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DETECTION SYSTEM

FIELD

The disclosure relates to a light detection system. In particular, but not exclusively, the
disclosure relates to a detection system for measuring light absorption of a liquid sample

in a rotating assay device.

BACKGROUND

Modern assays are often provided in the form of a microfluidic device (or cartridge) for use
with a reader. The device allows a sample to be introduced and may carry other liquids in
storage arrangements such as blister packs so that they can also be introduced into the
device, for example by pressing on the blister pack. The device is then inserted into a reader
for processing the sample and obtaining a read out of the assay. The reader is arranged to

rotate to drive liquid flow for processing in assay devices.

Optical detection systems are often used to read out assay devices, for example by
measuring light absorption of the liquid being tested. Some detection systems for measuring
light absorption of a liquid sample use Paired Emitter-Detector Diodes (PEDD) which
generally used a light emitting diode (LED) for a light source and a separate LED for a light
receiver. The light source directs light to a light-transmitting chamber in the assay device
holding the liquid sample. The light receiver is arranged to receive light from the light source
that has passed through the chamber. The change in light intensity between the emitted
light and the received light can be used to determine the light absorption of the liquid

sample. Often this is determined relative to a blank or a control sample.

In assays using cuvettes to hold the liquid, light may be transmitted from a light source to a
light receiver on the other side of the cuvette. Accurate alignment of the light source and
light receiver contributes to acceptable signal-to-noise ratios in such tests. In assays using
a rotating assay device, for example, a lab on a disc device, light from a light source may
be directed by reflection through a chamber holding the liquid being tested. Light exiting the
chamber may be reflected again towards the light receiver. The reflectors may be integral
to the rotating assay device, for example the assay device may comprise voids to induce
total internal reflection of incident light. Accurate alignment of the light source, the light
receiver and the reflective surfaces to control the signal-to-noise ratio is challenging due to

the number of optical components in the assay reader and the movement of the reflectors
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within the assay device. Instead, readings can be adjusted based on a calibration of the
assay reader. However, calibrating each assay reader to a reference assay reader is a

resource-intensive process.

SUMMARY

In some aspects of the disclosure, a detection device is provided. The detection device
comprises a space for receiving an assay device having one or more chambers for
containing a liquid sample and a drive arrangement engaging the assay device to rotate
the assay device. The detection system comprises one or more light sources each
arranged to direct light towards the assay device. The detection system comprises a
diffuser arranged in a light path of each of the one or more light sources. Each diffuser is
arranged to diffuse light from its respective light source and is arranged between its light
source and the space. The detection system also comprises a light receiver
corresponding to each of the one or more light sources. Each light receiver is arranged to

receive light from its respective light source that has passed through the assay device.

The diffuser(s) act to increase the angular range of light that reaches the assay device. By
increasing the angular range, the consistency of the angular profile of the light reaching
the light receiver is increased in the face of manufacturing tolerances of the assay device
and fluctuations in alignment as the assay device is inserted and rotated in the reader.
Thus, a more consistent signal to noise ratio can be achieved across readers, assay
devices and individual runs of assays. Specifically, due to positional and tilt tolerances
inherent to manufacturing components for the light source and the light receiver, and in
particular the assay device, as well as variability due to how the device is secured and
rotated in the reader, without a diffuser, different detection devices would have a larger
variation in the respective signal-to-noise ratios. This is because the emitted light has a
narrower light intensity profile with less uniformity over the range of emitted angles that
are received due to the mentioned variations. This enables manufacture of readers to
lower tolerances, facilitates the use of rotation arrangements for the device that are less
precise and, in particular, allows for higher manufacturing tolerances in respect of the
assay devices themselves. Given the increased consistency and tolerance of variations as
outlined, calibration of the detection device against a reference is less critical and may not

be required.

The assay device may comprise a first surface arranged to reflect light from the light

source to the chamber, and a second surface arranged to reflect light from the chamber to
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the light receiver. When using reflectors, the diffuser(s) act to increase the angular range
over which light is travelling to the reflector so that the likelihood of light reaching the
detector at an angle that is transmitted through the chamber and on to the respective light
receiver is increased. Thus, the benefit of using diffusers is further reinforced when used

in combination with reflectors in the assay device.

