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(57) Abstract: The disclosure relates to processing SPR signals, in particular signals obtained by illuminating a conductive surface
with light at two wavelengths. Embodiments involve processing a first and second signal indicative of an intensity of light, received
from a conductive layer at which SPR has occurred, as a function of angle of incidence, reflection or ditfraction at the layer (depend -
ing on whether the incident light beam is received by a detector recording it in reflection or transmission from the conductive layer).
The first and second signals each have two dips corresponding to a respective wavelength of the light at a respective angle at which
surface plasmon resonance occurs for the respective wavelength and a peak between the two dips. The processing includes deriving a
first and second value of a quantity indicative of signal magnitudes in the region of the peak. The method then provides for compar -
ing the first and second values to detect a change in refractive index at the layer after the first signal and before the second signal was
captured.
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ENHANCED SURFACE PLASMON RESONANCE METHOD

The present invention relates to the detection of Surface Plasmon Resonance
effects, in particular to detect changes in refractive index at a conductive surface, for

example due to antibody/antigen binding events.

The phenomenon of Surface Plasmon Resonance (SPR) can be used to detect
minute changes in the refractive index at a surface of a conductive layer as some
event occurs near the conductive surface, for example a metal coated surface. In
particular it may be used to quantitatively determine a reaction between antigens
(targets) and antibodies immobilised on the surface (probes). Surface Plasmon
Resonance is due to the oscillation of free electrons which exists at a metal boundary
induced by a time varying electric field absorbing photos of an incident light beam.
These oscillations are affected by the refractive index of the material adjacent the

metal surface and it is this that forms the basis of the sensor mechanism.

One of the most common SPR configurations involves the use of a polarized
monochromatic light source (e.g. a diode laser) incident on the conductive layer, for
example at the metal coated surface with a range of incident angles. In this
configuration, one measures the light intensity of the reflected light beam as a
function of angle over time while the event to be measured occurs, and detects a

change of the angle at which a light intensity minimum occurs as a function of time.

For practical applications, SPR detection devices often include a cartridge having a
liquid sample to be characterized. In many applications the cartridge is movable, in
particular in some applications, the cartridge may rotate while SPR measurements
are performed. SPR measurements may detect extremely small changes in a liquid
sample (e.g. small concentration of a blood marker bound to corresponding probes),
but may also be very sensitive to external effects (e.g. temperature, cartridge tilt and
position, bulk effects). The latter can lead to a significant decrease in signal to noise

ratios and so limit the application scope of SPR device.

Therefore, it would be desirable to have SPR devices providing better signal to noise

ratios when compared to conventional devices. Furthermore, in the case of SPR
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devices including movable cartridges, it would be beneficial to have mechanisms for

self-referencing and quality controls in order to ensure the quality of output data.

The specific description herein relates to a polarized double monochromatic light
source incident on a detection zone. The double monochromatic light source has two
wavelengths sufficiently similar so to induce the Surface Plasmon resonance effect at
two similar incident angles, so that light can be captured for angles at which SPR
occurs for both wavelengths, within a practical angular range. Two respective surface
plasmons occur simultaneously over a predetermined critical incidence angle range
and it is believed that their effect is combined to result in an increased light
adsorption effect. Advantageously, the measurement of light reflection at the critical
incidence angle range described herein shows a much greater sensitivity to events
occurring in the liquid sample, compared with conventional known Surface Plasmon
resonance devices. Furthermore, described herein are self-consistency tests
associated to the double surface plasmon resonance measurements used for quality

testing and feedback systems.

In a first aspect, there is provided a method for analysing a Surface Plasmon

Resonance Signal as set out in independent claim 1.

Some embodiments include processing a first and second signal indicative of an
intensity of light, received from a conductive layer at which SPR has occurred, as a
function of angle of incidence, reflection or diffraction at the layer (depending on
whether the incident light beam is received by a detector recording it in reflection or
transmission from the conductive layer). The first and second signals each have two
dips corresponding to a respective wavelength of the light at a respective angle at
which surface plasmon resonance occurs for the respective wavelength and a peak
between the two dips. The processing includes deriving a first and second value of a
guantity indicative of signal magnitudes in the region of the peak. The method then
provides for comparing the first and second values to detect a change in refractive
index at the layer after the first signal and before the second signal was captured.
Preferably, the step of detecting the change includes deriving a magnitude of the

change.
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Advantageously, this method is less sensitive to external effects, for example
temperature, cartridge tilt and position, and bulk effects and, therefore, can provide

improved signal to noise ratios.

