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(57) Abstract: An optical detection device is provided for analysing analytes in a liquid suspension or solution that can detect and
process a large number of wavelengths of incident and fluorescent light simultaneously, which is small in size and can be easily
adapted to different investigation requirements. In one embodiment an optical detection device comprises a light supplying means
(45),an analyte handling means (78), a light directing means (19), and detection means, integrated on planar substrate devices (40),
(20), and (30), (30°), respectively. A plurality of optical waveguides are integrated in the substrate devices to direct light emitted

by the light supplying means (45) through the different sections of the optical detection device to the detection means. The analyte

handling means (78) comprises an analyte channel (70) for the liquid flow of the analyte suspension or solution and an analyte sorting

means (72) comprising several sorting channels (72).
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Device and Method for Investigating Analytes in Liquid Suspension or Solution
Field of the invention

The present invention relates to a device and a method for investigating analytes in

liquid suspension or solution.
Background of the invention

Flow cytometry is a well-known fluorescent analysis technique, which can, for exam-
ple, be used to detect and separate blood cells in a suspension according to their
phenotypic properties. This can be achieved by staining the cells in the sample to be
analysed for example with a monoclonal antibody specific to a phenotypic marker,
which itself is coupled to a fluorescent dye. Different phenotypic cell surface markers
can therefore be distinguished when dyes with different fluorescent wavelengths, e.g.
green and red, are coupled to a number of different antibodies, each specific to a dif-

ferent marker.

To perform this analysis technique a Fluorescence Activated Cell Sorter, generally
called FACS, is known, which is a complex device comprising optical and fluid-
handling subsystems, which are usually assembled from discrete components. An
example of such a FACS is disclosed in Roitt, Brostoff, Male, Immunology 5™ edition,
Mosby Publishers (1998), p385, and is shown in Figure 1. In Figure 1 a fluorescent-
stained sample cell suspension 1 is introduced into a vibrating flow cell 2.

A cell flow 4 passing out of the flow cell 2 is encased in a sheath of buffer fluid 3,
which has been separately introduced into the vibrating flow cell 2. The flow cell uses
the principle of laminar flow and hydrodynamic focussing. A laminar flow of liquid, i.e.
a flow that is non-turbulent, passing through a cylindrical tube will be subject to a vis-
cous drag at the wall of the tube that leads to a higher flow velocity near the tube
centre. The resulting velocity profile is that of a parabola. The so called Bernoulli ef-
fect associates such a differential velocity profile with a pressure gradient that points
radially inwards from the tube wall, i.e. the pressure in the liquid flow decreases from
the wall to the centre of the tube. This pressure gradient will move any particle in
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suspension in the flow into the centre of the flow where it will remain. To prevent
blocking, a suspension of particles can be introduced into the tube through a wide
bore which is surrounded concentrically by a larger bore containing sheath fluid. By
constricting this coaxial flow whilst maintaining laminar flow a focused stream of par-
ticles can be obtained. If a suspension of discrete particles is introduced into the tube
in this manner the particles will flow through the centre of the tube in sequence,
aligned behind one another. The sheath fluid commonly used in flow cytometry is
phosphate buffered saline solution or a similar electrolyte solution which can be
charged electrically.

The flow 4 passing out of the flow cell 2 is illuminated by a laser 5 within an interroga-
tion region. The emitted laser beam is scattered at the fluorescent-stained sample
cells in the suspension in a characteristic manner according to the specific optical
properties of the particles or analytes in the suspension and the fluorescent dyes

used, to detect specific markers.

Scattered and fluorescent light passing from the cell flow and emerging from the in-
terrogation region is collected by a light directing subsystem with a plurality of beam
splitters 6, collimating and focussing lenses (not shown) and is directed to a detection
subsystem with several detectors 7, 8, 9, 10. Detector 7 measures forward scatter of
incident light from the laser, which allows for an estimation of the size of the cells in
the flow 4 passing the laser 5. Similarly the granularity of cells can be detected, by
collecting light scattered at a 90 degree angle with detector 8 after the light has been
redirected by one of the beam splitters 6. Finally, detectors 9 and 10 detect, for ex-
ample, red and green fluorescence, emitted by green and red fluorescent dyes, re-
spectively, to identify surface markers present on the cells. This is achieved by col-
lecting fluorescent light emitted in the same 90 degree path leading away from the
flow 4 and by passing the light through a second beam spilitter in the plurality of beam
splitters 6 to illuminate the detectors 9 and 10. The detectors 9 and 10 are therefore
designed to only detect light emitted in the green and red wavelength bands of inter-
est, respectively.

Where possible, fluorescent dyes will be used that have a common excitation wave-

length maximum that can be excited by a single light source and different emission
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wavelength maxima, such as in the green or red spectrum. Most commercial flow
cytometry systems in use today will detect between 2 and 6 fluorescent wavelengths.
The detectors themselves are in most cases photomultiplier tubes and the wave-
length discrimination is normally achieved by inserting bandpass filters in the light
path before the entry facet of the receiving tube. Because of the size of the individual
components in the detection subsystem it is challenging to manage the spatial ar-
rangement of all optical components when a system with a relatively large number of
detectors is required. In such a situation, the lengths of different light paths from the
flow cell to the respective detectors may vary substantially between different detec-
tors. These constraints tend to limit the number of fluorescent wavelengths that are

typically used in commercial applications today.

For the event that cell sorting may be required, the end of the flow cell 2 has a vibrat-
ing nozzle, which causes the flow 4 emanating from the flow celi into air to break up
into droplets that usually contain no more than a single cell. These droplets, falling
from the nozzle perpendicular towards the ground due to their initial velocity and
gravity, enter into an analyte sorting subsystem, where they are subsequently passed
through a charging collar 11, which applies a substantially uniform electrical charge
to each droplet . When sorting is required, the data received by the detectors 7, 8, 9,
10 can be processed to steer electrostatic deflection plates 12 under computer con-
trol, which allows re-directing different cell populations in the flow 4 at different angles
into different ones of a plurality of output sample tubes 13, according to the fluores-

cent and other optical properties detected.

In an alternative embodiment mechanical sorting is known wherein either the final
receptacle collecting the flow emanating from the flow cell or its inlet is switched elec-
tromechanically in order to receive the relevant fraction of cells.

As mentioned before, typical commercial FACS devices in use today can distinguish
between 2 and 6 fluorescent colours. At the same time they are bulky and expensive
limiting their broad use in research and clinical practice. They require precision bulk
optical and discrete mechanical components. At the same time, however, the re-
quirement of researchers to distinguish a higher number of variables in analyte sam-

ples is increasing.
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Cell sorters that detect a larger number of colours have been designed, but are not
used in wide practice. This is mainly due to the fact that extending the existing bulk
optical and fluidics technologies to higher numbers of colours that can be discrimi-

nated is very expensive and cumbersome.

There are also known first attempts of miniaturising FACS-devices. For example a
conventional flow chamber of a FACS is replaced by microfluidic devices manufac-
tured by micromachining technology like soft lithography. In a paper “A micorfabri-
cated fluorescence-activated Cell Sorter” of Anne Y. Fu et al., Nature Biotech., Vol17,
p. 1109 (Nov. 1999) there is described a FACS for sorting various biological analytes.
A cell sorting device is produced as a silicone chip with channels for a sample liquid.
The chip is mounted on an inverted microscope, and fluorescence is excited near
junctions of the channels with a focused laser beam generated by a bulk laser, which
is directed onto the chip perpendicularly to the plane of the chip. The fluorescent
emission is collected by the microscope and measured with a photomultiplier tube,
which collects light emitted perpendicularly to the plane of the chip. The laser beam
is focused perpendicular to the chip and a plurality of beam splitters, mirrors, etc. is

necessary to guide the light.

