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(57) Abstract

The present invention provides
surface  plasmon resonance (SPR)
sensors comprising a sensor chip
constructed of laterally integrated
arrays of planar sensor chip units and

12

an optical transducer constructed of

laterally integrated arrays of planar 13

optical transducer units. The replaceable
sensor chip is separated from the
optical transducer by a gap and with
perpendicular optical interconnections
between the sensor chip and the optical
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transducer. Focusing and collimating

optics and sensing areas are integrated
on the same sensor chip, whilst the
optical interconnections between the
sensor chip and the optical transducer
are based on collimated light beams
incident perpendicular to the interfaces.

The focusing optics comprises a

combination of a reflective diffractive
optical element on the topside surface
and an optional planar mirror on the
backside surface of the sensor chip
units.
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A SURFACE PLASMON RESONANCE SENSOR
FIELD OF INVENTION

The present invention relates to surface plasmon resonance {SPM) sensors. More par-
ticularly, the present invention relates to the field of water quality monitoring, where
there is a need for sensors being able to measure a large amount of different com-
pounds having the potential of polluting our water resources. Other possible applica-
tions are food quality monitoring, process control, biological components including
human immunodeficiency virus (HIV) core protein detection and in gene expression

monitoring.
BACKGROUND OF THE INVENTION

Surface plasmons (SPs) are normal modes of charge density that exists at the inter-
face between a dielectric and a metal/semiconductor. It was discovered 30 years ago
that the coupling between SPs and the electromagnetic field of light is sensitive to
the changes in the optical properties of the dielectric medium close to a metal sur-
face. SPR sensors have attracted attention primarily for medical and environmental

applications.

Monitoring of different analytes may be determined by an array of different molecular
recognition elements (MREs), each element having a specific response to a particular
analyte. The MREs can be biological, biochemical or chemical recognition elements or

a combination of these elements.

MREs can for example be immobilized directly on the surface of a metal film sup-
porting SP waves at resonance with the light (SPR metal film), e.g. through thiols

binding to a gold surface.

Alternatively, the MREs can be immobilized for example through covalent binding in a
suitable polymer film (e.g. hydrogel) that is a few hundred nanometers thick coating
the SPR metal film. Depending on applications, various sensing schemes of MREs

have been reported including antibody-antigen reactions, arrays of oligonucleotides or
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probes originating from cDNA libraries for DNA hybridization analysis, molecular im-
printing techniques, ionic interaction with ionophores and chromo-ionophores, and
electrochemical interaction where the SPR metal film acts as one of the two elec-
trodes (the cathode or the anode). Although these MREs are very different in nature,
they have the inherent property that they all make use of surface or interface sensi-
tive bio-/chemical interactions, and these interactions can quantitatively be monitored

using a SPR sensing scheme.

Since SPs propagate in the transverse magnetic mode (TM mode), optical excitation
is only possible in cases where the electric field is polarized parallel to the incident
plane (TM polarization) and the wave vectors of the light and the SP are matched.
The wave vector kg of the SP at the metal/dielectric interface (i.e. the interface be-
tween the metal and the sample to be measured) and at a wavelength A is given ap-

proximately by:

27 € €.
kop ~ o |2 (nm
S A Ve +¢

m B

where g5 and &, are the real parts of the dielectric constants of the sample and the
metal, respectively. The incident light cannot couple directly to SPs on smooth sur-
faces, since for negative values of ¢, as is the case for metals, the wavevector for
the light and the SP can never be matched. SPs can be excited either electronically,
optically using a grating or optically using coupling of evanescent waves of light to a
metal surface. The latter approach is often performed using the Kretschmann con-
figuration, which consists of a thin metal film coating one face of a high index prism

(n, ~1.4-1.7).

Light passing through the prism increases momentum and is totally reflected from the
metal surface at an angle 6, which is greater than the critical angle between the
prism and the sample. The component of the wave vector of light Kev, being parallel
to the metal/dielectric interface and incident on the metal surface with a wavelength

A, is given by:
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k,, ~ 2%\/5 sin® (2)

where ¢, is the dielectric constant of the prism. The parameters ¢, and g, are usually
fixed and g4 is the dielectric constant of the sensing area to be measured and its
value changes according to the analyte detection. At wave vector matching, kg =
k.., the light interacts strongly with the SP giving rise to a large decrease in the re-
flectivity of the light fr.orh the metal/dielectric interface. This condition characterizes
the SPR and can be measured using various methods including focusing a beam with
an angular band of the light covering the SPR angle, scanning the wavelength of the

incident light or a combination of both methods.

A commercial SPR system from the company BlAcore is based on a Kretchmann con-
figuration, but where the SPR metal film is disposed on a replaceable glass plate
which is physically separated from a glass prism by means of a refractive index
matching gel disposed in between the glass prism and the glass plate. This instru-
ment is large and expensive and there has been much effort in the art to provide

small and compact SPR sensors.

US 5,629,774 describes a portable SPR sensor with the object of measuring analyte
in a fluid. The sensor comprises a monochromatic light source, a surface plasmon
resonance-sensitive device for reflecting the light and a detector based on one or
more photo-detectors combined with an “opening” such as a pin hole. The “opening”
defines a particular angle on the critical side of the SPR resonance minimum. Small
changes in the sample produces large changes in the reflected intensity monitored by
the light detector. Compared to systems employing a scanning mechanism or using a
focusing light beam with an angular band of light covering the SPR angle, a disadvan-
tage of the system described in US 5,629,774 is related to the use of a single detec-

tor which requires a more precise alignment of the system.

in EP O 797 090, all mirrors, the sensing layer, the photo-detector array and option-
ally the light source are integrated in the same house. A disadvantage of this configu-
ration is the fact that all components have to be replaced when replacing the sensing

layer.
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Optional configurations have been described in EP O 797 091, where a transparent
base housing and a detachable prism-like optical housing are index matched to avoid
undesirable refraction of the light rays. This is performed using index matching gel
between the base housing and the optical housing or fabricating concave portions in
the base housing and complementary convex portions in the optical housing at the
intersections between the two housings. Both options seem to be complicated solu-

tions for practical working SPR sensors.

It is a disadvantage of the above-mentioned systems that these systems apply an
index matching gel. The gel is inconvenient to work with and it may cause problems

if comes in contact with some of the optical or bio-/chemical elements.

EP O 805 347 describes a surface plasmon sensor where the metal layer supporting
the surface plasmons is positioned on a glass substrate. An incoming optical light
beam is directed towards the metal layer using a first transmission grating. The in-
coming optical light beam is also focussed by the first transmission grating. The di-
rected optical light beam is reflected off the metal layer and propagates towards a
second transmission grating. The second transmission grating directs the transmitted

beam towards a detector.

It is a disadvantage of the sensor described in EP 0 805 347 that the incoming light

beam is incident under angle that differs from normal incidence.

Generally in the prior art, the SPR sensing layers, the light sources, the mirrors and
the detectors have been arranged in three-dimensional configurations where at least
one component is aligned at an angle close to the SPR angle { ~50°-80°) compared to
the other components. This implies that integration of sensors with large arrays of
sensing areas cannot be readily made. Integration shall preferably be carried out lat-
erally, which requires a planar configuration of layers or planar configurations aligned

parallel to each other

Therefore, there is a need in the prior art of compact SPR sensors comprising dispen-

sable sensor chips with a large array of sensing areas, with uncritical alignment be-
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tween sensor chips and optical transducers, and with no requirements of using index

matching gels.

It is an object of the present invention to provide a SPR sensor comprising a sensor

chip constructed of laterally integrated arrays of planar sensor chip units (SCU)

It is a further object of the present invention to provide a SPR sensor comprising an
optical transducer constructed of laterally integrated arrays of planar optical trans-

ducer units.

It is a still further object of the present invention to provide a SPR sensor comprising

two separable units - a sensor unit and a transducer unit.

It is a still further object of the present invention to provide a SPR sensor with un-

critical alignment between the sensor unit and the transducer unit.

It is a still further object of the present invention to provide a SPR sensor wherein the

use of index matching gel is avoided.

