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(57) Abstract: A single device for emitting and detecting photons. The device comprises a semiconductive layer (3), active material
(5), turther dielectric layer (17) and overlying electrode (25). In a first mode of operation an electrical field is applied between the
semiconductive layer (3) and the overlying electrode (25). This enables photons to be emitted from the active material (5). In a
second mode of operation, the semiconductive layer (3) constitutes a channel of a field effect transistor (23). The field effect transist -
or further comprises source electrode (11), drain electrode (15), gate electrode (13) and dielectric layer (19). Photons absorbed by
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TITLE

DEVICE FOR EMITTING AND DETECTING PHOTONS AND METHOD OF PRODUCING THE SAME

TECHNOLOGICAL FIELD

Examples of the present disclosure relate to an apparatus and method of providing an
apparatus for emitting and detecting photons. In particular, they relate to an apparatus and
method of providing an apparatus for emitting and detecting photons which can be provided

within a configurable array.

BACKGROUND

Photon detectors are used in a wide variety of applications. For instance, a photon detector
may be used to make absorption measurements or detect interruption of a light signal. In
some examples the photon detector may require a photon emitter to be provided in addition
to the detector. In such examples this will require two discrete components, a photon
emitter and a photon detector, which are packaged separately. This will provide limitations

on the resolution of an array of such photon detectors.

It is useful to provide improved photon detector devices.

BRIEF SUMMARY

According to various, but not necessarily all, examples of the disclosure there may be
provided an apparatus comprising: an active material positioned between a semiconductive
layer and a conductive layer; wherein the semiconductive layer and the conductive layer
are configured such that in a first mode of operation the active material acts as a photon

emitter and in a second mode of operation the active material acts as a photon detector.

In some examples in the first mode of operation an electric field may be applied between

the semiconductive layer and the conductive layer.

In some examples the semiconductive layer may be connected to a source electrode and a
drain electrode such that in the second mode of operation the semiconductive layer provides

a channel within a field effect transistor.



10

15

20

25

30

35

WO 2016/207483 PCT/FI12016/050332

In some examples the semiconductive layer and the conductive layer may be arranged such
that the apparatus can be configured in the first mode of operation at a first time and in the

second mode of operation at a second, different time.

In some examples the active material may comprise quantum dots.

In some examples the semiconductive layer may comprise graphene. The graphene may

form a graphene field effect transistor.

In some examples a dielectric layer may be provided between the active material and the

conductive layer.

In some examples a hole transport layer may be provided between the active material and

the semiconductive layer.

In some examples an electron transport layer may be provided between the active material

and the conductive layer.

In some examples the apparatus may comprise a barrier configured to prevent illumination

from an adjacent apparatus.

In some examples the apparatus may comprise a microlens array or fibre optic faceplate

configured to prevent illumination from an adjacent apparatus.

In some examples the apparatus may comprise control circuitry configured to control the

mode of operation of the apparatus.

According to various, but not necessarily all, examples of the disclosure there may be

provided an array comprising a plurality of apparatus as described above.

In some examples a first subset of the plurality of apparatus may be configured in the first
mode of operation and a second subset of the plurality of apparatus may be configured in

the second mode of operation.
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3
In some examples at least one apparatus may be arranged within different subsets at

different times.

According to various, but not necessarily all, examples of the disclosure there may be
provided a method comprising: providing an active material between a semiconductive layer
and a conductive layer; and configuring the semiconductive layer and the conductive layer
such that in a first mode of operation the active material acts as a photon emitter and in a

second mode of operation the active material acts as a photon detector.

In some examples in the first mode of operation an electric field may be applied between

the semiconductive layer and the conductive layer.
In some examples the semiconductive layer may be connected to a source electrode and a
drain electrode such that in the second mode of operation the semiconductive layer provides

a channel within a field effect transistor.

In some examples the method may comprise configuring the active material in the first mode

of operation at a first time and in the second mode of operation at a second, different time.

In some examples the active material may comprise quantum dots.

In some examples the semiconductive layer may comprise graphene. The graphene may

form a graphene field effect transistor.

In some examples the method may comprise providing a dielectric layer between the active

material and the conductive layer.

In some examples the method may comprise providing a hole transport layer between the

active material and the semiconductive layer.

In some examples the method may comprise providing an electron transport layer between

the active material and the conductive layer.

In some examples the method may comprise providing a barrier configured to prevent

illumination from an adjacent apparatus.
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In some examples the method may comprise providing a microlens array or fibre optic

faceplate configured to prevent illumination from an adjacent apparatus.

