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MEASURING DEVICE AND THE USE THEREOF 

[0001] The invention relates to a device consisting of an 
optical Waveguide, Which at least has a diffractive element 
for coupling excitation radiation into the Wave-guiding layer 
and on the Wave-guiding layer of Which there is located a 
second, tightly sealing layer made from a material Which, at 
least at the support surface in the region of the guided 
excitation radiation, is transparent both to the excitation 
radiation and to the evanescently excited radiation at least to 
the penetration depth of the evanescent ?eld, and Which has, 
at least in a partial region of the guided excitation radiation, 
a cavity for an analysis sample, the depth of the cavity 
corresponding at least to the penetration depth of the eva 
nescent ?eld, and Wherein the diffractive element is fully 
covered by the material of the second layer in the coupling 
in region of the excitation radiation. The invention relates 
also to a method that uses the device for detecting, in an 
analyte sample, molecules that are capable of being evanes 
cently excited to luminescence. 

[0002] Planar Waveguides for generating and detecting 
evanescently excited radiation have recently been developed 
especially in the area of biochemical analytical science. In 
the evanescent ?eld, on contact With an analyte sample, 
luminescence, for example ?uorescence, is generated, the 
measurement of Which alloWs the qualitative and quantita 
tive determination of substances even When they are present 
in very loW concentrations. The evanescently excited radia 
tion emitted isotropically into space is determined by means 
of suitable measuring devices, such as photodiodes, photo 
multipliers or CCD cameras. That method is disclosed, for 
example, in WO 95/33197. It is also possible for the portion 
of evanescently excited radiation coupled back into the 
Waveguide to be coupled out by means of a diffractive 
optical element, for example a grating, and measured. That 
method is described, for example, in WO 95/33198. 

[0003] In af?nity sensory analysis, for speci?c identi?ca 
tion of an analyte in a sample, Which may consist of a 
complex mixture of substances, and for binding the analyte 
molecules to the surface of the Waveguide, in the region of 
the penetration depth of the evanescent ?eld, biochemical 
recognition elements are immobilised on the Waveguide 
surface either directly or by means of an adhesion-imparting 
layer. For the purpose of detecting the analyte, the dissolved 
sample is brought into contact, either in intermittent ?oW or 
continuous ?oW, With the recognition elements immobilised 
on the Waveguide surface. 

[0004] A problem that arises When using measuring cells 
in Which the sample liquid comes into contact With the 
diffractive coupling-in elements is that the conditions for 
coupling-in of the excitation light may change as a result of 
molecular adsorption or binding onto the coupling-in ele 
ments. Furthermore, since unbound luminescent or ?uores 
cent molecules are excited by the portion of excitation light 
that is not coupled into the Waveguide but enters the solution 
unrefracted at Zero order, background luminescence or ?uo 
rescence may be excited deep Within the sample, some of 
Which may be coupled into the Waveguide via the coupling 
in grating and may impair the accuracy and sensitivity of the 
determination of the analyte. 

[0005] Isolating the coupling-in element from the region 
of contact With the sample by means of materials on Which 
no special demands are placed in terms of transparency and 
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refractive index may result in signi?cant impairment in 
guidance of the light, possibly even in its entire suppression, 
in the region of contact With the sample, Which is the region 
relevant to the measurement. That problem is described in 
greater detail in WO 97/01087. 

[0006] In order to reduce those disadvantages, WO 
97/01087 describes a counter-?oW cell in Which a transpar 
ent reference liquid, Which is guided in countercurrent to the 
analyte sample and does not interact speci?cally With the 
recognition elements, is used to produce a sample-free 
blocking volume in the region of coupling-in elements of 
optical Waveguides, so that constant conditions are obtained 
in the coupling-in region of the excitation radiation. HoW 
ever, that arrangement, improved especially for the mea 
surement of evanescently excited radiation, is technically 
relatively complex, is scarcely feasible for intermittent ?oW 
applications and accordingly is poorly suited, from the point 
of vieW of ease of operation, to routine use in, for example, 
diagnostic devices. 
[0007] Analytical Chemistry, Volume 62, No. 18 (1990), 
pages 2012-2017, describes a ?oW-through ?oW cell made 
from silicone rubber and applied to an optical Waveguide 
having a coupling-in grating and a coupling-out grating. The 
coupling-in element and coupling-out element are located in 
the region of the sample ?oW channel. Using that arrange 
ment, changes in light absorption and refractive index are 
measured Without selective interaction With speci?c recog 
nition elements at the Waveguide surface. In the case of the 
analyte (a dye solution in the case of absorption-dependent 
measurement, or liquids having different refractive indices 
in the case of refractive index-dependent measurement) 
adsorption phenomena on the surface are disregarded. In 
those very insensitive measurements, the changes in the 
effective refractive index that are to be expected for a mode 
guided in the Waveguide are in fact negligible compared 
With the large changes in the refractive indices of the 
solutions fed in—even in the event of a monolayer of 
molecules being adsorbed—Which is contrary to the disrup 
tions to be expected in the very much more sensitive method 
of determining the luminescence generated in the evanescent 
?eld. Of course, in the case of the refractive index-depen 
dent measuring method based on the change in the coupling 
in or coupling-out angle, contact betWeen the sample and the 
coupling elements is actually necessary in order to generate 
the measurement signal. As a result of that con?guration, 
Which has a coupling-in element and coupling-out element 
located Within the sample ?oW channel, the sample cell 
merely has the task of providing a seal against the efflux of 
liquid Without any further demands being placed on optical 
properties of the material. 

[0008] In order to carry out analyte determinations that are 
based on measuring the luminescence generated in the 
evanescent ?eld of a Waveguide, a device is therefore 
required by means of Which radiation evanescently excited 
through a planar optical Waveguide can be determined With 
a high degree of consistency and measurement accuracy, the 
measuring device at the same time being easy to produce and 
easy to operate. 

