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Imaging surface plasmon resonance apparatus

Technical Field of the Disclosure

This disclosure relates to an imaging surface plasmon resonance apparatus. The
imaging surface plasmon resonance apparatus may have application, for example, in
an assay (also sometimes referred to as a molecular interaction assay), which is

arranged to measure the presence or concentration of a specific target molecule.

Background of the Disclosure

There are known techniques that are able to report or visualize the specific interaction
between biomolecules. Such a technique or test may be referred to as a molecular
interaction assay, which is arranged to measure the presence or concentration of a
specific target molecule (which may be referred to as an analyte). A molecular
interaction assay typically uses a bio-receptor which can bind to the analyte. Such
interactions are extremely specific with the bio-receptor and analyte binding in a similar
way to a key and a lock. Typically, only the correct analyte is able to bind to the bio-

receptor.

Many such assays require also use a reporter molecule. The reporter molecule is
operable to bind to the analyte, typically only once the analyte has bound to the bio-
receptor. The reporter molecule can report the presence of the analyte target molecule
in some way. For example, the reporter molecule may use: an enzyme, as in an
enzyme linked immunosorbent assay (ELISA); radioactivity, as in a radio
immunosorbent assay (RIA); or, more commonly, a fluorophore, as in a fluorescent

immunosorbent assay (FIA).

As an alternative to the usage of reporter molecules, label-free detection assay
methods have been developed and are gaining popularity. One known label-free
detection method is surface plasmon resonance (SPR). The present disclosure relates
to such a label-free detection assay method, in particular to an imaging surface

plasmon resonance apparatus.
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One arrangement for using surface plasmon resonance as a label-free detection
method (which may be referred to as a surface plasmon resonance apparatus)
comprises a prism which is provided with a relatively thin layer of metal (for example
gold) on one face thereof. Electromagnetic radiation is coupled into the prism and is
incident on the interface between the prism and the metal such that total internal
reflection occurs. This generates an evanescent wave in the metal layer which
propagates parallel to the interface between the prism and the metal (and in the plane
of incidence) and has an amplitude that decays exponentially in a direction

perpendicular to the interface between the prism and the metal.

At the interface between the metal layer and an adjacent (dielectric) medium, surface
plasmon polaritons can be generated. Surface plasmon polaritons are a type of
coupled oscillation of electrons (plasmons) within the metal layer and an
electromagnetic oscillation (polaritons) in the dielectric medium. In particular, surface
plasmons are collective conduction electron oscillations at the interface of two layers,
one layer being a metal (usually a noble metal) and the second layer being a dielectric.
If the thickness of the metal layer is sufficiently thin (with respect to a penetration depth
of the evanescent wave) and a resonance condition is met, an evanescent wave can
excite surface plasmon polaritons on an opposite side of the metal layer to the prism.
This uses some of the energy from the incident electromagnetic radiation and therefore
reduces the intensity of the electromagnetic radiation reflected from the interface

between the prism and the metal layer.

Reflected electromagnetic radiation is coupled out of the prism and is incident on a
detector, which is arranged to determine an intensity of the reflected electromagnetic
radiation (which, in turn, is dependent on whether or surface plasmon polaritons have

been excited).

The resonance condition is dependent on the wavelength and angle of incidence of the
incident electromagnetic radiation. The resonance condition is also dependent on
optical properties of both the metal and the adjacent (dielectric) medium. If the metal is
provided with a bio-receptor on its surface then these optical properties (and therefore
the resonance condition) may vary in dependence on the presence or absence of a
specific target molecule (or analyte) being bound to the bio-receptor. Therefore, by

measuring information related to the resonance condition, it is possible to determine
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information about the presence and/or quantity of the specific target molecule adjacent

the metal layer.

In some systems, a plurality of different bio-receptors are provided on the metal layer;
each one is irradiated with electromagnetic radiation and the electromagnetic radiation
reflected from each is detected by a separate detector. Such an arrangement is known
as imaging SPR (iSPR).

One challenge with the above-described imaging surface plasmon resonance
apparatus is that the resonance condition is very narrow and therefore it is important to
have adequate control over the wavelength and angle of incidence of the incident

electromagnetic radiation.

In particular, one of the main design challenges in the above-described imaging
surface plasmon resonance apparatus is the optical system. Typically, many lenses
are required to project light properly onto the prism and to observe the reflected light on
the imaging sensor. Each lens has a specific aligned optical path and focal distance to
achieve the best illumination and image quality. In particular, the optics which
illuminate the metal layer may be required to do so with a precision of the order of 0.1°

in order to operate correctly.

In addition, in a traditional imaging surface plasmon resonance apparatus the
measurement may involve scanning through different angles of incidence in order to
identify the resonance condition (as a local minimum in the intensity of the reflected

electromagnetic radiation), which further complicates the optical system.

Two relatively simple arrangements are disclosed in US5912456A and US6424418B2,
wherein a metal layer is illuminated with electromagnetic radiation at a plurality of
different angles and the amount of reflected radiation from each is determined by a
separate detector so as to determine a resonance spectrum. These two simple

arrangements do not use optical prisms.

It is an aim of the present disclosure to provide an imaging surface plasmon resonance
apparatus that address one or more of problems associated with prior art methods,

whether identified above or otherwise.
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Summary

In general, this disclosure proposes to overcome the problems in existing
arrangements by providing an imaging surface plasmon resonance apparatus using a
two dimensional vertical-cavity surface-emitting laser array. This arrangement is
advantageous since it provides an apparatus with a very high degree of multiplexing

and which is very compact.

According to a first aspect of the present disclosure, there is provided an imaging
surface plasmon resonance apparatus comprising: a prism; a two dimensional vertical-
cavity surface-emitting laser array operable to produce a two dimensional array of
beams of electromagnetic radiation and arranged such that each one of said two
dimensional array of beams of electromagnetic radiation is coupled into the prism and
is incident on a different one of a plurality of regions on a surface of the prism at
substantially the same angle of incidence; a layer of metal disposed on or adjacent to
the surface of the prism in the vicinity of each of the plurality of regions on the surface
of the prism; and a detector arranged to receive a portion of each of the two
dimensional array of beams of electromagnetic radiation which is reflected from the
interface between the prism and the layer of metal and operable to determine an

intensity of said portion of each of the plurality of beams of electromagnetic radiation.

Advantageously, the two dimensional vertical-cavity surface-emitting laser array of the
imaging surface plasmon resonance apparatus according to the first aspect of the
disclosure provides an apparatus with a very high degree of multiplexing and which is

very compact, as now discussed.