In some examples the method may comprise configuring control circuitry to control the

mode of operation of the active material.

In some examples the method may comprise providing an array wherein the array

comprises a plurality of apparatus as described above.

In some examples the method may comprise configuring a first subset of the plurality of
apparatus are configured in a first mode of operation and a second subset of the plurality

of apparatus are configured in a second mode of operation.

In some examples the method may comprise configuring at least one apparatus within

different subsets at different times.

According to various, but not necessarily all, examples of the disclosure there may be

provided examples as claimed in the appended claims.

BRIEF DESCRIPTION

For a better understanding of various examples that are useful for understanding the
detailed description, reference will now be made by way of example only to the
accompanying drawings in which:

Fig. 1 illustrates an example apparatus;

Fig. 2 illustrates an example apparatus;

Fig. 3 illustrates example apparatus;

Fig. 4 illustrates an example device comprising a plurality of apparatus;

Figs. 5A and 5B illustrate example arrays;

Figs. 6A and 6B; illustrate example arrays; and

Fig. 7 illustrates a method.

DETAILED DESCRIPTION

The Figures illustrate an apparatus 1 comprising: an active material 5 positioned between

a semiconductive layer 3 and a conductive layer 7; wherein the semiconductive layer 3 and
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5
the conductive layer 7 are configured such that in a first mode of operation the active

material 5 acts as a photon emitter and in a second mode of operation the active material

5 acts as a photon detector.

The apparatus 1 may provide an integrated photon emitter and photon detector. The
apparatus 1 may be arranged in an array 43 comprising a plurality of other apparatus. The
array 43 may have a high resolution which may enable improved imaging. The array 43
may have a configurable pattern of photon emitters and photon detectors which may also
enable improved imaging. In some examples the apparatus 1 may be used to enable

biometric parameters to be monitored.

Fig. 1 schematically illustrates an example apparatus 1. The apparatus 1 comprises a

semiconductive layer 3, an active material 5 and a conductive layer 7.

The active material 5 is positioned between the semiconductive layer 3 and the conductive
layer 7. The active material 5 may comprise any material which may be configured for both
photon emission and photon detection. The apparatus 1 may be arranged so that the active
material 5 is arranged for photon emission at a first time and photon detection at a second,
different time. Whether the active material 5 is configured for photon emission or photon
detection may be determined by how the the semiconductive layer 3 and the conductive

layer 7 are activated.

In some examples the active material 5 may comprise quantum dots. The quantum dots
may act as a source of photons in a first mode of operation and as photon detectors in a

second mode of operation.

Other materials may be used as the active material 5 in other examples of the disclosure.
For instance in other examples the active material 5 could comprise a light emitting polymer,

a J-aggregate dye or any other suitable material.

The active material 5 may be provided overlaying the semiconductive layer 3. The
semiconductive layer 3 may comprise any conductive material. In some examples the
semiconductive layer 3 may comprise a carbon based material such as graphene, graphene

oxide, carbon nanotubes, or any other suitable material.
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The semiconductive layer 3 may be configured to enable charge transfer between the

semiconductive layer 3 and the active material 5. The semiconductive layer 3 may be
configured such that charges produced by incident photons within the active material 5 are
transferred to the semiconductive layer 3. These charges may change the conductivity of

the semiconductive layer 3.

In some examples the active material 5 may be provided directly overlaying the
semiconductive layer 3 so that there is no intervening material between the semiconductive
layer 3 and the active material 5. In other examples one or more layers may be provided
between the semiconductive layer 3 and the active material 5. For example, in some
apparatus 1, a hole injection layer may be provided between the semiconductive layer 3
and the active material 5. The hole injection layer may enable positive charge to be

transferred between the semiconductive layer 3 and the active material 5.

The conductive layer 7 is provided overlaying the active material 5. The conductive layer 7
may comprise a transparent conductive material such as indium tin oxide (ITO), fluorine
doped tin oxide (FTO), aluminium doped zinc oxide (AlZnO). In other examples the
transparent conductive material may comprise poly(2,3-dihydrothieno-1,4-dioxin)-
poly(styrenesulfonate)(PEDOT:PSS), polypyrrole (Ppy), silver nanowires, carbon
nanotubes, graphene-based materials including composites thereof, graphene or any other
suitable material. The conductive layer 7 may be transparent to enable photons to be

detected and emitted by the active material 5.

