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(57) ABSTRACT

An apparatus (201) comprises a light emitter (202) and a
photodetector (203) formed on a single fluid-permeable
substrate (206) such that the photodetector (203) is able to
detect light emitted by the light emitter (202) after interac-
tion of the light with a user of the apparatus (201). The
photodetector comprises a channel member (207) which
may be made from graphene, respective source and drain
electrodes (208, 209), a layer of photosensitive material
(210) configured to vary the flow of electrical current
through the channel member (207) on exposure to light from
the light emitter (202), and a gate electrode (211). The
apparatus (201) further comprises a layer of fluid-imperme-
able dielectric material (212) configured to inhibit a flow of
electrical current between the channel member (207) and the
gate electrode (211) of the photodetector (203) to enable the
electrical conductance of the channel member (207) to be
controlled by a voltage applied to the gate electrode (211)
and to inhibit exposure of the light emitter (202) to fluid
which has permeated through the fluid-permeable substrate
(206). The layer of fluid-impermeable dielectric material
(212) allows resilient substrates made from polymeric mate-
rial to be used without the risk of damage to the overlying
components caused by the permeated fluid. The dual func-
tionality of the layer of fluid-impermeable dielectric material
(212) reduces the number of fabrication steps used to form
the apparatus (201) and results in a thinner, more compact
device.
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Figure 6a
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A LIGHT-BASED SENSOR APPARATUS AND
ASSOCIATED METHODS

TECHNICAL FIELD

[0001] The present disclosure relates particularly to sen-
sors, associated methods and apparatus. Certain embodi-
ments specifically concern an apparatus comprising a light
emitter and a photodetector formed on a single fluid-per-
meable substrate such that the photodetector is able to detect
light emitted by the light emitter after interaction of the light
with a user of the apparatus. Certain aspects/embodiments
may relate to sensors for medical applications, such as SpO,
sensors, blood pressure sensors and pulse sensors. Such
sensors may form part of portable electronic devices, in
particular, so-called hand-portable electronic devices which
may be hand-held in use (although they may be placed in a
cradle in use). Such hand-portable electronic devices include
so-called Personal Digital Assistants (PDAs) and tablet PCs.
[0002] The portable electronic devices/apparatus accord-
ing to one or more disclosed example aspects/embodiments
may provide one or more audio/text/video communication
functions (e.g. tele-communication, video-communication,
and/or text transmission, Short Message Service (SMS)/
Multimedia Message Service (MMS)/emailing functions,
interactive/non-interactive viewing functions (e.g. web-
browsing, navigation, TV/program viewing functions),
music recording/playing functions (e.g. MP3 or other format
and/or (FM/AM) radio broadcast recording/playing), down-
loading/sending of data functions, image capture function
(e.g. using a (e.g. in-built) digital camera), and gaming
functions.

BACKGROUND
[0003] Research is currently being done to develop new
sensor devices.
[0004] The listing or discussion of a prior-published docu-

ment or any background in this specification should not
necessarily be taken as an acknowledgement that the docu-
ment or background is part of the state of the art or is
common general knowledge.

SUMMARY

[0005] According to a first aspect, there is provided an
apparatus comprising a light emitter and a photodetector
formed on a single fluid-permeable substrate such that the
photodetector is able to detect light emitted by the light
emitter after interaction of the light with a user of the
apparatus,

[0006] the photodetector comprising a channel member
and respective source and drain electrodes configured
to enable a flow of electrical current through the
channel member between the source and drain elec-
trodes, a layer of photosensitive material configured to
vary the flow of electrical current through the channel
member on exposure to light from the light emitter, and
a gate electrode,

[0007] wherein the apparatus comprises a layer of fluid-
impermeable dielectric material configured to:

[0008] inhibit a flow of electrical current between the
channel member and the gate electrode of the pho-
todetector to enable the electrical conductance of the
channel member to be controlled by a voltage
applied to the gate electrode; and
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[0009] inhibit exposure of the light emitter to fluid
which has permeated through the fluid-permeable
substrate.

[0010] The fluid-permeable substrate may comprise one or
more resilient polymeric materials. The term “resilient” in
this sense may be taken to mean that the one or more
polymeric materials are capable of returning at least once to
their original form after being bent, compressed, or
stretched.

[0011] The gate electrode may be embedded within the
fluid-permeable substrate, and the layer of fluid-imperme-
able dielectric material may be positioned between the
embedded gate electrode and the channel member.

[0012] The layer of fluid-impermeable dielectric material
may be configured to facilitate the dissipation of heat
produced by the light emitter.

[0013] The light emitter and photodetector may be at least
partly formed on top of the layer of flud-impermeable
dielectric material, and the fluid-impermeable dielectric
material on which the light emitter is at least partly formed
may have a different thickness than the fluid-impermeable
dielectric material on which the photodetector is at least
partly formed.

[0014] The layer of fluid-impermeable dielectric material
may have a thickness of between 10 and 200 nm, and a
surface roughness of less than 1 nm, 5 nm, 10 nm or 25 nm.
[0015] The light emitter and photodetector may be formed
on the fluid-permeable substrate such that the photodetector
is able to detect light emitted by the light emitter after one
or more of reflection of the light from a body part of the user
and transmission of the light through a body part of the user.
[0016] One or more of the fluid-permeable substrate and
layer of fluid-impermeable dielectric material may be suf-
ficiently resilient to enable the light emitter and photode-
tector to be positioned on opposite sides of the user’s body
part by mechanical deformation of the fluid-permeable sub-
strate such that the photodetector can detect the transmitted
light.