SUMMARY OF THE INVENTION

The above-mentioned objects are complied with by providing, in a first aspect, a sur-
face plasmon resonance sensor comprising a first unit and a second unit, said first
and second units being separable, and wherein said first unit comprises:

- a first housing,

- a film of electrically conducting material being adapted to support surface plas-

mons, said film being hold by a first exterior surface part of the first housing,

- optical input means positioned on a second exterior surface part of the first

housing so as to receive an optical light beam from the second unit,
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- optical output means positioned on a third exterior surface part of the first

housing so as to transmit an optical light beam to the second unit,

- a first set of optical elements being adapted to direct the received optical light

beam from the first unit towards the electrically conducting film,

- a second set of optical elements being adapted to direct an optical light beam
from the electrically conducting film towards the optical output means so as to
transmit the optical light beam from the electrically conducting film to the second

unit,

and wherein said second unit comprises:

- a second housing,

- means for emitting an optical light beam,

- a first set of optical elements being adapted to prepare the emitted optical light

beam,

- optical output means positioned on a first exterior surface part of the second

housing so as to transmit the prepared optical light beam to the first unit,

- optical input means positioned on a second exterior surface part of the second

housing so as to receive an optical light beam from the first unit,

- detecting means being adapted to detect the optical light beam received from the

first unit,

- a second set of optical elements being adapted to direct the received optical light

beam from the first unit towards the detecting means,

wherein the propagation directions of the optical light beams at the positions of the

optical input and optical output means are essentially perpendicular to the exterior
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surface parts of the first and the second housing so as to avoid refraction of the op-

tical light beams upon entry of said optical light beams into the first and second unit.

In this and the following aspects of the present invention essentially perpendicular
means that the angle of incidence may be in the range -10° - 10 °, preferably in the
range -5° - 5°, more preferably in the range -2° - 2° and even more preferably in the

range -0.5° - 0.5°.

The emitting means may comprise a laser source, such as a semiconductor laser di-
ode. The light emitting means may emit light at essentially a single wavelength. Al-
ternatively, the light emitting means may emit light at a plurality of wavelengths us-

ing e.g. a light emitting diode.

The first set of optical elements of the second unit may comprise means for colli-
mating the emitted optical light beam. The collimating means may comprise lens

means.

By collimated - as mentioned here and in some of the following aspects - is meant
that the angular beam spread of the emitted optical light beam may be less than 10°,
preferably less than 5°, more preferably less than 2° and even more preferably less

than 0.5°.

The first set of optical elements of the second unit may further comprise means for
polarizing the emitted optical light beam. This polarizing means may be any kind of

polarizing film, prism arrangement or voltage controlled variable retarder.

The input and output means of the first and second units may comprise antireflecting

coatings.

The detecting means may comprise an array of photosensitive elements, such as a
multiple photo detector array, a charge coupled device or a complementary metal
oxide semiconductor image sensor. The sensor may further comprise a light shield

member.
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The first set of optical elements of the first unit may comprise a diffractive member,
such as a diffractive grating or a holographic grating. In a similar way, the second set
of optical elements of the first unit may comprise a diffractive member, such as a
diffractive grating or a holographic grating. The diffractive members may be formed
by reflective members. The second set of optical elements may also comprise a re-

flective member, such as a reflective mirror.

The electrically conducting film may comprise a metal film, such as a gold film, a sil-
ver film, an aluminum film or a titanium film. The electrically conducting film may be
formed by a plurality of electrically conducting films, said plurality of films being ar-

ranged in a laterally extending pattern.

To support long range surface plasmon resonances a layer of dielectric material may
be positioned between the electrically conducting film and the first exterior surface
part of the first housing. In case the surface plasmon resonance sensor comprises a
plurality of electrically conducting layers the sensor may further comprise a layer of
dielectric material being positioned between each of the plurality of electrically con-

ducting films and the first exterior surface part of the first housing.

The surface plasmon resonance sensor may further comprise moving means being
adapted to move the first and second unit relative to each other so as to move the
focus point of an optical light beam relative to an electrically conducting film. Alter-
natively or in addition, the surface plasmon resonance sensor may comprise moving
means being adapted to move the first and second unit relative to each other so as
to vary the angle of incidence of an optical light beam directed towards an electri-

cally conducting film.

The surface plasmon resonance sensor may comprise two or more surface plasmon

resonance sensors preferably being arranged in a lateral extending pattern.

In a second aspect, the present invention relates to a method of determining the bio-
/chemical composition of a sample using a surface plasmon resonance sensor, said
surface plasmon resonance sensor comprising a first unit and a second unit, said first

and second units being separable, and wherein said first unit comprises:
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- a first housing,

- a film of electrically conducting material being adapted to support surface plas-

mons, said film being hold by a first exterior surface part of the first housing,

5

- optical input means positioned on a second exterior surface part of the first
housing so as to receive an optical light beam from the second unit,
- optical output means positioned on a third exterior surface part of the first

10 housing so as to transmit an optical light beam to the second unit,
- a first set of optical elements being adapted to direct the received optical light
beam from the first unit towards the electrically conducting film,

15 - a second set of optical elements being adapted to direct an optical light beam

from the electrically conducting film towards the optical output means so as to
transmit the optical light beam from the electrically conducting film to the second

unit,
20 and wherein said second unit comprises:
- a second housing,
- means for emitting an optical light beam,
25
- a first set of optical elements being adapted to prepare the emitted optical light

beam,

- optical output means positioned on a first exterior surface part of the second

30 housing so as to transmit the prepared optical light beam to the first unit,

- optical input means positioned on a second exterior surface part of the second

housing so as to receive an optical light beam from the first unit,
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- detecting means being adapted to detect the optical light beam received from the

first unit,

- a second set of optical elements being adapted to direct the received optical light

beam from the first unit towards the detecting means,

wherein the propagation directions of the optical light beams at the positions of the
optical input and optical output means are essentially perpendicular to the exterior
surface parts of the first and the second housing so as to avoid refraction of the op-

tical light beams upon entry of said optical light beams into the first and second unit.

In a third aspect, the present invention relates to a surface plasmon resonance sensor

comprising a first unit, said first unit comprising:
- a first housing,

- a layer of electrically conducting material being adapted to support surface plas-

mons, said layer being held by a first exterior surface part of the first housing,

- optical input means positioned on a second exterior surface part of the first

housing, said optical input means being adapted to receive an optical light beam,

- optical output means positioned on a third exterior surface part of the first
housing, said optical output means being adapted to transmit an optical light

beam,

- a first diffractive optical element being adapted to direct the received optical light

beam towards the electrically conducting layer,

- a second diffractive optical element being adapted to direct a reflected optical
light beam from the electrically conducting layer towards the optical output

means,
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wherein the propagation directions of the optical light beams at the positions of the
optical input and optical output means are essentially perpendicular to the exterior
surface parts of the first housing so as to avoid refraction of the optical light beams

at the positions of the optical input and optical output means.

The surface plasmon resonance sensor according to the third aspect may further

comprise a second unit, said second unit comprising:

- a second housing,

- means for emitting an optical light beam,

- a set of optical elements being adapted to prepare the emitted optical light beam,

- optical output means positioned on a first exterior surface part of the second
housing, said optical output means being adapted to transmit the prepared optical

light beam to the first unit,

- optical input means positioned on a second exterior surface part of the second
housing, said optical input means being adapted to receive an optical light beam

from the first unit,

- detecting means being adapted to detect the received optical light beam from the

first unit,

wherein the propagation directions of the optical light beams at the positions of the
optical input and optical output means are essentially perpendicular to the exterior
surface parts of the second housing so as to avoid refraction of the optical light

beams at the positions of the optical input and optical output means.

The second unit may further comprise an optical element being adapted to direct the

received optical light beam from the first unit towards the detecting means.
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The light emitting means may comprise light sources as described in relation to the
first aspect of the present invention. The set of optical elements of the second unit
may comprise collimating and/or polarizing means as described in accordance with

the first aspect of the present invention.

The input and output means of the first and second units may be coated with an

antireflecting coating.

As with the first aspect of the present invention, the detecting means may comprise
an array of photosensitive elements, such as a muitiple photo detector array, a

charge coupled device or a complementary metal oxide semiconductor image sensor.
The first and second diffractive optical element of the first unit may comprise an op-

tical grating, such as a reflective holographic grating.

In a fourth aspect, the present invention relates to a surface plasmon resonance sen-

sor comprising:

- a transparent member,

- a layer of electrically conducting material being adapted to support surface plas-

mons, said layer being held by an exterior surface part of the member,

- a first optical grating being he»ld by a first exterior surface part of the member
and being adapted to direct a received optical light beam towards the electrically
conducting layer, wherein the propagation direction of the received optical light
beam at the position of the first optical grating is essentially perpendicular to the
first exterior surface part of the member and wherein the received optical light

beam is collimated, and

- a second optical grating being held by a second exterior surface part of the
member and being adapted to receive an optical light beam from the electrically
conducting layer and being adapted to re-emit the optical light beam received from
the electrically conducting layer, wherein the propagation direction of the re-

emitted optical light beam at the position of the second optical grating is essen-
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tially perpendicular to the second exterior surface part of the member and wherein

the re-emitted optical light beam is collimated.