US 5726751 discloses a flow cytometer made of two components: a flow cytometer
optical head and a disposable flow module. The flow module utilises a flow channel
micromachined in a silicon wafer. The optical head comprises a laser to provide an
illuminating beam and photodetectors. The laser and the photodetectors are ar-
ranged out of plane of the wafer, dependent on the angle of the analysing light beam,

so that the photodetectors may collect the analysing beam.
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Summary of the Invention

It is an object of the present invention to provide an optical detection device for ana-
lysing analytes in a liquid suspension or solution that can be scaled to detect and
process a large number of wavelengths of incident and fluorescent light simultane-
ously, which is small in size and can be easily adapted to different investigation re-

quirements to enlarge the possibilities of its application.

According to a first aspect of the present invention, there is provided a device for
analysing analytes in a liquid suspension or solution comprising, an analyte handling
means including an analyte input region, an analyte channel for carrying analytes in a
liquid suspension or solution comprising a light receiving region for receiving light
from a light supplying means to illuminate the analytes in the interrogation region, an
analyte output region, a light guiding means for directing light emerging from the ana-
lytes in an interrogation region of the analyte channel to an optical detection means
for detecting one or more properties of the analytes in the suspension or solution,
characterised in that at least the analyte channel and a first optical waveguide for
guiding light emerging from the analytes in the analyte channel are integrated on the

same first planar substrate.

Preferably, a second optical waveguide guiding light emerging from the analytes in

the analyte channel is integrated on the first planar substrate.

Preferably, a third optical waveguide guiding light incident on the analytes in the ana-

lyte channel is integrated on the first planar substrate.

Preferably, the first optical waveguide is interfacing with the analyte channel, such
that it collects light travelling in the analyte channel at an angle of between 30 and 60
degrees from the longitudinal axis of the analyte channel.

Preferably, the first optical waveguide is interfacing with the analyte channel, such
that it collects light travelling in the analyte channel at an angle of substantially 45

degrees from the longitudinal axis of the analyte channel.
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Preferably, the second optical waveguide is interfacing with the analyte channel,
such that it collects light travelling in the analyte channel at an angle of between 60 to

120 degrees from the light collected by the first optical waveguide.

Preferably, the second optical waveguide is interfacing with the analyte channel,
such that it collects light travelling in the analyte channel at an angle of substantially

90 degrees from the light collected by the first optical waveguide.

Preferably, doped absorbing regions may be provided on the first substrate adjacent
to the analyte channel and the waveguide(s) for reducing the amount of unguided

light propagating in the first substrate.

Preferably the refractive index of any or all of the waveguides substantially matches
the refractive index of the analyte suspension or solution. Alternatively, or in addition,
a single or multiple dielectric coating may be formed at the interface between the
waveguides(s) and the analyte channel.

Preferably, the waveguide(s) may be tapered at their interface with the analyte chan-

nel.

According to another aspect of the invention, the third waveguide divides into two
waveguides for injecting light into two spatially separate interrogation regions in the
analyte channel and at least one waveguide is provided for collecting light emerging
from the analytes adjacent to each one of the separate interrogation regions.

According to yet another aspect of the invention there is provided a method for inves-
tigating analytes in a liquid suspension or solution, particularly by using an optical
detection device as described above.

According to yet another aspect of the present invention an analyte sorting means is
provided for sorting different analytes with respect to their properties, which may
have been detected by the optical detection device. The analyte sorting means in-
cludes an analyte channel with an analyte input for introducing the liquid suspension

or solution of the analytes and a plurality of sorting channels comprising at least one
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y-junction in a staged cascade that is integrated on a substrate, wherein opposite
polarity electrodes are formed in the substrate on either side of the at least one y-

junction each for one investigated optical property of the analytes.

An analyte sorting means designed in this way enables the separation of analytes

even of very small sample amounts.

In still another aspect of the invention, there is provided a light supplying means for
use with a device for analysing analytes in a liquid suspension or solution, wherein
one or several components of the light supplying means are integrated on a second

planar substrate.

Preferably the light supplying means comprises at least one or more light emitting

diodes or laser diodes are attached to the second planar substrate.

Preferably the light supplying means comprises at least one integrated optical
waveguide for carrying light from the light emitting diode(s) or laserdiode(s) is leading
from the light emitting diode(s) or laserdiode(s).

Preferably the light supplying means comprises several waveguides are leading from
each one in an array of light emitting diodes or laserdiodes and a dispersive element
is integrated on the second planar substrate for combining light of different wave-

lengths A4...Am received from the waveguides into a single output waveguide.

Preferably the dispersive element is an arrayed waveguide grating or a transmission

grating formed by an array of recesses etched into the second substrate.

In still another aspect of the present invention, there is provided a light directing
means for use with a device for analysing analytes in a liquid suspension or solution,
wherein at least one dispersive element, at least one optical waveguide for carrying
light towards the dispersive element, and at least one plurality of output waveguides
collecting light of wavelengths or wavelength bands A4...Am, A'1...A's to be separated

by the at least one dispersive element are integrated on a third planar substrate.
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Preferably the dispersive element(s) used in any of the light supplying and light di-
recting means is/are (an) arrayed waveguide grating(s) or a transmission grating

formed by an array of recesses etched into the second substrate.

Preferably, one dispersive element, one optical waveguide for carrying light towards
the dispersive element, and one plurality of output waveguides collecting light of
wavelengths or wavelength bands A1...Am, A'1...A'r to be separated are provided each
for separating light received from a forward scatter path and for separating light from

a side scatter path leading from an analyte interrogation region.

Preferably any of the first, second and third substrate is made of any of silica and

silica-on-silicon and silicon-on-insulator.

In still another aspect of the present invention, there is provided a detection means
for use with a device for analysing analytes in a liquid suspension or solution,
wherein at least one optical detector is integrated in or hybridised on a fifth planar

substrate.

Preferably, a plurality of optical detectors is provided with one detector each being

provided for detecting a different one of the wavelengths A1...Am, A'1...A'n.

Preferably the detectors are photodiodes.

Preferably, each detector is mounted on top of one of several v-grooves terminating
in an inclined end face formed in the fifth substrate, the v-grooves extending to the

edge of the substrate.

Preferably, the fifth substrate is butt-coupled to the third substrate and bonded by

means of an appropriate glue or resin.

Preferably, each in the plurality of detectors receives light from a different waveguide
in at least one of the pluralities of output waveguides integrated in the third planar
substrate.
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In another aspect of the invention, an array of detectors is provided each for receiv-
ing light transmitted from a forward scatter path and light transmitted from a side

scatter path leading from an analyte interrogation region.

In another aspect the invention provides for a device for analysing analytes in a liquid
suspension or solution, including an analyte handling means, an analyte sorting
means, a light supplying means, a light directing means, and the light detecting

means as described herein.

In another preferred embodiment of the present invention, at least two of the analyte
sorting means, the light supplying means, the light directing means, and the light de-
tecting means are connected by optical fibres. Releasable connections between opti-
cal fibres leading from the respective means may be made by means of optical fibre

connectors.

In yet another preferred embodiment of the present invention, at least two of the ana-
lyte sorting means, the light supplying means, the light directing means, and the light
detecting means are integrated on the same planar substrate.