[0009] 
[0010] a) a high degree of measurement accuracy is 

achieved, 

It has noW been found, surprisingly, that 

[0011] b) an excellent degree of measurement consis 
tency is achieved, 
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[0012] c) a high degree of measurement sensitivity is 
achieved, 

[0013] d) it is possible for the device ?lled With analyte 
molecules, especially immobilised analyte molecules, 
to be stored for a relatively long time, and 

[0014] e) devices that are easy to operate in terms of 
measurement technique are made available, When the 
device comprising a Waveguide and sample receptacle 
is so con?gured that the diffractive element for cou 
pling in excitation radiation is fully covered, at least in 
the coupling-in region of the excitation radiation, by a 
layer that is transparent to the excitation radiation and 
to the evanescently excited radiation. 

[0015] In vieW of the fact that the recess is arranged 
doWnstream of the coupling-in element in the direction of 
propagation of excitation radiation and that the diffractive 
element (coupling-in element) is covered by a layer forming 
the recess, constant coupling-in conditions are obtained for 
the excitation radiation in the coupling-in element. On the 
other hand, abrupt changes in refractive index in the region 
of penetration of excitation radiation into the material adja 
cent to the Waveguide are minimised to a very large extent. 
Substantially disruption-free guidance of the excitation 
radiation and evanescently excited and coupled-back radia 
tion in the Waveguide is achieved, Which results in a high 
signal yield and, for example, even under investigation 
conditions that are frequently not entirely optimal in routine 
use yields analytical results that can still be utilised. Dis 
ruptive abrupt changes in refractive index are also sup 
pressed by means of the rounding. 

[0016] The invention relates ?rstly to a device comprising 
a planar optical Waveguide, consisting of a transparent 
carrier (40) and a Wave-guiding layer (41), Wherein the 
Waveguide at least has a diffractive element (42) for cou 
pling excitation radiation into the Wave-guiding layer, and 
there is located on the Wave-guiding layer a further, tightly 
sealing layer (43) made from a material Which, at least at the 
support surface, is transparent both to the excitation radia 
tion and to the evanescently excited radiation at least to the 
penetration depth of the evanescent ?eld, and Which, for an 
analysis sample, has, at least in a partial region of the guided 
excitation radiation, a cavity (45) Which is open to the upper 
side or a cavity (6) Which is closed to the upper side and 
connected by means of an in?oW channel (2) and an out?oW 
channel (3), the depth of the cavity corresponding at least to 
the penetration depth of the evanescent ?eld, and Wherein 
the diffractive element (42) is fully covered by the material 
of the layer (43) at least in the coupling-in region of the 
excitation radiation. 

[0017] Optical Waveguides having one or tWo diffractive 
elements for coupling in the excitation radiation and cou 
pling out the luminescence radiation and the con?guration 
thereof for the determination of analyte molecules according 
to the ?uorescence method are knoWn and are described, for 
example, in WO 95/33197 and WO 95/33198. Diffractive 
elements are to be understood as being coupling-in and 
coupling-out elements for light radiation. Gratings, Which 
may be produced in various Ways, are frequently used. For 
example, such gratings may be arranged in the transparent 
carrier or the Wave-guiding layer and impressed during their 
formation or subsequently. It is also possible to produce such 
gratings by means of ablative techniques (laser irradiation). 
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Other production techniques are holographic recordings or 
implantation of ions by means of ion bombardment. 

[0018] The layer (43) forming a cavity is, at least at the 
support surface, transparent to electromagnetic radiation in 
the range of the excitation Wavelength and the luminescence 
Wavelength. It may be made from an inorganic material, 
such as, for example, glass or quartZ, or transparent organic 
polymers (organic glasses), such as, for example, polyesters, 
polycarbonates, polyacrylates, polymethacrylates or photo 
polymerisates. The layer (43) is preferably formed from an 
elastomer. Elastomers of polysiloxanes, such as polydim 
ethylsiloxanes, Which are soft and pliable and are frequently 
self-adhering materials, are especially suitable. The materi 
als for the layer (43) are knoWn and, in some instances, 
commercially available. 

[0019] The layer (43) having at least one cavity can be 
produced by means of conventional forming techniques, for 
example casting and pressing techniques, or by means of 
grinding, stamping and milling techniques starting from 
appropriately pre-formed semi-?nished products. The layer 
(43) may alternatively consist of photopolymerisable sub 
stances, Which can be applied directly to the Wave-guiding 
layer by means of photolithographic techniques. 

[0020] Where surfaces are very smooth (surface rough 
ness in the nanometer range or beloW), in the case of rigid 
materials self-adhesion may, on adhesion, result in tight 
seals. Elastomers are, in general, self-adhesive. Surface 
roughness that is as loW as possible is also very desirable in 
order to suppress any scattering of light. In those cases, the 
layer (43) is preferably produced as a separate body and 
applied, in tightly sealing contact, to the Waveguide, on the 
surface of Which there may be located immobilised recog 
nition elements, Where appropriate on an additional thin (i.e. 
<100 nm) adhesion-imparting layer. 

[0021] The layer (43) may consist of a single material that 
is transparent and luminescence-free at least at the excitation 
Wavelength and luminescence Wavelength of the analyte or 
may alternatively be in the form of a layer having tWo strata, 
of Which the ?rst, Which is brought into contact With the 
Waveguide surface, must be transparent and luminescence 
free at the excitation Wavelength and luminescence Wave 
length of the analyte, While the covering layer, adjacent 
thereto, is preferably radiation-absorbing. In that arrange 
ment, the thickness of the ?rst layer in contact With the 
Waveguide surface encompasses at least the penetration 
depth (44) of the evanescent ?eld, ie at least approximately 
0.5 pm. The thickness of that ?rst layer is preferably from 
0.5 pm to 10 mm, especially from 0.01 mm to 10 mm. 

[0022] The depth of the cavities may correspond at least to 
the penetration depth of the evanescent ?eld, that is to say 
approximately 0.5 pm. In general, the depth is preferably 
from 0.5 pm to 10 mm, especially from 0.01 to 10 mm, more 
especially from 0.05 to 5 mm and very especially from 0.05 
to 2 mm. 