In particular, the assay device may be a disc similar in dimension to a compact disc (e.g.
CD, DVD or Blu-Ray) with thickness of around 1.2 millimetres and where each chamber
has a dimension in the order of hundreds of microns. Other assay devices that may be
used with the detection device may have similar scale dimensions with chambers having a
dimension in the order of hundreds of microns. The assay device may have a plane
perpendicular to an axis of rotation, and the first surface may be arranged to reflect light
into the plane of the disc. It is generally impractical to manufacture completely flat and
precisely inclined surfaces to reflect light, in particular, at this scale where the reflective
surfaces may have a dimension of 200 microns +/- 5% in a direction parallel to the axis of
rotation, deviations to planarity on the micron scale, and the angle of the reflective
surfaces may also vary between 44.8 and 45.2 degrees relative to a direction parallel to

the axis of rotation.

Furthermore, the one or more chambers of the assay device may comprise walls through
which light enters and exits the respective chamber that are not completely aligned with a
direction parallel to the axis of rotation, e.g. due to injection moulding constraints, so that
the assay device can be removed from it mould during manufacturing. For example, the
walls may have an angle up to 2 degrees relative to a direction parallel to the axis of
rotation. These manufacturing tolerances of the assay device in combination with the
detection device tolerances discussed above (i.e. the positional and tilt tolerances of the
light source and the light receiver) lead to a complex optical system which would require
extensive and resource-consuming calibration procedures to make the detection systems
substantially equivalent. This exemplifies the benefit of the use of the diffuser(s) to

increase the angular range of light that reaches the assay device.

The detection system may comprise a second diffuser corresponding to each of the one
or more light sources. Each second diffuser is arranged between its respective light

receiver and the space for receiving the assay device.

Advantageously, the second diffusers may be used to further reduce the impact of any

manufacturing tolerances of the light receiver to the signal-to-noise ratio. Specifically, the
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second diffusers further reduce non-uniformities in the angular light intensity profile
induced by other elements of the optical system (e.g. reflectors, the walls of the
chamber(s), any surfaces arranged to reflect light from the light source to the chamber

Thus, the second diffusers may further enhance robustness and reduce variability.

Further aspects of the disclosure relate to a detection system. The detection system may
comprise the detection device described above and the assay device having one or more

chambers for containing a liquid sample.

In some embodiments, the detection system comprises an assay device having one or
more chambers for containing a liquid sample. The detection system comprises a drive
arrangement engaging the assay device to rotate the assay device. The detection system
comprises one or more light sources each arranged to emit light towards a corresponding
one of the one or more chambers. The detection system comprises a diffuser
corresponding to each of the one or more light sources. Each diffuser is arranged in a light
path between the light source and its respective chamber. The detection system
comprises a light receiver corresponding to each of the one or more light sources

arranged to receive light from its respective chamber.

Light from each chamber to its respective light receiver forms a second light path, and the
detection apparatus may comprise a second diffuser corresponding to each of the one or

more light sources, each second diffuser arranged in its respective second light path.

The detection device or the detection system may comprise an aperture corresponding to
each of the one or more light sources. Each aperture is arranged between the light source
and the diffuser corresponding to its respective light source. By passing the emitted light
through an aperture, stray light can be controlled to reduce the amount of light emitted in
the detection system in undesired directions. This stray light received by the light receiver

has not passed through the assay device.

Each diffuser (e.g. the first or second diffusers) of the detection device or detection
system may be closer to the light source than to the space. In other words, each diffuser
may be further away from the space for the assay device than to the light source. By
arranging the diffusers closer to the light source than to the space, the range of angles of

light that reach the assay device can be increased.
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Each light source and each light receiver of the detection device or detection system may
be supported by a frame having a light-absorbing surface, for example a matt black
surface. This reduces the amount of light reflected within the detection system, reducing

stray light received by the light receiver that has not passed through the assay device.

