propagates In tlhe contiguous optically thlmer 

modrum. This fracdon ls termed the evanescent field and Is the basis of the variegated use 

o~ optlcai waveguides in sensing technology. 

With the ovanescerat fte~d It Is possible in partiC1Jtar to excite hJmlnescenoo in the optically 

thinner modlum. This excitation Is limited to the Immediate environment of the Interface of 

the waveguide. Evanescent luminescence excitation Is therefore of great interest for 

wiaiyticai purposes. 

A p~anarr sensor consists in the simplest case of a 3aiayer system: a substrate, a waves 
oondudlng layer, and a superstrate that usually constitutes the sample tor assaying. 

Espoouaily ~n the cu0 of thin waveguides in whlCh the thlckn03s of the wawguiding layer is 

sma!l®r than the llght wave length, the number of diffusible modes of the light fleid capable 

of propagation- is limited to a few discrete waveguide modes. 

in thQ cu:. ~f thick waveguides, a host of modes can oo guided. In this case the need for a 

~mbstmte can often be dispensed with. for exampio for thfd<nesses fn the range of sewml 

U1 O mm and greater. 

Prior art methods of detecting evanescent~y excited luminescence can !be differentiated In 

accordance with the choioo of radiation fractions that can be deteded: 
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• 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 ~nown and described, inter alia, in US-A-

4582809. The arrangement claimed therein uses an optical fibre and endface coupling for 

the evanescent 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 simple manner only by the fraction 

. tunnelled back into the fibre. The quite large dimensions of the apparatus and the fact that 

comparatively large sampling volumes are required are further draw~acks. 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 limited by the endface output-coupling: 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 onhick planar multimode waveguides is described by D. Christensen, D. Deyer, D. 

Fowers, J. Herron in "Analysis of Excitation and Collection.Geometries tor Planar 

Waveguide lmmunosensors", 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. Altemativ~ly 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 

; I 
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the arnmgemenm .described above. further disadvantages ih@m am also the large sensor 
dlme~sicins and the large sample volumes associated therewith. 

in WO 90/06503 them~ ls disclosed a process for exciting iumlnescence by total lntemal 

mflection ffiuorescence (imF) using thin planar, preferably monomode, waveguides. The 
waveg~id~ In thos process is used to lncmas~ the light field strength at the sensor sul'face, 
th0 excimtioo radiation being beamed in from the tmderside and reflected totally at the 
sen.~or. The volume auminescence emitted Into the space angle is detected. In thi~s process, 
too Interaction zone.between excitation light and molecules havir1g luminescent properties is 
Rimutoo om the sensor, as excitation takes place only In the ama of the beam diameter. 
Them am tlhemfore ooly limited possibiiltles of dimensioning the sensor via the beam 
duMll~ter, w4th restrictions nn diameter and diverge11ce owing. to the very murowly confined 
msonainc~ angle. 

The prior m1 use of one or more than one coupling grating for the Inputs or outputaooup!lng 
of gundoo waves is described by K. iiefenthaler Md W. lukosz In mSensltlvlty of grating 

ooupiem u entegmtedsopticru chemlcaM sensors11
, J. Opt. Am. BG, 200 (1989), by W. 

lukooz, Ph.M. INellen, Ch. Stamm Md P. Weisss on moutput Grating Couplers on Planar 
Waveg!IA~des as lntogmted Opltci Chemical Sensors°', Sensors and Actuators 81, 585 
(1990}, and by T. Tamir and S.T. Peng, En lllAnalysrrs and Design of Grating Couplers .. , Appl. 
Phys. 14, 235a254 (1977). The processes described by Tiefenthaler et al. am useful for 
affinnfy sensing by the dimct detection method (via the change In mfmctlve index). The 
dlisplaoomern cf. the ooupling angle resonance is determined which, owing to the change in 
refractive index, os govemed by adsorption or binding of mdecides. 

Va1Fno1U1s attmnpts have been made to enhance the sensitivity of evanesoontly excoted 
iYmanescence and to fabricate integrated optical sensors. 'fhrus, folf example, Biosensors & 

Bloo~edronics 6 (1991 ), 595e607 rep0rts on planar mooomode or lowamode waveguides 
which are fabricated In a twoastep ion exchange process Md in whlch tho coupling of loght 
o~to the excitation wave Is effected with prisms. The affinity system used is human 
nmmunogiobuiinG/fluorescei11eiabellOOJ proteinA, wherrel11 the antibody is immobilised on the 
waivegunde and the fiuoresceineiabelledl proteinA to be detected, on phosphate buffer~ is 
added to a film of poiyv!nyl alcohol with which the meu~ring · mgio11 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, resulting 
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 cohtact 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 light 
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 signat The drawback of this process is the strong increase of the· 
background radiation intensity caused by the reflection gratjng 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 
parUcular, 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~ical waveguide for 

carrying ourttfe process. 

This object is achieved with a process for determining lumine8cence 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-coupling of the excitation light and the refractive index of said 
substrate (a) is lower than the refractive index of the waveguiding layer (b), by bringing a 
liquid sample as superstrate into contact with the layer (b), and measuring the luminescence 



pmolUJJc®d lby substanoos having luminescence properties !n the sample, or by substances 

having ~i.Dm!rrtescence properties immobilised on the layer (b), optoelectronicatiy, by coupling 
th9 excitation l!ght with the ooupling grating into the paanar ·waveguide so that !t traverses 
th0 wavoguidlng layer~ whereby the substances having luminescence P.ropertles are excited 
to h~m!nescooce iinl tho evanescent fieid of the waveguiding 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 refmctive index at the 

waveiengt~ of the excitation radiation is ~ 1,8, and coupling out from the waveguading layer,. 

and detecting~ the luminescence radiation coupled back into the waveguld!ng layer (b) witlh 

a seco11d ooupling grating spatially separated from the fimt coupling grating. 