Prior art imaging surface plasmon resonance apparatuses which comprise a prism
(upon which the metal layer is disposed) typically have illumination optics to couple
radiation into the prism that this bulky and which must be accurately aligned. One
known arrangement uses a single light source (for example a diode laser) with a single
pinhole and a collimating lens to ensure that the (divergent) electromagnetic radiation
from the pinhole is collimated and is incident on the metal layer at a suitable angle to
observe the resonance. However, in order to do this, the light source (or pinhole)
should be disposed at a focal point of the collimating lens. It will be appreciated that

the desired dimension of the collimated beam will be of the order of the dimensions of
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the prism. Furthermore, the focal length of the lens will typically scale with the size of

the lens.

Compared to such known systems, the present imaging surface plasmon resonance
apparatus disclosed here has the following advantages. By providing a two
dimensional vertical-cavity surface-emitting laser array operable to produce a two
dimensional array of beams of electromagnetic radiation no collimating illumination
optics is required. Advantageously, this allows for a particularly compact apparatus.

For example, the optical volume may be reduced by at least a factor of 10.

Some prior art imaging surface plasmon resonance apparatuses are arranged to
illuminate a metal layer with electromagnetic radiation at a plurality of different angles
and the amount of reflected radiation from each is determined by a separate detector
so as to determine a resonance spectrum. It will be appreciated that these prior art
arrangements are incompatible with an arrangement that has a two dimensional
vertical-cavity surface-emitting laser array operable to produce a two dimensional array

of beams of electromagnetic radiation that are generally mutually parallel.

Compared to such known systems, the present imaging surface plasmon resonance
apparatus disclosed here has the advantage that it allows for a two dimensional array
of beams of electromagnetic radiation that are generally mutually parallel and therefore
incident on the surface of the prism at substantially the same angle. This therefore
allows for a two dimensional array of different receptors to be simultaneously monitored
whilst all of these remain within a dynamic range of a detector for determining the
presence and/or concentration of a target molecule being bound to those receptors.
Advantageously, this significantly increases the number of receptors that can be
monitored simultaneously (i.e. it allows a significant increase in the amount of

multiplexing).

It will be appreciated that the beams of electromagnetic radiation in the two
dimensional array of beams of electromagnetic radiation may be considered to be
generally mutually parallel if the directions of all of the beams of electromagnetic
radiation vary by less than 1°. For example, the directions of all of the beams of
electromagnetic radiation may vary by less than 0.5°. For example, the directions of all

of the beams of electromagnetic radiation may vary by less than 0.1°. The direction of
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each beam of electromagnetic radiation may be the direction of a chief ray of that

beam.

It will be appreciated that beams of electromagnetic radiation may be considered to be
have the same angle of incidence at the surface of the prism if their angles of incidence
vary by less than 1°. For example, the angles of incidence of all of the beams of
electromagnetic radiation may vary by less than 0.5°. For example, the angles of

incidence of all of the beams of electromagnetic radiation may vary by less than 0.1°.

As used herein, it will be appreciated that a receptor is intended to mean anything (for
example a molecule) which can receive and bind to something else. Receptors can
comprise any one of a number of biological molecules such as, for example, proteins,

viruses and the like.

According to a second aspect of the present disclosure, there is provided an imaging
surface plasmon resonance apparatus comprising: a prism; a two dimensional vertical-
cavity surface-emitting laser array operable to produce a two dimensional array of
beams of electromagnetic radiation and arranged such that each one of said two
dimensional array of beams of electromagnetic radiation is coupled into the prism and
is incident on a different one of a plurality of regions on a surface of the prism; a layer
of metal disposed on or adjacent to the surface of the prism in the vicinity of each of the
plurality of regions on the surface of the prism and comprising a two dimensional array
of receptor sites for supporting a receptor, each receptor site disposed on a surface of
the layer of metal that is distal to the prism and adjacent one of the plurality of regions
on the surface of the prism; and a detector arranged to receive a portion of each of the
two dimensional array of beams of electromagnetic radiation which is reflected from the
interface between the prism and the layer of metal and operable to determine an

intensity of said portion of each of the plurality of beams of electromagnetic radiation.

Advantageously, the combination of: a two-dimensional array of receptor sites
disposed on the surface of the layer of metal that is distal to the prism; and a two
dimensional vertical-cavity surface-emitting laser array operable to produce a two-
dimensional array of beams of electromagnetic radiation provides an apparatus with a

very high degree of multiplexing and which is very compact.
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The beams of electromagnetic radiation in the two dimensional array of beams of

electromagnetic radiation may be generally mutually parallel.

The imaging surface plasmon resonance apparatus may further comprise a plurality of

receptors, each disposed on a surface of the layer of metal that is distal to the prism.

The plurality of receptors may be disposed as a two dimensional array. The receptors

may be disposed at the receptor sites.

It will be appreciated that the two-dimensional array of receptors (which are disposed
on a surface of the layer of metal that is distal to the prism) are on an opposite surface
of the layer of metal to that which the electromagnetic radiation is incident on. It will be
appreciated that a beam of electromagnetic radiation being incident on an interface
between the prism and the layer of metal in the vicinity of one of the receptors from the
two-dimensional array of receptors means that that beam is incident on a position on
one surface that generally corresponds to the position on the opposite surface where
the receptor is (for example merely translated in a direction of the thickness of the layer
of metal, which may be generally perpendicular to the two opposed surfaces). It will be
further appreciated that in the vicinity is intended to mean close enough that the
evanescent wave generated in the metal layer when that beam of electromagnetic
radiation is incident on the interface between the prism and the layer of metal can
excite surface plasmon polaritons on the opposite side of the metal layer at the location

of the receptor.

The imaging surface plasmon resonance apparatus may further comprise a pinhole
array disposed between the two dimensional vertical-cavity surface-emitting laser and
the prism. Each vertical-cavity surface-emitting laser in the two dimensional vertical-
cavity surface-emitting laser array may be aligned with a different one of the pinholes in

the pinhole array.

Each one of the beams of electromagnetic radiation in the two dimensional array of
beams of electromagnetic radiation may be at least partially formed or controlled by a

pinhole from the pinhole array.
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The imaging surface plasmon resonance apparatus may further comprise a microlens
array. Each microlens in the microlens array may be arranged to reduce a divergence

of one of the two dimensional array of beams of electromagnetic radiation.

In particular, the two dimensional vertical-cavity surface-emitting laser may comprise a
microlens array. Each microlens in the microlens array may be arranged to reduce a

divergence of one of the two dimensional array of beams of electromagnetic radiation.