Each light source and its corresponding light receiver of the detection device or detection
system may be arranged on the same side of the (space for receiving the) assay device.
This arrangement allows the detection system to be more compact compared to having
each light source and its corresponding light receiver on opposite sides of the space for

receiving the assay device.

The diffusion angle of each diffuser of the detection device or detection system may be
between 5 degrees and 10 degrees, for example 7.5 degrees. Higher diffusion angles,
e.g. above 10 degrees, reduce the light intensity leading to less light being received at the
light receiver. Lower diffusion angles, e.g. below 5 degrees, do not sufficiently diffuse light

to make the light intensity profile uniform across detection devices.

The detection system or detection device may comprise an electric motor coupled to the

assay device to rotate the assay device.

Further aspects of the disclosure relate to a method of detecting light. The method
comprises rotating an assay device comprising a chamber for containing a liquid sample
and emitting light towards the assay device. Then the emitted light is diffused before it
reaches the chamber. Light from the light source that has passed through the rotating

assay device is then received.

The method may comprise diffusing the light that has passed through the chamber before

receiving the light.

Emitting light towards the assay device may comprise emitting light to a first side of the
assay device, and receiving light comprises receiving light from the first side of the assay

device.

Further aspects of the disclosure relate to an assay device arranged for rotation to drive
liquid flow into a chamber. The assay device comprises a first surface arranged to reflect
light from a light source to the chamber, and a second surface arranged to reflect light

from the chamber to a light receiver. A light path is formed from where light enters the
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assay device to the chamber via the first surface. The assay device comprises a diffuser

in the light path.

The assay device may comprise a third surface arranged to reflect light from the light
source to a fourth surface, and the fourth surface is arranged to reflect light to the light
receiver, i.e. light is transmitted through the body of the assay device. This enables a
reference or quality control measurement to be acquired for the light source and light

receiver pair.

The diffuser of any assay described above may be an external surface of the assay

device configured to diffuse light.

At least one of the one or more chambers of any assay device described above may
comprise a surface configured to diffuse light. For example, a surface in a plane
perpendicular to the axis of rotation of the assay device and closest to the light receiver
may comprise frosting or surface roughness. This reduces the amount of stray light

reaching the light receiver and improves the signal-to-noise ratio.

BRIEF DESCRIPTION OF THE FIGURES

Specific embodiments are now described by way of example with reference to the drawings,

in which:

Figure 1 illustrates a detection system;

Figure 2 illustrates a different embodiment of the detection system:;

Figure 3 illustrates yet a different embodiment of the detection system;
Figure 4 illustrates yet a different embodiment of the detection system; and

Figure 5 illustrates a method of detecting light.

DETAILED DESCRIPTION

A detection system for determining light absorption by a liquid sample held in a chamber
in a rotating assay device comprises a diffuser arranged to diffuse light emitted from a
light source before the light reaches the chamber in the rotating assay device. The diffuser
enables the angular light intensity profile of the emitted light to be more uniform over the
range of angles that may be transmitted through and received from the chamber due to

the tolerances described above and discussed in details below than without the diffuser.
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This may help to reduce variations in the signal-to-noise ratio due to these tolerances.
These variations could cause variability in detection results between different detection
systems, assay devices and assay runs. Accordingly, providing for the diffusion of the light
as described may help to make assays more reproducible and may reduce the need for

extensive calibration.

With reference to Figure 1, a detection system 100 comprises a detection device 102, an
assay device 104 and a data processing module 106. The data processing module 106 is

operatively connected to the detection device 102.

The detection device 102 is arranged to engage the assay device 104 for rotation using a
spindle, as described below. The assay device 104 is removable from the detection
system 100, and the detection system 100 comprises an opening through which the assay
device 104 can be inserted into, and removed from, the detection system 100. For
example, the detection system 100 may comprise a tray which is arranged to move into
and out of the detection system, and onto which the assay device is placed, akin to a tray
used to load a CD into a CD player. When an assay device has not been inserted into the

detection system, the detection system comprises a space for receiving an assay device.