It will be understood that reference to detecting a change (obtaining a magnitude of
the change or merely that a change occurred) in refractive index includes doing so
implicitly as the fundamental signal detectable by SPR, even if it is not explicitly
calculated or detected. For example, the method may produce a result indicative of
e.g. composition or concentration changes in a liquid sample of the conductive layer,
such as targets binding to probes immobilised on the layer, temperature changes or
any other changes affecting SPR. Further, the method may be equally applicable
whether incident light is transmitted or reflected by the layer to reach a detector and
irrespective of whether the beam path passes through a sample in contact with the
liquid or not (e.g. by reflection from a surface of the layer not in contact with the
sample). The method is equally applicable as an online method where signals are
processed and changes detected as the signals are collected, or offline, where the

signals are stored for later processing.

In some embodiments, the first signal was recorded before a sample is brought into
contact with the layer and the second signal was recorded after the sample is brought
into contact with the layer. It will be appreciated that in this way, the method allows a
user to detect small changes of refractive index at the conductive layer due to a liquid
sample. Preferably, probes are immobilised on the layer and the sample includes
targets, such that the change in refractive index is due to targets binding to probes on
the layer (and remaining there after a separate wash). This is particularly
advantageous as the method can be used to detect small amounts of target present

in a blood sample, blood plasma sample or other liquids.

In some embodiments, illumination may be provided at both wavelengths
simultaneously and, additionally, the signals are captured at both wavelengths
simultaneously. By capturing the signals at both wavelengths simultaneously, the
signals required for the above processing can be captured in a simple and efficient

way for example using an area detector, CCD array or a suitably placed photo
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multiplier tube. Further, due to the simultaneous illumination, it is believed that SPR

effects may be enhanced.

The quantity indicative of signal magnitudes in the region of the peak may be the
height of the peak and/or it may be the area under the signal between the peak and a
threshold intensity level. The threshold intensity level may be determined by defining
the intensity difference between two SPR dips and a pre-defined multiplicative or
additive constant. By providing for a method which considers the change in peak
height or area, the method provides for greater sensitivity and increased signal to
noise ratios when compared to conventional methods which consider angular shifts in
resonance angle or intensity measures locked onto certain angular positions. The
measured quantity is directly based on the shape of the curve, rather than being

indexed to a pre-defined angular position or relying on angle measurements.

Advantageously, the method may additionally provide for checking consistency
between the first and second signals. This can be done by comparing at least two of
the value of the quantity and the angle of each dip of the first signal to the same at
least two of the second signal and checking if the respective changes between the
first and the second signals are consistent. Such self-consistency checks may not be
available or even possible with conventional Surface Plasmon Resonance
techniques. By providing for a self-consistency check, quality assurance can be
provided to ensure that the results obtained by the method are reliable. Furthermore,
where the method finds that the results are not consistent, feedback control can used
to make adjustments to correct the cause of inconsistency. For example, in some
embodiments, the method allows the orientation of the conductive layer to be

adjusted to ensure consistency.

In some embodiments, the conductive layer is provided on a cartridge.
Advantageously this allows the conductive layer to be easily changed; thereby
minimizing down time between uses of the Surface Plasmon Resonance device. The
cartridge may comprise liquid handling structures to bring a liquid sample into contact
with the conductive layer. The cartridge may be rotatable to drive liquid flow. The

layer may comprise a grating profile.
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The conductive layer may be configured as a suitable diffraction grating to achieve
SPR momentum coupling, or a prism configuration may be used to achieve

momentum coupling by total internal reflection.

In some embodiments, the method includes tuning one or both of the wavelengths
(or a difference therebetween) to enhance signal to noise ratios, for example for a
given grating configuration or prism coupling arrangement. The tuning may be by
means of cooling or heating (or both) element placed in between two laser diodes
emitting at respective wavelengths and changing losing behaviour to control
wavelength by temperature control. The diodes may intrinsically emit at the same
wavelengths (the difference being established by a temperature difference) or at

different wave-lengths (still tuning the difference using temperature).

In a second aspect, there is provided a method for detecting a change in refractive

index as set out in independent claim 14.