In general, each one of the beams of electromagnetic radiation in the two dimensional
array of beams of electromagnetic radiation may be partially formed and/or directed by

a pinhole from a pinhole array and/or a microlens from a microlens array.

The beams of electromagnetic radiation in the two dimensional array of beams of

electromagnetic radiation may each have a divergence of 1° or less.

For example, the beams of electromagnetic radiation in the two dimensional array of
beams of electromagnetic radiation each have a divergence of 0.5° or less. For
example, the beams of electromagnetic radiation in the two dimensional array of

beams of electromagnetic radiation each have a divergence of the order of 0.3° or less.

It will be appreciated that in order for the beams of electromagnetic radiation in the two
dimensional array of beams of electromagnetic radiation to each have a divergence of

1° or less some collimating optics may be provided (for example a microlens array)

The imaging surface plasmon resonance apparatus may further comprise a processor
operable to determine a concentration of a target molecule from the intensity of the
portion of each of the plurality of beams of electromagnetic radiation determined by the

detector.

The detector may comprise any suitable electromagnetic radiation setector. Suitable
detectors include, for example, a single-photon avalanche detectors (SPAD),
photodiodes, complementary metal-oxide-semiconductor (CMOS) diode arrays and/or

charge-coupled device (CCD) arrays.

The prism may be a right prism. The prism may be a 5x5x5 mm 90-degrees prism.
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The layer of metal may comprise any type of metal. In some embodiments, the layer of
metal may comprise a noble metal. Advantageously, noble metals are less prone to
oxidization. For example the layer of metal may comprise gold. The layer of metal

may have a thickness of the order of 50 nm.

The layer of metal may comprise a substantially continuous layer of metal disposed on
or adjacent to the surface of the prism in the vicinity of all of the plurality of regions on

the surface of the prism.

Alternatively, the layer of metal may comprise a plurality of discrete patches of metal

disposed on or adjacent to the surface of the prism.

For example, the layer of metal may comprise a plurality of discrete patches of metal,
each discrete patch of metal being disposed in the vicinity of a different one of the

plurality of regions on the surface of the prism.

The imaging surface plasmon resonance apparatus may further comprise a polarizer
arranged to polarize the two dimensional array of beams of electromagnetic radiation
such that the electric field of each of the beams of electromagnetic radiation is parallel

to the plane of incidence at the surface of the prism.

The imaging surface plasmon resonance apparatus may further comprise one or more

sensors operable to determine one or more ambient conditions.

For example, the apparatus may comprise sensors operable to determine one or more

of. a relative humidity, temperature and/or pressure adjacent the layer of metal.

The imaging surface plasmon resonance apparatus may further comprise a printed
circuit board to which the two dimensional vertical-cavity surface-emitting laser array

and the detector are mounted.

The imaging surface plasmon resonance apparatus may further comprise a user
interface for providing signals to the two dimensional vertical-cavity surface-emitting

laser array and/or receiving signals from the detector.
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For example the printed circuit board may be provided with a USB port, which may

form part of the user interface.

Brief Description of the Preferred Embodiments

Some embodiments of the disclosure will now be described by way of example only

and with reference to the accompanying drawings, in which:

Figure 1 shows a schematic illustration of an imaging surface plasmon resonance
apparatus according to the present disclosure;

Figure 2 shows a plan (top) view of the imaging surface plasmon resonance apparatus
shown in Figure 1, showing a layer of metal;

Figure 3 shows an example resonance curve for the intensity of the reflected radiation
of one of a two dimensional array of beams of electromagnetic radiation within the
imaging surface plasmon resonance apparatus shown in Figure 1 as a function of the
angle of incidence of that beam of electromagnetic radiation;

Figure 4 shows a schematic illustration of a known imaging surface plasmon resonance
apparatus; and

Figure 5 shows a schematic illustration of another imaging surface plasmon resonance

apparatus according to the present disclosure.

Detailed Description of the Preferred Embodiments

Generally speaking, the disclosure provides an imaging surface plasmon resonance
apparatus that uses a two dimensional vertical-cavity surface-emitting laser array
operable to produce a two dimensional array of beams of electromagnetic radiation.
Generally, each beam of electromagnetic radiation in the two dimensional array of
beams of electromagnetic radiation is incident on a metal layer at substantially the

same angle of incidence proximate to a different one of a plurality of receptor patches.

Some examples of such an imaging surface plasmon resonance apparatus are shown

in the accompanying figures, as now discussed.
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Figure 1 is a schematic illustration of an imaging surface plasmon resonance apparatus
100 according to the present disclosure. The imaging surface plasmon resonance
apparatus 100 comprises a prism 102, a two dimensional vertical-cavity surface-
emitting laser array 104, a layer of metal 106 disposed on or adjacent to a surface of

the prism 102; and a detector 108.

The prism 102 is a right prism. In particular, the prism 102 is in the form of a right
triangular prism having three rectangular surfaces 110, 112, 114 (out of the plane of
Figure 1) and two triangular surfaces (parallel to the plane of Figure 1). The triangular
cross section of the prism 102 (see Figure 1) is an isosceles right triangle. That is, the
triangle has two mutually perpendicular shorter sides (shorter surfaces 110, 112) that
are equal in length and one longer side (longer surface 114) that is disposed at 45° to
each of the shorter sides 110, 112.

It will be appreciated that the shape of the prism 102 is defined by two parallel,
congruent triangular surfaces one being a copy of the other but translated in a direction
perpendicular to the other triangular surface (out of the plane of Figure 1), with one
rectangular surface extending between each pair of corresponding sides of the two

triangular surfaces.

The prism 102 is formed from a light-transmitting material (for example glass). In
particular, the prism 102 is formed from a material that is transmits radiation emitted by

the two dimensional vertical-cavity surface-emitting laser array 104.

The prism 102 may have dimensions of 5x5x5 mm. That is, the dimensions of each of
the shorter surfaces 110, 112 are 5 mm (in the plane of Figure 1) and 5 mm

(perpendicular to the plane of Figure 1).

The two dimensional vertical-cavity surface-emitting laser array 104 is operable to
produce a two dimensional array of beams of electromagnetic radiation. These are
illustrated very schematically in Figure 1 by three dotted lines with arrows. It will be
appreciated that there will also be beams of electromagnetic radiation not in the plane
of Figure 1 but in parallel planes. It will be further appreciated that in each direction of

the two dimensional array of beams of electromagnetic radiation there may be fewer
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than or more than three beams of electromagnetic radiation. In general, the two
dimensional array of beams of electromagnetic radiation can be an n x m array of

parallel beams of electromagnetic radiation.