The assay device is disc-shaped and may be, for example, a lab-on-a-disc. The assay
device, disc-shaped or otherwise, may comprise a central hole which is configured to
engage with a spindle as discussed below, the spindle being coupled to a motor for
driving rotation of the spindle, which in turn drives rotation of the engaged device. The
assay device 104 comprises a chamber 108 for containing a liquid to be tested. The
chamber 108 may be connected to an opening for receiving the liquid in the assay device
via further chambers and/or conduits (not illustrated). The assay device 104 is arranged
for rotation about an axis of rotation A—A to drive liquid flows in the assay device. For
example, the assay device may be a microfluidic device in which the flow of liquid is

driven by the rotation of the assay device.

The detection system 100 is configured to rotate the assay device 104 according to a
temporal profile of rotation speed to drive liquid flows in the device in accordance with the
specific assay protocol implemented in the assay device. Occurrence of a reaction
between the reagent and the analyte in the assay device alters the light received from the
chamber, so that the light receiver signal can be used infer the presence or a
characteristic (such as concentration) of the analyte in a liquid sample in the assay device.

Whilst one chamber is described with reference to Figure 1, it will be understood that an
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assay device may comprise a plurality of chambers for detection of the presence or a
characteristic the analyte. Each chamber may be arranged to use the same light source
and light receiver pair, or the detection device may comprise a light source and light

receiver pair for each such detection chamber.

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 1mm. The assay device may be configured to handle volumes of liquid on the scale
of nanolitres to microliters or up to 100 microliters. Some but not necessarily all the

structures on such an assay device may be microfluidic.

The detection device 102 comprises a spindle 120, a light source 122, a light receiver 124
and a diffuser 126. The detection device 102 supports the light source 122, the light
receiver 124 and the diffuser 126 using a support structure, such as a frame.

The spindle 120 is configured to engage the assay device 104 to rotate the assay device
about the axis of rotation A—A. A motor (not illustrated) is coupled to the spindle 120 to
rotate the spindle. The light source 122 is arranged to emit light with a wavelength, for
example, in the visible range such as orange or green, ultraviolet or infra-red light. The
light receiver 124 is arranged to detect light in the range corresponding to the light emitted
from the light source 122. In some embodiments, the light receiver 124 is arranged to
detect light that is emitted as a result of fluorescence following absorption of light from the

light source.

The light source 122 is arranged to emit light towards the assay device 104, such that as
the assay device 104 is rotated, light passes through the chamber 108 when the chamber
is in a predetermined configuration relative to the light source 122 and the light receiver
124. In other words, the light source is arranged opposite the light receiver, and light
passes through the chamber 108 when the chamber is aligned with the light source 122
and the light receiver 124. The light receiver 124 is arranged to receive light from the light
source 122 that has passed through the assay device 104 when the light source and the
light receiver are in a predetermined configuration relative to the chamber of the assay

device.

The diffuser 126 is arranged to diffuse light emitted from the light source 122, thereby
diffusing 128 the emitted light before the light reaches the chamber 108. The diffuser 126
may be arranged closer to the light source 122 than the assay device 104 to increase the

amount of light from the light source 122 that is diffused by the diffuser 126 (compared to
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if the diffuser was arranged closer to the assay device than the light source). The diffusion
angle of the diffuser may be between 5 degrees and 10 degrees, for example 7.5

degrees.

In some embodiments, the detection device comprises a plurality of paired light sources

and light receivers each for interacting with a corresponding chamber.

The data processing module 106 is arranged to control the detection device and may be
arranged to receive data from the from the detection device to determine an effect of liquid
in the chamber on emitted light. For example, the determined effect may be amount of
light absorption, light scattering, light reflection or changes in the refractive index of the
liquid. The data processing module receives a signal indicative of the received light from
the detection device, such as a voltage signal from the light receiver. The received signals
are then processed by the data processing module to carry out the assays, for example
the concentration of an analyte based on light absorption, or perform quality control or

calibration.

Figures 2 to 4 illustrate alternative embodiments of the detection system.