[0017] One or more of the fluid-permeable substrate and
layer of fluid-impermeable dielectric material may be one or
more of reversibly flexible, reversibly stretchable and
reversibly compressible.

[0018] The light emitter and photodetector may be encap-
sulated within a fluid-impermeable material to inhibit their
exposure to fluid in the surrounding environment.

[0019] The fluid may comprise one or more of a liquid and
a gas.

[0020] The fluid may comprise one or more of water and
oxXygen.

[0021] The layer of fluid-impermeable dielectric material
may comprise one or more of Si0,, SiN,, AlO,, AL,O;, AIN,
and HfO,.

[0022] The one or more polymeric materials may com-

prise at least one of polyimide, polyethylene naphthalate and
polyethylene terephthalate.

[0023] The light emitter may be one or more of a light-
emitting diode, an organic light-emitting diode and an
organic light-emitting transistor.

[0024] The light may comprise one or more of visible
light, infrared light and ultraviolet light.

[0025] One or more components of the light emitter and
photodetector may comprise graphene.

[0026] The layer of photosensitive material may comprise
a quantum dot material.
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[0027] The layer of fluid-impermeable dielectric material
may be configured to prevent exposure of the light emitter
to up to 50%, 60%, 70%, 80%, 90% or 100% of the fluid
which has permeated through the fluid-permeable substrate.
[0028] The apparatus may be one or more of an electronic
device, a portable electronic device, a portable telecommu-
nications device, a mobile phone, a personal digital assis-
tant, a tablet, a phablet, a desktop computer, a laptop
computer, a server, a smartphone, a smartwatch, smart
eyewear, a sensor, an SpO, sensor, a blood pressure sensor,
a pulse sensor, and a module for one or more of the same.
[0029] According to a further aspect, there is provided a
method of using an apparatus, the apparatus comprising a
light emitter and a photodetector formed on a single fluid-
permeable substrate such that the photodetector is able to
detect light emitted by the light emitter after interaction of
the light with a user of the apparatus,

[0030] the photodetector comprising a channel member
and respective source and drain electrodes configured
to enable a flow of electrical current through the
channel member between the source and drain elec-
trodes, a layer of photosensitive material configured to
vary the flow of electrical current through the channel
member on exposure to light from the light emitter, and
a gate electrode,

[0031] wherein the apparatus comprises a layer of fluid-
impermeable dielectric material configured to:

[0032] inhibit a flow of electrical current between the
channel member and the gate electrode of the pho-
todetector to enable the electrical conductance of the
channel member to be controlled by a voltage
applied to the gate electrode; and

[0033] inhibit exposure of the light emitter to fluid
which has permeated through the fluid-permeable
substrate,

[0034] the method comprising detecting, by the photo-
detector, light emitted by the light emitter after inter-
action of the light with a user of the apparatus.

[0035] According to a further aspect, there is provided a
method of making an apparatus, the method comprising:

[0036] forming a light emitter and a photodetector on a
single fluid-permeable substrate such that the photode-
tector is able to detect light emitted by the light emitter
after interaction of the light with a user of the appara-
tus, the photodetector comprising a channel member
and respective source and drain electrodes configured
to enable a flow of electrical current through the
channel member between the source and drain elec-
trodes, a layer of photosensitive material configured to
vary the flow of electrical current through the channel
member on exposure to light from the light emitter, and
a gate electrode; and

[0037] forming a layer of fluid-impermeable dielectric
material configured to:

[0038] inhibit a flow of electrical current between the
channel member and the gate electrode of the pho-
todetector to enable the electrical conductance of the
channel member to be controlled by a voltage
applied to the gate electrode; and

[0039] inhibit exposure of the light emitter to fluid
which has permeated through the fluid-permeable
substrate.

[0040] Forming the light emitter and photodetector on a
single fluid-permeable substrate may comprise depositing a
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layer of material which is common to both the light emitter
and photodetector, and subsequently dividing the common
layer of material into respective portions for the light emitter
and photodetector after deposition.

[0041] The steps of any method disclosed herein do not
have to be performed in the exact order disclosed, unless
explicitly stated or understood by the skilled person.
[0042] Throughout the present specification, descriptors
relating to relative orientation and position, such as “top”,
“bottom”, “upper”, “lower”, “above” and “below”. as well
as any adjective and adverb derivatives thereof, are used in
the sense of the orientation of the apparatus as presented in
the drawings. However, such descriptors are not intended to
be in any way limiting to an intended use of the described
or claimed invention.

[0043] Corresponding computer programs for implement-
ing one or more steps of the methods disclosed herein are
also within the present disclosure and are encompassed by
one or more of the described example embodiments.
[0044] One or more of the computer programs may, when
run on a computer, cause the computer to configure any
apparatus, including a circuit, controller, or device disclosed
herein or perform any method disclosed herein. One or more
of the computer programs may be software implementa-
tions, and the computer may be considered as any appro-
priate hardware, including a digital signal processor, a
microcontroller, and an implementation in read only
memory (ROM), erasable programmable read only memory
(EPROM) or electronically erasable programmable read
only memory (EEPROM), as non-limiting examples. The
software may be an assembly program.

[0045] One or more of the computer programs may be
provided on a computer readable medium, which may be a
physical computer readable medium such as a disc or a
memory device, or may be embodied as a transient signal.
Such a transient signal may be a network download, includ-
ing an internet download.