The surface plasmon resonance sensor according to the fourth aspect may further

comprise
- means for emitting an optical light beam,

- a set of optical elements being adapted to prepare the emitted optical light beam,

and
- means for detecting the re-emitted optical light beam.

Even further, the surface plasmon resonance sensor according to the fourth aspect
may comprise an optical element being adapted to direct the re-emitted optical light

beam towards the detecting means.

The light emitting means may comprise light sources as described in relation to the
first and third aspect of the present invention. The set of optical elements of the

second unit may comprise collimating and/or polarizing means.

The detecting means may comprise an array of photosensitive elements, such as a
multiple photo detector array, a charge coupled device or a compiementary metal

oxide semiconductor image sensor.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration of a conventional surface plasmon resonance sensor
based on the Kretschman configuration and a corresponding plot of the reflectivity of
the light reflected from the surface plasmon sensing area as a function of angle of

incidence. Plots are depicted for the case of no anaiyte response {solid curve) and for

the case of analyte response (dashed curve).
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Fig. 2 illustrates schematically cross sections of sensor chip units (SCUs) for b differ-

ent configurations (a-e) in the present invention.

Fig. 3 is a schematic cross sectional illustration of a sensor chip unit and the corre-
sponding optical transducer unit separated by a gap in the preferred embodiment of
the present invention based on a substantially monochromatic light source and cou-
pling of the light at angular bands covering the SPR angle. In a), the sensor chip unit
is depicted for a SPR angle of ~60° and in b), the sensor chip unit is depicted for a
SPR angle of ~75°. Light rays originating from the light source are plotted as solid

lines.

Fig 4 illustrates two other embodiments of the present invention, each with a sensor
chip unit and the corresponding optical transducer unit separated by a gap. The con-
figuration in Fig.4{(a) is based on a polychromatic light source, a fixed coupling angle
and with a grating in the optical transducer unit that enables measurements of the
spectral band of the light. Light rays originating from the light source are plotted as
solid lines. The configuration in Fig. 4(b) is based on a monochromatic light source
and coupling of the light at angular bands covering the SPR angle. Light rays origi-
nating from the first light source are plotted as solid lines and light rays originating

from the second light source are plotted as dashed lines.

Fig. 5 are schematic top view illustrations of the embodiment of the present inven-
tion from Fig. 4(a) comprising a) a sensor chip unit and b) an optical transducer unit.
In ¢} and d), an array of two sensor chip units and two optical transducer units are

illustrated, respectively; and in {e) and the (f), an array of four sensor chip units and

four optical transducer units are illustrated, respectively.

Fig. 6 is a schematic cross sectional illustration of a sensor chip unit and the corre-
sponding optical transducer unit separated by a gap in the fourth embodiment of the
present invention based on a monochromatic light source and coupling of the light at
angular bands covering the SPR angle. In this configuration, the sensing areas are

positioned on the backside surface of the sensor chip unit.
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Fig. 7 is a schematic top view illustration of the embodiment of present invention as
shown in Fig. 6 with a) one sensor chip unit and b) the corresponding optical trans-
ducer unit. In ¢} and d), an array of two sensor chip units and two optical transducer
units, respectively, are illustrated and in e) and the f), an array of four sensor chip

units and four optical transducer units, respectively, are illustrated.

Fig. 8 is a schematic cross sectional illustration of a sensor chip unit and an optical
transducer unit separated by a gap in one embodiment of the present invention based
on a monochromatic light source and coupling of the light at angular bands covering
the SPR angle. After being reflected from the SPR sensing area, the light rays are re-
flected multiple times between two flat mirrors on the backside surface and the top-

side surface of the sensor chip unit.

Fig. 9 (a) illustrates an example of a reflective diffractive optical element (RDOE) as
employed in the present invention having an aperture D, a grating distance a, and a
grating angie o, for the p’th grating element. Fig. 9(b) illustrates collimated light rays
being reflected to light rays and converging to a focal point at one side of the RDOE
in (a). Fig. 9(c) illustrates another example of a RDOE, where collimated light rays are

reflected to light rays collimated at one side of the RDOE.

Fig 10 (a) shows an alternative configuration of the RDOE as employed in the present
invention having an aperture D, a grating distance a,, a grating angle o, and a second
grating angle (3, for the p’th grating element. Fig. 10(b) illustrates collimated light
rays being reflected to light rays and converging to a focal point at one side of the
RDOE in (a). Fig. 10{c) illustrates another example of a RDOE, where collimated light

rays are reflected to light rays collimated at one side of the RDOE.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 illustrates a conventional Kretschmann configuration of a SPR sensor consist-
ing of a high index prism (2), a thin metal film (1) coating on one side of the prism
and a bio-/chemical sensing thin film area (3) covering the metal film. Employing a
lens (4), collimated monochromatic light is focused onto the metal film through the

prism (2). The light beam has a certain beam width D, and a range of angular bands 6
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varying from 60,,, to 6,,, are incident on the metal film. Another lens (5) images the
light beam reflected from the metal film onto a detector array (6). The range of 6 is
matched to cover the SPR angle 6g, which is determined as a minimum in the reflec-
tivity of light by the detector array (6). When changes in the ambient conditions (7)
occur, the layer thickness and/or the refractive index of the bio-/chemical sensing
area (3) are changed. This gives rise to a change in the SPR response by a displace-
ment in the position of Ogp as illustrated schematically in Fig. 1, where the solid SPR

curve moves to the position of the dashed SPR curve.

The present invention incorporates the measurement principle based on imaging a
range of angular bands or a range of wavelengths onto a single detector array. All
components in the present invention are either available commercially or can be made
using state of the art fabrication techniques. The SPR sensor comprises a combina-

tion of:

1) a replaceable sensor chip constructed of laterally integrated arrays of planar

sensor chip units {SCUs), and

2) an optical transducer constructed of laterally integrated arrays of planar opti-

cal transducer units {OTUs).

Five different configurations of sensor chip units (SCUs) of the present invention are
illustrated in Figs.2(a-e). Via a first set of optical elements (18a), a collimated light
beam entering the SCU perpendicularly to the backside surface of the SCU is directed
towards a SPR film (20) being disposed on the topside surface of the SCU and un-
derneath one or more sensing areas (21). Via a second set of optical elements (22a)
the light beam being reflected from the SPR metal film is collimated and exits the

SCU perpendicular to the backside surface of the SCU.

In Fig. 2(a), the first set of optical elements, the SPR metal film and the second set
of optical elements are disposed on the topside of the SCU and a reflective mirror is
disposed on the backside surface of the SCU. In Figs. 2(b)-(d), the first set of optical
elements and the second set of optical elements are disposed on the topside of the

SCU, and the SPR metal film is disposed on the backside of the SCU. In Fig. 2(e), the



10

15

20

25

30

WO 00/46589 PCT/DK00/00036
17

first set of optical elements and the second set of optical elements are disposed on
the backside surface of the SCU, and the SPR metal fiim is disposed on the topside

of the SCU. The present invention covers configurations, where the light beam
propagating in the SCU is either focused on the SPR metal film as in Figs. 2(a), (b)
and (e}, or the light beam propagating in the SCU is focused in between the first set
of optical elements and the second set of optical elements as in Fig. 2(d), or the light
beam propagating in the SCU is collimated as in Fig. 2(c). For the configurations in
Figs.2(a-d), the first and the second set of optical elements are mirrors (cylindrical
parabolic mirrors) or reflective diffractive optical elements (RDOE). For the configura-
tion in Fig. 2(e), the first and the second set of optical elements are lenses, microlens

arrays or transmission diffractive optical elements.

Fig. 3 depicts a first and a preferred embodiment of the present invention, where the
SCU as depicted in Fig. 2(a) and an optical transducer unit (OTU) (11) are separated

by means of a support frame (12), which leaves a gap (13) between the two units.