With reference to Figure 2, a detection system 200 comprises a detection device 202, an
assay device 204 and a data processing module 106. The detection system 200 is
substantially the same as the detection system 100. The data processing module 106 is
substantially the same as the data processing module of the detection system 100, and is

operatively connected to the detection device 202.

The detection device 202 is substantially the same as detection device 102, except that
the detection device comprises an aperture 206 and a second diffuser 208, and that the
light source 122 and light receiver 124 are arranged on the same side of the assay device
204. The detection device 202 supports the light source 122, the light receiver 124, the
diffusers 126, 208 and the aperture 206 using a support structure, such as a frame. The
aperture 206 is arranged between the light source 122 and the diffuser 126 to reduce
divergence of light from the light source 122. The second diffuser 208 is arranged to
diffuse light that has passed through the assay device 204 before it reaches the light
receiver 124. The diffusion angle of the second diffuser may be between 5 degrees and

10 degrees, for example 7.5 degrees.
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The assay device 204 comprises a chamber 108, a first reflector 210 and a second
reflector 212. The chamber 108 is for containing a liquid to be tested, as before. The
assay device comprises a plane perpendicular to the axis of rotation A—A. The chamber
108 may have a dimension up to 10 millimeters in the plane. The first reflector 210 is
arranged to reflect light from the light source 122 substantially into the direction of the
plane towards the chamber 108. The second reflector 212 is arranged to reflect light that
has passed through the chamber 108 substantially in a direction parallel to the axis of
rotation A—A towards the light receiver 124. The first and second reflectors 210, 212 are
arranged such that light enters and leaves the assay device 204 on the same side of the

assay device.

The first and second reflectors 210, 212 are configured to reflect light using total internal
reflection. For example, the assay device 204 may have a plastic body in which the
chamber 108 is provided, and the reflectors may provide a substantially 45 degree
(relative to the incident light) boundary with air such that the difference in refractive index
between the air and the plastic causes the incident light to be reflected. In other
embodiments, the first and second reflectors 210, 212 may be mirrors or mirrored

surfaces.

For assay devices that are thin (in the direction of A—A relative to a dimension of the
device in the plane), reflecting light through the chamber in the plane of the assay device
enables light to travel through more of the liquid being tested compared to if the light was
passed though the chamber in the direction of the axis A—A. In turn, this enables more
light to be absorbed by the liquid being tested, leading to more refined and nuanced

effects on the emitted light to be determined.

In some embodiments, the assay device comprises a third reflector arranged to reflect
light from the light source to a fourth reflector, and the fourth reflector is arranged to reflect
light to the light receiver. The light between the third and fourth reflectors may pass
through an empty chamber or without passing through a chamber, i.e. light is transmitted
through the body of the assay device. Both of these arrangements can be used to provide

a reference signal for the paired light source and light receiver.

The light source 122 is arranged to emit light towards the assay device 204, such that as
the assay device 204 is rotated, light passes through the chamber 108 when the chamber
is in a predetermined configuration relative to the light source 122, the first reflector 210,

the second reflector 212 and the light receiver 124. In other words, light emitted from the
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light source 122 is reflected towards the chamber 108, and light that has passed through

the chamber 108 is reflected towards the light receiver 124.

With reference to Figure 3, a detection system 300 comprises a detection device 302, an
assay device 304 and a data processing module 106. The detection system 300 is
substantially the same as the detection system 100. The data processing module 106 is
substantially the same as the data processing module of the detection system 100, and is

operatively connected to the detection device 302.

The detection device 302 is substantially the same as the detection device 102 except
that the light source 122 and the light receiver 124 are arranged on opposite sides of the

assay device 304.

The assay device 304 is substantially the same as the assay device 204, comprising a
chamber 108, a first reflector 310 and a second reflector 312. The chamber 108 is for
containing a liquid to be tested. The assay device comprises a plane perpendicular to the
axis of rotation A—A. The first reflector 310 is arranged to reflect light from the light source
122 substantially into the direction of the plane towards the chamber 108. The second
reflector 312 is arranged to reflect light that has passed through the chamber 108
substantially in a direction parallel to the axis of rotation A—A towards the light receiver
124. The first and second reflectors 310, 312 are arranged such that light enters the assay

device on a first side 320, and light leaves the assay device on a second side 322.