[0046] The present disclosure includes one or more cor-
responding aspects, example embodiments or features in
isolation or in various combinations whether or not specifi-
cally stated (including claimed) in that combination or in
isolation. Corresponding means for performing one or more
of the discussed functions are also within the present dis-
closure.

[0047] The above summary is intended to be merely
exemplary and non-limiting.

BRIEF DESCRIPTION OF THE FIGURES

[0048] A description is now given, by way of example
only, with reference to the accompanying drawings, in
which:

[0049] FIG. 1a shows a sensor comprising a photodetector
configured to detect reflected light (cross-section);

[0050] FIG. 15 shows a sensor comprising a photodetector
configured to detect transmitted light (cross-section);

[0051] FIG. 2 shows one example of the present apparatus
(cross-section);
[0052] FIGS. 3a-3d show one method of making the

apparatus of FIG. 2 (cross-section);

[0053] FIG. 4 shows another example of the present
apparatus comprising a photodetector configured to detect
transmitted light (cross-section);

[0054] FIG. 5 shows another example of the present
apparatus (schematic);



US 2018/0315883 Al

[0055] FIG. 6a shows a method of using the present
apparatus (flow chart);

[0056] FIG. 6b shows a method of making the present
apparatus (flow chart); and

[0057] FIG. 7 shows a computer-readable medium com-
prising a computer program configured to perform, control
or enable a method described herein (schematic).

DESCRIPTION OF SPECIFIC
ASPECTS/EMBODIMENTS

[0058] There is a growing need for medical professionals
to be able to monitor the health of their patients remotely. In
order to enable remote monitoring, it is necessary to produce
reliable sensor devices that are easy for the patients to use
and which can be manufactured at a reasonable cost.
[0059] A number of medical devices are currently being
developed which may be suitable for the remote monitoring
of patients. These include light-based sensors which can be
attached to part of the patient’s body to provide information
on his/her blood and cardiovascular system. For example,
light-based sensors can provide information on oxygen
content, blood pressure, pulse and heart rhythm. Of course,
health sensors are also used by individuals without reference
to remote monitoring by medical professionals, and by
patients in the presence of medical professionals.

[0060] FIG. 1a shows one example of a light-based sensor
101 which may be used for blood pressure, pulse or elec-
trocardiography measurements. The apparatus 101 com-
prises a light emitter 102 and a photodetector 103 formed on
a substrate 106 which are configured such that the photo-
detector 103 is able to detect light 104 emitted by the light
emitter 102 after interaction of the light 104 with the patient.
In this case, the sensor 101 is arranged such that the
photodetector 103 is able to detect light 104 which has been
reflected from a body part 105 of the user, such as a finger,
toe or ear lobe. Infrared light 104 (e.g. from an infrared
diode 102) is directed into the patient’s tissue 105 and is
reflected back onto the photodetector 103 (e.g. a phototran-
sistor) in quantities related to the amount of blood currently
in the artery. When the heart pumps, the user’s blood
pressure rises sharply, and so does the amount of infrared
light 104 received by the photodetector 103. The patient’s
pulse and heart rhythm can therefore be determined from the
pattern of peaks in the detected signal. In addition, the blood
pressure can be derived from the time it takes for a pulse to
travel down the artery (i.e. the Pulse Wave Transit Time,
PWTT) using the waveform of blood pressure pulses.
[0061] FIG. 15 shows an example of a light-based sensor
101 which may be used for SpO, measurements. The term
SpQ, refers to the percentage of haemoglobin molecules in
the arterial blood which are saturated with oxygen, as
determined by pulse oximetry. As per the example shown in
FIG. 1a, the apparatus 101 comprises a light emitter 102 and
photodetector 103 formed on a substrate 106 which are
configured such that the photodetector 103 is able to detect
light 104 emitted by the light emitter 102 after interaction of
the light 104 with the patient. In this example, however, the
sensor 101 is arranged such that the photodetector 103 is
able to detect light 104 which has been transmitted through
a body part 105 of the user. Most SpO, sensors work on
extremities such as a finger, toe or ear lobe. Red and infrared
light 104 (e.g. from respective light emitting diodes 102) is
passed through the patient’s tissue 105 onto the photode-
tector 103. Much of the light 104 is absorbed by tissue, bone
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and venous blood, but these amounts do not change dra-
matically over short periods of time. However, since the
amount of arterial blood varies with pulsation, the amount of
light 104 absorbed by this blood does vary over short periods
of time and can be isolated from the other components. The
photodetector 103 measures the amount of red and infrared
light 104 received, which provides an indication of the
amount of oxygen bound to the haemoglobin in the arterial
blood. Oxygenated haemoglobin absorbs more infrared light
than red light, whilst deoxygenated haemoglobin absorbs
more red light than infrared light. Therefore, by comparing
the amounts of red and infrared light 104 received, the
sensor 101 is able to calculate the percentage of haemoglo-
bin molecules in the arterial blood which are saturated with
oxygen.

[0062] In some cases it may be desirable to monitor a
patient’s health continuously over long periods of time. To
help ensure that the measurements are consistent and reli-
able during this time, and without interfering too much with
the patient’s day-to-day life, the sensor apparatus 101 may
be attached to the patient. In this scenario, the apparatus 101
should ideally be formed from resilient materials to allow it
to conform to the patient’s body 105. This improves the
comfort of the wearable device 101 and helps to prevent
damage caused by mechanical deformation during move-
ment of the patient.