A light beam from a monochromatic light source (14) mounted in a base plane (31) is
collimated by a lens or a lens system (15) and polarized by a polarizer (16). The light
beam passes through a transparent separation plane (17) and enters the SCU {10)
perpendicularly to the backside surface of the SCU. A light shield (8) shields the de-
tector array from stray light emerging from the light source (14) and prevents inter-
ference between light emitted from the light source (14) and light reflected from the
surface of the detector (23). Inside the SCU, the light beam is reflected from a reflec-
tive diffractive optical element (RDOE) (18a) transforming the light beam into a cylin-
drically focusing light beam. Via a flat reflective mirror (19) disposed on the backside
surface of the SCU, the light beam is subsequently reflected and focused onto a line
on a SPR metal film (20) underneath one or more sensing areas (21) on the top. The
focused light beam comprises angular bands covering the SPR angle. After being re-
flected from the SPR metal film (20}, the light beam is reflected from the flat mirror
(19). Via a second RDOE (22a), it is transformed into a collimated light beam again,
which exits the SCU perpendicularly to the backside surface of the SCU and reenters
the OTU perpendicularly to the transparent separation plane (17). A flat mirror (24)
mounted in the base plane combined with a flat mirror (25) mounted in the center of

the transparent separation plane images the collimated light beam onto a detector
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array (23). Alternatively, the mirrors (24) and (25) can be omitted or they can be re-

placed by other optical means such as a lens system.

Typically, the gap between the SCU (10) and the OTU (11) is filled with atmospheric
air and since the refractive index of the substrate material of the SCU is ~ 1.6, the
internal critical angle for total reflection 6.~ 39°. This is lower than 0 and the flat
mirror on the backside surface can therefore simply be the natural reflection of the
light beam from the air/substrate interface. In applications where the sensor is im-
merged in water and the water fills the gap, 0, is close to 05, and a metallic mirror

may be needed on the backside surface of the SCU.

The optical interconnections between the sensor chips and the optical transducers

are based on collimated light beams propagating perpendicularly to the planar inter-
faces between the optical transducer, the gap and the sensor chip. The direction of
the light beam will therefore not be changed when passing through the planar inter-
faces. As a result, the vertical alignments of the SCUs and OTUs are uncritical and
the operation of the sensor is insensitive to the magnitude of the refractive index of

the gap eliminating the need of index matching gels.

In addition, the combination of using focusing and collimating optics integrated in the
sensor chip and large light beam diameters covering a sufficiently large angular band
ensures an uncritical alignment in the horizontal direction. The partial reflections from
the interfaces, which is ~4% in the case of air/plastic or air/glass, is reduced to
~0.5% by incorporating antireflection coatings on the planar interfaces. Possible

antireflection coating materials are MgF, and AlF; *MgF,.

As illustrated by the two configurations of SCUs in Fig. 3, where in a) the SPR angle
is ~60° and in b) the SPR angle is ~75°, sensor chips with different ranges of SPR

angles can be used for the same optical transducer. The lateral integration of planar

sensor chip units and planar optical transducer units provides means of integrating a

number of sensing areas (21) on the same sensor chip. Each sensing area (21) typi-

cally comprises a polymer membrane with immobilized molecular recognition ele-

ments (MREs) responding specifically to a particular analyte. Fabrication methods for
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arrays of polymer membranes include ink jet printing techniques and micromachined

microdispensers.

In the configuration as illustrated in Fig. 3, the mirrors (24) and (25) are flat and the
width of the light beam impinging on the detector array will be kept unchanged.
Since the angle of incidence in this case is larger than 0° and typically between 20°
and 45°, the area on the detector array illuminated by the light beam will be larger
than the cross sectional area of the light beam. The resolution of the SPR measure-
ment is increased, but the response of the detector array will fall off compared to a
configuration without the mirrors (24) and (25) and where the light beam impinges
with 0° angle of incidence on the detector array. Since the light intensity from the
light source can be sufficiently large, the fall off of the response of the detector array

is not considered to be a major problem with the present configuration.

The resolution of the detector array can be further improved by replacing one or both
of the flat mirrors (24) and (25) by a system comprising at least one convex mirror, a
convex lens or a diffractive optical element having the function of diverging the light

beam passing through the separation plane (17) and increasing the area on the detec-

tor array illuminated by the light beam.

The light source can be a laser diode including a surface emitting laser diode, a light
emitting diode (LED) or any other monochromatic light source. Examples are the Hi-
tachi HI-L620RNC light emitting diode emitting at 700 nm, the Toshiba TOLD9221M
InGaAlP multiple quantum well laser diode emitting at 670 nm, the Mitsubishi
ML40123N AlGaAs multiple quantum well laser diode emitting at 780 nm or the
Honeywell GaAs vertical cavity surface emitting laser diode SV2637-001 emitting at
850 nm, The lens (15) is an aspheric lens or a lens system, which collimates the light
beam emitted from the light source (14). The lenses are made of a transparent mate-
rial for the light beam, e.g. glass or plastic. The polarizer can be a passive optical
component with a fixed direction of polarization or a voltage controlled variable re-
tarder comprising e.g. a liquid crystal or a LiNbO, crystal. Light emitted from a laser
diode normally has a well defined polarization, but the light from a LED is normally
not well defined and a polarizer can be used to optimize the visibility in the SPR re-

sponse.
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The choice of the detector array (23) is determined by the size of the sensor and the
resolution required. It may consist of multiple photodiode arrays (e.g. a Hamamatsu
S3921-128Q, F with an array of 128 pixels), charge coupled device arrays (e.g. a
SONY ICX059CL with an array of 795x596 pixels) or a complementary metal oxide
semiconductor image sensor (e.g. Vision VV5404 integrated 356x292 pixel mono-

chrome CMOS image sensor).

Fig 4 illustrates two other embodiments of the present invention, each with a SCU
and the corresponding OTU separated by a gap. The second embodiment of the in-
vention in Fig.4(a) comprises a SCU as depicted in Fig. 2(c), but with an additional
reflective mirror disposed on the backside surface of the SCU, and an OTU where
the light source (14) is a white light source (e.g. a white LED tamp from Nichia
Chemical Industries, Ltd). The flat mirror (25) according to the first embodiment of
the invention has been replaced by a diffraction grating or a holographic grating. The
SPR angle is kept constant and the detector array {23) measures the wavelength of
light corresponding to wave vector matching of the light and the SP. The grating (25)
diffracts the light and images the light on different pixels in the detector array ac-
cording to the wavelength of light. The RDOEs (18a) and (22a) are now designed to
exhibit minimum wavelength dependent deflection angle and they reflect the colli-

mated light beam into a collimated light beam inside the sensor chip unit.

Fig. 4(b) illustrates a third embodiment of the present invention. The third embodi-
ment of the present invention comprises the same components as the first embodi-
ment of the present invention (see Fig. 3), but the plane mirrors (24) and (25) have
been omitted, and the third embodiment further comprises a second monochromatic
light source (26) mounted in the base plane (31), which radiates a second light
beam. The second light beam is collimated by a second iens or second lens system
(27), polarized by a second polarizer (28), passes through the transparent separation
plane (17) and enters the SCU (10) perpendicularly to the backside surface of the
SCU. Alternatively, the first and the second light beam originate from the same
monochromatic light source and the lens system is designed in a manner to create a

collimated light beam comprising both the first light beam and the second light beam.
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Inside the SCU, the second light beam is reflected from a third RDOE (18b) trans-
forming the second light beam into a cylindrically focusing second light beam. Via the
flat mirror (19), the second light beam is reflected and focused onto a line on the
SPR metal film (20) underneath one or more sensing areas (30). The focused second

light beam comprises angular bands covering the SPR angle.

After being reflected from the SPR metal film (20), the second light beam is reflected
from the flat mirror (19) and via a fourth RDOE (22b), it is transformed into a colli-
mated second light beam, which exits the SCU (10) perpendicularly to the backside
surface of the SCU. The second light beam further reenters the OTU (11) perpen-
dicularly to the transparent separation plane (17) and it is imaged onto the detector

array (23).

Fig. 5 illustrates the construction of SPR sensors from the SCUs and OTUs as shown
in Fig. 4(b). A schematic top view of one SCU is illustrated in Fig. 5(a) with the four
sensing elements (21a), (21b), (30a) and (30b), the metal film (20) and the RDOEs
(18a), (18b), (22a) and (22b).

Fig. 5(b) shows a top-view of the corresponding OTU including the transparent sepa-
ration plane (17}, the detector array (23), the component (33) comprises the light
sources, the lens systems and the polarizers. Fig. 5(c) and 5(d) illustrate a sensor
configuration comprising an array of two SCUs and the corresponding OTUs, and Fig.
5(e) and 5(f) illustrate a sensor configuration comprising an array of four SCUs and

the corresponding OTUs.