Some embodiments comprise simultaneously illuminating a conductive surface with
light at two wavelengths and measuring an intensity of light returned from the
conductive surface at angles lying between an angle at which a first intensity
minimum due to Surface Plasmon Resonance at one of the wavelengths occurs and
an angle at which a second intensity minimum due to Surface Plasmon Resonance at
the other one of the wavelengths occurs and detecting a change in the refractive

index by detecting a change in the measured intensity.

In some embodiments, the step of detecting the change includes quantifying a
concentration of target molecules in a sample applied to the conductive surface
based on change in the measured intensity. The simultaneous illumination may be
provided by separate monochromatic sources, such as two lasers, laser diodes or
LEDs, combined using a beam splitter (possibly also using suitable filtering). A single

source with suitable spectral lines may be used instead.

In third and fourth aspects there are provided systems configured to implement

methods as described above, as set out in independent claim 16 and 29.
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Embodiments are now described by way of example only to illustrate aspects and
principles of the present disclosure, with reference to the accompanying drawings in

which:

Figure 1 illustrates a device (1) comprising a rotatable cartridge (10) attached
to a motor (50) and an optical module (60); wherein the motor (50) and the optical
module (60) are both attached to a base (70). The optical module (60) comprises two
laser diodes (62) and (63) aligned perpendicular to each other and a beam splitter
(64) which is capable of combining the laser diode beams;

Figure 2 illustrates two output light intensity signals detected by the optical
detector (80) of device (1) as illustrated in Figure 1, as a function of the incident angle
at the optical detector (80); and

Figure 3 illustrates an operating protocol of a device (1).

Figure 1 illustrates a device (1) comprising rotatable cartridge (10) which is
releasably attachable to a motor (50). The device (1) further comprises an optical
module (60). Both the motor (50) and optical module (60) are preferably attached to a
base (70). The optical module (60) comprises two laser diodes (62) and (63) which
are preferably aligned perpendicular to each other. Preferably, the optical module

(60) comprises a beam splitter (64) suitable for combining the laser diode beams.

The light beam (100) coming from the beam splitter (64) is focused on a detection
zone (30) on the cartridge (10). A grating surface (40) consisting of a grating
dielectric with a predetermined grating profile covered by a thin metal layer may be
provided on the cartridge (10) to provide a conductive layer acting as a detection
surface for generating a Surface Plamon Resonance effect. The light beam (100) is
then incident on an optical element (90), for example a lens, and then on an optical
detector (80).

Preferably, the detection zone (30) may contain a sample liquid with specific
biological elements to be quantitatively measured by the device (1). Preferably, the
cartridge (10) comprises two plastic parts (11) and (12) which may be bonded
together. The cartridge (10) is arranged such that while it is being rotated by action of
the motor (50), the light beam (100) can be detected by the optical detector (80).
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Figure 2 illustrates two output light intensity signals detected by the optical detector
(80) of the device (1) described above in respect of Figure 1, as a function of the
incident angle at the optical detector (80). As illustrated in Figure 2, the first light
intensity output signal (200) comprises two dips (201) and (202) which correspond to
the Surface Plasmon Resonance effect of each light source (62) and (63). Preferably,
the device (1) is configurable to allow, a set of parameters to be adjusted; including
but not limited to: the grating profile (i.e. grating period, grating height and profile
shape), the range of incident angles and the wavelength difference between the two
monochromatic sources (62) and (63). As depicted in Figure 2, in between the two
Surface Plasmon Resonance dips (201) and (202) there is a light intensity peak
(210). Due to the difference of wavelengths of the two monochromatic sources, the

two dips (201) and (202) have different light intensity values.

The analytical device (1) may be used to probe or quantify events or elements in a
liquid sample placed or flowing into at least one detection zone (30), and
measurements maybe performed as a function of time. Preferably the device (1)
determines a sensorgram, thereby providing the temporal variation of at least one

parameter which affects Surface Plasmon Resonance.

The sensorgram may depict the angle of incidence corresponding to the minimum of
the Surface Plasmon Resonance dip (201) of a light intensity output signal as a

function of, e.g. incident, angle over time.