Another aspect of the invention concerns the use of the an optical detection device
as described herein for investigatomg the properties of one or more analytes in a

liquid suspension or solution.

Preferably, use of an optical detection device as described herein is made, wherein
the optical properties of the one or more analytes in the suspension or solution are
marked by markers with known optical properties and the one or more wavelength or
wavelength band(s) A4, ..., Ay Of the light supplying means are selected according to

emission and absorbtion maxima of the used markers.
Preferably, the markers for the analytes are fluorescent.
Preferably, sorting of the analytes of the suspension or solution according their

different optical properties is acheived by guiding them into different sorting channels

according to the different properties detected.
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In another aspect, the invention concerns a method for investigating analytes in a

liquid suspension or solution using an optical detection device as described herein.

Preferably the method for investigating analytes in a liquid suspension or solution
using an optical detection device as described herein is carried out, wherein at least
two wavelenghts or wavelength bands A4, ..., An, A'y, ..., A5 in the light emerging from

teh analytes are detected simultaneously.

The flow of the analyte suspension or solution through the analyte channel and the

sorting channels may be reversible.

Manufacturing each of the different means of the optical detection device on separate
semiconductor devices and connecting these devices by optical fibres, etc., substan-
tial distances can be bridged. Therefore it is e.g. possible to arrange the analyte han-
dling means in an experimental hood, use light supplying means, that is installed in a

separate room, and set up the detection means in still a further room.

By designing a device for analysing analytes in a liquid suspension or solution ac-
cording to the present invention a very compact and high channel count system can
be realised cost-effectively. This allows saving valuable bench-space in laboratory or
point-of-care applications, or even the realisation of a hand-held device. The optical
detection device can be manufactured, to a large extent with high-volume semicon-
ductor processing technologies like lithographic patterning, masking and etch proc-
esses or the like, which allow for the realisation of very high specification and narrow
tolerance devices in high volumes and at low cost. The possibility of arranging the
different sections of the optical detection device and the discrete components of
these sections independently from one another on the substrates permits an assem-
bly of the device, that can be optimised according to certain requirements, e.g. of the
analytes, the light source or the components. The present invention will therefore en-
able use of a described flow-cytometric and similar industrial and/or biomedical ana-

lyte detection and handling applications in new areas of medical and scientific use.
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By integrating the channel and the waveguides on the surface of a planar substrate
the total amount of space required by the optical detection device can be reduced

substantially.

Through using the components and processes described herein known components
and techniques ihe device for analysing analytes can be manufactured very cost effi-
ciently. Additional objects and advantages of the invention will be set forth in the de-
tailed description which follows, and will be obvious from the description. Preferred or
optional features of the invention will also be apparent from the appended claims.
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Brief Description of the Drawings

In order that the invention may be more readily understood embodiments will now be

described, merely by way of example, with reference to the accompanying drawings

in which:

Figure 1

Figure 2a

Figure 2b

Figure 2¢

Figure 3a

Figure 3b

Figure 3¢

Figure 4a

Figure 4b

Figure 4c

Figure 5a

Figure 5b

is a schematic view of a known fluorescence activated cell sorter as
known in the prior art;

is a schematic top view of an optical detection device according to one
embodiment of the present invention;

is a schematic top view of an optical detection device according to an-
other embodiment of the present invention;

is a schematic perspective view of a part of the optical detection device
of Figure 2b showing a substrate covering an area within the analyte
handling means;

is a schematic enlarged top view of the detection means of the of the
optical detection device of the present invention;

is a schematic enlarged top view of an alternative embodiment of the
waveguide interfaces with the analyte channel in the optical detection
device;

is a schematic enlarged top view of the layout of the liquid channels and
optical waveguides within the analyte handling means;

is a cross section along line A-A in figure 3c, showing the analyte chan-
nel and buried waveguides in the optical detection device;

is a cross section along line B-B in figure 3c, showing the analyte chan-
nel and buried sorting elements;

is a cross section along line C-C in figure 3¢, showing the analyte input
of the analyte handling means of the present invention;

is a cross section view, showing the analyte input region comprising an
additional system for hydrodynamic focussing;

is a schematic view of the external fluid handling arrangement of an
analyte handling means;
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Figure 6 is a schematic representation of the optical output spectrum of the opti-

cal detection device of the present invention.

Detailed Description of Preferred Embodiments of the Invention

In figure 2a an embodiment of an optical detection device according to the present
invention is shown, which comprises a light supplying means 45 integrated on a pla-
nar substrate device 40, an analyte handling means 78 integrated on a planar sub-
strate device 20, a light directing means 19 integrated on a planar substrate device
80, and detection means integrated on planar substrate devices 30, 30'. Also shown
is a plurality of optical waveguides, which are integrated in the substrate devices and
are designed to direct light emitted by the light supplying means 45 through the dif-
ferent sections of the optical detection device to the detection means. In the analyte
handling means 78 there is shown an analyte channel 70 for the liquid flow of the
analyte suspension or solution and an analyte sorting means 72 comprising several
sorting channels 72’ for different properties of the analytes.

The planar substrate devices 20, 40, 80 may for example be a silica or silica on sili-
con substrate and optical waveguides formed in the substrates may be buried chan-
nel waveguides formed by methods well known in the art of integrated optics, such
as described in WO0125827. Alternatively the substrates 20, 40, 80 may be silicon-
on-insulator and the waveguides formed as silicon-on-insulator ridge waveguides
methods for forming integrated silicon on insulator ridge waveguides are described in
WO09508787 and in a paper entitled “Low Loss Single Mode Optical Waveguides with
Large Cross-Section in Silicon on Insulator” by J. Schmidtchen et al in Electronic Let-
ters, 27, p.1486, 1991. Further methods for manufacturing silicon-on-insulator optical
waveguides are described in WO0036445, W0O0025156. The planar substrate device
30 may be formed may be silicon.

The light supplying means 45 may be a discrete wavelength multiwavelength light
source for emitting light with a predetermined characteristic, which is changeable by
interaction of the light with analytes in suspension or solution according to the proper-
ties of the analytes. If the system is used for detecting fluorescence, a m-channel

device may have a light source emitting m discrete wavelengths or narrow wave-
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length bands A4, ..., An Which are selected according to the properties of the analytes
to be investigated. For example, A4, ..., Am may be within a narrow tolerance of the
absorption maxima of n selected fluorescent markers to be used in detection, which
can be excited to fluoresce on fluorescent wavelengths or narrow wavelength bands
A4, ..., An. The fluorescent markers used may be known fluorescent chemical or bio-
logical molecules or fluorescent beads or particles that have characteristic fluores-
cent properties due to their chemical properties and or physical dimensions. Prefera-
bly none of the wavelengths or wavelength bands Aq, ..., Am, A'1, ..., A’y overlap to an
extent where it would be difficult to distinguish the signals carried in them. In practice
the overlap should be preferably less than —20dB and more preferably less than —
30dB. If all absorption maxima of the n fluorescers are different in wavelength from
one another m will be equal to n. However, in case some of these absorption maxima

overlap m will be less than n.