Pmfferred 11,ijtmties of the process form the subject matter of claims 20 to 23. A sensor 

. platform Md the preferred embodiments thereof which are i?artlcularly suitable for carrying 
out the .. proooss of the Invention are described In claims 24 to "38. Preferred embodiments of 

the proo~ss fonm tho subject matter of cialms 2 to 19. 

in the pm.dice of this invention, the excitation radiation is co1Jploo into tlhe waveguide with a 
coujpling grating and propagates in the waveguiding !ayer as guided wave. For the efficient 

evanesc~nit excitation of the luminescence It Is possible to achieve a lhlglh field stmngtte at or 

near the sensor surface by choice of the wavelength panu11eters (refractive Index, layer 
th1Clm9SS}, 

Smprisurogiy, it has ooen found that, for the dimensioning of ·the waveguide described 

here!K'\ibeijowg a substantial fraction of the luminescence radiation is 001U1pled back 

~vanescentiy Into the waveguide and is transportedl by the waveguide together with the 
excitation wave. Henoo the luminescence radiation can be coupled OUJt of the waveguide vna 
a second coupling grating wh~ch Is spatially separated from the firm 001Jpling grating and is 

ooind~ctoo to the detection $ystem. The advantage of this Olgirating detection evanescent 

i~minesce1100°c over the 11vo!ume detecttona of the prior mt resides in the simpiified possibility 

of min!tia~mising tlho sensor platform and the detection system pertaining thereto, 

Thie dimensioning of planar waveguides for the most efficient luminescence excitation 

poss!b!e can be effected cm the basis of the theory of planar waveguides. The following_ 
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dimensions are in this connection to be observed (W. Lukosz "Principles and sensitivities of 

integrated 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 inOptics 

XXIX, ed. E. Wolf, Elsevier, New York (1991 ): 

The penetration depth of the evanescent field of a planar waveguide into the superstrate is 

expressed by the equation 

for the effective modal refractive index Nan. the superstrate refractive index nsuper. and for 

the working wavelength 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 factor f for the electric field strength at the waveguide surface 

in which n111m is the refractive index of the waveguide and nsub is the refractive index of the 

substrate, there is obtained an intensity curve le of the evanescent field above the 

waveguide proportional to: 

-2u 
le-/• e /l!t.z,;,,,. 

This intensity curve of the exciting evanescent fields vertical to the waveguide surface 

determines the essential scaling factor 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 n~cessary to take into account the distance of the 

molecule from the waveguide surface when dimensioning the waveguide. 



!For ~11.llmifllescence detection ltt has now been found that the evanescent !back coupling of 
lrumarnescence is an efficient process for thin, hlgh~y refractive p!anM waveguides.The 
choicG of ~ayer thickness and mfraetive index has an effect on bot~ the (computable) 
0xcotation tJffucloocy as well as on the evanescent back coopling. In the latter case there is 
oompetltlon between the inp~t~ooupling of the radiation fractions of bound molecules In the 
pmxumoty of tho waveguide surface and the input®coupling of unbound molecules from the 
sampie voiUJme. 

For an efficient detection of molecules having lumonescent pmper1ies In the proximity of the 
waveguide SUJriaoo by the process of this invention It has been found that the waveguide 
parameters must lie In the following range: 

11 ~~fracth1G Index n11m ~ 1.8 for the ~xcitation wavelength A, 

o layer thid<rness ~ s ~or the excitation· wavelength i .. ,. pmferably • s 'J.J2. 

A part!cu~arijy advanttagoous embodiment of the pmooss Is that when the layer thickness Is 
selected in the range from 40 to 160nm, and simuttanecus1y the depth modulation of the 
gratings Is fmm 3 to 60nm, the ratio of depth modulation to layer thickness being <0.5. 

Th9se waveiengtlhs am aiso be charactensed in that they typically permit only the 
propagatt!on of waveguide modes of iow order m s 3. 

The i~monescenoo which Is evanescently coupled back .mnto the waveguide is transported 
thereirn; mamdenstic themfom Is the attenuation coefficient r of the guided wave. Given a 
[ow Stok0s0 shift, identical attenuation data for the excitation and iuminesce11ce radiation 
mn be usum-ed (posslble·causes of the waveguide decay am scattering losses at the 
!ntteriaces of the waveguide as well es absorption In the waveguide layer or in the s~bstrate 
or ~mpemtmtte. if them am 110 prono1.mced narrow absorption bandso then no significant 
change i"1 decay caused by the Stokes' shift of typically 10a50nm is to be expecied both for 
scattering w; well as for absorption. Such spectrally narrowaband absorption effects must be. 
avoided in seJecting tlho material for the sensor platform). 
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This luminescence radiation transported in the waveguide must be coupled out and guided 

to the detection system. An end-plane output-coupling is not 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 coupling 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 advantage 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 altering the external dimensions of sensor and 

fluid cell. Furthermore, it is advantageous that the outside 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 ~he configuration of the sealing employed. · 

An optimum value for the grating distance B has been found to be B = x118, with a variation 

possibility in the range of B = (0.2 • 3)* X11e (X11e: 1/e length for the drop in intensity of the 

guided excitation wave in direction x). 

(Conversion . r [dB/cm] ~ X11e [1/mm] : X11e=1 OO/(ln1 O*r)). 

For greater distances, both excitation light as well as guided luminescence light is strongly 

attenuated and lead to a strong signal reduction. The downward limitation is not expressed 

primarily by excitation 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 1 OOµm are inexpedient, also in view of the dimensioning 

of the width of the input-coupling grating described below ~nd 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. 