Continuing the detailed description of Figure 2, the curve (300) represents the light
intensity output signal detected in the optical detector (80) after a period of time when
the signals of the curve (200) was detected. A certain event occurring in the liquid
sample, for example, the binding of a blood marker with a specific antibody coated on
the thin metal layer of the grating surface (40) (and preferably a subsequent wash to
remove excess sample)., The change in refractive index of the grating surface (40)
associated with the event leads to a change of angular position of the minima of dips
(301) and (302) compared to curve (200). Conventional methods relate to quantifying
this shift, represented by the angular distance between m1i and m1f for one

wavelength and the distance between m2i and m2f for the other wavelength.
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The method described herein explores a change of the peak of light intensity of the
output light signal (210) to (310), located in between the two Surface Plasmon
Resonance dips. This will be noted from Figure 2 which illustrates a much more
marked change of the peak (210) to peak (310), when compared to the changes of
each Surface Plasmon Resonance dips.

The observed fact that both Surface Plasmon resonance dips originated each by one
of the monochromatic light sources (62, 63) have significantly different minimum
intensity may further be explored in order to enhance the change signal calculated by
the device (1). By measuring the difference & in intensity between each dip (201) and
(202) , defined by s1 and s2 in Figure 2, the device (1) determines a threshold level
(400) and calculates the total area of the peak above that threshold. The threshold is

in some embodiments calculated as a factor at times the difference 0.

The area Ai changes into area Af while the event to be detected by the device (1)
occurs. Detection of the change in area may be done with a sensitivity increased by
many orders of magnitude when compared to the angular shift between m2i and m2f,

which is the only information used by conventional methods.

The analytical method described herein, explores this novel effect, associated with
the asymmetric change of each Surface Plasmon Resonance dip for the two-

wavelength intensity signal.

An additional advantages of the method described herein, is due to the fact that the
claimed method measures light which is easier than measuring dark, thereby

enabling a further increase in the signal to noise ratio.

Further described herein is a method of self-consistency checking provided by the
device (1) to overcome quality control issues occurring in conventional Surface
Plasmon Resonance devices. One important aspect associated with Surface

Plasmon Resonance analytical devices relates to consistency and quality controls.
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By exploring known correlations between features detected in the output signal and
illustrated in Figure 3, the device (1) may be used with built-in self-consistency
checks. These checks may include acceptance and rejection criteria for accepting or
rejecting measurements from specific detection zones having non-consistent output
signals. In one example of correlations used for self-consistency checks, if the shift or
change of the dip m2 is significantly smaller or larger than the shift or change of m1
then measurements are not deemed to be self-consistent. In another examples if
both shifts of m1 and m2 are consistent but the shift of the peak intensity L is
significantly smaller or larger when compared to an expected shift obtained from
correlation with the shifts of m1 and m2, then measurements are also not deemed to

be self-consistent.

Figure 3 illustrates an operating protocol of the device (1).

Non consistency of each output parameter may arise from different effects; for
example, variations may occur depending on the orientation or position of the
cartridge (10) with respect to the optical module (60), particularly if it is outside an
acceptable range. The device (1) described herein may be operated in such a way
that measurements of correlated parameters of output data can be used to determine
the relative position of the cartridge (10) and/or its orientation with respect to the
optical module (60), thereby allowing corrective algorithms for measured shifts to be
applied. Furthermore, having determined the position and orientation of the cartridge
(10), the device (1) may be arranged in such a manner as to induce feedback

correction actions by mechanical actuators.

One specific, embodiment of a device and method is described.

The cartridge (10) consists of two disk-shape polycarbonate parts of 0.6mm
thickness each bonded together, having an outer diameter of 120mm and an inner
hole of 15mm diameter centred at the rotational axis of the motor (50). The cartridge
contains 30 detection zones (30) each of 0.02mm depth engraved into the upper
cartridge part (11) having an average radius of 50mm from the rotational axis and
being capable of holding 0.2uL of blood. It will be appreciated that the cartridge need
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not be provided in a disk shape and the dimensions and materials of the cartridge

described herein are illustrative only.

While the cartridge is rotated, the liquid sample, consisting of diluted blood plasma,
flows from upstream chambers into downstream chambers passing each detection
zone (30). Preferably, the cartridge is rotated at around 25Hz. The lower part (12) of
the cartridge (10) may contain a grating at the detection zones (30) which is in some
embodiments a sine-trapezoidal shape. More particularly, the grating may have a
grating period of 950nm and a grating height of 50nm in some embodiments. The
grating is defined in the polycarbonate part (12) and maybe coated by 100nm of gold,
wherein antibodies are attached. It will be appreciated that other suitable coating may

be provided which allows for antibodies to attach thereto.