Therefore there are provided m light emitters 44 generating light of wavelengths or
wavelength bands A4, ..., Am. The light emitters 44 may be distributed feedback lasers
(DFB lasers) or external cavity lasers, as described in WO0003461, that are inte-
grated or hybridised on the substrate 40 in a linear array. Methods for hybridising an
active light emitting element on a substrate in alignment with an output waveguide is
described, for example in WO9743676. The active light emitting element in this as-
sembly is typically formed from a combination of type I, lll, V, VI semiconductor ma-
terials according to methods well known in the art. If an external cavity laser is cho-
sen and the substrate material in which waveguides are formed is silica, then the
grating forming the front reflector of the cavity may be provided by using methods
similar to those well known in the art for forming optical gratings in telecommunica-
tions fibres. A waveguide 43 is leading from each of the light emitters 44 to a disper-
sive element 42 that is used to multiplex the light output from the various light emit-
ters 44 into a single waveguide 41, which leads to the edge of the substrate 40 where
it connects to the fibre 50.

If silicon-on-insulator is chosen for the substrate 20, 40, 80, then the optical analysis
will have to be carried out at wavelengths greater than 1100nm, as silicon is not
transparent at wavelengths shorter than 1100nm. This does not pose a problem,

however, as optical components such as laser diodes and photodetectors are com-
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monly available for such wavelength requirements. Fluorescent dyes or particles
have to be used accordingly, which have both their absorption and emission maxima

at wavelengths greater than 1100nm.

Using a dispersive element 42 in the multiplexing process is well known in the art and
has the advantage of minimising transmission losses. Examples of forming such dis-
persive elements can be found for example in US5,029,981, and US5,467,418, both
of which describe arrayed waveguide type elements well known in the art of inte-
grated optics. In these cases a plurality of unequal length waveguides (the
waveguide array) causes the necessary phase difference in the light front travelling
through the array to generate the desired dispersion. Another embodiment of a dis-
persive element is disclosed in EP 0365125, in which a one-dimensional reflective-
type diffraction grating is formed in an slab waveguide by a one-dimensional array of
wells formed with walls that are substantially perpendicular to the plane of the sub-
strate 40.

The connection between the fibre 50 and the waveguide 41 can be carried out by
means well known in the art, using methods such as described, for example, in WO
97042534, W0O9835250, W09839677, W09957591, and WO0129598, and by other
methods well known in the art. The fibre may be a multimode or more preferably a
single mode silica fibre, such as commonly used in telecommunications applications.
A typical single mode optical fibre will have a 125 micrometer silica cladding and a 8
micrometer single mode silica core whereby the silica in the core has a higher refrac-

tive index than the silica in the cladding.

The fibre 50 connects via a connector 51 to an input fibre 52 to the edge of the planar
substrate device 20. The connector 51 may be a standard fibre-to-fibre connector,
such as those commonly used for making connections between optical telecommuni-
cations fibres. On the substrate 20 an optical waveguide 21 collects the multi-
wavelength light beam received from the light supplying means 45 in the fibre 52.
The connection of fibre 52 to waveguide 21 can be provided in the same manner as
described above for the connection between fibre 50 and waveguide 41.
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The waveguide 21 directs the light beam to the analyte channel 70 located on the
planar substrate device 20. The liquid suspension or solution of the analytes is intro-
duced into the analyte channel 70 via the input port 71 and flows through the channel
70 towards an analyte sorting means 72 (described in more detail later on), compris-
ing a plurality of sorting channels 72’ that each lead to one in a plurality of output
ports 74. The analyte channel 70, the analyte sorting channels in the plurality 72, the
input port 71, and the output ports in the plurality 74, are formed in the substrate 20
as an extended pattern of recesses that are formed by machining into the top surface
of the substrate or patterned by standard lithographic processes and etched into the
top surface of the substrate using processes well known in the art of semiconductor

manufacturing, such as reactive ion etching.

Light is injected into an interrogation region 18 within the analyte channel 70 from the
waveguide 21. If the waveguides are formed in a silica or a silica-on-silicon substrate,
the waveguide 21 interfaces with the analyte channel 70 at an angle, such that light
refracted across the interface of the analyte channel 70 with the waveguide 21 will
enter the analyte suspension or solution carried in the channel at an angle of 30 to 60
degrees to the axis of the analyte channel, and more preferably at an angle of ap-
proximately 45 degrees. Analytes present in an analyte suspension are labelled with
fluorescent dyes. As will be described in more detail later on the analyte suspension
passes through the analyte cannel 70, travelling past the interrogation region 18
where the analytes are illuminated by the light received from the waveguide 21. The
analytes in the suspension have been pre-stained, according to methods well known
in the art of flow cytometry, with a range of n fluorescent dyes each specific to a
given phenotypic property of the analytes to be detected, illuminating of the stained
analytes by light injected into the interrogation region 18 from the waveguide 21
causes a combination of absorption, scattering and fluorescence in the analytes

within the interrogation region 18.

Preferably the refractive index of the waveguide 21 and that of the analyte suspen-
sion or solution in the analyte channel 70 are matched in order to avoid significant
reflection losses. Such index matching can be achieved, for example by varying the
buffer formulation for the analyte suspension or by doping the optical waveguides

used. In an embodiment where a residual mismatch between the analyte suspension
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or solution and the optical waveguides on the substrate 20 cannot be avoided, antire-
flective coatings may be formed on the sidewalls of the analyte channel 70 in the in-
terrogation region 18 according to processes well known in the art of integrated op-
tics to reduce backreflections at the interfaces further. In such an event the angle of
refraction at such interfaces will also have to be taken into account according to the
standard principles of wave optics, with the aim that light injected in the analyte sus-
pension will travel at an angle of 30 to 60 degrees to the axis of the analyte channel
70, and more preferably at an angle of approximately 45 degrees. On the opposite
side of the analyte channel 70 after the light has passed the interrogation region 18
forward-scattered light is collected by waveguide 27 and 90 degree scattered and
fluorescent light is collected by waveguide 26. Consequently the waveguides 26 and
27 are arranged to collect light travelling at an angle of 0 and 90 degrees within the
analyte suspension or solution, respectively, with respect to the angle of incident light
travelling in the analyte suspension or solution. If there is no index mismatch be-
tween the suspension or solution and the waveguides, this translates to an angle be-
tween the waveguides 26 and 27 of 90 degrees, but in a situation where these refrac-
tive indexes are not matched, different angles between the waveguides 26 and 27
and between these waveguides and the side face of the analyte channel will have to
be determined according to standard principles of wave optics. Usually the purpose
of detecting forward scattered light is to determine the size of the analyte particles
and the purpose of detecting 90 degree scattered light is to detect the granularity of
these particles, as well as any fluorescence emitted by them. A particular advantage
of this arrangement is that it is possible to collect fluorescent light at a higher signal
to noise ratio than when it is collected in the forward scatter path. The waveguides
21, 26, 27 may conveniently be tapered at the interface with the analyte channel 70

to improve the optical transmission characteristics of their interfaces.