: I 



~igrum 2 ~hows a top view of the sensor platform of figure 1. 

~~!Fig. 1, 1 Is the sensor piatform, 2 is the ooupiing grating for coupling in the excitation 
raduatoo~. and 3 Is thatt for ooup~ing out the iumlnescence; 4 is tthe waveguiding iayer and 5 
is the substrate. 

Fmg. 1 shows a possible path of rays for the Inputs and! outputscoupilng of exdtatl!on and 
lumlnesoonce radiation Into and out of the sensor piatfonn. A guided wave with propagation 
an dnmct!on x Is excUed by tthe coupling grating 2 in the sensor plane when the resonance 
ooncilltiorrl !in resped m the x componentts of the wave wctom is met: 

km, ::.5 2~ • N :U :g k@ • N 16 : wave vedoreguldled.wave with effective modal· refractive index 

iN@mr 

in Fig. 1, a negative angle~ is shown for the lnputacoupllng with 

km:gk@ '"oo~ (ko: magnitude of wave ·vector In the plant? of the drawing) 
so that the gq,gided wave runs in the •opposite direction• to the excitation (s0sea.Eled 
"'backward cwpllnst). Positive angles am chosen for coupling out the excitation wave (with 

~) and the the h.smines~noo radiation (with km) 

A high d®Ql!'OO of background freedom fs achieved by such mi Inputs and outputacouplfing 
confoguration wntth mal'ked~y dofferent directions for mflected incident light and Hght which Is 

. -~ ··-
coupi0d out The spatial separation of the different radlatoon fractions ensures an optimum 
slgnaisto--nouse ratio on luminescence detection: excitation radiation which Is coupled out and 
lumanosoonoo radiation do not run.In a common p{tth of mys, so that filters (wtaoff or 
boobdpass fn!ttem, not shown in Fig. 1) am used only for su.sppressing scattered llght, but not 
for the f~ii intensity of the excitation radiation whidh is coupled out. 

A further adlvantage of using an outpute00upling grating us that different spectral 

componGntts off tlhe l~minesce11ce radiation are coupled out In different directions. It is 
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' therefore possible 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 ~f the angles for input- and output-coupling is possible through the choice 

of grating constants A, and A2. For the preferred case shown in Fig. 1 with a direction 

separation between input- and outpu·t-coupling, the grating constants must be chosen with 

marked differences. 

Alternatively, identical grating constants can be used for the gratings 2 and 3 to simplify 

fabrication of the sensor. This may be important for as cost-effective a fabrication of the 

sensor as possible, as a number of process steps are omitted when using holographic 

structuring fa~ grating fabrication. The spatial separation 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-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 advantageously by the choice of the grating constants 

in the range from It} I =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 

angles far beyond the normal ones for sensors should be avoided for a proper. 

implementation of the path of rays. 

. . . 
The dim~nsioning of the grating depth can be in accordance 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 "Integrated Optics", ed. T. Tamir, Springer, Berlin 

(1979). The so-called "leak parameter" a is used here as feature: a describes the 1/e 

decrease in intensity of a guided wave in a waveguide whose interface is provided with a 

coµ piing grating of depth fgra11n9• Hence 1/a is the characteristic length for transferring the 

radiation energy from the guided wave to a wave that propagates freely or vice versa. 



·--·--- --·-·----····--·····-···--~~---------....... · ---·------------·-----------------------

ijmportant ffor the choice o~ the depth of the lnputaooupllng grating is not primarily the 

atsouQllte valuie of the leak parameter, but the adjustment of leak parameter and the 

radiation parameter of the incident light {beam diameter and divergence). For the optimum 

input..coupilng of a laser beam with Gaussian profile (Gaussian parameter w0 ) over a 

spattal!y limited grating lt ls nece~ry to observe the following ooooittons for leak 

parametemB ooam diameter and pooftlonlng of .the beam with respect to the grating edge: 

0 xdw@~ 0. 733. 

The value Xe describes the shift of the centre of the light spot towards the position of the 

grating edge. Thas shift must take place away from the edge to the structured area. 

By obseNlng this condition it is possible to achieve inpute00upling efficiencies of up to 

greater than 80%. 

An anaiogous observation for the outpLtaoouplDng Deads to tie· msutt that hem too a high 

ooup~ing 0ffia0ncy of 00% and more can be achieved. The premf.ss Is that the lateral 

expansion «)f the grating ~n the direction x is markedly gmater than tho Deak parameter. The 

intensity profile of the fmely propagated beam of light M'ifch Is coupled 01Jt is, however0 

inter ~ia. asymmetrical on account of the attenuation of ttie guided wave through the 

grattlng. 

The foilow!ing aspects shall be oberved when setting the leak pammetoir for the Input" 

oou~ing 

c positticming the light spot with respect to the grating edge 

o miniaturising the sensor element. 

AiUmugh snlall [eak parameters (m<<11mm) and oormspanding iarge beam diameters 

(w@>>1mm) simplify poomoning~ the possibility.of mimatunsmg the sensor is markedly 

mstll'ilcied in the case of grating widths substantlaliy gmater than ~mm. The grating width 

shou~d b~ A > 3*wo to effect complete coupling. ln addWon1 inhomogeneities of the grating 

smd the w~veguide have a negative effect on the ooupH111g efficiency. Whereas large leak 

parameters (a.>10/mm) with beam diameters Wo<10µm permit very sma!I grating 

dimensions, they aiso permit a positioning accuracy of <<100µm. Furthermore, the coupling 

efficiency is in this case limited by the fad that, inter a~ia, the beam divergence as markedly 

aoove the ~nguilar range of the coupling resonance. 
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We have found that the range of leak parameters ~(0.2-5)/1 mm is a good compromise 

between adjustment requirements, positioning tolerances and miniaturisation. For the above 

described waveguide layer thicknesses, a range of tg~g== 3-60nm, in particular of 3-40nm, 

for the grating depth when using a sinusoidal modulation at the interface of substrate­

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 different materials, for example a 

. layer system on a support plate or the like. In this case It is oniy necessary that the 

refractive index of the material directly adjacent to the waveguiding layer be smaller than 

the refractive index of the waveguiding layer . 