The optical module (60) contains two diode lasers (62) and (63) in some
embodiments. In an illustrative example, the diode lasers emit at 785nm and 808nm,
and are aligned perpendicularly. A beam splitter consisting of a glass plate of 0.1mm
of thickness and 15nm of reflective metal layer, with the thickness adjusted in order
to have ~50% of light transmission at ~800nm of wavelength is provided. An acrylic
cylinder (65) preferably focuses the light beam (100) into the grating surface (40) of
the detection zone (30). The first order reflective diffraction passes into a polarizer
(90) and is incident into the optical detector, preferably a CMOS camera (80). The
camera can detect the output light signal over ~3° of angular range, centred at ~55°
with respect to a plane of the grating surface (40). It will be appreciated that other
suitable specifications and arrangements of diode laser, beam splitter and optical

detector may be provided.

The motor (50) may be a standard BLDC motor, which can be controlled with
rotational speeds between 5Hz and 150Hz. Both the motor (50) and the optical
module (60) can be attached to a base (70) and the whole system is preferably

temperature controlled by external components.
When the motor is rotated, at 25Hz in one example, a first buffer liquid, which

consists of PBS 1X (or any other suitable buffer), in this example, can flow through

the detection zones (30) at a roughly constant flow rate. The acquired signal is

10
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represented by the curve (200) in Figure 2. Then the sample diluted blood plasma
flows through the detection zone and finally a buffer liquid preferably consisting of
PBS 1X flows again through the detection zone (30), washing and making a final

baseline signal represented in Figure 2 by the curve (300).

The observed change is substantially proportional to the concentration of an analyte
having bound to antibodies immobilised on the grating surface of a detection zone
(30).

The intensities and angular positions of the dips and peaks may be further analysed
for self-consistency as described above and the measurement(s) may be accepted or

rejected depending on the observed values and criteria.

In some embodiments, the two Surface Plasmon Resonance dips are expected to
occur centred at respective angles, for example 54.5° and 55.5°. Several
experimental effects may lead to different values for the two Surface Plasmon
Resonance dips, such as: bending or orientation of the cartridge, temperature of the
system, liquid sample concentration, biological coating, etc. In one example, the
system is defined with an acceptance criteria as an angular tolerance, e.g. of +/-0.1°,
meaning that the measurement is accepted only if the measured dip angles have a
difference consistent with the respective angular tolerance, e.g. of 1° +/- 0.1°. In a
further example, the acceptance criteria includes also or instead an absolute angle
criteria, for example requiring an angular spacing of 1° +/- 0.1° and a centre of each
dip at specific angles, e.g. 54.5° and 55.5°, respectively. Measurements would be
rejected in this latter case, if the two dips had an angular spacing of 1° +/- 0.1° but
were centred around 54.5° and 55.5°, respectively. This could in practice occur if, for

example, the cartridge had a tilted orientation with respect to its expected orientation.

In particular embodiments, a cartridge orientation tilted at a certain angular value
[e.g. 5°] would lead to an equivalent shift of both SPR dips [e.g. the same 5°] due to
the corresponding tilt of the conductive layer / detection surface. This tilted orientation
could then be easily determined by observing the initial angular positions of the two
SPR dips. This tilted orientation may be then considered, in some implementations,

irrelevant for the quality of the measurements, provided that there is consistency in

11
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the relative angular position of the dips. In other embodiments , the tilted orientation
of the cartridge could be considered important for the acceptance of measurements,
even if both SPR dips are observed to be mutually spaced within the acceptable
angular range. One could then reject measurements by defining and implementing

specific acceptance criteria accordingly.

Furthermore, in specific embodiments, a feedback loop applies commands to action
mechanical actuators in order to correct the orientation of the cartridge (and hence
the conductive layer / detection surface). For example, a feedback mechanism is in
some embodiments implemented as follows: (i) confirm the two SPR dips are spaced
within the acceptable range; (ii) find an angular deviation of dip centre position from
the expected position, e.g. 2° (iii) tilt the optical module (60) by the determined
deviation to bring the two SPR dips to their expected angular position; (iv) perform

further measurements in accordance with the embodiments described above.