The cross section of the waveguides 21, 26, 27 at the interface with the analyte
channel 70 will preferably be in the region of 1 micron to 10 micron diameter and
more preferably between 3 micron and 8 micron diameter. Preferably, the analyte
channel 70 will have a cross section between 5 micron and 100 micron diameter and

more preferably between 10 micron and 25 micron diameter.
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The light emerging from the interrogation region 18 after interaction with the analytes
in the liquid suspension or solution is guided by the waveguides 26 and 27 to the
edge of the substrate 20 where they connect to optical fibres 53 and 56, respectively.
Light transmitted to these fibres is transmitted via fibre optic connectors 54 and 57 to
optical fibres 55 and 58, respectively, which transmit light guided in these fibres to
the light directing means 19 integrated on the substrate 80. The optical fibres 53, 55,
56, 58 and connectors, 54, 57 are similar to those components described above for
connecting the light supplying means 45 to the analyte handling means 78. Light re-
ceived from the optical fibres 55 and 58 is collected by the waveguides 82 and 81.
Light travelling in the waveguides 81 and 82 subsequently passes to the integrated
dispersive elements 28, 28'. The dispersive elements 28, 28’ are designed similarly
to the dispersive element 42 on the light supplying means 45, preferably either as an
arrayed waveguide grating or as a transmission or reflection grating described be-
fore. The purpose of the dispersive elements 28, 28’ is to divide the light travelling in
the waveguides 81, 82 into a number of discrete wavelength bands to be detected in
the forward and side scatter path from the analyte handling means 78, respectively.
Typically, the wavelengths to be detected will be the wavelengths Aq,..., Am emitted
by the light supplying means 45 and the wavelengths Aq,..., A, emitted by the fluores-
cent markers used. Normally m will be less or equal to n, and therefore the maximum
number of wavelength bands to be detected will be less or equal to 2n. The m+n dis-
crete wavelength bands separated by the dispersive elements 28, 28’ are directed
towards the pluralities of waveguides 29, 29, respectively, such that each separate
wavelength band will be collected by a different one of the waveguides in the plurali-
ties 29, 29’ as a separate wavefront. Preferably the wavelength crosstalk between
adjacent waveguides in the pluralities 29, 29’ will be better than -20dB and more
preferably better than -30dB, as shown in figure 6. Although the wavelength spec-
trum shown in figure 6 shows equally spaced wavelength bands, equal spacing of the
bands is not required, and this can be adjusted, according to the fluorescent markers
used. Furthermore the wavelength or wavelength bands A4,..., Am, and A4,..., Aq may
interleave as shown, or the may be arranged in a different way with respect to one

another.

Light transmitted through the output waveguides 29, 29’ of the light directing means
19 is passed on to the detection means comprising two groups of detectors 31, 31’,



WO 03/054525 PCT/GB02/05567
19

respectively, each having a plurality of detectors; each group of detectors 31, 31’ be-
ing mounted on planar detector substrate devices 30, 30’, respectively. The substrate
devices 30 and 30’ may be butt-coupled to the edge of the substrate 80 as described
in more detail in Fig. 3a.

Figure 3a shows a detailed view of the interface of the plurality of output waveguides
29 with the detector substrate 30. The detector substrate 30 and the side face of the
substrate 80 in the region where the waveguides 29 extend to the edge of the sub-
strate 80 are polished, respectively, and butt-coupled. The substrate 30 may be at-
tached to the substrate 80 by means of transparent glue or resin. The detectors 31
may be top-entry photodiodes that are flip-chip bonded over etched v-grooves in the
detector substrate 30, that extend from the edge of the substrate 30 that is coupled to
the edge of the substrate 80 to a location underneath the entry face of each photodi-
ode. For this purpose the detector substrate 30 may conveniently be made of crystal-
line silicon which can be etched to form v-grooves 35 with a selective crystallographic
etch, such as described in US Pat.4,945,400. By using this processing method the v-
groove formed in this manner will automatically terminate in an inclined end face that
can be used to reflect light upwards into the entry face of the photodetector. US Pat.
4,945,400 also describes a way of coating the end face with a metal layer 32 which
extends over the end of the v-groove 35 and simultaneously serves to enhance the
reflectivity of the end face of the groove and provides for a soldering pad and top
contact for the photodetectors 31. With this arrangement in place signal leads 33, 34
can conveniently be attached to the metal layer 32 and the bottom contact of the

photodiode 31 which lead to an electronic processing circuitry 100.

In an alternative embodiment of the present invention (not shown), the pluralities of
detectors 31 and 31’ may be hybridised directly on the same substrate device 80 that
comprises the pluralities of output waveguides 29, 29', respectively. This can be car-
ried out by using the detector hybridisation technology described in W09835253 or
using other techniques well known in the art of integrated optics. For example, if a
silica or silica on silicon substrate is used for providing the waveguides, a rectangular
recess can be etched into the substrate and a top entry photodiode may be glued
down sideways into the recess, abutting the relevant waveguide with its top entry

facet. Connections to the photodiode can then be made by soldering directly to the
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top and bottom facets of the diode on the portion of the diode protruding from the
substrate 80.

Another preferred embodiment of the present invention is shown in figure 2b. Here,
the analyte handling means analyte means 78 is integrated on the same substrate 20
as the light directing means 19 of the optical detection device, which comprises the
dispersive elements 28, 28’, the plurality of output waveguides 29, 29'. The detector
substrates 30, 30’ carrying the pluralities of detectors 31, 31’ are coupled to the sub-
strate 20 in the same way as described before for substrate 80 in figure 2a. In this
case a separate fibre optic connection between the analyte means 78 and the light

directing means 19 is not necessary.

In yet another embodiment of the invention (not shown) the light supplying means 45
may be integrated on the same substrate 20 as well. Whether all or some of the light
supplying means, the analyte handling means and the light directing and detection
means will be integrated on the same substrate or be provided on separate sub-
strates which are connected by optical fibres will depend on the final manufacturing
processes chosen, the expected manufacturing yields of the final devices and the

specific applications envisaged.

If integration of the light supplying means, the analyte handling means and the light
directing and detection means on separate substrates is chosen, this will allow these
components to be exchanged or maintained separately, should one of them fail in
operation. Further, such an embodiment would have the advantage that these de-
vices can be physically separated by an appreciable distance. In such a situation the
low loss of optical communication fibres will allow the separation of the light supply-
ing means, the analyte handling means and the light directing means by several me-
ters, or even several tens of meters. This would have the advantage that the analyte
handling means can for example be located in a higher containment level compart-
ment than the light supplying means and the light detecting means, or that these de-

vices can be distributed over different locations in the same building.

In a preferred embodiment shown in Figure 3b the waveguide 21 splits via a y-

junction into waveguides 23 and 24, which both interface with the analyte channel 70
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at an angle such that light refracted across the boundary of the waveguide with the
analyte channel enters the liquid suspension or solution guided in the channel at an
angle of between 30 and 60 degrees and more preferably at an angle of 45 degrees
within two different interrogation regions 18’ and 18”. On the opposite side of the
analyte channel 70 waveguide 27 collects forward scattered light and waveguide 26
collect side scattered and fluorescent light emitted from the interrogation region
18’and the waveguide 27'collects forward scattered light and waveguide 26’ collects
side scattered and fluorescent light emitted from the interrogation region 18", respec-
tively. The choice of the interface angles of the various waveguides and the general
design of these interfaces follow the same principles as those described in the previ-
ous example of figure 2a. The advantage of such an arrangement is that a meas-
urement of the analyte content is taken at two successive interrogation points 18’ and
18” which allows for a direct determination of the flow speed and dynamics of the
analytes propagating in the analyte channel 70. This may have the advantage of al-
lowing more accurate sorting of analytes if such were required and detecting any dif-

ferential motion in the analytes

In figure 3b there are also shown absorbing regions 25 to lower the noise level of
scattered, unguided light travelling around the substrate 20. A plurality of such doped
absorbing regions 25 are included on the substrate 20 in the vicinity of the
waveguides 23, 24, 26, 27 and their interfaces with the analyte channel 70. Such ab-
sorbing regions are for example described in WO 9928772.