[0063] FIG. 2 shows one example of the present apparatus
201. The apparatus 201 comprises a light emitter 202 and a
photodetector 203 formed on a single fluid-permeable sub-
strate 206 such that the photodetector 203 is able to detect
light emitted by the light emitter 202 after interaction of the
light with a user of the apparatus. The photodetector 203
comprises a channel member 207 and respective source 208
and drain 209 electrodes configured to enable a flow of
electrical current through the channel member 207 between
the source 208 and drain 209 electrodes, a layer of photo-
sensitive material 210 configured to vary the flow of elec-
trical current through the channel member 207 on exposure
to light from the light emitter 202, and a gate electrode 211.
The apparatus 201 also comprises a layer of fluid-imperme-
able dielectric material 212 configured to inhibit a flow of
electrical current between the channel member 207 and gate
electrode 211 of the photodetector 203 to enable the elec-
trical conductance of the channel member 207 to be con-
trolled by a voltage applied to the gate electrode 211.
Furthermore, the layer of fluid-impermeable dielectric mate-
rial 212 is also configured to inhibit exposure of the light
emitter 202 (and overlying components of the photodetector
203) to fluid which has permeated through the fluid-perme-
able substrate 206.

[0064] The layer of fluid-impermeable dielectric material
212 therefore serves as both a gate insulator for the photo-
detector 203, and as a fluid barrier for the light emitter
202/photodetector 203. The presence of the fluid-imperme-
able dielectric layer 212 allows plastic substrates 206 to be
used without the risk of damage to the overlying compo-
nents 202, 203 caused by water, oxygen or other fluids
which have permeated through the plastic substrate 206.
Plastic substrates, which are typically fluid permeable due to
their lack of ordering, can be used instead of conventional
silicon wafer substrates to take advantage of the flexible/
stretchable nature of the plastic. Furthermore, in some cases,
the presence of the fluid-impermeable dielectric layer 212
can also create a smoother surface for the overlying com-
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ponents 202, 203 (which advantageously reduces electro-
static interactions caused by the irregular surfaces of plastic
substrates) and help to dissipate heat produced by these
components (which could otherwise damage plastic sub-
strates due to their relatively low melting points).

[0065] In practice, the fluid-impermeable dielectric mate-
rial 212 may be configured to prevent exposure of the light
emitter 202 and photodetector 203 to up to 50%, 60%, 70%,
80%, 90% or 100% of the fluid which has permeated
through the fluid-permeable substrate 206. The apparatus of
FIG. 2 also comprises a layer of fluid-impermeable material
213 configured to encapsulate the light emitter 202 and
photodetector 203 to inhibit their exposure to fluid in the
surrounding environment (e.g. water droplets in the air).
[0066] The dual functionality of the fluid-impermeable
dielectric material 212 reduces the number of fabrication
steps used to form the apparatus 201 and results in a thinner,
more compact device 201. In some cases, the layer of
fluid-impermeable dielectric material 212 may also be con-
figured to facilitate the dissipation of heat produced by one
or more of the light emitter 202 and photodetector 203, thus
preventing the underlying substrate 206 from melting.
[0067] The light emitter 202 may be one or more of a
light-emitting diode, an organic light-emitting diode and an
organic light-emitting transistor. In the example shown in
FIG. 2, the light emitter 202 is an organic light-emitting
diode comprising an anode 214 and cathode 215 separated
from one another by an electron transporting layer 216, a
hole transporting layer 217 and an emitting layer 218. When
a voltage is applied between the anode 214 and cathode 215,
electrons flow from the cathode 215 through the electron
transporting layer 216 towards the anode 214. Simultane-
ously, electron-holes flow from the anode 214 through the
hole transporting layer 217 towards the cathode 215. Since
the electron transporting layer 216 blocks the flow of holes
and the hole transporting layer 217 blocks the flow of
electrons, the electrons and holes recombine at the emitting
layer 218 positioned therebetween. Recombination of the
electrons and holes results in the emission of a light photon
from the emitting layer 218 having a frequency which is
given by the difference in energy between the highest
occupied and lowest unoccupied molecular orbitals of the
electron 216 and hole 217 transporting layers. For example,
the band gap may be such that the emitted light comprises
one or more of visible, infrared and ultraviolet light.
[0068] Typically, the upper electrode 215 (in this case, the
cathode) would be substantially optically transparent to
allow the generated light photons to exit the top surface of
the light emitter 202. To increase the efficiency of the light
emitter 202, the lower electrode 214 (in this case, the anode)
may be formed from a reflective material configured to
redirect stray light photons towards the top surface of the
light emitter 202. Additionally or alternatively, the light
emitter 202 may comprise a separate layer of reflective
material positioned beneath the lower electrode 214. In view
of the above, the upper electrode 215 may comprise gra-
phene or indium-tin-oxide, and the lower electrode 214 may
comprise silver or aluminium.