The conductive layer 7 may be configured to enable an electric field to be provided between
the semiconductive layer 3 and the conductive layer 7. The active material 5 may be

positioned within the electric field.

In some examples one or more layers may be provided between the active material 5 and
the conductive layer 7. For example, in some apparatus 1, a dielectric material may be
provided overlaying the active material 5 to passivate the active material 5. In some
apparatus 1 an electron transport layer may be provided to enable negative charge to be

transferred between the active material 5 and the conductive layer 7.

Fig. 2 illustrates an example apparatus 1 in more detail. The example apparatus 1

comprises a substrate 21, a field effect transistor 23 and an overlaying electrode 25.
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The substrate 21 may provide means for supporting the components of the apparatus 1.

The components of the apparatus 1 may be printed on the substrate 21. In some examples

the substrate 21 may comprise a flexible material.

The substrate 21 may be made of any suitable material. In some examples the substrate
21 may comprise an insulating material. For instance the substrate 21 could comprise
glass, silicon, quartz, polyethylene 2, 6-naphthalate (PEN). polyethylene terephthalate
(PET), polyimide (PI), polycarbonate (PC), polyethylene (PE), polyurethane (PU),
polymethylmethacrylate (PMMA), polystyrene (PS), natural rubbers such as;
polyisoprenes, polybutadienes, polychloraprenes, polyisobutylenes, nitrile butadienes and
styrene butadienes, saturated elastomeric materials such as; polydimethylsiloxane
(PDMS), silicone rubbers, fluorosilicone rubbers, fluoroelastomers, perfluoroelastomers,
ethylene vinyl acetate (EVA) thermoplastic elastomers such as styrene block copolymers,
thermoplastic polyolefins, thermoplastic vulcanisates, thermoplastic polyurethane (TPU)

thermoplastic copolyesters, melt processable rubbers or any other suitable material.

In other examples the substrate 21 could comprise a conductive material such as a metal
foil. The metal foil may comprise a planarised metal foil. The field effect transistor 23 may

be created on the metal foil.

Only one apparatus 1 is shown in the example of Fig. 2 it is to be appreciated that in other

examples a plurality of apparatus 1 may be provided on the same substrate 21.

The example apparatus 1 of Fig. 2 also comprises a field effect transistor 23. The field
effect transistor 23 may be configured to enable the apparatus 1 to detect photons. The
field effect transistor may be provided on the substrate 21. The field effect transistor 23
may be a thin film transistor, graphene field effect transistor or any other suitable type of

transistor.

The field effect transistor 23 comprises a source electrode 11, a gate electrode 13 and a
drain electrode 15. In the example of Fig. 2 the electrodes 11, 13, 15 are provided within a
planarization layer 27. The planarization layer 27 may be made of any suitable insulating

material. The electrodes 11, 13, 15 may be made of any suitable conductive material.

A semiconductive layer 3 connects the source electrode 11 and the drain electrode 15 to

provide a channel with the field effect transistor 23. The semiconductive layer 3 is coupled
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to the active material 5 so that when the apparatus 1 is in a detecting mode of operation the

resistivity of the semiconductive layer 3 is dependent upon the photons detected by the
active material 5. The semiconductive layer 3 may comprise a layer of carbon based
materials such as graphene, graphene oxide or carbon nanotubes. Other materials may be

used in other examples of the disclosure.

In the example of Fig. 2 a dielectric layer 19 is provided between the planarization layer 27
and the semiconductive layer 3. The dielectric layer 19 may be provided between the gate
electrode 13 and the semiconductive layer 3. The dielectric layer 19 may comprise an
insulating oxide material such as SiO., LiF, SisN4, alumina, titania, hafnium oxide or any

other suitable material.

A layer of active material 5 is provided overlaying the semiconductive layer 3. The active
material 5 may be tuned to detect and emit photons within a range of wavelengths. For
instance where the apparatus 1 is being used to monitor biometric parameters the

apparatus 1 may be tuned to detect and emit photons in the infra red frequency range.

In some examples the layer of active material 5 may comprise a layer of quantum dots. The

guantum dots may be deposited on the semiconductive layer 3.

The quantum dots may comprise nanocrystals which may be configured to produce electric
charge in response to incident photons. The quantum dots may also be configured to emit
photons in response to charge transferred to the quantum dots or an electric field applied

to the quantum dots.