The two dimensional vertical-cavity surface-emitting laser array 104 is arranged such
that each one of said two dimensional array of beams of electromagnetic radiation is
coupled into the prism 102. In particular, the two dimensional vertical-cavity surface-
emitting laser array 104 is disposed adjacent a first one of the shorter surfaces 110 of
the prism 102. The two dimensional vertical-cavity surface-emitting laser array 104 is
orientated such that the two dimensional array of beams of electromagnetic radiation
produced thereby is coupled into the prism 102 through the first shorter surface 110

and is incident on the longer surface 114 of the prism 102.

The imaging surface plasmon resonance apparatus 100 further comprises a polarizer
116. The polarizer 116 is a plane polarizer, also referred to as a linear polarizer. The
polarizer 116 is arranged to polarize the two dimensional array of beams of
electromagnetic radiation output by the two dimensional vertical-cavity surface-emitting
laser array 104. In particular, the radiation is polarized such that the electric field of
each of the beams of electromagnetic radiation is parallel to the plane of incidence at
the longer surface 114 of the prism 102 (i.e. parallel to the plane of Figure 1). This

polarization state may be referred to as p-polarization.

The beams of electromagnetic radiation output by the two dimensional vertical-cavity
surface-emitting laser array 104 are generally parallel. Therefore, each of the beams
of electromagnetic radiation output by the two dimensional vertical-cavity surface-
emitting laser array 104 is incident on a different region on the longer surface 114 of

the prism 102 at generally the same angle of incidence.

As will be discussed further below, the longer surface 114 of the prism 102 may be
considered to comprise a plurality of regions (each region, for example, defined by a
position of each beam spot from the two dimensional array of beams of

electromagnetic radiation).
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The layer of metal 106 is disposed on the longer surface 114 of the prism 102 in the
vicinity of each of the plurality of regions on the surface of the prism 102 (each region
being defined by a position of each beam spot from the two dimensional array of
beams of electromagnetic radiation on the longer surface). Although the layer of metal
106 is disposed on the longer surface 114 of the prism 102, in alternative embodiments
it may be disposed adjacent to said longer surface 114. The layer of metal 106
comprises a layer of gold having a thickness of the order of 50 nm. However, it will be
appreciated that in alternative embodiments other metals and thicknesses may be

used. In general, the layer of metal may comprise a noble metal.

At least a portion of each of the two dimensional array of beams of electromagnetic
radiation is reflected from the interface between the prism 102 and the layer of metal
106. These reflected portions are illustrated very schematically in Figure 1 by three

dotted lines with arrows.

The detector 108 is arranged to receive a portion of each of the two dimensional array
of beams of electromagnetic radiation which is reflected from the interface between the
prism 102 and the layer of metal 106. The detector 108 is operable to determine an
intensity of said portion of each of the plurality of beams of electromagnetic radiation.
The detector 108 may comprise any suitable electromagnetic radiation sensor.
Suitable detectors include, for example, a single-photon avalanche detectors (SPAD),
photodiodes, complementary metal-oxide-semiconductor (CMOS) diode arrays and/or

charge-coupled device (CCD) arrays.

Figure 2 shows a plan (top) view of the layer of metal 106 in one embodiment. It will be
appreciated that Figure 2 shows a surface of the layer of metal 106 that is distal to the
prism 102 and which may be referred to herein as a distal surface of the layer of metal
106. The distal surface is opposite the surface the layer of metal 106 which is
disposed on the prism 106, which may be referred to as a proximal surface of the layer
of metal 106. It is the proximal surface which forms part of the interface from which the
electromagnetic radiation is at least partially reflected. The positions of the beam spots
of the two dimensional array of beams of electromagnetic radiation at the interface
between the prism 102 and the layer of metal 106 are coincident with the plurality of
regions on the longer surface 114 of the prism 102 defined by a position of each beam

spot from the two dimensional array of beams of electromagnetic radiation. Also
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shown in Figure 2 (in dotted lines) are the positions 200 on the distal surface that
correspond to (i.e. are opposite to) the positions of the beam spots from the two
dimensional array of beams of electromagnetic radiation at the interface between the

prism 102 and the layer of metal 106.

In use, a receptor (for example a bio-receptor) may be disposed on each of the
positions 200 on the distal surface of the layer of metal 106 that correspond to the
positions of the beam spots from the two dimensional array of beams of
electromagnetic radiation at the interface between the prism 102 and the layer of metal
106. For example, in general, each of the positions 200 on the distal surface of the
layer of metal 106 that correspond to the positions of the beam spots of one of the
beams of electromagnetic radiation may be provided with a different type of bio-
receptor such that the imaging surface plasmon resonance apparatus 100 can be used
to identify the presence and/or concentration of a plurality of different target molecules

or analytes.

Each of the positions 200 on the distal surface of the layer of metal 106 that
corresponds to the positions of a beam spot from the two dimensional array of beams
of electromagnetic radiation at the interface between the prism 102 and the layer of
metal 106 may be referred to as a receptor site 200. Therefore, the layer of metal 106
disposed on the longer surface 114 of the prism 102 may be considered to comprise a
two dimensional array of receptor sites for supporting a receptor. Each such receptor
site 200 being disposed on a surface of the layer of metal 106 that is distal to the prism
102 and adjacent one of the plurality of regions on the surface of the prism 102 defined

by the beam spots.

In the embodiment shown in Figure 2 there is an 8x8 array of 64 receptor sites 200
(each corresponding to a different one of an 8x8 two dimensional array of beams of
electromagnetic radiation output by the two dimensional vertical-cavity surface-emitting

laser array 104).

In use, the imaging surface plasmon resonance apparatus 100 may have application in
an assay (also sometimes referred to as an assay or a molecular interaction assay),
which is arranged to measure the presence or concentration of a specific target

molecule, as now discussed.
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In use, a plurality of receptors are provided, each on a different one of the receptor
sites 200. The distal surface of the layer of metal 106 is disposed in a sample fluid (for
example a gas or a liquid) to be analysed. If certain target molecules are present in the
sample fluid they can bind to the receptors. It will be appreciated that these
interactions are extremely specific with the receptor and target molecule (analyte)
binding in a similar way to a key and a lock. Typically, only the correct analyte is able

to bind to the receptor.