[0069] Regarding the photodetector 203, the photosensi-
tive material 210 shown in the example of FIG. 2 is a
quantum dot material comprising a plurality of quantum dots
219 coated with surface ligands, and the channel member
207 comprises a two-dimensional material. The quantum
dots 219 may comprise one or more of CdSe, CdS, PbSe,
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PbS, Zn0O, ZnS, CZTS, Cu,S, Bi,S;, Ag,S, HgTe, CdSe,
CdHgTe, InAs, InSh, Ge and CIS; the surface ligands may
comprise one or more of 1,2-ethanedithiol, pyridine,
butylamine and 1,3-benzenedithiol; and the two-dimen-
sional material may comprise one or more of graphene,
MoS,, WS,, MoSe,, WSe, and WTe,. When light from the
light emitter 202 is incident on the quantum dot material
210, electron-hole pairs are generated within the quantum
dots 219. After generation of these electron-hole pairs, either
the electrons or the holes are transferred to the channel
member 207 (depending on the particular surface ligands)
leaving the remaining charge carriers localised on the quan-
tum dots 219. The remaining charge carriers then gate the
channel member 207 causing a change in the current flowing
therethrough. In this way, the change in electrical current is
indicative of the amount of light incident on the photode-
tector 203. The photosensitive material 210 of the present
apparatus 201 is not limited to quantum dot materials,
however. For example, the photosensitive material 210 may
be a photodiode comprising a p-n or PIN junction.

[0070] The gate electrode 211 of the photodetector 203 in
FIG. 2 is embedded within the fluid-permeable substrate 206
such that the layer of fluid-impermeable dielectric material
212 is positioned between the embedded gate electrode 211
and the channel member 207. This “back-gate” configura-
tion allows the gate electrode 211 to tune the conductance of
the channel member 207 by increasing or decreasing the
number of charge carriers to increase the sensitivity of the
photodetector 203. When the channel member 207 com-
prises graphene, the gate electrode 211 can also be used to
switch between p-type conductance and n-type conductance
by changing the Dirac point location.

[0071] Furthermore, by embedding the gate electrode 211
within the fluid-permeable substrate 206, the fluid-imper-
meable dielectric material 212 can be deposited onto the
fluid-permeable substrate 206 as a continuous layer thus
providing a planar surface on which to form the light emitter
202 and photodetector 203. In some cases, the thickness of
dielectric material 212 required to inhibit exposure of the
light emitter 202 to fluid which has permeated through the
fluid-permeable substrate 206 may be different than the
thickness of dielectric material 212 required to inhibit a flow
of electrical current between the gate electrode 211 and
channel member 207 of the photodetector 203. In this
scenatio, the fluid-impermeable dielectric material 212 on
which the light emitter 202 is formed may have a different
thickness than the fluid-impermeable dielectric material 212
on which the photodetector 203 is formed (e.g. by depositing
a non-uniform layer of dielectric material 212 on top of the
fluid-permeable substrate 206).

[0072] Non-embedded embodiments are also possible. For
example, the gate electrode 211 may be formed on the upper
surface of the fluid-permeable substrate 206 with the layer of
fluid-impermeable dielectric material 212 deposited thereon.
This would, however, result in a non-planar (but not neces-
sarily discontinuous) layer of fluid-impermeable dielectric
material 212.

[0073] The fluid-permeable substrate 206 may comprise
one or more polymeric materials configured to provide the
required resilience (e.g. reversibly flexible, stretchable and/
or compressible). These polymeric materials may comprise
at least one of HD Microsystems™ PI-2545, PI-2610 or
PI-2525, polyimide, polyethylene naphthalate and polyeth-
vlene terephthalate. Substrates formed from polymeric
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materials often have irregular surfaces which create a poor
interface with the overlying layers of material. It has been
found, however, that the presence of the fluid-impermeable
dielectric material 212 on top of the fluid-permeable sub-
strate 206 can advantageously reduce the surface roughness.
For example, a 25 nm layer of ALLO; on top of a polyeth-
vlene naphthalate substrate exhibits a surface roughness of
around 1 nm. In general, the layer of fluid-impermeable
dielectric material 212 may have a thickness of between 10
and 200 nm, and a surface roughness of less than 1 nm, 5
nm, 10 nm or 25 nm. Suitable dielectric materials include
Si0,, SiN,, AlO,, Al,O,. AIN, and HfO,.

[0074] FIGS. 34-3d illustrate one method of forming the
present apparatus. First, a layer of release material 320 is
deposited on a carrier wafer 321 (e.g. via chemical vapour
deposition) followed by the deposition of a gate electrode
311 (e.g. via evaporation or sputtering through a photoresist
mask). The release material 320 may comprise one or more
of a refractory metal, a ceramic, SiO, SiO,, Mo, W, Al,O,
and Si,N,; the carrier wafer 321 may comprise one or more
of silicon, quartz and sapphire; and the gate electrode 311
may comprise one or more of a metal, alloy, gold, silver,
copper, aluminium, indium-tin-oxide and graphene. A layer
of polymeric material 306 is then deposited on top of the
layer of release material 320 such that it encapsulates the
gate electrode 311 (FIG. 3a). Deposition of the polymeric
material may be performed via spin coating, bar coating or
spray coating a liquid polymer and curing to cross-link, or
by hot embossing a polymer foil (i.e. heating above the glass
transition temperature and imprinting).

[0075] The layer of release material 320 is then etched
(e.g. via wet chemical etching using hydrofluoric acid if
etching silicon oxide) to remove the release material 320 and
carrier wafer 321, and the stack is turned upside down (e.g.
using the polymeric supporting substrate 306 for handling)
so that the layer of polymeric material 306 is at the bottom
of the stack (FI1G. 3b). A layer of fluid-impermeable dielec-
tric material 312 is then formed on the polymeric substrate
306 (e.g. via atomic layer deposition or chemical vapour
deposition), and the constituent layers of the light emitter
302 and photodetector 303 are built-up on top of the
fluid-impermeable dielectric material 312 using techniques
known in the art (FIG. 3¢). Finally, a further fluid-impet-
meable material 313 (typically an electrically insulating
material such as a polymer or oxide) is then deposited over
the layer of fluid-impermeable dielectric material 312 such
that it encapsulates the light emitter 302 and photodetector
303 (FIG. 3d).