[0023] In an advantageous arrangement, abrupt changes in 
refractive index betWeen the Wave-guiding layer (41) and 
the layer 43 are avoided, this being achieved by providing 
the boundary of the cavity With a rounded con?guration at 
the support perpendicular to the Wave-guiding layer. A 
rounded transition perpendicular to the surface of the 
Waveguide, at the boundaries of the cavities, means that a 
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right angle is avoided. The rounding may be, for example, 
part of a circular, parabolic or hyperbolic curve. When soft 
and pliable materials are used for the layer (43), the round 
ing is formed automatically by the act of pressing the layer 
onto the Waveguide. The rounding may, hoWever, alterna 
tively be pre-formed by the forming process. Abrupt 
changes in refractive index can also be avoided by the cavity 
being made narroWer, Where appropriate continuously, in the 
direction of propagation of the excitation light. Another 
possibility consists in selecting for the layer (43) a material 
having a refractive index close to or equal to the refractive 
index of the analyte sample. 

[0024] The evanescently excited radiation emitted isotro 
pically into space can be determined by means of suitable 
measuring devices. The device according to the invention 
may, hoWever, also comprise a second diffractive element in 
the Waveguide for coupling out radiation that has been 
evanescently excited and coupled back into the Waveguide. 
Advantageously, that diffractive element, too, is fully cov 
ered, at least in the coupling-out region, by the material of 
the layer (43) and advantageously the transition of the layer 
(43) perpendicular to the Waveguide surface is, in that case 
too, rounded at least toWards that diffractive element. 

[0025] In a further development of the device according to 
the invention multiple cavities are provided so that more 
than one, for example from 2 to 100 or more, preferably 
from 4 to 100, cavities are provided, Which can be arranged 
in the longitudinal or transverse direction relative to the 
propagation of the excitation radiation. For example, cavi 
ties may be arranged, in one roW after another, in a trans 
verse direction relative to the propagation of the excitation 
radiation, extending from a diffractive coupling-in element 
to a point upstream of a diffractive coupling-out element, 
Which may be present; in that case, there are provided 
preferably from 2 to 10, and especially from 2 to 5, cavities. 
Another possibility consists in providing a plurality of 
individual diffractive elements in a roW or one long diffrac 
tive element and arranging the cavities parallel to (that is to 
say in the longitudinal direction relative to) the direction of 
propagation of the excitation light. In that case, 100 or more 
cavities can be present. Furthermore, it is possible for 2 or 
more, for example from 2 to 50, especially from 2 to 20, of 
the multiple arrangements to be provided on the surface of 
a large planar Waveguide. Those multiplication possibilities 
alloW ?exible adaptation of the device according to the 
invention to practical requirements. Such further develop 
ments are suitable especially for series, comparative and 
parallel measurements, and also for automated measurement 
arrangements, using suitably con?gured measuring heads. 

[0026] Where there are multiple arrangements in the lon 
gitudinal direction relative to (parallel to) the propagation of 
the excitation radiation it may be advantageous to provide 
light-absorbing materials, for example dyes, pigments, soot, 
metal oxides or metals, along the cavities for the purpose of 
suppressing scattered radiation. Such materials may be 
located in additional cavities provided for that purpose in the 
longitudinal direction relative to the direction of propagation 
of the excitation light or may be applied in the form of a 
sheet to the surface of the Wave-guiding layer in the longi 
tudinal direction relative to the direction of propagation of 
the excitation light. Arrangements in the form of sheets, 
Which are simple to produce by means of coating or vapour 
deposition techniques, are advantageous. The absorbing 
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materials may also be applied above the diffractive elements, 
leaving the coupling-in region free. The device may, for 
example, be so con?gured that attenuating material that 
absorbs in the spectral range of excitation radiation (18) and 
of evanescently excited radiation (21) is provided betWeen 
the How cell (1, 26, 30, 35, 38) and the Waveguide (7) on 
both sides of the or each recess (6), or that the attenuating 
material (27) is applied in the form of a sheet as an 
immersion, or that attenuating recesses (33), Which can be 
?lled With attenuating material, are provided. Devices hav 
ing cavities open to the upper side can be con?gured in the 
same manner. 

[0027] The device according to the invention may be 
provided in various embodiments, a distinction being draWn 
betWeen embodiments having an open cavity (embodiment 
A) and those having a closed cavity (embodiment B, ?oW 
through cells). 
[0028] Embodiment A 

[0029] The open recesses may be of any shape desired per 
se; they may be, for example, square, rectangular, round or 
ellipsoidal. The con?guration of devices according to the 
invention can, for example, correspond to the shape of 
knoWn microtitre plates. The geometric arrangement of the 
recesses is any that is desired per se, preference being given 
to arrangements in roWs. Devices and preferences illustrated 
and described for embodiment B can also be applied analo 
gously to embodiment A. 

[0030] Embodiment B 

[0031] In a device according to the invention for gener 
ating evanescently excited radiation, Which device has at 
least one coupling-out element for coupling evanescently 
excited radiation out of the Waveguide, it is advantageous for 
the How cell also to cover the or each coupling-out element. 
In a further development in that connection, provision is 
made for the recess to be arranged in its entirety betWeen the 
or each coupling-in element and the or each coupling-out 
element so that both the or each coupling-in element and the 
or each coupling-out element are free of sample material. 
That has the advantage that constant coupling conditions, 
unin?uenced by sample material, prevail during both the 
coupling-in and the coupling-out of excitation radiation and 
of evanescently excited radiation. 

[0032] In further developments, a plurality of recesses are 
provided Which are arranged in the longitudinal or trans 
verse direction relative to the direction of propagation of 
excitation radiation. When recesses are aligned parallel to 
the direction of propagation of excitation radiation it is 
advantageous to provide, betWeen the recesses in the pen 
etration region of excitation radiation and evanescently 
excited radiation, material that absorbs in the spectral range 
of those radiations, for example from the ultraviolet to the 
infrared spectral range, in order to prevent portions of 
radiation being cross-coupled betWeen the recesses. That 
may be accomplished, for example, by means of an absorb 
ing layer applied betWeen the How cell and the Waveguide. 
In another example embodiment, there are incorporated in 
the How cell, betWeen a plurality of recesses aligned parallel 
to the direction of propagation of the excitation radiation, 
attenuating recesses, Which can be ?lled With a radiation 
absorbing liquid and Which are open toWards the same 
surface side as the recesses. 
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[0033] For use in routine analytical operation it is also 
advantageous for the How cell to consist of a pliable material 
that tightly seals the at least one recess When applied to the 
Waveguide. In that Way it is possible Without further aids, 
such as seals, by mounting a How cell on the Waveguide, for 
sample material to be passed through the How cell Without 
leaks. 