With reference to Figure 4, a detection system 400 comprises a detection device 402, an
assay device 404 and a data processing module 106. The detection system 400 is
substantially the same as the detection system 200. The data processing module 106 is
substantially the same as the data processing module of the detection system 100, and is

operatively connected to the detection device 402.

The detection device 402 is substantially the same as the detection device 202 except
that the detection device 402 does not comprise a diffuser between the light source 122
and the assay device 404. In this embodiment, the diffuser is instead moved to the assay

device 404, as described below.

The assay device 404 is substantially the same as the assay device 204. The assay
device 404 comprises a diffuser 410 on an external surface of the assay device. The

diffuser 410 is arranged in a light path that is formed when the light source emits light that
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reaches the first reflector, and the diffuser 410 is arranged to diffuse light entering the
assay device before it reaches the first reflector 210. Advantageously, the diffuser 410
acts to increase the angular range of light that reaches the first reflector without requiring
the detection device to comprise a diffuser, although the range of angles of light may be

greater when using a diffuser in the detection device.

In other embodiments, the diffuser in the assay device is arranged to diffuse light from the

first reflector 210 before it reaches the chamber 108.

Is some embodiments, the support structure supporting the light source 122 and the light
receiver 124 (as well as any apertures or diffusers if present) comprises a light-absorbing
surface, such as a matt black surface. This reduces stray light inside the detection device

from reaching the light receiver.

In some embodiments, the chamber 108 of the assay device 104, 204, 304, 404
comprises at least one surface configured to diffuse light to further diffuse light through the
chamber. For example, the surface of the chamber in the plane of the assay device and
closest to the light receiver may comprise frosting or surface roughness. This reduces the
amount of stray light reaching the light receiver by reducing the amount of light that can
exit the chamber through that surface, and thus improves the signal-to-noise ratio of the

system.

With reference to Figure 5, a process 500 for detecting light is described. At step 502, the
detection device 102, 202, 302, 402 rotates the assay device 104, 204, 304, 404 using the
motor coupled to the spindle 120. The speed of rotation is greater than 0 Hertz and may

be, for example, at least 0.1, 0.2, 0.3, 0.5, 1, 10 or 100 Hertz. At step 504, the light source

122 of the detection device emits light towards the rotating assay device.

At step 506, light from the light source is diffused before it reaches the chamber 108 using
the diffuser 126, 410. At step 508, the diffused light passes through the chamber 108. For
example, in the detection system 200, the diffused light is reflected through the chamber.
At step 510, light that has passed through the chamber is received at the light receiver

124. In particular, steps 504 to 510 are carried out while the assay device is being rotated.

The above description has been made in terms of specific embodiments for the purpose

of illustration and not limitation. Many modifications and combinations of, and alternatives
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to, the features described above will be apparent to a person skilled in the art and are

intended to fall within the scope of the invention, which is defined by the claims that follow.

For example, a detection system may comprise any combination of diffusers, reflectors,
and/or apertures described with reference to Figures 1 to 4. Specifically, in embodiments
of the detection system comprising a first diffuser in a light path between the light source
and the chamber, the detection system may comprise an aperture and/or a second
diffuser, or no aperture nor second diffuser in a light path between the chamber and the
light receiver. In embodiments of the detection system comprising a first diffuser and a
first aperture in a light path between the light source and the chamber, the detection
system may comprise a second aperture and/or a second diffuser, or no second aperture
nor second diffuser in a light path between the chamber and the light receiver. In
embodiments comprising both a second diffuser and a second aperture in a light path
between the chamber and the light receiver, the second aperture is arranged between the
second diffuser and the light receiver. Another example is that the assay device of some

embodiments may comprise frosted walls to diffuse light.