. A cost-effective fabrication of the sensor platform is possible in particu.lar whenever 

microstructured polymers can be used as substrate for the waveguide coating. In this c~e 

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 

mech_anisms .at the waveguide-superstrate interface. This substrate-luminescence can be 
. . . . 

avoided by a non-luminescent interlayer of low re~ractive index (i.e. having. a refractive index 

lower than or identical to that of the waveguide) Which is applied to the substrate before the 

waveguide coating. A particularly suitable ihter1ayer material is Si02 or consists essentially 

of Si02 having the composition SiOxHPz into which lower hydrocarbon radicals may 

additionally be inserted. The thickness ltiuner of this interlayer 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 it ltiu11er is more than six times 

the value of the penetetration depth Zeva of the evanescent field. A five-fold value is 

appropriate for an optimum signal-to-noise ratio in evanescent lumines.cence detection. This 

condition is safely met tor ltiuner s 2000nm. 



A f~rtlhe.r advantage of the uise of an intertayer may also be a reduction of the surface 

ro~gihness ot the substrate. The waveguide attenuation r is thereby md1U1ced with positive 

effectts «:>lf1l ttlhf} siginal .. tosnolse ratio in evanescent luminescence detection. 

Only esseiitnal~y parallel light is suitable for luminescence excitation. Within the scope of this 

inventno11, tfht} ~xpmsslon ioessentially parallel" shall be understood as meaning a divergence 

of less than 5°. This means that llght may be weakly divergent or weakiy convergent. 

Gmat~w dllvergenoos simplify the adjustment of the input~coupHng angle, but reduce the 

lumgnesc®n.ce signals, as the width of the lnput-ooupiing resonance Is then markedly smaller 

than the divergence angle and thus only a sma!I fradion of the !mplng~ng energy for the 

!uminesoonoo excitation Is available . 

. Wmthln tlh® soope of this invention, a planar d!eledric optical sensor platfonn means that 

said platfform is In ttm fonn of a strip, a plate, a round disc or ooy other goometriea! formD 

pmv8ded !tt can be seen by the naked eye to be planar. Deviations from planarlty am not 

cruciaiH !f a guided wave ls capable of pmpagatloo In the waveguiding layer and an inpute 

and outputee<M,apling scheme analogous to that In Rg.1 can be realised. Tlhe chosen 

geometric~B fo~ can be govemed by the construction of the entim apparat~s Into which the 

sensor ~attmm is built. Pmfermd arrangements am those that permit sa.nbstantial 

maniat1UJlfisatacn. 

ijn addition to th& aboV&-described use of organic; mlcrostructumd substmtes It is also 

possible to use Inorganic substrates such as glass or quartz. These have the advruitage 

over po~ymem of iow nntrinsic luminescence. Fer tho coot--effective fabrication of sensor 

p~attorms at is, howevero expedient to provide these substrates with a coating of low 

mffradive andox Into which the grating structure for the coupilng gratings is inserted as 

descrlb~d af!l EPsA--0533074. 

fmthermom, the ooupllng gratings can be located at the waveguide/superstrate interface. 

Methods off pmdaJcing such gratings are known. Mainly photolithographic or holographic 

methods and etching techniques am used for their production, as described, inter alia, 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. itseU. 

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 practice 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 modi!iers or dyes. In particular, a physiological saline 

solution can be used as solvent. If the luminescent constituent itself is iiquid, then the 

addition of a solvent can be dispensed with. In this case the sample can contain up to 1_00% 

of component having luminescence properties. 

The sample-may further contain a biological medium, for example egg yolk, a body fluid or 

constituents thereof, in particular blood, serum, plasma or urine. Furthermore, the sample 

may consist of surface water, solutions of extracts of natural or synthetic media such as soil 

or parts of plants, bioprocess broths or synthesis broths. 

The sample can either be undiluted or used additionally with a solvent. 

: I 



Suitable solvents are wateire aqueol.IS buffer and protein solutions and organic so~vents. 

Sl!lutable organic so~v0nts am alcohols, ketones, esters, md aiiphatlc hydrocarbons. It is 

pmferredl to D.11se water, aqueous buffell'S or a mixtum of water and a water0 miscible organic 

solvent 

Th0 srunp~e can, however, also contain constituents ttlat are insoluble In the solvent, for 

oxmnpie pogmem partndes, dispemants, natural and synthetic oUgomers or poDymers. In this 

CUG the sample is in the form of an optically tumid dispersion or emufision. 

SiJltab!e luminescent compounds are luminescent dyes having a luminescence in the 

waveiongth range from 330nm to 1 OOOnm, typically including modamines, fiuoresceln 

~r!wtAves, coumaoin derivatives, dlstyryl bipnenyls, stilbene derivatives. phthaioeyanlnes, . 

naphthwooyanines, polypyridyleruthenium complexes sum u trls(2,21abipyridy!)ruthenlum 

chloride, tl1s(1,10-.phenanth~ine) ruthenium chloride, tris(4, 7~diphen;i1 .. 1, 1 Oephena11thmline) 

ruthcmlum chloride and polypyridylsllhenazln&-ruthenium oomplexes1 p!atinumsporphyrfn 

oompiexes mmh as odaethyt@platlnumaporphylin, mongallfe europfu.um and tel'blum complexes 

or cyannne dyes. Particularly suitable for anmyses In blood or serum am dyes having 

absorption amd emission wavelength.41 In the range from S00.900nm. 