[0034] Further advantages and expedient arrangements are 
the subject matter of the subsidiary claims and of the 
folloWing description of example embodiments With refer 
ence to the draWings, in Which: 

[0035] FIG. 1 is a perspective vieW of a device for 
generating evanescently excited radiation having a How cell 
mounted on a layered Waveguide; 

[0036] 
FIG. 1; 

FIG. 2 is a plan vieW of the device according to 

[0037] FIG. 3 is an illustration of the device according to 
FIG. 1 shoWing the variation in the refractive index in the 
longitudinal direction in the material adjacent to the 
Waveguide; 

[0038] FIG. 4 shoWs an arrangement of the outlet channel 
modi?ed With respect to FIG. 2; 

[0039] FIG. 5 shoWs a device for generating evanescently 
excited radiation having a How cell arranged on a layered 
Waveguide having three each of sample channels and 
recesses extending betWeen them and having an attenuating 
layer applied to the layered Waveguide; 

[0040] 
FIG. 7; 

[0041] FIG. 7 shoWs a device for generating evanescently 
excited radiation having a How cell applied to a Waveguide 
having three each of sample channels and three recesses 
extending betWeen them and having attenuating channel 
arrangements provided betWeen every tWo recesses; 

FIG. 6 is a plan vieW of the device according to 

[0042] FIGS. 8 and 9 shoW various arrangements of 
recesses in How cells for simultaneous measurements; 

[0043] FIG. 10 shoWs a device having a cavity open to the 
upper side. 

[0044] FIG. 1 is a perspective vieW of a How cell 1 
consisting of a pliable material. The How cell 1 illustrated in 
FIG. 1 is produced from a resilient, ?exible polymer mate 
rial that is transparent to electromagnetic radiation at least in 
the visible and near-infrared spectral range. As polymer 
material there is preferably used a polydimethylsiloxane, 
such as, for example, Sylgard 182 or Sylgard 184 (DoW 
Corning) or a polymer material from the RTVE series (room 
temperature-cross-linkable elastomers, Wacker 
Chemitronic). Especially as a result of the fact that the How 
cell 1 is simple to produce using a moulding process, even 
once-only use, in addition to repeated use, is still economi 
cally viable. The How cell 1 has, as a ?rst sample channel, 
an inlet channel 2 and, as a second sample channel, an outlet 
channel 3 for introducing and discharging sample liquid, 
respectively, With those functions being interchangeable. 
The inlet channel 2 and the outlet channel 3 extend betWeen 
a cover face 4 and a recess 6 in the form of a How channel 
incorporated in a support face 5 lying opposite to the cover 
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face 4. The recess 6 is open on its side facing the support 
face 5 and extends betWeen the inlet channel 2 and the outlet 
channel 3. 

[0045] In the illustration according to FIG. 1, the How cell 
1 is mounted by self-adhesion on a Waveguide 7 made of, for 
example, TiO2 or Ta2O5. In a modi?cation, provision is 
made for the How cell 1 to be ?xed to the Waveguide using 
an adhesive, such as, for example, a transparent bonding 
composition. As a result, the recess 6 is tightly sealed so that 
a How of liquid containing sample material to be examined 
can ?oW through the inlet channel 2, the recess 6 and the 
outlet channel 3. Because the material of the How cell 1 is 
pliable, it adapts ?exibly to the surface structure of the 
Waveguide 7 and consequently forms a seal Without further 
sealing elements being necessary. 

[0046] The relatively thin Waveguide 7 is applied to a 
mechanically stable substrate 8 made, for example, of glass 
or a polycarbonate and is ?rmly joined thereto. In the 
example embodiment illustrated in FIG. 1, the How cell 1, 
the Waveguide 7 and the substrate 8 form a cuboidal body 
having lateral boundary surfaces that terminate ?ush With 
one another. In modi?cations, other geometries such as, for 
example, ellipsoids, regular or irregular polygons, including 
those having a trapeZoidal cross-section, are provided. 

[0047] The Waveguide 7 according to FIG. 1 incorporates, 
as a dispersive coupling-in element, transversely to the 
orientation of the recess 6, betWeen an end face 9 in the 
vicinity of the inlet channel 2 and the inlet channel 2, a 
coupling-in grating 10 that extends essentially betWeen the 
tWo lateral faces 11, 12 running parallel to the recess 6, of 
an analysis unit 13 formed by the How cell 1, the layered 
Waveguide 7 and the substrate 8. In the example embodi 
ment illustrated in FIG. 1, the layered Waveguide 7 incor 
porates, as a dispersive coupling-out element, a coupling-out 
grating 15, Which is arranged betWeen the outlet channel 3 
and an outlet-end end face 14 and parallel to the coupling-in 
grating 10. 

[0048] In modi?cations, a plurality of coupling-in gratings 
and/or coupling-out gratings are provided, Which are used as 
coupling-in elements and coupling-out elements, respec 
tively. Where portions of evanescently excited radiation 
scattered isotropically into space are to be detected, it is 
possible to dispense With coupling-out elements. 

[0049] FIG. 2 is a plan vieW of the cover face 4 of the How 
cell 1. From FIG. 2 it can be seen that the recess 6 extends 
betWeen the coupling-in grating 10 and the coupling-out 
grating 15 spaced from the edge of each thereof, so that both 
the coupling-in grating 10 and the coupling-out grating 15 
are free from a sample liquid ?oWing through the inlet 
channel 2, the recess 6 and the outlet channel 3. 

[0050] Both the inlet channel 2 and the outlet channel 3 
have a round or a polygonal (not illustrated) cross-section 
and open into the recess 6 at an inlet opening 16 as a ?rst 
sample port and an outlet opening 17 as a second sample 
port. In the example embodiment illustrated in FIG. 2, the 
inlet opening 16 and the outlet opening 17 are arranged 
directly at the ends of the recess 6 that face the coupling-in 
grating 10 and the coupling-out grating 15, respectively, 
With the inlet channel 2 and the outlet channel 3 being 
incorporated in the How cell 1 perpendicularly to the recess 
6. In a modi?cation, the inlet channel 2 and the outlet 
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channel 3 are arranged at oblique angles to the recess 6 in 
order to reduce the How resistance in the region of the inlet 
opening 16 and the outlet opening 17 compared With a 
right-angled arrangement. 
[0051] FIG. 3 is a perspective vieW of a device, Which is 
subjected in the region of the coupling-in grating 10 to 
excitation radiation 18 from a light source (not shoWn in 
FIG. 5) for generating evanescently excited radiation, hav 
ing a How cell 1, a layered Waveguide 7 applied to a 
substrate 8 and a sample liquid 19 ?oWing through the inlet 
channel 2, the recess 6 and the outlet channel 3. The sample 
liquid 19 contains, for example, luminescent molecules 20 
(symbolically represented) Which are to be analysed. 