[0076] The present apparatus may be used in the reflective
or transmissive modes illustrated in FIGS. 1a and 15,
respectively. In the reflective mode, the light emitter 302 and
photodetector 303 are formed on the fluid-permeable sub-
strate 306 such that the photodetector 303 is able to detect
light emitted by the light emitter 302 after reflection of the
light from a body part of the user. In the transmissive mode,
on the other hand, the light emitter 302 and photodetector
303 are formed on the fluid-permeable substrate 306 such
that the photodetector 303 is able to detect light emitted by
the light emitter 302 after transmission of the light through
a body part of the user.

[0077] FIG. 4 shows another example of the present
apparatus 401 configured for use in the transmissive mode.
One reason for using a polymeric substrate is to make the
apparatus 401 sufliciently resilient that it is able to conform
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to the user’s body 405. In some cases, therefore, the fluid-
permeable substrate 406 may be sufficiently resilient to
enable the light emitter 402 and photodetector 403 to be
positioned on opposite sides of the user’s body part 405 by
mechanical deformation of the fluid-permeable substrate
406 such that the photodetector 403 can detect the trans-
mitted light 404. In this example, the light emitter 402 and
photodetector 403 are positioned on opposite sides of the
user’s finger 405, but they could be attached to the user’s toe
or ear lobe instead.

[0078] Itis important that, in the deformed state, the layer
of fluid-impermeable dielectric material is still able to
inhibit a flow of electrical current between the channel
member and gate electrode of the photodetector 403, and
inhibit exposure of the light emitter 402/photodetector 403
to fluid which has permeated through the fluid-permeable
substrate 406. In some cases, the layer of fluid-impermeable
dielectric material may provide this functionality in both the
deformed and relaxed states, whilst in other cases, the layer
of fluid-impermeable dielectric material may only provide
this functionality in the mechanical state in which it is
intended to be used (i.e. the deformed state in FIG. 4).
[0079] Although the above examples utilise resilient poly-
meric substrates, the fluid-permeable substrate is not limited
to such materials. For example, the fluid-permeable sub-
strate could comprise other resilient materials which are
inherently fluid-permeable, such as natural or synthetic
sponge or a textile.

[0080] FIG. 5 shows another example of the present
apparatus 501. The apparatus 501 may be one or more of an
electronic device, a portable electronic device, a portable
telecommunications device, a mobile phone, a personal
digital assistant, a tablet, a phablet, a desktop computer, a
laptop computer, a server, a smartphone, a smartwatch,
smart eyewear, a sensor, an SpQ, sensor, a blood pressure
sensor, a pulse sensor, and a module for one or more of the
same. In the example shown, the apparatus 501 comprises
the various components described previously (denoted col-
lectively by reference numeral 522), a power source 523, an
ammeter 524, a processor 525 and a storage medium 526,
which are electrically connected to one another by a data bus
527.

[0081] The processor 525 is configured for general opera-
tion of the apparatus 501 by providing signalling to, and
receiving signalling from, the other components to manage
their operation. The storage medium 526 is configured to
store computer code configured to perform, control or
enable operation of the apparatus 501. The storage medium
526 may also be configured to store settings for the other
components. The processor 525 may access the storage
medium 526 to retrieve the component settings in order to
manage the operation of the other components.

[0082] Under the control of the processor 525, the power
source 523 is configured to apply a voltage between the
cathode and anode of the light emitter to generate light
photons for interaction with the user. In addition, the power
source 523 is configured to apply a voltage between the
source and drain electrodes of the photodetector to enable a
flow of electrical current through the channel member, and
a further voltage to the gate electrode to control the electrical
conductance of the channel member.

[0083] The ammeter 524 is configured to measure the
current through the channel member of the photodetector so
that any changes in current caused by light from the light
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emitter can be determined. Based on these changes in
current, one or more parameters relating to the user’s health
can be calculated (e.g. blood pressure, oxygen content, pulse
and heart rhythm). The user’s health parameters may be
calculated automatically by the processor 525 or manually
by the user or a health professional.

[0084] The processor 525 may be a microprocessor,
including an Application Specific Integrated Circuit (ASIC).
The storage medium 526 may be a temporary storage
medium such as a volatile random access memory. On the
other hand, the storage medium 526 may be a permanent
storage medium 526 such as a hard disk drive, a flash
memory, or a non-volatile random access memory. The
power source 523 may comprise one or more of a primary
battery, a secondary battery, a capacitor, a supercapacitor
and a battery-capacitor hybrid.

[0085] FIG. 6a shows schematically the main steps 628-
629 of a method of using the present apparatus. The method
generally comprises: detecting, by a photodetector, light
emitted by a light emitter after interaction of the light with
a user of the apparatus 628; and determining one or more
health parameters of the user based on the detected light 629.
[0086] FIG. 65 shows schematically the main steps 630-
631 of a method of making the present apparatus. The
method generally comprises: forming a light emitter and a
photodetector on a single fluid-permeable substrate such that
the photodetector is able to detect light emitted by the light
emitter after interaction of the light with a user of the
apparatus 630; and forming a layer of fluid-impermeable
dielectric material configured to inhibit a flow of electrical
current between a channel member and the gate electrode of
the photodetector to enable the electrical conductance of the
channel member to be controlled by a voltage applied to the
gate electrode, and inhibit exposure of the light emitter to
fluid which has permeated through the fluid-permeable
substrate 631.