The receptor sites 200 may have dimensions of the order of 100-200 pum. A lower limit
of the dimensions of the receptor sites 200 may be imposed by the smallest size of a

patch of receptor that can be deposited on the layer of metal 106.

As the two dimensional array of beams of electromagnetic radiation is coupled into the
prism 102 from the two dimensional vertical-cavity surface-emitting laser array 104 and
is incident on the interface between the prism 102 and the layer of metal 106 they are
reflected from the interface (and received by the detector 108). The optical properties
of the prism 102 and the layer of metal 106 are such that total internal reflection can
occur. However, this generates an evanescent wave in the layer of metal 106 which
propagates parallel to the interface between the prism 102 and the layer of metal 106
(and in the plane of incidence) and has an amplitude that decays exponentially in a
direction perpendicular to the interface between the prism 102 and the layer of metal
106.

At the interface between the layer of metal 106 and an adjacent (dielectric) medium, in
this case the receptors at the receptor sites 200, surface plasmon polaritons can be
generated. Surface plasmon polaritons are a type of coupled oscillation of electrons
(plasmons) within the layer of metal 106 and an electromagnetic oscillation (polaritons)
in the dielectric medium. In particular, surface plasmons are collective conduction
electron oscillations at the interface of two layers, one layer being a metal (usually a
noble metal) and the second layer being a dielectric. If the thickness of the layer of
metal 106 is sufficiently thin (with respect to a penetration depth of the evanescent
wave) and a resonance condition is met, it can excite surface plasmon polaritons on an
opposite side of the layer of metal 106 to the prism 102 (i.e. on the distal surface of the

layer of metal 106). This uses some of the energy from the incident electromagnetic
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radiation and therefore reduces the intensity of the electromagnetic radiation that is
reflected from the interface between the prism 102 and the layer of metal 106. In turn,
this reduces the intensity of the reflected portion of each of the two dimensional array

of beams of electromagnetic radiation determined by the detector 108.

The resonance condition is dependent on the wavelength and angle of incidence of the
incident electromagnetic radiation (generated by the two dimensional vertical-cavity

surface-emitting laser array 104).

The resonance condition is also dependent on optical properties of both the layer of
metal 106 and the adjacent (dielectric) medium, i.e. the receptors at the receptor sites
200. The optical properties of the dielectric (and therefore the resonance condition)
vary in dependence on the presence or absence of the specific target molecule (or
analyte) that can bind to the receptor. In particular, the optical properties of the
dielectric (and therefore the resonance condition) vary in dependence on the

concentration of the specific target molecule (or analyte) that is bound to the receptor.

Figure 3 shows an example resonance curve 300 for the intensity of the reflected
radiation of one of the two dimensional array of beams of electromagnetic radiation as
a function of the angle of incidence of that beam of electromagnetic radiation. As the
concentration of the specific target molecule (or analyte) that is bound to the receptor
at the receptor site corresponding to a particular beam of electromagnetic radiation
varies, resonance curve 300 will also vary. For example, the resonance curve 300 may
move to the left or right such that the angle at which the minimum 302 of the resonance

curve 300 occurs varies.

In some prior art arrangements, apparatus scan through a range of different angles of
incidence in order to identify the position of a minimum 302 of the resonance curve
300. However, this can result in a bulky and complicated optical system and/or a

reduction in the level of multiplexing that is possible.

In contrast, the imaging surface plasmon resonance apparatus 100 uses an individual
beam of radiation (from the two dimensional vertical-cavity surface-emitting laser array
104) for each receptor site 200 that has a fixed angle of incidence. Furthermore, the

beams of electromagnetic radiation in the two dimensional array of beams of
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electromagnetic radiation may typically each have a divergence of 0.5° or less (for
example, less than 0.3°). Therefore, the detector 108 samples the resonance curve
300 at a fixed angle. Since this fixed angle is on the resonance trough, as the
resonance curve 300 moves to the left or right the sampled value will increase or

decrease.

The dynamic range of a typical detector 108 is illustrated in Figure 3 as a rectangle
304. The rectangle 304 has a non-zero width in the direction of the axis for the angle
of incidence for a number of reasons. For example the electromagnetic radiation will
have some non-zero bandwidth, some non-zero divergence and/or the detector 108
subtends a non-zero range of angles at which it can receive the reflected radiation. In
addition, the rectangle 304 has a finite height which corresponds to the dynamic range
of intensities over which the detector 108 can operate. It can be seen that if the
resonance curve 300 moves by more than a few tenths of a degree the imaging
surface plasmon resonance apparatus 100 can no longer operate (since the resonance
curve 300 no longer overlaps the rectangle 304 representing the dynamic range).
Increasing the range of angles of incidence (for example by increasing the divergence
of the beams of electromagnetic radiation) or the bandwidth of the radiation will
effectively broaden the thickness of the line in of the resonance curve 300, which

reduces the resolution of the imaging surface plasmon resonance apparatus 100.

Advantageously, the two dimensional vertical-cavity surface-emitting laser array 104 of
the imaging surface plasmon resonance apparatus 100 according to the present
disclosure provides an apparatus with a very high degree of multiplexing and which is

very compact, as now discussed.

Prior art imaging surface plasmon resonance apparatuses which comprise a prism
(upon which the metal layer is disposed) typically have illumination optics to couple
radiation into the prism that this bulky and which must be accurately aligned. One such

known apparatus 400 is shown in Figure 4.

The known apparatus 400 shown in Figure 4 shares some features in common with the
imaging surface plasmon resonance apparatus 100 according to the present
disclosure. In particular, the known apparatus comprises: a prism 402, having two

mutually perpendicular shorter surfaces 410, 412 and one longer surface 414, a layer
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of metal 406 disposed on the longer surface 414 of the prism 102; a detector 408

adjacent one of the shorter surfaces 412; and a polarizer 416.

However, in order to illuminate the interface between the prism 402 and the layer of
metal 406, the known apparatus 400 uses a different illumination system, as now

discussed.

The known apparatus 400 uses a single light source 418 (for example a diode laser)
which illuminates a single pinhole 420 in a screen 422. The single pinhole 420 acts as
a point source and illuminates a collimating lens 424 to ensure that the (divergent)
electromagnetic radiation from the pinhole 420 is collimated and is incident on the
metal layer 406 at a suitable angle to observe the resonance. However, in order to do
this, the pinhole 420 should be disposed at a focal point of the collimating lens 424. It
will be appreciated that the desired dimension of the collimated beam will be of the
order of the dimensions of the prism 402. Furthermore, the focal length of the lens will
typically scale with the size of the lens 424. Therefore, with such an arrangement 400

the illumination system is at least the same size as the prism 402 or larger.