Plrt0c11.1iariy suitable luminesoont compounds am dyes such as fluoresooin del'ivatives which 

oonta!n fUJJnciional groups with which they can be covalently bonded, for example 

fill.mmscein isothiocyanate. 

A~so very su~table are the fundiooal fluorescent dyes available fmm Blologlcal Detection 

Systems inc., for exam pie the mono-- and bifundlonal Cy5.5 ™ dyes also described, inter 

alia, in CiO!riicai Chemistry 40 (9): 18~9s1822, 1994. 

The preferred iumin~scence Is fluomsoonce. It Is preferred to use cohemnt light for the 

excitation, as the msonsnoe condition at the lnpYt«Ceupllng grating can thereby be met with 

high efflco~ncy. The laser iight sources used therefor wm be chosen aooomtng to the 

albsorptio~ wavelengths of the ~uminescentt or fil.mresoont molecules. 
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Of particular importance in this connection are laser diodes or superluminescent 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 polymers 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, binding 

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 preferred 

utility tor reversible or irreversible (bio)chemical affinity assays. It is further possible to us~ 

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 ruthenium complexes - they exhibit enhanced luminescence in 

the intercalation. If these luminescent-labelled compounds are brought into contact with 

their affinity partners immobilised on the surface of the sensor platform, then the binding 

can be determined quantitatively from the measured intensity of luminescence. A 

quantitative determination ofthe 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 Ti02. ZnO, NbsOs. Ta20s, Hf02, or 

Zr02. 

Ta20s and Ti02 are preferred. 

In the process of this invention the sample can be brought 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 spoomc embodiment of the process consists ani ommobilislng the substances having 

iumoiiescent properties used for detecting the anaiyte dimct at the surface of the 

waveg~idlng layer (b). The substanoo having luminescent properties can be, for example, a 

~umirm~lhom which is bound to a protein and whach can thereby be excited to num!nescence 

In tlhls manner at the surface of the wavegu!ding iayer. !fa partner having affinity for the 

protein ~s guided over this Immobilised layer, then the ftumlnesoonoo can be modified and 

the am©lmt of said partner can be determined in this mariner. in pafticijlar, both partners of 

M affinity complex can also be labelled with iuminophoms so as to be ab[e to effect the 

determination of corncentrattons fmm the energy transfer betW&en the two, e.g. in the form· 

of hJmanesoonoo q~eoohing. 

Aroother preferred embodiment of the process for canying out chemical or biochemical 

affinity assays oonsists fin immobilising on the s1.uface of the sensor platform a specific 

~nding partner as chemical or biochemica[ detector substance for the analyte itse~f or for 

one of th~ binding partncHs. The assay can be a single--step or muitistep assay in the course 

of w/h!clh, ~n successive steps, one or more than one sob.11tlon containing binding partners for 

the detector substances lmmobmllsed on the surface of h sensor pmattomn Is guided, the 

Malyte bm:omi:rog bound in one of the, partial steps. The detection of the analyte Is effected 

by binding IUJminesoontelabel~ed participants in the affinity assay. The luminescenMabelled 

substainc0s used may consist of me or mom than one binding partner of the affinity assay, 

or aiso of an analog of the analyte provided with a lumlnophore. The solo criterion is that 

the pr~s@nce of the anaiyte leads selectively to a luminescence signal or selectively to a 

cha~ge in the iuminesoonce signal. 

'fht) nmmobmsatnon of the detector substmices may typieaiiy be earned o&A by hydmphobic 

absorption or covalent bonding direct on the waveguide layer or after ch~mlcal modification 

of th~ suoiace, for example by silanlsatlon or applying a polymer layer. in addition, a thin . 

ont~riayer consisting e.g. of SI02 can be applied as adhesionapmmoting layer direct to ttne 

wav0g~ude ~ayer to facilitate the immGbllisation of the detector substances direct on the 

waveguid~. The thickness of this lnteliayer should not exceed 50nm, preferably 20nm. 

Sui~e detector substances are typically antibodies for antigens. blrnd!ng proteins such as 

pmte!~ A arnd G for immunoglobullns; mceptom for ligands, oligonuclootides and single 
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strands of RNA and DNA for their complementary strands, avidin for biotin, enzymes for 

enzyme substrates, enzyme cofactors or inhibitors, lectins for carbohydrates. Which of the 

respective affinity partners is immobilisec;I on the surface of the sensor platform will depend 

on the architecture of the assay. 

The assay itself can be a single-step complexing process, for example a competitive assay, 

C?r also a multistep process, for example a sandwich assay. 

In the simplest case of the competitive assay, the sample which contains the analyte in 

unknown 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 maxim~ luminescence signal is achieved in this assay 

configuration when the sample contains no analyt~. With increasing concentration of the 

substance to be detected, the luminescence signals under observation become lower. 

Jn 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 chemical 

or biochemical affinity assays. This is a basic advanta~e 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 of 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 place 

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 su.rface of the sensor platform. The binding of the antigen to 

ti . 



be dettedoo and of the iuminiscenHalbelled secondary antibody used for carrying out the 
dl~tGcttaon to a second ep!tope of the antigen can be effected! mther by successive 

c©intactong with the sm1U1ttoon contaJning the antigen and a seoond soiution containing the 

i~moo!scentaiabeHed antibody, or by combining these two solutions &efomhand, so that, 
finaliy, the partial comp3ex oonsisting of antigen and iuminescenMabelled antibody is boond. 