The principle of constructing sensors from SCUs and OTUs can be extended to N
units where N is an integer number, which can be as large as desirable. The SCUs
and the OTUs can either be arranged in an array aligned in the direction parallel to
the RDOEs (the top-down direction in Fig. 5) or by extending the spatial dimension of
each component in this direction. The sensor can alternatively be extended combin-
ing SCUs and OTUs in the direction perpendicular fo the RDOEs (the left-right direc-
tion in Fig. 5). When operating the sensor, the sensor chip should be mounted on the

top of the optical transducer. A sample comprising the analyte usually being dis-
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solved in water is deposited on the top of the sensing areas. This is performed either

using a dispenser or incorporating the sensing areas in a flow-injection cell.

The fourth embodiment of the present invention is illustrated in Fig. 6, where the
RDOEs (18) and (22) are disposed on the topside surface of the SCU (10) and the
SPR sensing layer (21) is disposed on the backside surface of the SCU (10). The SCU
is depicted in Fig. 2(b) and the OTU (11) in Fig. 6 is identicai to the OTU {11) in Fig.
4 except that the spatial dimensions of the components and the distance between

the components are different in the two configurations.

In the preferred embodiment of the present invention as illustrated in Fig. 6, a light
beam from a monochromatic light source (14) mounted in a base plane (31) is colii-
mated by a lens or a lens system (15), polarized by a polarizer (16), passes through a
transparent separation plane (17) and enters the SCU (10) perpendicularly to the
backside surface of the SCU. Again, a light shield (8) shields the detector array from
stray light emerging from the light source (14) and prevents interference between
light emitted from the light source (14) and light reflected from the surface of the de-
tector array (23). Inside the SCU, the light beam is reflected from a RDOE {18) trans-
forming the light beam into a cylindrically focusing light beam that is focused onto a
line on a SPR metal film (20) comprising one or more sensing areas (21). The SPR
metal film is disposed on the backside surface of the SCU. The focused light beam
contains angular bands covering the SPR angie. After being reflected from the SPR
metal film (20), the light beam is transformed into a collimated light beam by means
of a second RDOE (22). The light beam exits the SCU perpendicularly to the backside
surface of the SCU and reenters the OTU perpendicularly to the transparent separa-
tion plane (17). A flat mirror (24) mounted in the base plane combined with a flat
mirror {25) mounted in the center of the transparent separation plane images the col-
limated light beam onto a detector array (23). One of the flat mirrors (25) or (24)
may be replaced by a convex mirror or a RDOE with the function of diverging the
light beam passing through the separation plane (17) and increasing the area on the

detector array illuminated by the light beam.

Fig. 7 iliustrates the construction of SPR sensors from the SCUs and OTUs as shown

in Fig. 6. A schematic top view of one SCU is iliustrated in Fig. 7(a) with the two -
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sensing areas (21a) and (21b}, the metal film (20) and the RDOEs (18) and (22). Fig.
7(b) shows a top-view of the corresponding OTU including the transparent separation
plane (17), the mirrors (24) and (25), the detector array (23), the component (33)
comprising a light source, a lens system and a polarizer. Fig. 7(c) and 7(d) illustrate a
sensor configuration comprising an array of two SCUs and the corresponding OTUs,
and Fig. 7{e) and 7(f) illustrate a sensor configuration comprising an array of four
SCUs and the corresponding OTUs. The principle of constructing sensors from SCUs
and OTUs can be extended to N units where N is an integer number, which can be as
large as desirable. The SCUs and the OTUs can either be arranged in an array aligned
in the direction parallel to the RDOEs (the top-down direction in Fig. 7) or by extend-
ing the spatial dimension of each component in this direction. The sensor can alterna-
tively be extended combining SCUs and OTUs in the direction perpendicular to the
RDOEs (the left-right direction in Fig. 7). When operating the sensor, the sensor chip
should be mounted on the top of the optical transducer. A specific amount of sample
comprising the analyte usually being dissolved in water is deposited on the top of the
sensing areas. This is performed either using a dispenser or a flow cell mounted in

the gap between the array of SCUs and the array of OTUs.

In Fig. 8, a fifth embodiment of the present invention is depicted. It comprises the
same components in the SCU and in the OTU as depicted in Fig. 4, but the first light
source and the second light source are now disposed symmetrically in relation to the
sensing layers. In addition, the SCU comprises a plane mirror (40) on the topside sur-
face and the OTU comprises the plane mirrors (24), (25) and (29) which serve to di-
rect the first light beam and the second light beam towards the detector array (23).
A light beam from a monochromatic light source (14) mounted in a base plane (31) is
collimated by a lens or a lens system (15), polarized by a polarizer (16}, passes
through a transparent separation piane (17) and enters the SCU (10) perpendicularly
to the backside surface of the SCU. Again, a light shield (8) shields the detector ar-
ray from stray light emerging from the light source {14} and prevents interference be-
tween light emitted from the light source (14) and light reflected from the surface of
the detector array (23). Inside the SCU, the light beam is reflected from a RDOE
(18a) transforming the light beam into a cylindrically focusing light beam. Via a flat
mirror {19) disposed on the backside surface of the SCU, the light beam is reflected

and focused onto a line on a SPR metal fiim (20) underneath one or more sensing ar-
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eas (21). The focused light beam comprises angular bands covering the SPR angle.
After being reflected from the SPR metal film (20), the light beam is further reflected
three times or more from alternating the flat mirror (19) and a flat mirror (40) dis-
posed on the topside of the SCU. Via a second RDOE (22a), the light beam is trans-
formed into a collimated light beam again, which exits the SCU perpendicularly to the
backside surface of the SCU and reenters the OTU perpendicularly to the transparent
separation plane (17). A mirror (24) mounted in the base plane combined with a mir-
ror (25) mounted in the center of the transparent separation plane images the colli-

mated light beam onto a detector array (23).

The fifth embodiment of the invention as illustrated in Fig. 8 further comprises a sec-
ond monochromatic light source (26) mounted in the base plane (31) that radiates a
second light beam collimated by a second lens or lens system (27), polarized by a
second polarizer (28), passing through the transparent separation plane (17) and en-
tering the SCU (10) perpendicularly to the backside surface of the SCU. A second
light shield (9) shields the detector array from stray light emerging from the light
source (26) and prevents interference between light emitted from the light source

(26) and light reflected from the surface of the detector array (23).

Inside the SCU, the second light beam is reflected from a third RDOE (22b) trans-
forming the second light beam into a cylindrically focusing second light beam. Via the
flat mirror (19), the light beam is reflected and focused onto a line on the SPR metal
film (20) underneath one or more sensing areas (21). The focused second light beam

comprises angular bands covering the SPR angle.

After being reflected from the SPR metal film (20), the second light beam is further
reflected three times or more from alternating the flat mirror (19) and the flat mirror
(40). Via a fourth RDOE (18b), it is transformed into a collimated second light beam
again, which exits the SCU perpendicularly to the backside surface of the SCU and
reenters the OTU (11) perpendicuiarly to the transparent separation plane (17). A
second flat mirror (29) mounted in the base plane (31) combined with the flat mirror
(25) images the coliimated second light beam onto the detector array (23). In an al-
ternative embodiment of the present invention, one or both of the flat mirrors (24)

and (29) or the flat mirror (25) are replaced by a system comprising at least one con-
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vex mirror, a convex lens or a diffractive optical element . As a result, the light
beams passing through the separation plane (17) will be diverged causing an increase
in the area on the detector array illuminated by the light beam. Regarding the fifth
embodiment of the present invention as illustrated in Fig. 8, the sensor chips and op-
tical transducers are constructed from SCUs and OTUs in a similar manner as the

embodiment of the invention illustrated in Figs. 4(b) and 5.

Before exiting the SCU, the light beams in the configuration depicted in Fig. 8 are
reflected at a larger number of surfaces and travels a longer path length than the
light beam in the configuration depicted in Fig. 4(b). Since the light beam entering the
sensor chip in Fig. 8 is reflected twice before impinging on the SPR film and it is re-
flected four times after being reflected from the SPR film, the width of the beam is
enlarged by a factor of 2. For the same pixel size of the detector array, a larger beam
diameter implies that a better resolution can be obtained in the detector array, but at
the expense of a larger SCU and OTU. Extending the length of the region between
the sensing areas (21) and (30) and thereby incorporating more reflections between
the plane mirrors (19) and (40), the width of the light beam w at the output of the
SCU can be increased according to: w = (k+ 1)w,/2. In this expression, w, is the
width of the light beam entering the SCU and k is the number of reflections for the
light beam from the mirrors (19) and (40). The reflections are counted from the first
reflection after the reflection from the SPR metal film and prior to the reflection from
the RDOE, which is (22b) for the first light beam and (18b) for the second light
beam. For the configuration in Fig. 4(b), k=1 and w =w, and for the configuration in

Fig. 8, k=3 and w =2w,,.