Compared to such known systems, the present imaging surface plasmon resonance
apparatus 100 disclosed here has the following advantages. By providing a two
dimensional vertical-cavity surface-emitting laser array 104 operable to produce a two
dimensional array of beams of electromagnetic radiation no bulky collimating
illumination optics is required. The two dimensional array of beams of electromagnetic
radiation produced by a two dimensional vertical-cavity surface-emitting laser array 104
may have some divergence, however, due these can be collimated with significantly
smaller optics (for example a microlens array and/or a pinhole array). Advantageously,
this allows for a particularly compact apparatus. For example, the optical volume may

be reduced by at least a factor of 10.

Some prior art imaging surface plasmon resonance apparatuses are arranged to
illuminate a metal layer with electromagnetic radiation at a plurality of different angles
and the amount of reflected radiation from each is determined by a separate detector
so as to determine a resonance spectrum. It will be appreciated that these prior art
arrangements are incompatible with an arrangement that has a two dimensional

vertical-cavity surface-emitting laser array operable to produce a two dimensional array
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of beams of electromagnetic radiation that are generally mutually parallel and are
incident on the interface between the prism 102 and the layer of metal 106 at
substantially the same angle of incidence (since a range of angles of incidence is

required).

Compared to such known systems, the present imaging surface plasmon resonance
apparatus 100 disclosed here has the advantage that it allows for a two dimensional
array of beams of electromagnetic radiation that are generally mutually parallel and
therefore incident on the surface 114 of the prism 402 at substantially the same angle.
This therefore allows for a two dimensional array of different receptors to be
simultaneously monitored whilst all of these remain within a dynamic range of a
detector for determining the presence and/or concentration of a target molecule being
bound to those receptors. Advantageously, this significantly increases the number of
receptors that can be monitored simultaneously (i.e. it allows a significant increase in

the amount of multiplexing).

It will be appreciated that the beams of electromagnetic radiation in the two
dimensional array of beams of electromagnetic radiation may be considered to be
generally mutually parallel if the directions of all of the beams of electromagnetic
radiation vary by less than 1°. For example, the directions of all of the beams of
electromagnetic radiation may vary by less than 0.5°. For example, the directions of all
of the beams of electromagnetic radiation may vary by less than 0.1°. The direction of
each beam of electromagnetic radiation may be the direction of a chief ray of that

beam.

It will be appreciated that beams of electromagnetic radiation may be considered to be
have the same angle of incidence if their angles of incidence vary by less than 1°. For
example, the angles of incidence of all of the beams of electromagnetic radiation may
vary by less than 0.5°. For example, the angles of incidence of all of the beams of

electromagnetic radiation may vary by less than 0.1°.

In some embodiments, the imaging surface plasmon resonance apparatus 100 may
further comprise a pinhole array (not shown) disposed between the two dimensional
vertical-cavity surface-emitting laser 104 and the prism 102. Each vertical-cavity

surface-emitting laser in the two dimensional vertical-cavity surface-emitting laser array
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104 may be aligned with a different one of the pinholes in the pinhole array. Each one
of the beams of electromagnetic radiation in the two dimensional array of beams of
electromagnetic radiation may be at least partially formed or controlled by a pinhole
from the pinhole array. Advantageously, the pinhole array may improve control over
the beams of electromagnetic radiation in the two dimensional array of beams of

electromagnetic radiation.

In some embodiments, as shown in Figure 2, the layer of metal 106 may comprise a
substantially continuous layer of metal disposed on, or adjacent to, the surface 114 of
the prism 102 in the vicinity of all of the plurality of regions on the surface of the prism
102 corresponding to one of the beam spots. That is, all of the receptor sites 200

shown in Figure 2 are provided on a single layer of metal 106.

Alternatively, in other embodiments, the layer of metal 106, may comprise a plurality of
discrete patches of metal disposed on or adjacent to the surface 114 of the prism 102.
For example, the layer of metal 106 may comprise a plurality of discrete patches of
metal, each discrete patch of metal being disposed in the vicinity of a different one of
the plurality of regions on the surface of the prism 102 corresponding to one of the
beam spots. That is, each of the receptor sites 200 shown in Figure 2 may be provided

on a different patch of metal 106.

Figure 5 is a schematic illustration of another imaging surface plasmon resonance
apparatus 500 according to the present disclosure. The imaging surface plasmon
resonance apparatus 500 shown in Figure 5 shares many features in common with the
imaging surface plasmon resonance apparatus 100 shown in Figure 1. Such features
share common reference numerals and will not be described further here unless a
feature of the imaging surface plasmon resonance apparatus 500 shown in Figure 5
differs from the corresponding feature of the imaging surface plasmon resonance

apparatus 100 shown in Figure 1.

In the following, the differences between the imaging surface plasmon resonance
apparatus 500 shown in Figure 5 and the imaging surface plasmon resonance
apparatus 100 shown in Figure 1 are described. In particular, the imaging surface

plasmon resonance apparatus 500 shown in Figure 5 comprises some additional,
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optional features, not present in the imaging surface plasmon resonance apparatus

100 shown in Figure 1.

The imaging surface plasmon resonance apparatus 500 further comprises a printed
circuit board 502. The two dimensional vertical-cavity surface-emitting laser array 104
is mounted on the printed circuit board 502 via a support 504 and a contact 506 (for
example one or more soldered contacts). Similarly, the detector 108 is mounted on the
printed circuit board 502 via a support 508 and a contact 510 (for example one or more

soldered contacts). The supports 504, 508 may comprise printed circuit boards.

The imaging surface plasmon resonance apparatus 500 further comprising one or
more sensors operable to determine one or more ambient conditions. In particular, the
imaging surface plasmon resonance apparatus 500 further comprises a support 512
which is provided with one or more sensors operable to determine one or more
ambient conditions. The support 512 may comprise, for example, sensors operable to
determine one or more of. a relative humidity, temperature and/or pressure adjacent
the layer of metal 106. The support 512 is connected to the support 508 of the detector

108 via a contact 514 (for example one or more soldered contacts).

The imaging surface plasmon resonance apparatus 500 further comprises a universal
serial bus (USB) port 516. The USB port 516 provides a user interface for providing
signals to the two dimensional vertical-cavity surface-emitting laser array 104. The
USB port 516 provides a user interface for receiving signals from the detector 108.
The USB port 516 provides a user interface for receiving signals from the one or more

sensors provided on the support 516.