Affinuty assays may also comprise further additionw bindbig steps. For example, in the case 
of saoowach immunousays proteinA, which specifically bindls Dmma.moglobuiins which then 

a.ct as primary antibodies in a subsequent sandwich assay, which is earned out as 

described above, at tneir sriecalloo Fe part, can be immobiiisoo on the surface of tlhe sensor 

platiom11 irn a first step. 

Them as a whole host of further types of affinity MS11ys1 typfcaliy using the known avidina 

baotin affurnity system. 

Exampijos of types of affinity assays wm be found !n J. H. R!ttenburg, FUAndamentals of 

ijmmmioassay; in Dove!opment and Application of immunoassay for Food Analysis, J. H. 

Rittenbur~ (Ed.), Elsevier. Essex 1990, or in P. TI]ssen, Practice and Theory of Enzyme 

immunoassays, R.H. Burdon. P.H. van Knippenberg (Eds), Elsevier, Amsterdn 1985. 

it ls fa.uthelfmore possible to use the suriace of the sensor platform not on~y for single use 

but also to regenemte it. Under suitable coooattoins, for example Jow pH, elevated 

temperatum, llsing organic SQlvents or soacalled chaotmpic reagents (sa~ts), it is possible to 

dnssociate the affinity complexes selectively without substantial Impairment of the bJnding 

capacity of too immobilised det~tor substances. The exact conditions am strongly 

dopenidlontt on the particular affinity system. 

Anoth~r essenti~ embodiment of ttae proooss oonsnsm on the one hand 111 limiting the 

production of the signal e In the case of backooeoo~ing thus ~so appiles to signal detection e 

to Une evanoscent field of the waveguide and, on the ottler, in the reversibility of the affinity 

complex formiataon u equilibrium process. Using-suitable mtes of flow In a continuous flow 

system it is possible to monitor in re~ time the binding or desorption or dissociation of 

ooasnd luminesoontala/belled affinity pautners 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. 

Photodiode~. photocells, photomultipliers, CCD cameras and detector arrays, for example 

CCD cells, may suitably be used. The luminescence can be imaged with optical elements 

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 measurementof 

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 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 pulse 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 the rate of a bond formation analytically or to prevent 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 further 

possible to distinguish scattered light, Raman emission and short-lived luminescence of any 

unwanted luminescent constituents of the sample and the sensor material from a 

luminescence 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 



.. 

moduua~oo ~xcitation and detection a investigation of the !nfluence off the binding of the 

aM~ytt~ on th{! decay of molecular luminescence. In addltilon to tlhe specific recognition of 

the anaiyt~ by the immobilised detector substances and the s~tial limitation of the signal 

pmd~dlo~ to the evanescent field of the waveguide~ the molecular luminescence decay 

time oon be utmsed as a further criterion of selectivity. 

The process can also be earned out by inputaooupiing the excitat~on lnght at one or more 

than one frequency with modulated intensity, and detecting the msuitant phase shift and 

modlulation of the sample luminescence. 

The Invention further maates to the use of the inventive process for the quantitative 

detenminatlon of analytes in chemical or bioohemlcal affinity assays with known affinity 

partnem ~nd assay architectures by detecting the emission of iabalied binding partners 

capable of ium!nescence, or by detecting changes in the luminescence properties of 

immobii!s0d h.nmlnesoontalabelled affinity partners by interadlon with the anaiyte. 

As signal pmdud~orn Md detection am limited tQ too chemical or biochemical· detection 

suiriaoo on the waveguide, and Interference slgnals from the medium am discriminated, the 

b!nding of sa.ubstances to the Immobilised detedor eiemoots can be monitored in m~ time. It 

us themfom aiso possible to use the inventive process for affinity screening or for 

disp~aooment assays. especially for pharmaceutical product development, by dimd 

detection of association and dissociation rates in contiri~ous flow Systems with suitable flow 
rates. 

~n anotlher ov fits aspects~ the invention relates to tho use of the inventive process for the 

quant6ttative determination of antibodies or antigens. 

Y~t another· utility of tho inventive process is for the quantitative determi01ation of mceptora 

or ing~rads, oligonucleotides, strands of DNA or AINA, DNA or RNA analogs, enzymes, 

enzyme s~bstm.tes, enzyme cofactors or inhibitors. lactins and camohydrates. 

[n a frurth~r aspect, the invention relates to the use of the !nventive process for the selective 

quoot!tive dleternnim!tion of luminescent constituents in opticaUy turbid fi~ids. 
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Optically turbid fluids may typically be biological fluids such as egg yolk, body fluids such as 

blood, serum or plasma, and also samples emanating from envjronmental 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 originating from the production of fluorescent whitening agents. Also 

suitable are all types of the dispersions and fonnulations 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 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 lines of the 

coupling grating and 2.5mm parallel to the grating lines is made by means of an imaging 

system. 

The adjustment of the input-coupling angle and the positioning of the light spot with respect 

to the grating edge 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 cho~~r:i._ for the following experiments for the charaCterisation of of the gratings, and P . 

= 0.2 mW for the fluorescence measurements. Linear polarised light with TE or TM 

orientation can be input-coupled using rotatable polarising elements. 

A flow cell sealed against the sensor by 0 rings is mounted on the topside of the sensor 

platform. The sample volume of the cell is c.8 µI. Different solutions can be introduced into 

the cell using jet pumps and reversing valves. 



Excitation and detection are carried out as shown schematica~ly in Fig.1 from the underside 

of the sernsoir pla.tfoll'm. 