Several possible correlations for quality control may be derived depending on the
application and, each particular implementation of the Surface Plasmon Resonance
detection system. Correlations rely on the expected common shapes of optical
signals resulting from similar but slightly different two Surface Plasmon Resonance
dips. Self-consistency parameters need to be observed in order to accept specific

measurements in such embodiments.

In one specific implementation, the SPR dips need to be within a predefined angular
position [e.g. 54.5° +/- 0.1° for the first SPR dip and 55.5° +/- 0.1° for the second SPR
dip] for the initial SPR measurements prior to passing a sample and the mutual
spacing between the two SPR dips need to be within another predefined angular
range [e.g. 1.0° +/- 0.1°]. In this case measurements are rejected if they do not

comply with the acceptance criteria.

In another specific implementation example, additionally or alternatively, the intensity
level of the initial peak Ai between the two SPR deeps need to be a pre-defined
fraction of the maximum measured light intensity, for example 70% +/- 1% of the

maximum measured light intensity.

12
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Measurements are rejected if they do not comply with all the applicable acceptance

criteria, in some embodiments.

In other specific implementation examples, other or additional criteria may be
preferable, for example where further additional acceptance criteria are necessary for
accepting measurements. Additional relevant acceptance criteria may include, but
are not limited to, the relative difference of light intensity of the two SPR dips; the
relative angular spacing between the initial peak Ai and the two SPR dips m1i and

m2i; the relative difference of shift of each of the two SPR dips, etc.

In some embodiments, the diode lasers (62) and (63) may be identical or emit
intrinsically at the same wave length. Further an additional peltier thermoelectrical
module is placed in between the two laser diodes in these embodiments, and
operated in such a way as to induce a temperature difference between the diodes
(62) and (63). This temperature difference leads to a significant difference lasing
wavelength, in view of the known dependency of the lasing wavelength with
temperature. By varying the temperature differences between the elements (62) and
(63), the induced temperature difference may be turned in order to maximize the
double surface Plasmon resonance effect described above. The same arrangement
may also be used to tune the wavelength difference between two laser diodes

intrinsically emitting at the same frequency.

In some embodiments, the detection surface has a grating surface of a sinusoidal
shape, trapezoidal shape or triangular shape, instead of a sine-trapezoidal shape.
Each specific shape of the grating surface will result in a different and characteristic
shape of each SPR dip, in particular expected SPR dip width and symmetry.
Accordingly, where quality or feedback control as described above is employed, the
parameters of acceptance criteria are adjusted for each particular grating

implementation.
Alternatively, in some embodiments, detection systems have a detection surface with

a flat conductive surface and use a prism configuration to achieve the momentum

coupling required for SPR to occur. In this later case, the SPR dips have a known

13
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pre-defined shape. Again, if quality or feedback control is used, the acceptance

criteria need to be adjusted to this particular implementation.

It will be appreciated that the invention is not limited to any specific type of cartridge

dimensions, configurations or materials, nor to a specific number detection zones.

For the avoidance of doubt, the term "microfluidic” is referred to herein to mean
devices having a fluidic element such as a reservoir or a channel with at least one

dimension below | mm.

It will also be appreciated that the present invention is not intended to be limited by
the particular described embodiments and examples.

Further embodiments are disclosed in the following clauses:

1. A Surface Plasmon Resonance (SPR) sensing method comprising the steps of:
providing a SPR sensor comprising a SPR supporting sensor surface;

contacting a sample to be analysed with said sensor surface and monitoring at least
two resonance conditions at said SPR supporting sensor surface by illuminating said
sensor surface with two SPR exciting light beam at varying incidence angles and
sensing the reflected test light beams;

determining at least one property of said reflected or transmitted test light beam;
characterized by

- illuminating said sensor surface with two light beam of similar but not equal
wavelengths;

- performing the simultaneous measurement of the two SPR dips originated by the
two light beams;

- determining the intensity level of each of the two SPR dips;

- determining a threshold level defined by the product of the intensity difference
between the two SPR dips and a pre-defined constant;

- determining the integrated light intensity existing in between the two SPR dips

above the calculated threshold as a function of the incidence angles;

2. A method according to clause 1, wherein the sensor surface includes a grating

profile;
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3. A method according to clauses 1-2 wherein further determination is performed of
the angular positions of each of the two SPR dips, by absolute intensity or centroid
method or any other method able to determine light intensity minima as a function of

incidence angle;