Optionally, the imaging surface plasmon resonance apparatus 500 may further
comprise a processor 518 operable to determine a concentration of a target molecule
from the intensity of the portion of each of the plurality of beams of electromagnetic
radiation determined by the detector 108. The processor 518 may be operable to
implement the methods described above with reference to Figure 3. Alternatively,
signals from the detector 108 may be processed by a separate processor connected to
the detector 108 via the USB port 516.
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Embodiments of the present disclosure can be employed in many different applications
including any optical system or imaging system, for example, in the cellular telephone

(mobile telephone) and other industries.

List of reference numerals:
100 imaging plasmon resonance apparatus
102 prism
104 two dimensional vertical-cavity surface-emitting laser array
106 layer of metal
108 detector
110 shorter rectangular surface of prism
112 shorter rectangular surface of prism
114 longer rectangular surface of prism

116 polarizer

200 receptor sites

300 resonance curve
302 minimum

304 rectangle representing dynamic range

400 known apparatus

402 prism

406 layer of metal

408 detector

410 shorter rectangular surface of prism
412 shorter rectangular surface of prism
414 |longer rectangular surface of prism
416 polarizer

418 light source

420 single pinhole

422 screen

424 collimating lens

500 imaging surface plasmon resonance apparatus
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502 printed circuit board
504 support

506 contact

508 support

510 contact

512 support

514 contact

516 universal serial bus port

518 processor

The skilled person will understand that in the preceding description and appended
claims, positional terms such as ‘above’, ‘along’, ‘side’, etc. are made with reference to
conceptual illustrations, such as those shown in the appended drawings. These terms
are used for ease of reference but are not intended to be of limiting nature. These
terms are therefore to be understood as referring to an object when in an orientation as

shown in the accompanying drawings.

Although the disclosure has been described in terms of preferred embodiments as set
forth above, it should be understood that these embodiments are illustrative only and
that the claims are not limited to those embodiments. Those skilled in the art will be
able to make modifications and alternatives in view of the disclosure which are
contemplated as falling within the scope of the appended claims. Each feature
disclosed or illustrated in the present specification may be incorporated in any
embodiments, whether alone or in any appropriate combination with any other feature

disclosed or illustrated herein.



10

15

20

25

30

WO 2022/002991 PCT/EP2021/067933

24
CLAIMS:
1. An imaging surface plasmon resonance apparatus comprising:
a prism;

a two dimensional vertical-cavity surface-emitting laser array operable to
produce a two dimensional array of beams of electromagnetic radiation and arranged
such that each one of said two dimensional array of beams of electromagnetic radiation
is coupled into the prism and is incident on a different one of a plurality of regions on a
surface of the prism at substantially the same angle of incidence;

a layer of metal disposed on or adjacent to the surface of the prism in the
vicinity of each of the plurality of regions on the surface of the prism; and

a detector arranged to receive a portion of each of the two dimensional array of
beams of electromagnetic radiation which is reflected from the interface between the
prism and the layer of metal and operable to determine an intensity of said portion of

each of the plurality of beams of electromagnetic radiation.

2. An imaging surface plasmon resonance apparatus comprising:

a prism;

a two dimensional vertical-cavity surface-emitting laser array operable to
produce a two dimensional array of beams of electromagnetic radiation and arranged
such that each one of said two dimensional array of beams of electromagnetic radiation
is coupled into the prism and is incident on a different one of a plurality of regions on a
surface of the prism;

a layer of metal disposed on or adjacent to the surface of the prism in the
vicinity of each of the plurality of regions on the surface of the prism and comprising a
two dimensional array of receptor sites for supporting a receptor, each receptor site
disposed on a surface of the layer of metal that is distal to the prism and adjacent one
of the plurality of regions on the surface of the prism; and

a detector arranged to receive a portion of each of the two dimensional array of
beams of electromagnetic radiation which is reflected from the interface between the
prism and the layer of metal and operable to determine an intensity of said portion of

each of the plurality of beams of electromagnetic radiation.
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3. The imaging surface plasmon resonance apparatus of claim 1 or claim 2 further
comprising a plurality of receptors, each disposed on a surface of the layer of metal

that is distal to the prism.

4. The imaging surface plasmon resonance apparatus of any preceding claim
further comprising a pinhole array disposed between the two dimensional vertical-
cavity surface-emitting laser and the prism, each vertical-cavity surface-emitting laser
in the two dimensional vertical-cavity surface-emitting laser array being aligned with a

different one of the pinholes in the pinhole array.

5. The imaging surface plasmon resonance apparatus of any preceding claim
wherein the two dimensional vertical-cavity surface-emitting laser comprises a
microlens array, each microlens in the microlens array being arranged to reduce a

divergence of one of the two dimensional array of beams of electromagnetic radiation.

6. The imaging surface plasmon resonance apparatus of any preceding claim
wherein the beams of electromagnetic radiation in the two dimensional array of beams

of electromagnetic radiation each have a divergence of 1° or less.

7. The imaging surface plasmon resonance apparatus of any preceding claim
further comprising a processor operable to determine a concentration of a target
molecule from the intensity of the portion of each of the plurality of beams of

electromagnetic radiation determined by the detector.

8. The imaging surface plasmon resonance apparatus of any preceding claim
wherein the layer of metal comprises a substantially continuous layer of metal disposed
on or adjacent to the surface of the prism in the vicinity of all of the plurality of regions

on the surface of the prism.

9. The imaging surface plasmon resonance apparatus of any one of claims 1 to 8
wherein the layer of metal comprises a plurality of discrete patches of metal disposed

on or adjacent to the surface of the prism.

10. The imaging surface plasmon resonance apparatus of any preceding claim

further comprising a polarizer arranged to polarize the two dimensional array of beams
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of electromagnetic radiation such that the electric field of each of the beams of
electromagnetic radiation is parallel to the plane of incidence at the surface of the

prism.

11. The imaging surface plasmon resonance apparatus of any preceding claim
further comprising one or more sensors operable to determine one or more ambient

conditions.

12. The imaging surface plasmon resonance apparatus of any preceding claim
further comprising a printed circuit board to which the two dimensional vertical-cavity

surface-emitting laser array and the detector are mounted.

13. The imaging surface plasmon resonance apparatus of any preceding claim
further comprising a user interface for providing signals to the two dimensional vertical-

cavity surface-emitting laser array and/or receiving signals from the detector.