3 measurement channels am available for the deted~on. for the fluorescent and exdtatio11 

light coupled out at the o~tputaco~pling grating (in the dlll'edlon of k'~ and kout according to 

Fig.1 ), as well as1 via a beam splitter, the incident excitation. light (not shown in Fig.1 ). 

A multipHer in the single photon counting mode (Hamamatsu R 4632 SEL) with impulse-­

forming o~ootmn!cs (Hamamatsu C3 866) is used u detector for the i~uorescence radiation. 

Im Tfl. output signal is counted by a cooventionai impulse counter (HewletM>ackard 53131 

A). Tlhe ftuomscenoo radiation for the angie sectors am be focused on tthe detector v!a a 

foousang icms system. interiemnce filters for suppressing scattered light (band~pass at A. g 

725rnm with halfawldth 25nm, Omega) are positioned In front of the detector. 

SI duod9s (UDT PIN 100) with a measumment amplifier (UDU 101 C) connected on series 

am usoo as mfemnce detectors for incident and excitation radiation which is coupled out. 

Ai~ 3 mewmmment channels can be evaluated simubneousiy while carrying out the assay 

doscrilbed lbe[ow using a conventional data Input symem. 

S@.es_or glalf~nn 
Pmycamonate which is microstrucfured in the following· manner with two gratings for Inputs 

Md 1i:nJJtputacoupling is used as subStrate: 

inputacoaJipiing grating with period A~ ~ (299.5 ± 0. 7 nm), depth t~ ~ 6.9 nm to 12.3 nm, 

ot11tpa.1t°C@~pllng grating with A2 ~ (489.5 ± 0.6 nm), depth t, ~ 8.2 nm tto 12.8 nm, both 
. . 

gratings having approximately sin4 profile. 

'ftn9 arrangement of ttlhe gratings on the sensor is in accordance with Fig. 2, with the 

foilowo~11g geometrical values: grating distance A :.: 4 mm, grating width (vertically to lines) B~ 

:s 82 :g 2 mm, grating height (parallel to lines) 4 mm! the dimensions of too sensor platform 

being 12 x 20 mm2
o 
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To suppress self-fluorescence of the polycarbonate, this substrate.is coated with a Si02 

.interlayer having a refractive index n = 1.46 and a thickness of ttiuner = (100 ± 1 Onm), 

therafter the waveguiding layer of Ti02 of high refractive index nmm 2.35 at A. = 670nm and 

of layer thickness tmm = (170 ± 5nm). 

By means of the excitation light the modes with order m = O can be excited in the 

waveguide for this grating-waveguide combination.: for TEo the input-coupling is effected 

under an angle of e = (-10±1.6)0
, alternatively for TMo under the angle e = (-22.7 ±3.7)0

• 

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 spectral region of A. c.685nm ... 715nm. 

For TM polarisation the output-coupling angle is in the range e = 17° .•. 25° for the 

fluorescence and e > 27° for the excitation radiation. For TE polarisation a light efficiency of 

P = 30 ... 50 µ W 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 lgG, Sigma Chemicals) was labelled in the same way as 

described. by t~e 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 lgG in 1 ml of dye, incubation for 45min, solution shaken 

every 1 Omin. 

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 dye 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: 

i I 

•· 



... 

0 discard!ng tlhe 1 mi 

a col~ect!ng a il'HJmber of fractions 

4, Det~nmlning the dye/protein ratio from tile opttcm densities at 678nm (absorption band 

of too dy~} 2nd at 280nm (protein absorption band). A ratio of 1 dye molecule to 2 protein 

molec1UJ!es was detormnned therefmm. 

1) Buffer solution consisting of (0.041 M of NaeHPO, + 0.028 M of KH2P04), 0.151 M of 

NaCl, 200 mg/I of sodium azide, 50 mi of methanol, bulked to 1 litm with d!stiiled water; 

2) solution for Immobilising protein A {Sigma Chemicals): 1 mg/ml of dist. water; 

3) ne1U1tmiisation soh.rtion: buffer solution 1) + 1 O mglmD of bovioo serum albumin (BSA, 

Sigma Chemicals); 

4) nnsirng solution: is wso used for determining the background signal, buffer soluUon 1) 

+ 1 mgfm~ of BSA; 

5) samp~e solutions: Cy 5.5 TM filabelled lmmunoglobulin in different ccmcentratoons 1 cr'M; 

1cr~ M; 3 .. 1cr10M, 1 .. 1cr1cM in buffersollution 1with1 mg/ml off BSA; 

6) regeneration solution: giyclne buffer, pH 2.5 

The optical sernsor platform is incubated for 1 O hours with solution 2) to Immobilise protein 

fo •• To n~mtcr-Wise any still free adsorptiorn sites. the sensor platform is washed with dfstllled 

watcn andl then incubated again for 1 hour in the neutralisation solllltlorn which contains 1 OgA 

off BSA. 

D~ring the entire procedure. a flow of 0.25 ml/min ls maintained over the active sensor 

SUJria.c~: 

The pmcess oons!sts of the foHowing 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"8 M 7000 

10"9 M 850_ 

The detection limit for the detection of fluorescence by grating output-coupling is clearly 

below 3·10:roM, corresponding to an analyte concentration of 3·10"13 mol of CyS.5-labelled 

lgG .. 

: I 



J,. 