A detailed view of the analyte handling means 78 comprising an analyte sorting
means 72 is shown in figure 3c. The analyte sorting region 72 is formed as a cas-
cade of y-junctions branching the analyte channel 70 into 2N sorting channels (N be-
ing the number of stages in the cascade) in a plurality 72’ that terminate in a plurality
of 2V output ports 74. The number of terminal sorting channels 72’ is preferably
greater or equal to the number of fluorescent wavelengths used for detecting the
properties of the analytes. As described above, the sorting channels in the plurality
72' as well as the analyte channel and their y-junctions are formed as trenches
etched into the substrate 20, e.g. by means of a reactive ion etch process, and the
ports 70 and 74 are formed as extended recesses in the substrate 20 by means of a

similar etch process.
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Each analyte channel y-junction in the analyte sorting means 72 contains a pair of
sorting elements 73. In the preferred embodiment shown, the sorting elements 73 are
opposite polarity electrodes that are buried on either side of the analyte channels in
the sorting means 72 adjacent to each y —junction as extended recesses. Figure 4b
shows a cross section of the analyte channel 70 and the electrodes 73 along the line
B — B of figure 3c. The electrodes 73 extend on either side of the etched analyte
channel into the substrate device 20 from the top of the substrate. This can be
achieved by etching the substrate on either side of the analyte channel with a direc-
tional etch process, such as a reactive ion etch and subsequently depositing a metal
layer through a mask into the etched recesses. As shown in the Figure, the top sur-
face area of each electrode 73 is enlarged to allow for convenient connection of elec-
trical lead traces 75 (shown in figure 3c) extending over the top of the substrate 20.
The electrodes 73 may be in direct contact with the analyte channel 70 or they may
be separated from the channel by dielectric walls in the substrate, as shown in figure
4b. As is shown in detail in figure 3c, on the surface of the substrate device 20 a plu-
rality contact traces 75 is formed by lithographic processes that extends from the
electrodes 73 to the edge of the substrate 20 allowing for an electronic control unit 76
to be connected to the contact traces 75 via a plurality of external leads 77 for con-

trolling the electrodes 73 in figure 3c.

When the detection section is used for analyte sorting the analytes used are either
negatively or positively charged. This can be achieved, for example, by coating all
analytes with microbeads via a common surface marker, whereby the beads will
carry a negative or positive ionic charge in suspension or solution, e.g. due to a coat-
ing of the beads with Ni Fe or Cu ions. Analytes that pass the interrogation region 18
are illuminated by light emitted at the light supplying means and transmitted by the
waveguide 21. The light emerging from the interrogation region 18 is collected by the
waveguides 26, 27 and is guided to the detectors 31. If the width of the analyte
channel, the flow rate of the analytes and the concentration of the analytes are all
such that only one particle to be analysed passes the waveguide 21 at a time, the
speed of the analytes in the channel can be accurately predicted. Taking into account
the hydrodynamic properties of the sorting region 72 an accurate determination can

be made as to when the analyte particle passes each y-junction and as appropriate
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each in the plurality of pairs of electrodes 73 can be used to redirect each analyte
particle into a y-junction branch according to the fluorescent wavelength detected. In
such a case, the electric field applied to each in the plurality of pairs of electrodes 73
should be strong enough to redirect the flow of a particle, but not so strong that the
particle gets immobilised against the wall of the analyte channel.

As described above the analyte channel 70 and the analyte sorting channels 72’ are
formed as extended recesses in the substrate device 20, which means they are open
towards the top surface of the substrate device 20. To seal the channels a substrate
60 extending over the area around the analyte channel 70 and the analyte sorting
channels 72’ is bonded to the top surface of substrate 20. The horizontal boundary of
the substrate 60 corresponds to the dashed lines in figure 2b. The substrate pres-
ence 60 is shown in more detail in figure 2¢. At the location of the analyte input port
71 and of each of the plurality of output ports 74 apertures 61, 62 are formed in the
sealing substrate 60 such that liquid guiding means 63, 64 can be connected to each
port. A cross section of the interface between the liquid guiding means 63 with the
aperture 61 in the region of the input port 71 is shown in further details in figure 4a.
Bonding of the substrate device 60 to the substrate device 20 may be achieved sim-
ply by polishing both bond surfaces and creating a contact bond which is maintained
by the van der Waals interactions between the substrates 20 and 60. To be able to
polish the surface of the substrate 20, either a buried waveguide structure will have
to be used, or, when if silicon-on-insulator ridge waveguides are used, an additional
amorphous silica or other layer may have to be deposited on top of the waveguide
structures and be polished back to a smooth surface before the bonding is carried
out. Other means of bonding include glues or resins, or soldering, according to meth-
ods well known in the art, but it is important that no such glues, resins or solders in-
terfere with the optical properties of the optical waveguides or the analyte channel on

the substrate.

A cross-section of the connection between the substrate device 20 and the substrate
60 in the region of the analyte input port 71 is shown in figure 4c. Substrate 20 com-
prises a recess for the liquid input port 71. The aperture 61 in the substrate 60 is lo-
cated exactly above the port 71. On the top surface of substrate 60 there is posi-

tioned the liquid input guiding means 63, which has a flanged connection with the
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substrate 60. The liquid output guiding means 64 are arranged in the same manner

above the output ports 74.

In one embodiment the analyte flow is injected into the input port 71 through the lig-
uid guiding means 63, preferably at a predetermined, constant flow rate. The analyte
flow is directed through the analyte channel 70 via the sorting means 72 to the output
ports 74 where it is received by the liquid output guiding means 64. If it is an objec-
tive to reduce the possibility of clogging of the analyte channel 70 with aggregated
analytes in suspension, such as clumps of cells, an appropriate pre filter can be

used.

In still another embodiment of the analyte handling means according to figure 5a,
there is provided a first liquid guiding means in the form of an input channel 200 for
introducing a sheath fluid into the analyte channel and a second liquid guiding means
in the form of a second input channel 210 for introducing the analyte suspension or
solution. The channel 210 is concentric with the channel 200 in the region above the
substrate 60. Following the direction of the analyte flow the channel 200 then inter-
faces with the substrate 60, whereas the channel 210 extends into the cavity of the
input port 71, which is over-etched vertically to accommodate this additional device.
The channel 210 then curves by 90 degrees towards the analyte channel 70 and
ends with a conical nozzle 211 pointing towards the channel 70 for introducing the
analyte suspension or solution into the analyte channel 70. The sheath fluid is intro-
duced in the first input channel 200 with a velocity that is at least equal to or higher
than the velocity of the analyte suspension or solution, emerging from the nozzle
211, such that when the analyte liquid suspension or solution is introduced out of the
nozzle 211 into the surrounding flow of sheath fluid, both the analyte flow and the
flow of the sheath fluid will converge into the analyte channel 70 and the analyte flow
will be focused into the centre of the cross section of the analyte channel 70 accord-
ing to the Bernoulli-Effect of hydrodynamic focusing that was described previously.
As a result the analytes are confined in the centre region of the analyte channel,
forming an analyte flow in the centre of a parabolic pressure distribution along the

cross-section of the analyte channel 70.
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As is usual in flow cytometry applications, both the sheath fluid and the buffer fluid for
the analyte suspension or solution will be phosphate buffered saline or a similar elec-

trolyte solution.

Figure 5b illustrates an arrangement for providing the sheath fluid and the liquid sus-
pension or solution, for use with the hydrodynamic focusing assembly shown in figure
5a. For simplicity, the waveguides are not shown on the substrate 20 in this figure.
The sheath fluid is pumped by a pump 220 from the reservoir 260 through the one of
pre-filters 290 and channel 200 to the input 71 of the analyte channel analyte channel
70. A second pump 230 will pump suspension or solution buffer from the reservoir
270 to the analyte injection valve 280. The pumps 220 and 230 may be similar to
those commonly used in protein liquid chromatography and the injection valve 280
may be an injection valve commonly used in liquid chromatography applications. An
injection loop 240 is then used in conjunction with the valve 280 to bring a sample of
analyte suspension or solution in line with the analyte sample buffer flow emerging
from pump 230 which is conducted via the channel 210 through the other of pre-
filters 290 to the input 71. The pumps 220, 230 and the injection loop 240 are con-

trolled electronically by a controller 250.