[0052] The excitation radiation 18 impinging on the cou 
pling-in grating 10 is coupled into the Waveguide 7 by means 
of refraction and is propagated in the form of a guided Wave 
in the direction toWards the coupling-out grating 15. In the 
region of the recess 6 of the How cell 1, Which recess 6 is 
open toWards the Waveguide 7, the luminescent molecules 
20 contained in the sample liquid 19 are excited to lumi 
nescence by the so-called evanescent portion of the excita 
tion radiation 18, that is to say the exponentially decaying 
portion of radiation entering the material adjacent to the 
Waveguide 7. As a result of that region of the How cell 1 
Which is adjacent to the Waveguide 7 being transparent both 
to the excitation radiation 18 and to the luminescence 
radiation, the excitation radiation 18 guided in the 
Waveguide 7 reaches that region of the recess 6 Where, in the 
evanescently decaying portion of radiation, molecules 20 
can be excited, some of their luminescence radiation being 
coupled back into the Waveguide 7 in the form of evanes 
cently excited radiation 21. As a result of that region of the 
How cell 1 Which is adjacent to the Waveguide 7 being 
transparent, both the transmitted excitation radiation 18 and 
the evanescently excited radiation 21 coupled into the 
Waveguide 7 are guided to the coupling-out grating 15. 

[0053] Because of the dispersive action of the coupling 
out grating 15, the excitation radiation 18 is separated 
spatially from the, generally frequency-shifted, evanescently 
excited radiation 21. In the direction of propagation of the 
evanescently excited radiation 21 there is provided a detec 
tion unit 22, by means of Which, for example, the intensity 
and the spectral distribution of that radiation can be analy 
sed. 

[0054] Furthermore, FIG. 3 shoWs the refractive index, 
Which is indicated by “n” and plotted on the ordinate 23, as 
a function of the position in the longitudinal direction, Which 
is indicated by “X” and plotted on the abscissa 24, in the 
penetration region of the evanescently excited radiation 21. 
The different regions in the longitudinal direction in relation 
to the How cell I are indicated by broken lines to the abscissa 
24. Outside the How cell 1, there is a refractive index of 
n=1.0 in air. BetWeen the end face 9 facing the inlet channel 
2 and that end of the recess 6 Which faces the end face 9, 
there is a refractive index of n=1.4, Which corresponds to the 
refractive index of the material from Which the How cell 1 
is produced. Consequently, in the region of the coupling-in 
grating 10, there is a constant refractive index, alloWing the 
output radiation 18 to be coupled in at a particular ?xed 
angle that is independent of properties of the sample liquid 
19. 

[0055] Correspondingly, betWeen the end face 14 in the 
vicinity of the outlet channel 3 and that end of the recess 6 
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Which faces the end face 14, the same refractive index of 
n=1.4 of the material of the How cell 1 prevails With the 
result that, here too, there are constant refractive index 
conditions in the region of the coupling-out grating 15. In 
the region of the recess 6, the refractive index is that 
determined by the optical properties of the sample liquid 19, 
With n being equal to 1.33 in the example embodiment 
illustrated in FIG. 5. 

[0056] In the arrangement illustrated in FIG. 3, the cou 
pling of the excitation radiation 18 into the Waveguide 7 is 
largely re?ection-free and, as a result of the abrupt change 
in the refractive index Where the evanescent portion of the 
excitation radiation 18 enters the sample liquid being only 
relatively small, a high proportion of output radiation 18 is 
guided on, With the result that a high yield of evanescently 
excited radiation 21 is obtained. Because the abrupt change 
in the refractive index at the end of the recess 6 facing the 
coupling-out grating 15 is relatively small, the disruption in 
the evanescently excited radiation 21 is likeWise relatively 
small, With the result that an overall high signal yield is 
obtained on de?ection by the coupling-out grating 15. Con 
sequently, it is possible to detect even loW concentrations of 
luminescent molecules 20 in the sample liquid 19. 

[0057] The different regions in the longitudinal direction 
in relation to the How cell 1 are indicated by broken lines to 
the abscissa 24. 

[0058] In a modi?cation, FIG. 4 shoWs a How cell 1, the 
recess 6 of Which extends from its end in the vicinity of the 
inlet opening 16, Which is arranged betWeen the coupling-in 
grating 10 and the coupling-out grating 15, into the region 
betWeen the coupling-out grating 15 and the end face 14 in 
the vicinity of the coupling-out grating 15, so that the recess 
6 covers the coupling-out grating 15. In that arrangement 
also, a high coupled-in intensity of excitation radiation 18 is 
achieved, Which is of prime importance for the intensity of 
evanescently excited radiation 21 since certain optical 
impairments in the region of the coupling-out grating 15 are 
of minor importance compared With disruptions in the 
region of the coupling-in grating 10. 
[0059] FIG. 5 shoWs a simultaneous analysis unit 25 
Which, in addition to the Waveguide 7, Which has a coupling 
in grating 10 and coupling-out grating 15 and is applied to 
the substrate 8, has a How cell 26 provided With three inlet 
channels 2, three outlet channels 3 and three recesses 6 each 
of Which extends betWeen an inlet channel 2 and an outlet 
channel 3. In a modi?cation, the Waveguide 7 has a strip 
structure such that a strip of the layered Wave-guide 7 lies 
opposite a recess 6. 