4. A method according to clauses 1-3 wherein the sensor surface is contained in a

cartridge operated by rotation;

5. A method according to clauses 1-4 wherein shifts are calculated for some
biological event for each of the SPR dips, and additional self-consistency tests are
performed with respect to both SPR dips, comparison with pre-defined
acceptance/rejection criteria is carried and measurements are then accepted or
rejected according to the comparison results;

6. A method according to clauses 1-4 wherein shifts are calculated for some
biological event for each of the SPR dips, and information of position and orientation
of the cartridge containing the sensor surface is obtained from the results of both
SPR dips, corrective shift functions are applied based on the determined information
of position and orientation of the cartridge, and further implementation of feedback on

mechanical actuators is carried;
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Claims

1. A method for analysing a Surface Plasmon Resonance Signal, the method

comprising:

processing a first signal indicative of an intensity of light, received from a
conductive layer at which SPR has occurred, as a function of angle of incidence,
reflection or diffraction at the layer, the first signal having two dips corresponding to a
respective wavelength of the light at a respective angle at which surface plasmon
resonance occurs for the respective wavelength and a peak between the two dips,
wherein the processing includes deriving a first value of a quantity indicative of signal

magnitude in the region of the peak;

processing a second signal indicative of an intensity of light, received from a
conductive layer at which SPR has occurred, as a function of angle of incidence,
reflection or diffraction at the layer, the second signal having two dips corresponding
to a respective wavelength of the light at a respective angle at which surface plasmon
resonance occurs for the respective wavelength and a peak between the two dips,
wherein the processing includes deriving a second value of a quantity indicative of

signal magnitude in the region of the peak; and

comparing the first and second values to detect a change in refractive index at
the conductive layer after the first signal and before the second signal was captured.

2. The method of claim 1, wherein detecting the change includes deriving a

magnitude of the change.

3. The method of claim 2, wherein the first signal was recorded before a sample
is brought into contact with the layer and the second signal was recorded after the

sample is brought into contact with the layer.

4, The method of claim 3, wherein probes are immobilised on the layer and
wherein the sample comprises targets, such that the change in refractive index is due

to targets binding to probes on the layer.
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5. The method of any preceding claim, further comprising providing illumination
at both wavelengths simultaneously and capturing the signals at both wavelengths

simultaneously.

6. The method of any preceding claim, wherein the quantity indicative of signal
magnitudes in the region of the peak comprises the area under the signal between

the peak and a threshold intensity level.

7. The method of claim 6, wherein the threshold intensity level is proportioned to

a difference between respective signal magnitudes at the dips.

8. The method of any one of claims 1 to 5, wherein the quantity indicative of
signal magnitudes in the region of the peak comprises the height of the peak.

9. The method of any preceding claim, further comprising checking consistency
between the first and second signals by comparing at least two of the value of the
guantity and the angle of each dip of the first signal to the same at least two of the

second signal.

10. The method of any preceding claim, further comprising comparing respective
values of one or more parameters measured from the first signal, the second signal,
or both to expected respective values of the one or more parameters and, preferably,
rejecting the signals if the respective values do not match, and, additionally or
alternatively, adjusting an orientation of the conductive layer to make the respective

values match.

11.  The method of any preceding claim, wherein the conductive layer is provided
on a cartridge comprising liquid handling structures for bringing a sample into contact

with the conductive layer.
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12. The method of claim 11, wherein the cartridge is rotatable to drive liquid flow in

the cartridge.

13.  The method of any preceding claim, wherein the conductive layer comprises a

grating profile.

14. A method of detecting a change in refractive index, the method comprising:
simultaneously illuminating a conductive layer with light at two wavelengths;

measuring an intensity of light returned from the conductive surface at angles
lying between an angle at which a first intensity minimum due to Surface Plasmon
Resonance at one of the wavelengths occurs and an angle at which a
second intensity minimum due to Surface Plasmon Resonance at the other one of

the wavelengths occurs; and

detecting a change in the refractive index at the conductive layer by detecting

a change in the measured intensity.

15. The method of any preceding claim, wherein the detecting the change
includes quantifying a concentration of target molecules in a sample applied to the

conductive surface based on change in the measured intensity.