In case of an embodiment of the analyte handling means 78 according to figure 3a, in
which two incident waveguides 23, 24 are and four emergent waveguides 26, 26’, 27,
27 are used, twice the number of dispersive elements in the light directing means 19
and groups of detectors 31 in the detection means may be used to detect the signals
collected by the waveguides 26, 26, 27, 27".

In still an other embodiment of the present invention any or all elements, i.e. the light
supplying means, the analyte sorting and interrogation region 18 and the signal de-
tection region may be temperature controlled in order to ensure a uniform and re-
peatable operating environment. Due to the substrate integration of both the optical
and fluidic components of the system this can be achieved conveniently by mounting
the respective substrates on Peltier cooling devices. Such devices are available

commercially and they will allow for a compact design of a cooled packaged device.
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The present invention in its broader aspects is not limited to the specific details illus-
trated in the foregoing examples and shown in the figures. Various modifications may

be made without departing from the spirit of the invention.

If, for example, only fluorescent detection is required and not analyte sorting, it may
favourable that the analyte channel 70 be unbranched, i.e. it would not contain an
analyte sorting region 72 and the device would only have a single analyte-output port
74.

In another embodiment the analyte channel 70 of the analyte handling means ex-
tends along an edge of the substrate device 20 such that light illuminating the ana-
lytes in the interrogation region 18 in the analyte channel can be received directly
from the edge of the substrate.

As mentioned before, in certain embodiments of the invention the number of fluores-
cent wavelengths may be larger than the number of incident wavelengths, i.e. some
or all of the fluorescers may share a common wavelength for their absorption maxi-
mum while each having a different wavelength for their emission maximum. Such a
method is commonly used in prior art devices, as this will reduce the complexity of
the light supplying means. On the other hand restricting the number of excitation
wavelengths may reduce the number of appropriate fluorescers available, as it may
not be possible to find a sufficiently large number of fluorescers for any given applica-
tion that share a common excitation maximum while having different fluorescent
emission maxima. In any event a device constructed according to the present inven-
tion, as described above, will provide substantially improved design flexibility in find-
ing the ideal trade-off between the number of excitation wavelengths used and the

fluorescent dyes or particles chosen for any given application.

In another embodiment of the invention light incident on the interrogation region 18
may be introduced to interrogation region 18 by directing it along the analyte channel
70 instead of guiding it along a waveguide 21 through the substrate 20, i.e. the ana-
lyte channel itself is used as a light waveguide. In this case the incident light is
guided parallel to the liquid flow into the interrogation region 18.
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Claims

1)

2)

4)

5)

Device for analysing analytes in a liquid suspension or solution comprising, an
analyte handling means including an analyte input region, an analyte channel
for carrying analytes in a liquid suspension or solution comprising a light re-
ceiving region for receiving light from a light supplying means to illuminate the
analytes in an interrogation region of the analyte channel, an analyte output
region, a light guiding means for directing light emerging from the analytes in
the interrogation region to an optical detection means for detecting one or
more properties of the analytes in the suspension or solution, characterised in
that at least the analyte channel and a first optical waveguide for guiding light
emerging from the analytes in the analyte channel are integrated on the same

first planar substrate.

Device as claimed in claim 1, wherein a second optical waveguide guiding
light emerging from the analytes in the analyte channel is integrated on the

first planar substrate.

Device as claimed in claim 1 or claim 2, wherein a third optical waveguide
guiding light incident on the analytes in the analyte channel is integrated on

the first planar substrate.

Device as claimed in any preceding claim, wherein the first optical waveguide
is interfacing with the analyte channel, such that it collects light travelling in the
analyte channel at an angle of between 30 and 60 degrees from the longitudi-
nal axis of the analyte channel.

Device as claimed in any preceding claim, wherein the first optical waveguide
is interfacing with the analyte channel, such that it collects light travelling in the
analyte channel at an angle of substantially 45 degrees from the longitudinal
axis of the analyte channel.
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Device as claimed in any of claims 2-5, wherein the sécond optical waveguide
is interfacing with the analyte channel, such that it coilects light travelling in the
analyte channel at an angle of between 60 to 120 degrees from the light col-

lected by the first optical waveguide.

Device as claimed in any of claims 2-6, wherein the second optical waveguide
is interfacing with the analyte channel, such that it collects light travelling in the
analyte channel at an angle of substantially 90 degrees from the light collected

by the first optical waveguide.

Device as claimed in any of claims 3-7, wherein the third waveguide divides
into two waveguides for injecting light into two spatially separate interrogation
regions in the analyte channel and at least one waveguide is provided for col-
lecting light emerging from the analytes adjacent to each one of the separate

interrogation regions.

Device as claimed in any preceding claim wherein doped absorbing regions
are provided on the first substrate adjacent to the analyte channel and the
waveguide(s) for reducing the amount of unguided light propagating in the first

substrate.

10) Device as claimed in any preceding claim wherein the refractive index of any

or all of the waveguides substantially matches the refractive index of the ana-

Iyte suspension or solution.

11)Device as claimed in any preceding claim, wherein at least one waveguide is

tapered at its interface with the analyte channel.

12)Device as claimed in any preceding claim, wherein a single or multiple dielec-

tric coating is formed at the interface between at least one waveguide and the

analyte channel.

13)Device as claimed in any preceding claim comprising a light supplying means

for emitting light with a predetermined characteristic, which is changeable by
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interaction of the light with the analytes in the suspension or solution accord-
ing to the properties of the analytes.

14)Device as claimed in any preceding claim, wherein the light supplying means
is emitting light of one or more discrete wavelengths or wavelength bands 2,
)\,1...>\,m.

15)Device as claimed in claim 14, wherein the wavelength or wavelength bands
A, M...Am isfare selected according to the properties of the analytes to be in-

vestigated.

16)Device as claimed in any of claims 14 and 15 comprising a light detecting
means, wherein the wavelength or wavelength bands A, A4...An and wave-
length or wavelength bands 1's...A’, emitted by the analytes as a consequence

of fluorescence can be discriminated by the light detecting means.

17)Device as claimed in any of claims 14-16, wherein none of the wavelength

bands Ai...Am, A'1...A'y have and overlap with one another of more than -20dB

18)Device as claimed in any of claims 14-16, wherein none of the wavelength

bands Aq...Am, A'1...A’y have and overlap of more than -30dB

19)Device as claimed in any preceding claim, wherein a first liquid guiding means
is provided for introducing sheath fluid into the analyte channel and a second
liquid guiding means is provided for introducing the analyte suspension into
the analyte channel, wherein the two liquid guiding means are formed such
that they allow for hydrodynamic focusing of the analyte suspension or solu-

tion into the centre of the analyte channel.

20)Device as claimed in any preceding claim wherein an analyte channel is ma-
chined or etched into the top surface of the first planar substrate and the ana-

lyte channel is open towards the said top surface, and wherein the analyte
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channel is sealed by attaching a fourth substrate to the first substrate that ex-
tends over the area of the analyte channel.