[0060] Furthermore, there is applied to the layered 
Waveguide 7 on both sides of each recess 6 an attenuating 
layer 27 that absorbs in the spectral range of excitation 
radiation 18 and of evanescently excited radiation 21 in 
order to prevent the cross-coupling especially of evanes 
cently excited radiation 21 from one recess 6 to the tWo other 
recesses 6, Which Would result in the measurement results 
being incorrect. The attenuating layer 27 bordering the 
longitudinal sides of each recess 6 strongly absorbs portions 
of radiation emitted from the region of the recesses 6. 
Consequently, different sample liquids 19 can be examined 
in the three recesses 6 simultaneously since the evanescently 
excited radiations 21, even When coupled out by the cou 
pling-out grating 15, are all spatially separated in a trans 
verse direction relative to the direction of propagation. 
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[0061] FIG. 6 is a plan vieW of the Waveguide 7 of the 
simultaneous analysis unit 25 according to FIG. 5. The 
attenuating layer 27 extending betWeen the coupling-in 
grating 10 and the coupling-out grating 15 essentially over 
the full Width of the Waveguide 7 is interrupted in guiding 
regions 28 having a rectangular base face, Which are each 
aligned parallel to the lateral faces 11, 12. In that arrange 
ment, the dimensions of the guiding regions 28 correspond 
to the dimensions of that side of the recesses 6 incorporated 
in the How cell 26 according to FIG. 7 Which faces the 
layered Waveguide 7. Consequently, excitation radiation 18 
coupled into the Waveguide 7 by means of the coupling-in 
grating 10 is guided in the longitudinal direction in the 
guiding regions 28 to the coupling-out grating 15 Without it 
being possible for signi?cant cross-talk to occur betWeen the 
guiding regions 28 and, as a result, betWeen the sample 
liquids 19 ?oWing through in the recesses. 

[0062] In a modi?cation With respect to the example 
embodiment illustrated in FIG. 5 and FIG. 6, the attenuating 
layer 27 extends over the coupling-in grating 10 and the 
coupling-out grating 15, the guiding regions 28 likeWise 
being extended as far as the coupling-in grating 10 and the 
coupling-out grating 15. 
[0063] FIG. 7 is a perspective vieW of a further example 
embodiment of a simultaneous analysis unit 29, the design 
of Which corresponds to that of the simultaneous analysis 
unit 25 except for the measures for the prevention of 
cross-talk. Consequently, only the differences Will be dis 
cussed. The simultaneous analysis unit 29 is provided With 
a ?ow cell 30 Which, betWeen each of the three inlet 
channels 2, outlet channels 3 and recesses 6, has an attenu 
ating inlet channel 31, an attenuating outlet channel 32 and 
in the illustration according to FIG. 9 an attenuating recess 
open toWards the layered Waveguide 7 and hidden by the 
recesses 6. In the illustration according to FIG. 7, an 
attenuating composition shoWn in black, for example a 
liquid comprising a dye that absorbs in the spectral range of 
excitation radiation 18 and of evanescently excited radiation 
21, has been ?lled into the attenuating inlet channels 31, 
attenuating outlet channels 32 and the attenuating recess. 

[0064] In a modi?cation of the example embodiment 
illustrated in FIG. 7, the attenuating recesses 33 are 
extended into the regions of the coupling-in grating 10 and 
the coupling-out grating 15, With the positions of the attenu 
ating inlet channels 31 and attenuating outlet channels 32 
being shifted accordingly, so that even, especially, in the 
region of the coupling-out grating 15, no superposition of 
evanescently excited radiation 21 generated in the region of 
different recesses 6 can occur. 

[0065] FIG. 8 is a plan vieW of a section through a further 
simultaneous analysis unit 34 having a How cell 35, the 
section having been taken parallel to a Waveguide 7. The 
How cell 35 has a number of recesses 36, Which advanta 
geously are spaced equidistantly betWeen the coupling-in 
grating 10 and the coupling-out grating 15 and aligned 
transversely to the direction of propagation of excitation 
radiation 18 coupled in by means of the coupling-in grating 
10. In the simultaneous analysis unit 34, it is likeWise 
possible, by means of the evanescently excited radiations 21, 
simultaneously to examine different sample liquids 19 intro 
duced into the recesses 36, a de?ned superposition of the 
various portions of the evanescently excited radiations 21 
having been brought about here. 

May 10,2001 

[0066] FIG. 9 is a plan vieW of a section through a How 
cell 38 of a further example embodiment of a simultaneous 
analysis unit 37, the section having been taken parallel to the 
layered Waveguide 7. The How cell 38 is provided With a 
number of recesses 39, Which are aligned betWeen the lateral 
faces 11, 12 and parallel to one another but, in each case, 
extend only over a fraction of the distance betWeen the 
coupling-in grating 10 and the coupling-out grating 15. In 
the example embodiment illustrated in FIG. 9, the length of 
each recess 39 is about a ?fth of the distance betWeen the 
coupling-in grating 10 and the coupling-out grating 15. The 
recesses 39 are arranged in three groups each of Which 
extends transversely to the direction of propagation of 
excitation radiation 18 coupled into the layered Waveguide 
7 by means of the coupling-in grating 10, With the recesses 
39 of the peripheral groups in the vicinity of the coupling-in 
grating 10 and the coupling-out grating 15 being arranged in 
alignment and the recesses 39 of the middle group being 
transversely offset therefrom into gap regions of the periph 
eral groups. The simultaneous analysis unit 37 illustrated in 
FIG. 9 is especially suitable for examining a large number 
of sample liquids 19 With evanescently excited radiation 21 
that is suf?ciently intense to be detected even When the 
interaction is over relatively short distances. 

[0067] FIG. 10 shoWs an example having a cavity open to 
the upper side. A self-adhesive layer (43) consisting of 
polydimethylsiloxane is applied to a transparent carrier (40) 
having a Wave-guiding layer 41, a coupling-in grating (42) 
and a coupling-out grating. In the layer (43) there is pro 
vided a round cavity open to the upper side, Which can be 
?lled With the analyte sample. 

[0068] Especially in the example embodiments of simul 
taneous analysis units 34, 37 illustrated in FIG. 8 and FIG. 
9, it is advantageous to provide, instead of, or in addition to, 
a coupling-out grating 15, an optical collecting means for 
evanescently excited radiation 21 radiated out into free 
space, it being possible for the evanescently excited radia 
tion to be analysed in the region of each of the recesses 36, 
39 individually. 