Figs. 9(a) and (b} illustrate a design example of a RDOE as employed in the present
invention with two modes of operation. in mode 1 [see (18a) in Fig. 3(a)], the RDOE
reflects a collimated and perpendicularly incident light beam at angular bands cover-
ing the SPR angle (05:). In mode 2 [see (22a) in Fig. 3(a)], the RDOE reflects a light
beam diverging from the SPR metal film and converts it into a collimated light beam

exiting the SCU perpendicularly to the backside surface of the SCU.

The dimensions of the RDOE are depicted in Fig. 9(a), where D is an aperture D, a, is

a grating distance and «, is a grating angle for the p’th grating element. The corre-
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sponding transformation of the incident collimated light rays to light rays converging
to a focal point is illustrated in Fig. 9(b) for the case of mode 1. The design of the
RDOE for the case of mode 2 is the mirror image of the design in Fig. 9(a) in a plane
parallel to the plane of incidence and positioned at the focal point. Fig. 9(c) illustrates
another design example of a RDOE as employed in the embodiment of the invention
as depicted in Fig. 4(a), where collimated light rays are reflected to light rays colli-

mated at one side of the RDOE.

Figs. 10(a), (b) and (c) illustrate an alternative design example of a RDOE, where D is
an aperture, a, is a grating distance, o, = 6/2 is a grating angle and Bp = 90°-0is a
second grating angle for the p’th grating element. The function of this grating is the
same as in Fig. 9, but the configuration employs a second grating angle rather than

vertical grating walls.

The RDOEs can be made using various processing techniques in transparent materials
for the wavelength of light like polymers (e.g. polycarbonate, polystyrene, poly-
etherimide or polyurethane resin), glass (e.g. SF2, SF5, SF11 or sapphire) or silicon
and combining them with metal evaporation or sputtering. Plastic usually exhibits bi-
refringence, but the polarization of the light beam can be tuned to match the TM
mode of the surface plasmon by means of a polarizer. The possible processing tech-
niques includes one-ievel gray-tone lithography, diamond turning, photolithographic
binary optics, e-beam writing, laser micromechanical etching, and analogue or digital
holographic writing in photoresist .The processing techniques can be employed either
directly in processing the sensor chip or in the fabrication of a mould for the sensor

chip.

The metal film on the top of the RDOEs can be gold, silver, aluminum, titanium or the
like. A metal layer thickness of about 200 nm (or greater) generally provides suffi-
cient reflectivity, and a metal thickness in excess of 100 nm generally will not sup-

port an SP wave.

The SPR metal film thickness is typically ~50 nm. Gold or silver will be used for the
wavelength range 400-1000 nm. In the infrared, materials like aluminum, copper and

tantalum may also be employed. The thickness and compositions of the SPR metal
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films and the RDOE metal films are different. The fabrication of these films can be
accomplished using masks (e.g. metal masks or photolithographic masks) during

evaporation or sputtering of the metals.

In Figs. 9(b) and 10(b), the angular bands of 6 for the light coupling to the SP vary
from 0, to 0.« The corresponding grating angle for the p’th grating element is o, =
8/2, where p = O is the first element and p = N is the last element in the grating.
Assuming that the grating periodicity is much larger than the wavelength of light, the
grating period can be estimated from the following formula based on the diffraction

condition that rays diffracted from each p grating element interfere constructively;

where 2 is the wavelength of light, m is the diffraction order, L, and 2h are the hori-
zontal and vertical distances between the focal point of the grating and the position

of the p'th grating element, respectively [see Figs. 9(b) and 10(b)].

As an example, assuming that the beam width is w = 2 mm with L,_, = 8 mm and
L.y =6mm, h = 2mm, A/n, = 0.5 pm and m=10, then a, = 5.6 pm and a, =
6.0 um. For the case of Fig. 9, the depth of the grating d, ~ 3 um, whilst d, ~1.4
um for the case of Fig. 10. In the present example, the grating period a, ~ 6 umis
much larger than the wavelength of light /n,~0.5 um. It is also possible to employ
gratings where the grating period is comparable to or much smaller than the wave-

length of light.

The incident light beam is collimated in Fig. 9(b) and each diffraction element of the
RDOE images the light on the same focal point. If D is sufficiently broader than w, a
lateral displacement of the sensor chip relative to the optical transducer results in a
change of the angle 6 for coupling to the SP waves. This fact can be utilized to make
a coarse adjustment of 0 for the embodiments of the present invention as depicted in

Figs. 2 and 6. The lateral displacement (see arrows in Figs. 2 and 6) can be per-
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formed by means of manual or motorized micrometer drives. It implies that a SCU
can be used to cover a broad range of SPR angles and a large dynamic range in re-
fractive index. As an alternative to focusing a light beam on the SPR metal film at
angular bands covering the SPR angie, the lateral displacement may also be utilized in
scanning the angle of incidence of a light beam on the SPR metal film. In this con-
figuration, w of the light beam should be less than 1/20 of D. In alternative configu-
rations, the RDOEs can be designed as an array of elements, where each element as
ilustrated in Fig. 9(b) focuses an incident collimated light beam to a focal point on
the SPR metal film at angular bands covering the SPR angle. As a result, a lateral
displacement of the sensor chip relative to the optical transducer causes a corre-
sponding lateral movement of the focal point incident on the SPR metal film. Em-
ploying this method, the sensing areas can be disposed in a two-dimensional array.
The sensor chips can be mounted on a rotatory disc and the lateral displacement (see
arrows in Figs. 3 and 6) can be performed by means of a motor of the type used in

compact disc players.

Depending on parameters including the metal film thickness, the angular bands cov-
ered by the SPR has typically a full width half maximum (FWHM) in the reflectivity
vs. angular spectrum of AB ~ 1°-3°. In order to obtain a narrow SPR signal, the op-
timum thickness of the SPR metal film is determined empirically for a specific sensor
and it is typically in the range 30-50nm. It is determined by the complex dielectric

function of the metal ¢, = &,, + ig,, where according to the Drude formula:

A2 A2

8mr =1- ;gmi - > (4)
22 (12 -22) 22 (2 -22)

where ¢, and g, are the real part and imaginary part of the dielectric function, re-

spectively, A, is the plasma wavelength and 2, is the collision wavelength.

As an example, employing gold as the SPR metal film, we obtain from Eq. (4); e = -
20.7 and g, = 1.89. Since |z:mi | < < |am,, | the following expression can be used in

the calculation of Op:
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g n’ %
J (5)

: ~ mr--s
n,sin® = {—4_ 5
8 mr nS

where n, is the refractive index of the sample to be measured (i.e. the sensing areas)

and ny is the refractive index of the sensor chip.

As an example, assuming that the sensing areas are based on MREs immobilized in a
polymer membrane with n,~ 1.46 and the sensor chip is made of a high refractive
index plastic (n, ~ 1.66), the SPR angle becomes according to Eq. (5); 65, ~ 68°.
As observed from Eq. (5), 05 depends strongly on the refractive index of the sensor
chip material and the membrane. Usually, 6 is in the angular range 50°-80°. The
value of B5p can be lowered to the critical angle for total reflection between the sub-
strate and the sensing area employing a few hundreds nanometers thick intermediate
layer of a dielectric with a refractive index lower than n, and disposed in between the
substrate and the metal layer. The dielectric layer results in the excitation of a long-
range SP with a narrower AO, but with a broader lateral spatial extension of approxi-
mately 300 um compared to 10 pm for a normal (short range) SP. Possible materials