21)Device as claimed in claim 20, wherein apertures are provided in the fourth
substrate, such that liquid guiding means can be connected to the device for
injecting liquid into and receiving liquid from the analyte channel via analyte

input and output ports.

22)Device as claimed in any of claims 1, 2, 4-7, 9-21, wherein the analyte chan-
nel extends along an edge of the first substrate such that light iluminating the
analytes in an interrogation region in the analyte channel can be received from

the edge of the substrate.

23)Device as claimed in any of claims 1, 2, 4-7, 9-21, wherein the waveguide and
the analyte channel are formed by the same recess in the first substrate, such
that incident light is introduced into the interrogation region by directing light

along the analyte channel.

24)Device as claimed in any preceding claim, including at least one of an analyte
sorting means according to any of claims 30-32, a light supplying means ac-
cording to any of claims 33-37, a light directing means according to any of
claims 38-40, and a light detecting means according any of claims 41-47.

25)Device as claimed in claim 24, wherein at least two of the analyte sorting
means according to any of claims 30-32, the light supplying means according
to any of claims 33-37, the light directing means according to any of claims 38-
40, and the light detecting means according any of claims 41-47 can be con-
nected to one another by means of optical fibres.

26)Device as claimed in any of claims 24 or 25, wherein at least two of the ana-
lyte sorting means according to any of claims 30-32, the light supplying means
according to any of claims 33-37, the light directing means according to any of
claims 38-40, and the light detecting means according any of claims 41-47 are

integrated on the same planar substrate.
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27)Device as claimed in any of claims 1-26, or light supplying means as claimed
in any of claims 33-37, or light directing means as claimed in any of claims 38-
40, wherein any of the first substrate, the second substrate, and the third sub-

strate is made of silica.

28)Device as claimed in any of claims 1-26, or light supplying means as claimed
in any of claims 33-37, or light directing means as claimed in any of claims 38-
40, wherein any of the first substrate, the second substrate, and the third sub-

strate is made of silica-on-silicon.

29)Device as claimed in any of claims 1-26, or light supplying means as claimed
in any of claims 33-37, or light directing means as claimed in any of claims 38-
40, wherein any of the first substrate, the second substrate, and the third sub-

strate is made of silicon-on-insulator.

30) Analyte sorting means for sorting analytes in a liquid suspension or solution,
comprising a plurality of sorting channels comprising at least one y-junction
are integrated on the first substrate, wherein opposite polarity electrodes are
formed in the first substrate on either side of the at least one y-junction.

31)Analyte sorting mans as claimed in claim 28 wherein the plurality of sorting
channels is formed as a cascade of y-junctions comprising at least two stages.

32)Analyte sorting means as claimed in claim 29, wherein a plurality of contact
traces are formed on the first substrate to connect an external computer con-
trolled power supply to the each of a plurality of pairs of opposite plurality elec-
trodes formed in the first substrate.

33)Light supplying means for use with a device for analysing analytes in a liquid
suspension or solution, wherein one or several components of the light supply-
ing means are integrated on a second planar substrate.
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34)Light supplying means as claimed in claim 33, wherein at least one or more
light emitting diodes or laser diodes are attached to the second planar sub-
strate.

35)Light supplying means as claimed in claim 34 wherein at least one integrated
optical waveguide for carrying light from the light emitting diode(s) or laserdi-
ode(s) is leading from the light emitting diode(s) or laserdiode(s).

36)Light supplying means as claimed in claim 34 wherein several waveguides are
leading from each one in an array of light emitting diodes or laserdiodes and a
dispersive element is integrated on the second planar substrate for combining
light of different wavelengths A1...An received from the waveguides into a sin-

gle output waveguide.

37)Light supplying means as claimed in claim 36 wherein the dispersive element
is an arrayed waveguide grating or a transmission grating formed by an array

of recesses etched into the second substrate.
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38) Light directing means for use with a device for analysing analytes in a liquid
suspension or solution, wherein at least one dispersive element, at least one
optical waveguide for carrying light towards the dispersive element, and at
least one plurality of output waveguides collecting light of wavelengths or
wavelength bands Aq...Am, A'1...M s to be separated by the at least one disper-

sive element are integrated on a third planar substrate.

39)Light directing means as claimed in claim 38, wherein the dispersive element
is an arrayed waveguide grating or a transmission grating formed by an array

of recesses etched into the second substrate.

40)Light directing means as claimed in any of claims 38 and 39, wherein one dis-
persive element, one optical waveguide for carrying light towards the disper-
sive element, and one plurality of output waveguides collecting light of wave-
lengths or wavelength bands A+...Am, A'1...A'» to be separated are provided
each for separating light received from a forward scatter path and for separat-

ing light from a side scatter path leading from an analyte interrogation region.

41) Light detecting means for use with a device for analysing analytes in a liquid
suspension or solution, wherein at least one optical detector is integrated in or

hybridised on a fifth planar substrate.

42)Light detecting means for use with a device as claimed in claim 41, wherein a
plurality of optical detectors is provided with one detector each being provided

for detecting a different one of the wavelengths X1...Am, A'4...A'n.

43)Light detecting means as claimed in any of claims 41 and 42, wherein any of

the detectors are photodiodes.

44)Light detecting means as claimed in any of claims 41-43, wherein each detec-
tor is mounted on top of one of several v-grooves terminating in an inclined
end face formed in the fifth substrate, the v-grooves extending to the edge of
the substrate.
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45) Light detecting means as claimed in any of claims 41-44, wherein the fifth
substrate is butt-coupled to the third substrate and bonded by means of an

appropriate glue or resin.

46)Light detecting means as claimed in any of claims 41-45, wherein each in the
plurality of detectors receives light from a different waveguide in at least one of

the pluralities of output waveguides integrated in the third planar substrate.

47)Light detecting means as claimed in any of claims 41-46, wherein an array of
detectors is provided each for receiving light transmitted from a forward scatter
path and light transmitted from a side scatter path leading from an analyte in-

terrogation region.

48)Use of the optical detection device as claimed in any of claims 1-29 for
investigating the properties of one or more analytes in a liquid suspension or

solution.

49)Use of the optical device as claimed in claim 48, wherein the optical properties
of the one or more analytes in the suspension or solution are marked by
markers with known optical properties and the one or more wavelength or
wavelength band(s) A1, ..., Am Of the light supplying means are selected

according to emission and absorbtion maxima of the used markers.

50)Use of the optical device as claimed in any of claims 48 and 49, wherein the
markers for the analytes are fluorescent.

51)Use of the optical detection device as claimed in claims 48-50 for sorting the
analytes of the suspension or solution according their different optical
properties by guiding them into different sorting channels for different
properties.

52)Method for investigating analytes in a liquid suspension or solution using an
optical detection device as claimed in one of the claims 1-29.
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53)Method for investigating analytes in a liquid suspension or solution using an
optical detection device as claimed in claim 52, wherein at least two
wavelenghts or wavelength bands A4, ..., An, A4, ...y A D the light emerging

from the analytes are detected simultaneously.

54)Method using an optical device as claimed in any of claims 52 and 53, wherein
the flow of the analyte suspension or solution through the analyte channel and

the sorting channels is reversible.

55)Method using an optical device as claimed in any of claims 52-54, wherein the
sheath fluid introduced by the first input channel confines the analyte
suspension or solution introduced by the second input channel in the centre of
the analyte channel.

56)Method using an optical device as claimed in claim 52-55, wherein the light
illuminating the analytes in the interrogation region is introduced to

interrogation region by directing it along the analyte channel.
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