WO 2022/002991 PCT/EP2021/067933

1/3

100~

110

108
104

X 102

106 200

= o St o = S ——~ ——

{ ) { ) { ) { ) { ) ( ) { ) ( )
\s_dl \\_41 \s_dl \\_41 \~_,I \\_41 ~_4I \_4’

( ,-\, ( --\, ( ,-\, ( --\, (,,-\, (,—-\, ) ,-\, ( —-\,
\_f’ \_/’ \_f’ \_/’ \\_’/ \\_/’ \_f’ \_/’
———~ _— ———~ _— P —— -~ ——

{ ) ( ) { ) ( ) { ) ( ) [{ ) ( )
\_f’ \_./I \_f’ \_./I \~_¢/ \_./I \_f’ \_./I
—— —— —— L - —— - ——

{ | | | | ) ) | ) )
\_f, \_/’ \_f, \\_/I \_—, \_/’ \_—, \_/’
— — —~ — —~ — —~ —
N\ AY N\ AY 4 N\ AY N\ AY

{ ) { ) { ) { ) { ) ( ) { ) ( )
s_/l \_4’ s_/l \_4’ \~_,I \_4’ ~_4I \_4’

( ,-\, ( --\, ( ,-\, ( --\, (,,-\, (,—-\, ) ,-\, ( —-\,
\_f’ \_/’ \_f’ \_/’ \\_’/ \\_/’ \_f’ \_/’

( ,-\\, ( --\, ( ,-\\, ( --\, (,——\\, (,——\, ; -—\\, ( ——\,
\_f’ \_./I \_f’ \_./I \~_¢/ \~_./I \_f’ \_./I

( ,-\l ( ,-\) ( ,-\l ( ,-\) (/-\l (,—-\) ) ,-\l ( —-\)
\_f, \_/, \_f, \_/, \\_—, \\_/, \_—, \_/,




WO 2022/002991

2/3

o
(o]

PCT/EP2021/067933

..*\
/

304

300

o
o
1
/

o
w

Intensity/[arbitrary units]
o
N

o
N

o
(6)]
/E?l/
[

Theta/[°]

Fig. 3




WO 2022/002991 PCT/EP2021/067933

3/3

400
406 41

\ .

110 ~_" :
424 408
422\%
418\%%
416
402

N

(1P

412

y
420

Fig. 4

514




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2021/067933

A. CLASSIFICATION OF SUBJECT MATTER

INV. GOIN21/552 GOIN21/25 GOIN33/543
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2008/291453 Al (KANEKI NORIAKI [JP] ET 1-13
AL) 27 November 2008 (2008-11-27)
paragraphs [0001], [0045] - [0056],
[0069], [0070]; figures 1,4-7,14

Y US 2006/227328 Al (VANWIGGEREN GREGORY D 1,4-13
[US] ET AL) 12 October 2006 (2006-10-12)
paragraph [0022]; claims 1,5; figure 1

Y CN 109 470 659 A (UNIV ZHEJIANG) 1-13
15 March 2019 (2019-03-15)

paragraphs [0025], [0034], [0047],
[0048], [0049], [0053], [0063]; figures
2,5,6

A US 2010/220330 Al (RAN BOAZ [IL] ET AL) 1,2
2 September 2010 (2010-09-02)
paragraph [0119]; figure 3a

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y* document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
7 September 2021 15/09/2021
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .. .
Fax: (+31-70) 340-3016 Dui JS, Eric

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

AL) 15 November 2001 (2001-11-15)
paragraphs [0020], [0100]; figures 5a,5b

PCT/EP2021/067933
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2003/048452 Al (JOHANSEN KNUT [SE]) 1,2
13 March 2003 (2003-03-13)
paragraphs [0001], [0012], [42.69];
claims 1,11-13; figure 1la
Y US 2006/170918 Al (NISHIUMA SATORU [JP]) 9
3 August 2006 (2006-08-03)
paragraph [0067]; figure 1
Y JP 2004 020267 A (FUJI PHOTO FILM CO LTD) 11
22 January 2004 (2004-01-22)
abstract; figure 2
X JP 2003 185569 A (MITSUBISHI CHEM CORP) 1-8,10,
3 July 2003 (2003-07-03) 13
Y abstract; figures 1,6, 9, 10 1-13
paragraphs [0057] - [0062], [0064],
[0071], [0076], [0104], [0106]
Y WO 00/46589 Al (VIR A S [DK]; THIRSTRUP 1-13
CARSTEN [DK]) 10 August 2000 (2000-08-10)
page 19, Tines 21-34; figure 3a
Y FR 3 064 375 Al (UNIV JEAN MONNET SAINT 1-13
ETIENNE [FR]; CENTRE NAT RECH SCIENT [FR])
28 September 2018 (2018-09-28)
page 9, lines 9-17
Y US 2001/040679 Al (KAWABATA YUJI [JP] ET 1-13

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2021/067933
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2008291453 Al 27-11-2008  JP 3890362 B2 07-03-2007
JP 2006003214 A 05-01-2006
US 2008291453 Al 27-11-2008
WO 2005124318 Al 29-12-2005

US 2006227328 Al 12-10-2006  CN 1869659 A 29-11-2006
US 2006227328 Al 12-10-2006

CN 109470659 A 15-03-2019  NONE

US 2010220330 Al 02-09-2010 US 2010220330 Al 02-09-2010
WO 2008142689 Al 27-11-2008

US 2003048452 Al 13-03-2003 AT 466275 T 15-05-2010
AU 4292701 A 24-09-2001
EP 1287336 Al 05-03-2003
JP 4964384 B2 27-06-2012
JP 2004500571 A 08-01-2004
US 2003048452 Al 13-03-2003
WO 0169209 Al 20-09-2001

US 2006170918 Al 03-08-2006 JP 2006208294 A 10-08-2006
US 2006170918 Al 03-08-2006

JP 2004020267 A 22-01-2004  JP 4109022 B2 25-06-2008
JP 2004020267 A 22-01-2004

JP 2003185569 A 03-07-2003  NONE

WO 0046589 Al 10-08-2000 AU 771594 B2 25-03-2004
CA 2360932 Al 10-08-2000
CN 1344366 A 10-04-2002
EP 1157266 Al 28-11-2001
JP 2002536638 A 29-10-2002
KR 20010110428 A 13-12-2001
NZ 513843 A 26-07-2002
WO 0046589 Al 10-08-2000

FR 3064375 Al 28-09-2018  NONE

US 2001040679 Al 15-11-2001 JP 3647267 B2 11-05-2005
JP H11344437 A 14-12-1999
US 2001040679 Al 15-11-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report
	Page 33 - wo-search-report
	Page 34 - wo-search-report