For example, while chambers have been described above with reference to drawings
depicting chambers of a certain form factor, it will be appreciated that the disclosure is not
so limited and that the described chambers may take any suitable shape or configuration,
for example have varying depth, be significantly elongate to resemble a channel, for
example a serpentine or meandering channel, be formed by a network of channels or

cavities, contain pillars, comprise interconnected volumes, etc.

Embodiments have been described with reference to microfluidic devices, specifically
centrifugal microfluidic devices used in assays, but it will be apparent that the concept of
measuring light absorption described herein is not limited to any particular device or
application. It will be appreciated that the disclosure extends to all such embodiments and
is also not limited to any specific way of manufacturing the devices or any specific form
factor. Likewise, the disclosure is not limited to any specific assays but extends to all
assays that can benefit from an arrangement that reduces signal-to-noise ratio in light

absorption measurements.

13
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CLAIMS

1. A detection device comprising:

a space for receiving an assay device having one or more chambers for containing
a liquid sample;

a drive arrangement engaging the assay device to rotate the assay device;

one or more light sources each arranged to direct light towards the space;

a diffuser arranged in a light path of the one or more light sources, each diffuser
arranged to diffuse light from its respective light source, wherein each diffuser is arranged
between its light source and the space; and

a light receiver corresponding to each of the one or more light sources, each light
receiver arranged to receive light from its respective light source that has passed through

the assay device.

2. The detection device of claim 1, wherein each diffuser is a first diffuser for its
corresponding light source, and the detection system comprises a second diffuser
corresponding to each of the one or more light sources, each second diffuser arranged

between its respective light receiver and the space for receiving the assay device.

3. The detection device of any of claims 1 or 2, comprising an aperture
corresponding to each of the one or more light sources, each aperture arranged between

the light source and the diffuser corresponding to its respective light source.

4. The detection device of any of preceding claim, wherein the diffusion angle of each

diffuser is between 5 degrees and 10 degrees.

5. A detection system comprising:
the detection device of any of claims 1 to 4; and

an assay device having one or more chambers for containing a liquid sample.

6. A detection system comprising:

an assay device having one or more chambers for containing a liquid sample;

a drive arrangement engaging the assay device to rotate the assay device;

one or more light sources each arranged to emit light towards a corresponding one
of the one or more chambers, wherein the emitted light forms a light path between the

light source and its respective chamber;

14
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a diffuser corresponding to each of the one or more light sources, each diffuser
arranged in the respective light path; and
a light receiver corresponding to each of the one or more light sources, each light

receiver arranged to receive light from its respective chamber.

7. The detection system of claim 6, wherein each diffuser is a first diffuser for its
corresponding light source, each light path is a first light path for its corresponding light
source, light from each chamber to its respective light receiver forms a second light path,
and the detection apparatus comprises a second diffuser corresponding to each of the
one or more light sources, each second diffuser arranged in its respective second light

path.

8. The detection system of any of claims 6 to 7, comprising an aperture
corresponding to each of the one or more light sources, each aperture arranged between

the light source and the diffuser corresponding to its respective light source.

9. The detection system of any of claims 6 to 8, wherein each light source and its

corresponding light receiver are arranged on the same side of the assay device.

10. The detection system of any claims 5 to 9, wherein at least one of the one or more

chambers comprises a surface configured to diffuse light.

11. The detection system of any of claims 5to 10, wherein the assay device comprises
a first surface arranged to reflect light from the light source to the chamber, and a second

surface arranged to reflect light from the chamber to the light receiver.

12. The detection system of any of claims 5 to 11, comprising an electric motor

coupled to the assay device to rotate the assay device.

13. A method of detecting light comprising:
rotating an assay device comprising a chamber for containing a liquid sample;
emitting light towards the assay device;
diffusing the emitted light before it reaches the chamber; and
receiving light from the light source that has passed through the rotating assay

device.
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14. The method of claim 13, comprising diffusing the light that has passed through the

chamber before receiving the light.
15. The method of any of claims 13 or 14, wherein emitting light towards the assay

device comprises emitting light to a first side of the assay device, and receiving light

comprises receiving light from the first side of the assay device.
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