1. A proooss for determining luminescence with a planar dielectric optical sen$or platform 

which consists of a tmnspamnt substrate (a) to which a thin transpamnt waveguidlng layer 

(b) us applied, which sensor platform is provided with a ooupllrng grating for the Inputs 
oou~lng of the excitation light and the refractive index of said substrate (a) Is lower than the 

mfmdow.imiex of the wavegulding layer {b), by bringing a liquid sample as superstrate mnto 

contact wnth the layer (b), and measuring the luminesoon~ produced by substances having 

luminescence properties in the sampie, or by substances having luminescence pmpertnes 

immobilised om the layer (b), optoulectronicaliy, by ooupiing the excitlltion light with the 

coupling grating into the planar waveguide so that It traverses the wavoguldlng layer~ 

whemby the substances having luminescence properties are excited to luminescence in the 

evanescoot field of the waveguldlng layer, which process comprises using a wavegulding · 

~ayer haivlng a thickness smaller. than the wavelength A of the excitation radiation and which 

oonsists of a materaai whose refractive Index at the wavelength of the excitation radiation is 

~ 1.8, a.~d ooupllng out from the waveguidlng layer, and detecting, the h.nminescence 

mdiatloro coupled back Into the waveguidlng layer (b) with a second coupling grating 

spatially separated fmm the first coupling grating. 

2. A process acccudong to claim 1, which comprises usfng a wa.veguldlng layer having a 
... 

tlhld<noos smaller ttlhan "1.12. 

3. A pmces~ acoord!ng to claim 1, wherein the thickness off the waveguiding layer Is 40 to 

160 mm_, 

4. A pmooss according to claim 1, wherein the depth moduDatlon of the grating Is 3 to 60nm. 

5. A process accoming to any one of claims 1 to 4, wherein the excitation radaatloo is 

co~pled Oll.Jlt 1.m1delf an angle different fmm that of the iuminescence 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 to7, whe.rein the luminescence radiation 

coupled back into the waveguide is coupled out under an angle in the range from= 1to50°. 

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

substrate is suppressed. 

1 o. A process according 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 10, 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 biochemical 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 o.f which the analyte becomes bound in one of the partial steps. 

13. A process according to any one of claims 1 to 12, wherein the absorption of the 

irradiated excitation ligtit 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; 
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15. A process acoord!ng to any one of ciattms 1 to 13, which oomprises input--ooupllng the 

excltatjon ~ight in the form .off a timed pulse andi detecting the ijum!nescence time~resoived. 

16. A process according to claim 15, wherein the pulse length is adjusted from one 

plcosecornd up to 100 seconds. 

17. A process accomung to any one of claims 1 to 16, which comprises inpot .. oo~plfing the 

exdtatton !lght w!th modu~ated Intensity at one or mom than one kequency, and detectir1g 

the msultMt phase shift and modulation of the sample Uuminesoonce. 

18. A process acccrolng to any one of claims 1 to 17, wherein the sample to be detected Is 

Ggg yolk, blood, serum, plasma or urine. 

19. A pirocess according to any one of claims 1 to 18, wherein the sample to be detected Is 

a suriace water, a so!i or plant extract, a bloproooos broth or synthesis broth . 

. 20. Uso off a process according to any one of dalms 1 to 19, for the quantitative 

dete1rrrdnation off biochemical substances In affinity sensing. 

21. Use of a process according to any ooo of claims 1 to 19, for tlhe quantitative 

deterunlnatuon off antibodies or antigens. 

22. Use off a pmcoss according to any one of drums 1 to 19, for the quantitative 

oomrmlnatoora of receptors or lllgands, oligonudeotidos, DNA or RNA strands~ DNA or RNA 

ooalogso enzymes, enzyme substmtes, enzymG cofactors or Inhibitors, lectins and 

carbohydrates. 

23. Use of a process according to any one ot dmms 1 to 19~ for the seAootive quantitative 

detGrmina.tion of luminescent components in optically tumid fluids. 

24. An optical sensor platform (1) for determining ~umi11esoonoo radiation by a process 

a:tcooming to any one of c~aims 1 to 23, comprising essentlaftly a planar optically transparent 

sumtrattt (5) to which is appijed a th]n wawgulding layer (4), said sensor platform (1) being 
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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 layer 

(4), wherein the thickness of said waveguiding layer (4) is smaller than the wavelength i.. of 

the excitation radiation, and said waveguiding layer (4) consists of a material whose 

refractive index at the wavelength of the excitation light is >1 ;s, and the sensor platform (1) 

comprises a second coupling grating (3) 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 AJ2. 

26. A sensor platform according to claim 24, wherein the thickness 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 one of claims 22 to 24, wherein the grating distance 

is B s • X11e. where X11e is the length within which the intensity lo of the incident radiation has 

fallen to IJe. 

30. A sensor platform according to claim 29, wherein the grating distance is B ~ 0.2 • X11e· 

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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32" A sensor pijatfcmn according to ctaim 31, whemin the intell'\layer of low refractive index 

ooinslsts essentia!~y of Si02 or SIOAH%· 

33. A s~nsor p~attonn according to drum 31 or claim 32, whemfn the thickness of the 

antm'llayer os s 1000 nm. 

34. A soosor platform accomi111g to any one of claims 24 to 33, wherein an organic 

microsttruda.sred substrate is used. 

35, A sensor pOattorm according to any one of claims 24 to 34, wherein an organic substrate 

with a mncrostructured organic coating Is used. 

36. A sensor piattorm acoom!ng to any one of daims 22 to 35, wherein the pianar 

transpan~nt wavegu~dlng ~ayer {4) consists of 1'a20s oder T~02: 

37. A sensor platfom1 according to any one of dalms 24 to 36, whemln an adhesion 

~mmotnng ~ayer is pmsent between the waveguidlng layer (4) and the sample. 

38. A sensor platiorm according to claim 379 wherein tlhe adhesion pmmo~!ng layer has a 

thickness o~ ~ 50nm. 