for the intermediate layer are MgF,, CaF,, AlF;, BaF, and NagAl,F,,

Since the RDOEs focus a light beam onto a line on the SPR metal layer, two or more
sensing areas can be illuminated. For example, if the light beam width is 1 mm and
each sensing area has a diameter of 200 um with a spacing of 50 um, a sensing area
with 4 elements is illuminated by oine light beam. One of the sensing areas acts as a
reference, which is responsive to unspecific changes due to effects from tempera-
ture, pressure, ageing, analyte refractive index, membrane swelling and other distur-
bances in the environment. The other sensing areas on the top of the SPR metal film
can be based on MREs immobilized in membranes with a thickness ~0.3 pm-1 pm
deposited on the top the SPR metal layer. The possible membrane compounds in-
clude hydrogel, for example, polysaccharide such as, e.g. agarose, dextran, car-
rageenan, alginic acid, starch, cellulose or derivativés thereof such as, for example,
carboxymethyl derivatives or an organic polymer such as e.g. poly{vinylalcohol),

poly(vinylchloride), polyacrylic acid, polyacrylamide and polyethylene glycol.
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The MREs are for example ionophores and chromoionophores either immobilized via
hydrophobic forces in a lipophilic polymer membrane or copolymerized in the polymer
membrane. An ionophore acts as a selective recognition element for a particular ionic
or neutral ionogenic chemical compound (i.e. the analyte). In order to maintain elec-
trical neutrality inside the polymer membrane phase, the binding of the analyte by the
ionophore is coupled with the coextraction or ion exchange of a second ionic species
{usually a proton) giving rise to a change in the absorption coefficient (Aa) of the
chromoionophore. The corresponding change in the refractive index {An) of the mem-
brane as given by the Kramers-Kronig transform causes a change in the SPR signal
through ng in Eq. (5). When the operating wavelength is about 100 nm longer than
the position of the maximum Aa, a large and wavelength insensitive An can be
achieved at a small Aa. Operating close to the maximum in Ao results in a more sen-
sitive SPR response where information of both Ao and An can be determined from the
response. For a typical chromoionophore like ETH 5294, maximum in Aa. occurs in
the wavelength range 500 to 700 nm. A suitable wavelength of light is then 670-
850 nm, where a number of commercial semiconductor lasers and light emitting di-

odes provide light emission.

Other possible MREs are antibodies/antigens and the present SPR sensor could be
employed as a label-free immunosensor based on antibody/antigen reactions to de-
termine specific analytes. Antibodies can readily be immobilized in a hydrogel through
covalent binding. The Biosensor group from BlAcore has used antibodies immobilized
in a carboxymethyl-dextran hydrogel membrane on the gold film of a SPR sensor for
detecting various biological compounds. An alternative to antibody/antigen reactions
is the utilization of molecular imprinting techniques, where synthetic polymers pos-
sess selective molecular recognition properties. This is due to the self-assembled or
preorganized positioning of functional groups which generate recognition sites within
a polymer membrane that are complementary to the shape and the functional groups
of the analyte. A second alternative is the use of oligonucleotide ligands, which may

provide specific and high affinity binding with specific analytes.

Another application of the present invention is in the DNA hybridization analysis. On
sensor-chips, large arrays of oligonucleotides or probes originating from cDNA librar-

ies can be fabricated employing for example light directed synthesis or high-speed
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robotic printing techniques. Depending on applications, such arrays constitute from a

few tenth of probes to ~10° probes /cm?.

Traditionally, the detection scheme is performed by use of fluorescent labeling and
detecting the hybridization pattern of target DNA using a scanning confocal optical
microscope. According to the present invention, the hybridization reaction of a large
number of sensing areas (in this case the probe areas) can be detected monitoring

the shift in the SPR curve for each sensing area.
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CLAIMS

1. A surface plasmon resonance sensor comprising a first unit and a second unit,

said first and second units being separable, and wherein said first unit comprises:

- a first housing,

- a film of electrically conducting material being adapted to support surface plas-
mons, said film being hold by a first exterior surface part of the first housing,

10
- optical input means positioned on a second exterior surface part of the first

housing so as to receive an optical light beam from the second unit,

- optical output means positioned on a third exterior surface part of the first

15 housing so as to transmit an optical light beam to the second unit,

- a first set of optical elements being adapted to direct the received optical light

beam from the first unit towards the electrically conducting film,

20 - a second set of optical elements being adapted to direct an optical light beam
from the electrically conducting film towards the optical output means so as to
transmit the optical light beam from the electrically conducting film to the second

unit,

25 and wherein said second unit comprises:

- a second housing,

- means for emitting an optical light beam,

30

- a first set of optical elements being adapted to prepare the emitted optical light

beam,
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- optical output means positioned on a first exterior surface part of the second

housing so as to transmit the prepared optical light beam to the first unit,

- optical input means positioned on a second exterior surface part of the second

housing so as to receive an optical light beam from the first unit,

- detecting means being adapted to detect the optical light beam received from the

first unit,

- a second set of optical elements being adapted to direct the received optical light

beam from the first unit towards the detecting means,

wherein the propagation directions of the optical light beams at the positions of the
optical input and optical output means are essentially perpendicular to the exterior
surface parts of the first and the second housing so as to avoid refraction of the op-

tical light beams upon entry of said optical light beams into the first and second unit.

2. A surface plasmon resonance sensor according to claim 1, wherein the emitting

means comprises a laser source, such as a semiconductor laser diode.

3. A surface plasmon resonance sensor according to claim 1, wherein the emitting

means comprises a light source emitting light at essentially a single wavelength.

4. A surface plasmon resonance sensor according to claim 1, wherein the emitting
means comprises a light source emitting light at a plurality of wavelengths, such as a

light emitting diode.

5. A surface plasmon resonance sensor according to any of the preceding claims,
wherein the first set of optical elements of the second unit comprises means for col-

limating the emitted optical light beam.

6. A surface plasmon resonance sensor according to claim 5, wherein the first set of
optical elements of the second unit further comprises means for polarizing the emit-

ted optical light beam.
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7. A surface plasmon resonance sensor according to any of the preceding ciaims,
wherein the input and output means of the first and second units comprise

antireflecting coatings.

8. A surface plasmon resonance sensor according to any of the preceding claims,
wherein the detecting means comprises an array of photosensitive elements, such as
a multiple photo detector array, a charge coupled device or a complementary metal

oxide semiconductor image sensor.

9. A surface plasmon resonance sensor according to any of the preceding claims fur-

ther comprising a light shield member.

10. A surface plasmon resonance sensor according to any of the preceding claims,
wherein the first set of optical elements of the first unit comprises a diffractive
member, such as a diffractive grating or a holographic grating, said diffractive mem-
ber being adapted to transform a collimated optical light beam into a focused optical

light beam.

11. A surface plasmon resonance sensor according to any of the preceding claims,
wherein the second set of optical elements of the first unit comprises a diffractive
member, such as a diffractive grating or a holographic grating, said diffractive mem-
ber being adapted to transform a diverging optical light beam into a collimated optical

light beam.

12. A surface plasmon resonance sensor according to any of claims 1-9, wherein the
first set of optical elements of the first unit comprises a reflective member, such as a
diffractive grating or a holographic grating, said reflective member being adapted to

transform a collimated optical light beam into a focused optical light beam.

13. A surface plasmon resonance sensor according to any of claims 1-9, wherein the
second set of optical elements of the first unit comprises a reflective member, such
as a diffractive grating or a holographic grating, said reflective member being adapted

to transform a diverging optical light beam into a collimated optical light beam.
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14. A surface plasmon resonance sensor according to any of claims 1-9, wherein the
second set of optical elements comprises a reflective member, such as a reflective

mirror.

15. A surface plasmon resonance sensor according to any of the preceding claims,
wherein the electrically conducting film is a metal film, such as a gold film, a silver

film, an aluminum film or a titanium film.

16. A surface plasmon resonance sensor according to claim 15, wherein the electri-
cally conducting film comprises a plurality of electrically conducting films, said plu-

rality of films being arranged in a laterally extending pattern.

17. A surface plasmon resonance sensor according to any of claims 1-15 further
comprising a layer of dielectric material being positioned between the electrically

conducting film and the first exterior surface part of the first housing.

18. A surface plasmon resonance sensor according to claim 16 further comprising a
layer of dielectric material being positioned between each of the plurality of electri-

cally conducting films and the first exterior surface part of the first housing.

19. A surface plasmon resonance sensor according to any of the preceding claims
further comprising moving means, said moving means being adapted to move the
first and second unit relative to each other so as to move the focus point of an opti-

cal light beam relative to an electrically conducting film.

20. A surface plasmon resonance sensor according to any of claims 1-18 further
comprising moving means, said moving means being adapted to move the first and
second unit relative to each other so as to vary the angle of incidence of an optical

light beam directed towards an electrically conducting film.