16. A system for analysing a Surface Plasmon Resonance Signal, the system
comprising:

means for processing a first signal indicative of an intensity of light, received
from a conductive layer at which SPR has occurred, as a function of angle of
incidence, reflection or diffraction at the layer, the first signal having two dips
corresponding to a respective wavelength of the light at a respective angle at which
surface plasmon resonance occurs for the respective wavelength and a peak
between the two dips, wherein the means for processing a first signal are arranged to
derive a first value of a quantity indicative of signal magnitudes in the region of the

peak;

means for processing a second signal indicative of an intensity of light,
received from a conductive layer at which SPR has occurred, as a function of angle
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of incidence, reflection or diffraction at the layer, the second signal having two dips
corresponding to a respective wavelength of the light at a respective angle at which
surface plasmon resonance occurs for the respective wavelength and a peak
between the two dips, wherein the means for processing a second signal are
arranged to derive a second value of a quantity indicative of signal magnitude in the
region of the peak; and

means for comparing the first and second values to detect a change in
refractive index at the conductive layer after the first signal and before the second

signal was captured.

17.  The system of claim 16, wherein the means for comparing the first and second

values to detect a change is arranged to derive a magnitude of the change.

18. The system of claim 17, wherein means for processing a first signal is
arranged to record the first signal before the sample is brought into contact with the
layer and wherein the means for processing the second signal is arranged to record

the second signal after the sample is brought into contact with the layer.

19. The system of claim 18, wherein probes are immobilised on the layer, and
wherein the sample comprises targets, such that the change in refractive index is due

to targets binding to probes on the layer.

20. The system of any of claims 16 to 19, further comprising means for
simultaneously providing illumination at both wavelengths and, preferably, means for

simultaneously capturing the signals at both wavelengths.

21.  The system of any of claims 16 to 20, wherein the means for processing the
first and second signals are arranged to derive the quantity indicative of signal
magnitudes in the region of the peak based on the area under the signal between the

peak and a threshold intensity level.

22.  The system of claim 21, wherein the threshold intensity level is proportional to

a difference between respective signal magnitudes at the dips.
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23. The system of any of claims 16 to 20, wherein the means for processing the
first and second signals derive the quantity indicative of signal magnitudes in the

region of the peak based on the height of the peak.

24.  The system of any of claims 16 to 23, further comprising means for checking
consistency between the first and second signals by comparing at least two of the
value of the quantity and the angle of incidence of each dip of the first signal to the

same at least two of the second signal.

25.  The system of any of claims 16 to 24, further comprising means for comparing
respective values of one or more parameters measured from the first signal, the
second signal, or both to expected respective values of the one or more parameters
and, preferably one or both of means for rejecting the signals if the respective values
do not match and means for adjusting an orientation of the conductive layer to make

the respective values match.

26. The system of any of claims 16 to 25, wherein the conductive layer is provided
on a cartridge comprising liquid handling structures for bringing a sample into contact

with the conductive layer.

27. The system of claim 26, comprising means for rotating the cartridge to drive

liquid flow in the cartridge.

28. The system of any of claims 16 to 27, wherein the conductive layer comprises
a grating profile.
29. A system for detecting a change in refractive index, the system comprising:

a light source arrangement for simultaneously illuminating a conductive layer

with light at two wavelengths;

a detector arrangement for measuring an intensity of light returned from the
conductive surface at angles lying between an angle at which a first intensity

minimum due to Surface Plasmon Resonance at one of the wavelengths occurs and
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an angle at which a second intensity minimum due to Surface Plasmon Resonance at

the other one of the wavelengths occurs; and

a processor for detecting a change in the refractive index at the conductive

layer by detecting a change in the measured intensity.

30. A system as claimed in claim 29, wherein the processor is arranged to

implement a method as claimed in any one of claims 1 to 13.

31.  The system of any of claims 16 to 29, the means for detecting or the processor
being arranged to quantify a concentration of target molecules in a sample applied to

the conductive surface based on change in the measured intensity.

32. A system as claimed in any one of claims 16 to 30, wherein the light source
arrangement comprises two laser diodes, means for combining light emitted from the

two laser diodes and means for tuning the wavelength emitted by each laser diode.
33. A system as claimed in claim 31, wherein the means for tuning comprise a

cooling or heating element disposed between the laser diodes or next to one of the

laser diodes.
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