[0087] FIG. 7 illustrates schematically a computer/proces-
sor readable medium 732 providing a computer program
according to one embodiment. The computer program may
comprise computer code configured to perform, control or
enable one or more of the method steps 628-631 of FIG. 6a
or 6b. In this example, the computer/processor readable
medium 732 is a disc such as a digital versatile disc (DVD)
or a compact disc (CD). In other embodiments, the com-
puter/processor readable medium 732 may be any medium
that has been programmed in such a way as to carry out an
inventive function. The computer/processor readable
medium 732 may be a removable memory device such as a
memory stick or memory card (SD, mini SD, micro SD or
nano SD).

[0088] Other embodiments depicted in the figures have
been provided with reference numerals that correspond to
similar features of earlier described embodiments. For
example, feature number 1 can also correspond to numbers
101, 201, 301 etc. These numbered features may appear in
the figures but may not have been directly referred to within
the description of these particular embodiments. These have
still been provided in the figures to aid understanding of the
further embodiments, particularly in relation to the features
of similar earlier described embodiments.

[0089] It will be appreciated to the skilled reader that any
mentioned apparatus/device and/or other features of particu-
lar mentioned apparatus/device may be provided by appa-
ratus arranged such that they become configured to carry out
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the desired operations only when enabled, e.g. switched on,
or the like. In such cases, they may not necessarily have the
appropriate software loaded into the active memory in the
non-enabled (e.g. switched off state) and only load the
appropriate software in the enabled (e.g. on state). The
apparatus may comprise hardware circuitry and/or firmware.
The apparatus may comprise software loaded onto memory.
Such software/computer programs may be recorded on the
same memory/processor/functional units and/or on one or
more memories/processors/functional units.

[0090] In some embodiments, a particular mentioned
apparatus/device may be pre-programmed with the appro-
priate software to carry out desired operations, and wherein
the appropriate software can be enabled for use by a user
downloading a “key”, for example, to unlock/enable the
software and its associated functionality. Advantages asso-
ciated with such embodiments can include a reduced
requirement to download data when further functionality is
required for a device, and this can be useful in examples
where a device is perceived to have sufficient capacity to
store such pre-programmed software for functionality that
may not be enabled by a user.

[0091] It will be appreciated that any mentioned appara-
tus/circuitry/elements/processor may have other functions in
addition to the mentioned functions, and that these functions
may be performed by the same apparatus/circuitry/elements/
processor. One or more disclosed aspects may encompass
the electronic distribution of associated computer programs
and computer programs (which may be source/transport
encoded) recorded on an appropriate carrier (e.g. memory,
signal).

[0092] It will be appreciated that any “computer”
described herein can comprise a collection of one or more
individual processors/processing elements that may or may
not be located on the same circuit board, or the same
region/position of a circuit board or even the same device.
In some embodiments one or more of any mentioned pro-
cessors may be distributed over a plurality of devices. The
same or different processor/processing elements may per-
form one or more functions described herein.

[0093] It will be appreciated that the term “signalling”
may refer to one or more signals transmitted as a series of
transmitted and/or received signals. The series of signals
may comprise one, two, three, four or even more individual
signal components or distinct signals to make up said
signalling. Some or all of these individual signals may be
transmitted/received simultaneously, in sequence, and/or
such that they temporally overlap one another.

[0094] With reference to any discussion of any mentioned
computer and/or processor and memory (e.g. including
ROM, CD-ROM etc), these may comprise a computer
processor, Application Specific Integrated Circuit (ASIC),
field-programmable gate array (FPGA), and/or other hard-
ware components that have been programmed in such a way
to carry out the inventive function.

[0095] The applicant hereby discloses in isolation each
individual feature described herein and any combination of
two or more such features, to the extent that such features or
combinations are capable of being carried out based on the
present specification as a whole, in the light of the common
general knowledge of a person skilled in the art, irrespective
of whether such features or combinations of features solve
any problems disclosed herein, and without limitation to the
scope of the claims. The applicant indicates that the dis-
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closed aspects/embodiments may consist of any such indi-
vidual feature or combination of features. In view of the
foregoing description it will be evident to a person skilled in
the art that various modifications may be made within the
scope of the disclosure.

[0096] While there have been shown and described and
pointed out fundamental novel features as applied to differ-
ent embodiments thereof, it will be understood that various
omissions and substitutions and changes in the form and
details of the devices and methods described may be made
by those skilled in the art without departing from the spirit
of the invention. For example, it is expressly intended that
all combinations of those elements and/or method steps
which perform substantially the same function in substan-
tially the same way to achieve the same results are within the
scope of the invention. Moreover, it should be recognized
that structures and/or elements and/or method steps shown
and/or described in connection with any disclosed form or
embodiment may be incorporated in any other disclosed or
described or suggested form or embodiment as a general
matter of design choice. Furthermore, in the claims means-
plus-function clauses are intended to cover the structures
described herein as performing the recited function and not
only structural equivalents, but also equivalent structures.
Thus although a nail and a screw may not be structural
equivalents in that a nail employs a cylindrical surface to
secure wooden parts together, whereas a screw employs a
helical surface, in the environment of fastening wooden
parts, a nail and a screw may be equivalent structures.