[0069] The How cells 26, 30, 35, 38 illustrated in FIG. 5 
and FIG. 6, in FIG. 7 and FIG. 8, and in FIG. 9 are likeWise 
produced preferably from the material of the How cell 1 
illustrated in FIG. 1 and discussed With reference thereto. 
When the How cells 1, 26, 30, 35, 38 are produced in a 
moulding process, the various geometries and arrangements 
of the recesses 6, 36, 39 can be produced in an especially 
simple manner, With the result that even relatively compli 
cated geometries and orientations are still economically 
viable for once-only use. In that context it should be stated 
that for loW production costs it is also advantageous, When 
producing a device for generating evanescently excited 
radiation 21 having a How cell 1, 26, 30, 35, 38, if marker 
molecules, Which are required in some applications for the 
purpose of detecting speci?c reactions or recognition ele 
ments for the speci?c binding of analytes that are to be 
detected later, are applied to the Waveguide 7 before use. 
Those marker molecules are protected by the overlying ?oW 
cell 1, 26, 30, 35, 38. 

[0070] It is advantageous for all How cells 1, 26, 30, 35, 38 
to be produced from a virtually ?uorescence-free material in 
order to avoid to a signi?cant extent ?uorescence radiation 
evanescently excited in the How cells 1, 26, 30, 35, 38 being 
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superposed on radiation 21 evanescently excited in sample 
liquid 19 for the purpose of analysis. Furthermore, it is 
advantageous for the How cells 1, 26, 30, 35, 38 to be 
radiation-absorbing, for example, at the end faces 9, 14, the 
lateral faces 11, 12 and the cover face 4, in order to prevent 
environmental radiation being coupled into the layered 
Waveguide 7. 

[0071] In that connection, in modi?cations provision is 
made for a dye that absorbs over the spectral range used to 
be provided, during production, on the interior of How cells 
1, 26, 30, 35, 38, except in a region Which is immediately 
adjacent to the layered Waveguide 7 and is to be penetrated 
by the evanescent portion of the excitation radiation 18 and 
the evanescently excited radiation 21. As a result, stray light 
is virtually entirely prevented from being coupled in, Which 
remains the case even if the outWard-facing surfaces 4, 9, 11, 
12, 14 of the How cells 1, 26, 30, 35, 38 are damaged. 

[0072] The device according to the invention can be 
produced by joining together the planar Waveguide and the 
pre-formed layer (43), Where appropriate using an adhesion 
imparter. Before they are joined together, the Wave-guiding 
layer can be immobilised With a target molecule to be 
determined, and/or light-absorbing layers can be applied to 
the Wave-guiding layer or pre-formed layer. Another pro 
duction technique consists in producing the layer (43) 
directly on the Wave-guiding layer, for example using light 
sensitive resins and photolithographic techniques. 

[0073] The devices according to the invention are suitable 
for determining target molecules by means of a lumines 
cence-generating interaction in the analyte sample, as is 
customary, for example, especially in af?nity sensory analy 
sis. The method is performed in a manner knoWn per se so 
that the cavities are ?lled With an analyte sample, excitation 
radiation is then coupled in and the luminescence, for 
example the ?uorescence radiation, that is generated is then 
measured. It is especially advantageous for the af?nity 
sensory analysis that it is possible to store, for a relatively 
long time, devices according to the invention immobilised 
With a target molecule to be determined, Where appropriate 
under a neutral liquid or the analyte liquid for generating 
luminescence, and to carry out the measurements later, if 
desired With further collected samples in one operation. 
Laser light is advantageously used as the excitation radia 
tion. 

[0074] The invention relates also to the use of the device 
according to the invention for determining target molecules 
by the luminescence technique, especially in af?nity sensory 
analysis. 
[0075] The invention relates furthermore to a method of 
determining target molecules in an analyte sample by the 
luminescence technique, Wherein the analyte sample is 
introduced into the cavity of a device according to the 
invention and then exposed to excitation radiation, and the 
luminescence generated is then determined. 

What is claimed is: 
1. A device for analyZing a sample, said device compris 

ing: 

a transparent carrier having a surface; 

a Wave-guiding layer located on the surface of said 
transparent carrier having at least one ?rst diffractive 
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element operable to couple excitation radiation into 
said Wave-guiding layer; and 

a layer having a support surface and at least one cavity, the 
support surface of said layer being located on said 
Wave-guiding layer and fully covering said at least one 
?rst diffractive element such that said Wave-guiding 
layer is located in betWeen said transparent carrier and 
said layer, 

Wherein at least the support surface of said layer is 
transparent to the excitation radiation and an evanes 
cent radiation at least to a penetration depth of an 
evanescent ?eld and the at least one cavity has a depth 
corresponding at least to the penetration depth of the 
evanescent ?eld. 

2. A device according to claim 1, Wherein the at least one 
cavity is open on a side facing aWay from said Wave-guiding 
layer. 

3. A device according to claim 1, Wherein the at least one 
cavity is closed on a side facing aWay from said Wave 
guiding layer and has an in?oW channel and an out?oW 
channel. 

4. A device according to claim 1, Wherein said layer 
comprises a self-adhering material operable to self-adhere to 
said Wave-guiding layer. 

5. A device according to claim 1, Wherein said layer 
comprises a polysiloxane. 

6. A device according to claim 1, Wherein the at least one 
cavity has a depth from 0.5 pm to 10 mm. 

7. A device according to claim 1, further comprising a 
second diffractive element operable to couple excitation 
radiation out from said Wave-guiding layer. 

8. A device according to claim 1, Wherein the at least one 
cavity is from 1 to 100 cavities. 

9. A device according to claim 1, Wherein the at least one 
cavity comprises a plurality of cavities and a material that 
absorbs radiation in a spectral range of the excitation radia 
tion and the evanescent radiation is provided in betWeen the 
plurality of cavities. 

10. A device according to claim 1, Wherein said layer 
comprises ?rst and second strata, said ?rst strata being in 
contact With said Wave-guiding layer and operable to be 
transparent and luminescence-free at a Wavelength of the 
excitation radiation and at a Wavelength of the evanescent 
radiation, and said second strata being adjacent to said ?rst 
strata and operable to absorb radiation. 