21. A surface plasmon resonance sensor comprising in combination two or more sur-
face plasmon resonance sensors according to claims 1-20, said combination of two
or more surface plasmon resonance sensors being arranges in a lateral extending pat-

tern.
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22. A method of determining the bio-/chemical composition of a sample using a sur-
face plasmon resonance sensor, said surface plasmon resonance sensor comprising a
first unit and a second unit, said first and second units being separable, and wherein

said first unit comprises:
- a first housing,

- a film of electrically conducting material being adapted to support surface plas-
mons, said film being hold by a first exterior surface part of the first housing,

10
- optical input means positioned on a second exterior surface part of the first

housing so as to receive an optical light beam from the second unit,

- optical output means positioned on a third exterior surface part of the first

15 housing so as to transmit an optical light beam to the second unit,

- a first set of optical elements being adapted to direct the received optical light

beam from the first unit towards the electrically conducting film,

20 - a second set of optical elements being adapted to direct an optical light beam
from the electrically conducting film towards the optical output means so as to
transmit the optical light beam from the electrically conducting film to the second

unit,
25 and wherein said second unit comprises:
- a second housing,
- means for emitting an optical light beam,
30 - a first set of optical elements being adapted to prepare the emitted optical light

beam,

- optical output means positioned on a first exterior surface part of the second

housing so as to transmit the prepared optical light beam to the first unit,
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- optical input means positioned on a second exterior surface part of the second

housing so as to receive an optical light beam from the first unit,

- detecting means being adapted to detect the optical light beam received from the

first unit,

- a second set of optical elements being adapted to direct the received optical light

beam from the first unit towards the detecting means,

wherein the propagation directions of the optical light beams at the positions of the
optical input and optical output means are essentially perpendicular to the exterior
surface parts of the first and the second housing so as to avoid refraction of the op-

tical light beams upon entry of said optical light beams into the first and second unit.

23. A surface plasmon resonance sensor comprising a first unit, said first unit com-

prising:
- a first housing,

- a layer of electrically conducting material being adapted to support surface plas-

mons, said layer being held by a first exterior surface part of the first housing,

- optical input means positioned on a second exterior surface part of the first

housing, said optical input means being adapted to receive an optical light beam,

- optical output means positioned on a third exterior surface part of the first
housing, said optical output means being adapted to transmit an optical light

beam,

- a first diffractive optical element being adapted to direct the received optical light

beam towards the electrically conducting layer,
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- a second diffractive optical element being adapted to direct a reflected optical
light beam from the electrically conducting layer towards the optical output

means,
wherein the propagation directions of the optical light beams at the positions of the
optical input and optical output means are essentially perpendicular to the exterior

surface parts of the first housing so as to avoid refraction of the optical light beams

at the positions of the optical input and optical output means.

24. A surface plasmon resonance sensor according to claim 23 further comprising a

second unit, said second unit comprising:
- a second housing,
- means for emitting an optical light beam,

- a set of optical elements being adapted to prepare the emitted optical light beam,

optical output means positioned on a first exterior surface part of the second
housing, said optical output means being adapted to transmit the prepared optical

light beam to the first unit,

- optical input means positioned on a second exterior surface part of the second
housing, said optical input means being adapted to receive an optical light beam

from the first unit,

- detecting means being adapted to detect the received optical light beam from the

first unit,

wherein the propagation directions of the optical light beams at the positions of the
optical input and optical output means are essentially perpendicular to the exterior
surface parts of the second housing so as to avoid refraction of the optical light

beams at the positions of the optical input and optical output means.
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25. A surface plasmon resonance sensor according to claim 24, wherein the second
unit further comprises an optical element being adapted to direct the received optical

light beam from the first unit towards the detecting means.

26. A surface plasmon resonance sensor according to claims 24-25, wherein the

light emitting means comprises a laser source, such as a semiconductor laser diode.

27. A surface plasmon resonance sensor according to any of claims 24-26, wherein
the light emitting means comprises a light source emitting light at essentially a single

wavelength.

28. A surface plasmon resonance sensor according to claims 24-25, wherein the
light emitting means comprises a light source emitting light at a plurality of wave-

lengths, such as a light emitting diode.

29. A surface plasmon resonance sensor according to any of claims 24-28, wherein
the set of optical elements of the second unit comprises means for collimating the

emitted optical light beam.

30. A surface plasmon resonance sensor according to claim 29, wherein the set of
optical elements of the second unit further comprises means for polarizing the emit-

ted optical light beam.

31. A surface plasmon resonance sensor according to any of claims 23-30, wherein
the input and output means of the first and second units comprise antireflecting

coatings.

32. A surface plasmon resonance sensor according to any of claims 24-31, wherein
the detecting means comprises an array of photosensitive elements, such as a multi-
ple photo detector array, a charge coupled device or a complementary metal oxide

semiconductor image sensor.
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33. A surface plasmon resonance sensor according to any of claims 23-32, wherein
the first and second diffractive optical element of the first unit comprises an optical

grating, such as a reflective holographic grating.

34. A surface plasmon resonance sensor according to any of claims 23-33, wherein
the electrically conducting film is a metal film, such as a gold film, a silver film, an

aluminum film or a titanium film.

35. A surface plasmon resonance sensor according to claim 34, wherein the electri-
cally conducting film comprises a plurality of electrically conducting films, said plu-

rality of films being arranged in a laterally extending pattern.

36. A surface plasmon resonance sensor according to any of claims 23-35 further
comprising a layer of dielectric material positioned between the electrically conduct-

ing film and the first exterior surface part of the first housing.

37. A surface plasmon resonance sensor according to claim 35 further comprising a
layer of dielectric material positioned between each of the plurality of electrically

conducting films and the first exterior surface part of the first housing.

38. A surface plasmon resonance sensor according to any of claims 23-37 further
comprising moving means, said moving means being adapted to move the first and
second unit relative to each other so as to move the focus point of the an optical

light beam relative to one or more of the electrically conducting films.

39. A surface plasmon resonance sensor according to any of claims 23-37 further
comprising moving means, said moving means being adapted to move the first and
second unit relative to each other so as to vary the angle of incidence of an optical

light beam directed towards to one or more of the electrically conducting films.
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40. A surface plasmon resonance sensor comprising:
- a transparent member,

- a layer of electrically conducting material being adapted to support surface plas-

mons, said layer being held by an exterior surface part of the member,

- a first optical grating being held by a first exterior surface part of the member
and being adapted to direct a received optical light beam towards the electrically
conducting layer, wherein the propagation direction of the received optical light
beam at the position of the first optical grating is essentially perpendicular to the
first exterior surface part of the member and wherein the received optical light

beam is substantially collimated, and

- a second optical grating being held by a second exterior surface part of the
member and being adapted to receive an optical light beam from the electrically
conducting layer and being adapted to re-emit the optical light beam received from
the electrically conducting layer, wherein the propagation direction of the re-
emitted optical light beam at the position of the second optical grating is essen-
tially perpendicular to the second exterior surface part of the member and wherein

the re-emitted optical light beam is substantially collimated.
41. A surface plasmon resonance sensor according to claim 40 further comprising
- means for emitting an optical light beam,

- a set of optical elements being adapted to prepare the emitted optical light beam,

and
- means for detecting the re-emitted optical light beam.
42. A surface plasmon resonance sensor according to claim 41 further comprising an

optical element being adapted to direct the re-emitted optical light beam towards the

detecting means.
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43. A surface plasmon resonance sensor according to claims 41-42, wherein the

light emitting means comprises a laser source, such as a semiconductor laser diode.

44. A surface plasmon resonance sensor according to any of claims 41-43, wherein
the light emitting means comprises a light source emitting light at essentially a single

wavelength.

45. A surface plasmon resonance sensor according to claims 41-42, wherein the
light emitting means comprises a light source emitting light at a plurality of wave-

lengths, such as a light emitting diode.

46. A surface plasmon resonance sensor according to any of claims 41-45, wherein
the set of optical elements comprises means for collimating the emitted optical light

beam.

47. A surface plasmon resonance sensor according to claim 46, wherein the set of
optical elements further comprises means for polarizing the emitted optical light

beam.

48. A surface plasmon resonance sensor according to any of claims 41-47, wherein
the detecting means comprises an array of photosensitive elements, such as a multi-
ple photo detector array, a charge coupled device or a complementary metal oxide

semiconductor image sensor.

49. A surface plasmon resonance sensor according to any of claims 40-48, wherein
the electrically conducting film is a metal film, such as a gold film, a silver film, an

aluminum film or a titanium film.
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