1-15. (canceled)

16. An apparatus comprising:

a light emitter and a photodetector formed on a single

fluid-permeable substrate,

the photodetector comprising a channel member and

respective source and drain electrodes configured to
enable a flow of electrical current through the channel
member between the source and drain electrodes,

a layer of photosensitive material configured to vary the

flow of electrical current through the channel member
on exposure to light from the light emitter, and from a
gate electrode,

a layer of fluid-impermeable dielectric material config-

ured to:

inhibit a flow of electrical current between the channel
member and the gate electrode of the photodetector
to enable the electrical conductance of the channel
member to be controlled by a voltage applied to the
gate electrode; and

inhibit exposure of the light emitter to fluid which has
permeated through the fluid-permeable substrate.

17. The apparatus of claim 16, wherein the fluid-perme-
able substrate comprises one or more resilient polymeric
materials.

18. The apparatus of claim 16, wherein the gate electrode
is embedded within the fluid-permeable substrate, and the
layer of fluid-impermeable dielectric material is positioned
between the embedded gate electrode and the channel mem-
ber.

19. The apparatus of claim 16, wherein the layer of
fluid-impermeable dielectric material is configured to facili-
tate the dissipation of heat produced by the light emitter.

20. The apparatus of claim 16, wherein the light emitter
and photodetector are at least partly formed on top of the
layer of fluid-impermeable dielectric material, and wherein
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the fluid-impermeable dielectric material on which the light
emitter is at least partly formed has a different thickness than
the fluid-impermeable dielectric material on which the pho-
todetector is at least partly formed.
21. The apparatus of claim 16, wherein the layer of
fluid-impermeable dielectric material has a thickness of
between 10 and 200 nm, and a surface roughness of less than
1 nm, 5 nm, 10 nm or 25 nm.
22. The apparatus of claim 16, wherein the light emitter
and photodetector are formed on the fluid-permeable sub-
strate such that the photodetector is able to detect light
emitted by the light emitter after one or more of reflection of
the light from a body part of the user and transmission of the
light through a body part of the user.
23. The apparatus of claim 22, wherein one or more of the
fluid-permeable substrate and layer of fluid-impermeable
dielectric material are sufficiently resilient to enable the light
emitter and photodetector to be positioned on opposite sides
of the user’s body part by mechanical deformation of the
fluid-permeable substrate such that the photodetector can
detect the transmitted light.
24. The apparatus of claim 16, wherein the light emitter
and photodetector are encapsulated within a fluid-imperme-
able material to inhibit their exposure to fluid in the sur-
rounding environment.
25. The apparatus of claim 16, wherein the fluid com-
prises one or more of water and oxygen.
26. The apparatus of claim 16, wherein the layer of
fluid-impermeable dielectric material is configured to pre-
vent exposure of the light emitter to up to 50%, 60%, 70%,
80%, 90% or 100% of the fluid which has permeated
through the fluid-permeable substrate.
27. The apparatus of claim 16, wherein the apparatus is
one or more of an electronic device, a portable electronic
device, a portable telecommunications device, a mobile
phone, a personal digital assistant, a tablet, a phablet, a
desktop computer, a laptop computer, a server, a smart-
phone, a smartwatch, smart eyewear, a sensor, an SpO,
sensor, a blood pressure sensor, a pulse sensor, and a module
for one or more of the same.
28. A method of using an apparatus,
the apparatus comprising a light emitter and a photode-
tector formed on a single fluid-permeable substrate,

the photodetector comprising a channel member and
respective source and drain electrodes configured to
enable a flow of electrical current through the channel
member between the source and drain electrodes, a
layer of photosensitive material configured to vary the
flow of electrical current through the channel member
on exposure to light from the light emitter, and from a
gate electrode,

wherein the apparatus comprises a layer of fluid-imper-

meable dielectric material configured to:

inhibit a flow of electrical current between the channel
member and the gate electrode of the photodetector
to enable the electrical conductance of the channel
member to be controlled by a voltage applied to the
gate electrode; and

inhibit exposure of the light emitter to fluid which has
permeated through the fluid-permeable substrate,

the method comprising detecting, by the photodetector,
light emitted by the light emitter after interaction of the
light with a user of the apparatus.
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29. The method of claim 28, wherein the fluid-permeable
substrate comprises one or more resilient polymeric mate-
rials.

30. The method of claim 28, wherein the layer of fluid-
impermeable dielectric material is configured to facilitate
the dissipation of heat produced by the light emitter.

31. The method of claim 28, wherein the layer of fluid-
impermeable dielectric material has a thickness of between
10 and 200 nm, and a surface roughness of less than 1 nm,
5 nm, 10 nm or 25 nm.

32. The method of claim 28, wherein the light emitter and
photodetector are encapsulated within a fluid-impermeable
material to inhibit their exposure to fluid in the surrounding
environment.

33. The method of claim 28, wherein the fluid comprises
one or more of water and oxygen.

34. A method of making an apparatus, the method com-
prising:

forming a light emitter and a photodetector on a single

fluid-permeable substrate, the photodetector compris-
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ing a channel member and respective source and drain
electrodes configured to enable a flow of electrical
current through the channel member between the
source and drain electrodes, a layer of photosensitive
material configured to vary the flow of electrical cur-
rent through the channel member on exposure to light
from the light emitter, and from a gate electrode; and
forming a layer of fluid-impermeable dielectric material
configured to:
inhibit a flow of electrical current between the channel
member and the gate electrode of the photodetector
to enable the electrical conductance of the channel
member to be controlled by a voltage applied to the
gate electrode; and
inhibit exposure of the light emitter to fluid which has
permeated through the fluid-permeable substrate.
35. A computer program comprising computer code con-
figured to perform the method of claim 28.
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