11. A device according to claim 1, Wherein, at a transition 
from a material of said layer to a cavity operable to receive 
a sample liquid, said layer continually narroWs in a direction 
of propagation of the excitation radiation guided in said 
Wave-guiding layer, Wherein an effective refractive index 
continually changes in the direction of propagation of the 
excitation radiation as a result of the narroWing of said layer. 

12. A device according to claim 1, Wherein said layer 
comprises a transparent inorganic material or a transparent 
organic polymer. 

13. A device according to claim 12, Wherein the trans 
parent inorganic material is glass or quartZ and the trans 
parent organic polymer is a polyester, a polycarbonate, a 
polyacrylate, a polymethacrylate, or a photopolymerisate. 

14. A device according to claim 12, Wherein said layer 
further comprises at least one photopolymerisable substance 
Which can be applied directly to said Wave-guiding layer by 
using a photolithographic technique. 
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15. Adevice according to claim 12, wherein said layer and 
said Wave-guiding layer are in tightly sealed contact. 

16. A device according to claim 1, further comprising 
recognition elements immobilized on a surface of said 
Wave-guiding layer. 

17. A device according to claim 1, further comprising a 
thin adhesion-imparting layer located on a surface of said 
Wave-guiding layer and in betWeen said Wave-guiding layer 
and said layer. 

18. A device according to claim 1, Wherein said Wave 
guiding layer is ?xed to said layer With an adhesive. 

19. Adevice according to claim 18, Wherein said adhesive 
comprises a transparent bonding composition. 

20. A device according to claim 14, Wherein said device 
has a con?guration corresponding to a shape of microtitre 
plates. 

21. Adevice according to claim 8, Wherein said device has 
a con?guration corresponding to a shape of microtitre plates. 

22. A device according to claim 1, Wherein said layer 
comprises a material having a refractive index close to or 
equal to a refractive index of the sample. 

23. A device according to claim 1, Wherein said Wave 
guiding layer comprises TiO2 or Ta2O5. 

24. A device according to claim 7, Wherein said second 
diffractive element is fully covered by said layer. 

25. A method of determining target molecules in a sample 
by a luminescence technique, said method comprising: 

introducing the sample into at least one cavity of a device 
having: 

a transparent carrier having a surface, 

a Wave-guiding layer located on the surface of the 
transparent carrier having at least one ?rst diffractive 
element operable to couple excitation radiation into 
the Wave-guiding layer, and 

a layer having a support surface and at least one cavity, 
the support surface of the layer being located on the 
Wave-guiding layer and fully covering the at least 
one ?rst diffractive element such that the Wave 
guiding layer is located in betWeen the transparent 
carrier and the layer, 

Wherein the at least one cavity is a cavity opened on a 
side facing aWay from the Wave-guiding layer and at 
least the support surface of the layer is transparent to 
the excitation radiation and an evanescent radiation 
at least to a penetration depth of an evanescent ?eld 
and the at least one cavity has a depth corresponding 
at least to the penetration depth of the evanescent 
?eld; 

exposing the sample to excitation radiation; and 

measuring a luminescence generated by said exposing. 
26. A method of determining target molecules in a sample 

by a luminescence technique, said method comprising: 

introducing the sample into at least one cavity via an input 
channel of a device having: 

a transparent carrier having a surface, a Wave-guiding 
layer located on the surface of the transparent carrier 
having at least one ?rst diffractive element operable 
to couple excitation radiation into the Wave-guiding 
layer, and 
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a layer having a support surface and at least one cavity, 
the support surface of the layer being located on the 
Wave-guiding layer and fully covering the at least 
one ?rst diffractive element such that the Wave 
guiding layer is located in betWeen the transparent 
carrier and the layer, 

Wherein the at least one cavity is a cavity closed on a 
side facing aWay from the Wave-guiding layer and 
having an in?oW channel and an out?oW channel and 
at least the support surface of the layer is transparent 
to the excitation radiation and an evanescent radia 
tion at least to a penetration depth of an evanescent 
?eld and the at least one cavity has a depth corre 
sponding at least to the penetration depth of the 
evanescent ?eld; 

exposing the sample to excitation radiation; and 

measuring a luminescence generated by said exposing. 
27. A method of determining target molecules in different 

samples by a luminescence technique, said method com 
prising: 

introducing each of the different samples into at least one 
of a plurality of cavities of a device having: 

a transparent carrier having a surface, 

a Wave-guiding layer located on the surface of the 
transparent carrier having at least one ?rst diffractive 
element operable to couple excitation radiation into 
the Wave-guiding layer, and 

a layer having a support surface and the plurality of 
cavities, the support surface of the layer being 
located on the Wave-guiding layer and fully covering 
the at least one ?rst diffractive element such that the 
Wave-guiding layer is located in betWeen the trans 
parent carrier and the layer, 

Wherein each of the plurality of cavities is a cavity 
opened on a side facing aWay from the Wave-guiding 
layer and at least the support surface of the layer is 
transparent to the excitation radiation and an eva 
nescent radiation at least to a penetration depth of an 
evanescent ?eld and the at least one cavity has a 
depth corresponding at least to the penetration depth 
of the evanescent ?eld; 

exposing the sample to excitation radiation; and 

measuring a luminescence generated by said exposing. 
28. A method of determining target molecules in different 

samples by a luminescence technique, said method com 
prising: 

introducing each of the different samples into at least one 
of a plurality of cavities via a respecive input channel 
of a device having: 

a transparent carrier having a surface, 

a Wave-guiding layer located on the surface of the 
transparent carrier having at least one ?rst diffractive 
element operable to couple excitation radiation into 
the Wave-guiding layer, and 

a layer having a support surface and the plurality of 
cavities, the support surface of the layer being 
located on the Wave-guiding layer and fully covering 
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the at least one ?rst diffractive element such that the 
Wave-guiding layer is located in betWeen the trans 
parent carrier and the layer, 

Wherein each of the plurality of cavities is a cavity 
closed on a side facing away from the Wave-guiding 
layer and having the respective in?ow channel and a 
respective out?ow channel and at least the support 
surface of the layer is transparent to the excitation 
radiation and an evanescent radiation at least to a 
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penetration depth of an evanescent ?eld and the at 
least one cavity has a depth corresponding at least to 
the penetration depth of the evanescent ?eld; 

exposing the sample to excitation radiation; and 

measuring a lurninescence generated by said exposing. 