The gquantum dots may be provided in a very thin layer. In some examples the gquantum
dot layer may be a monolayer and so may be effectively two dimensional. In some
examples the thickness of the quantum dot layer may be of the order of 200mm. Having a
thin layer may allow for optimal charge transfer between the quantum dots and the

semiconductive layer 3.

The quantum dots may be configured to be sensitive to a particular frequency of
electromagnetic radiation. In some examples the quantum dots may be configured to be
sensitive to infra red radiation. In such examples the materials used for the quantum dots
may comprise: CdSe, CdS, PbSe, PbS, Zn0O, ZnS, CZTS, Cu.S, Bi;S3, Ag2S, HgTe, CdTe,
CdHgTe, HgZnTe, CdZnTe, InAs, InSb, Ge, CIS, CIGS or any other suitable material.
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The size of the quantum dots which are used may be dependent upon the material which is

used and the wavelength of light which is to be detected.

In some examples a ligand may be provided to connect the quantum dots to each other.
The ligand may also be configured to connect the quantum dots to the semiconductive layer
3. The ligand may be configured to cross link the quantum dots so that they form a
conductive solid. The ligand may comprise any suitable material or combinations of material
such as ethanedithiol, ethylene diamine, ethanethiol, propanethiol, benzenedithiol,
thioglycerol, dithioglycerol, hydrazine, formic acid, oxalic acid, acetic acid, or inorganic

moieties such as SnSs, PbBr,, Pbl,, PbCl, or any other suitable material.

The coupling of the quantum dots to the semiconductive layer 3 enables excitons generated
in the quantum dots to be separated into electron-hole pairs and either the holes or electrons

are transferred to the semiconductive layer 3.

In some examples the quantum dot active material 5 may comprise an additional
photosensitive semiconductor material. The additional photosensitive semiconductor
material may increase the photosensitivity of the quantum dot active material 5. The
additional photosensitive semiconductor material may comprise a conjugated polymer or

dye or any other suitable material.

The quantum dot active material 5 may have very high levels of quantum efficiency. The
quantum efficiency quantum dot active material 5, particularly at infra red wavelengths may

enable measurements to be made over large areas with low power input.

A further dielectric layer 17 is provided overlaying the active material 5. The further
dielectric layer 17 may be configured to provide a passivation layer for the active material
5. The further dielectric layer 17 may comprise any suitable material such as insulating
oxide material such as SiO», SisN4, LiF, alumina, titania, hafnium oxide or any other suitable

material.

The conductive layer 7 is provided overlaying the further dielectric layer 17. The conductive
layer 7 may provide an overlaying electrode 25. The overlaying electrode 25 may comprise
a transparent conductive material. In some examples the transparent conductive material

may comprise a conducting metal oxide such as Indium Tin Oxide (ITO), Fluorine doped tin



10

15

20

25

30

35

WO 2016/207483 PCT/FI12016/050332

10
oxide (FTO), Aluminium doped zinc oxide (AlZnO). In other examples the transparent

conductive material may comprise poly(2,3-dihydrothieno-1,4-dioxin)-
poly(styrenesulfonate)(PEDOT:PSS), polypyrrole (Ppy), silver nanowires, carbon
nanotubes, graphene based materials including composites thereof, graphene or any other

suitable material.

The conductive layer 7 is connected to a power source 29 to enable an electric field to be
applied between the semiconductive layer 3 and the conductive layer 7. This enables an

electric field to be applied to the active material 5.

The apparatus 1 can be operated in a first mode of operation or in a second mode of
operation. The apparatus 1 may be controlled so that it can operate in either the first mode
of operation or the second mode of operation. The apparatus 1 may be controlled to switch
between different modes of operation so that the apparatus 1 can operate in the first mode

of operation at a first time and in a second mode of operation at a second different time.

In the first mode of operation an electric field is applied between the semiconductive layer
3 and the conductive layer 7. The applied electric field may be an alternating electric field.
The source electrode 11 and the drain electrode 15 may be shorted. In some examples the
applied electric field may enable current to be driven between the semiconductive layer 3
and the conductive layer 7 through the active material 5. The applied electric field may

enable photons to be emitted by the active material 5.

In the second mode of operation the semiconductive layer 3 is connected to the source
electrode 11 and the drain electrode 15 such that the semiconductive layer 3 provides a
channel within the field effect transistor 23. When photons are incident on the active
material 5 the active material 5 absorbs the photons and causes charge to be transferred
to the semiconductive layer 3. This provides a channel with a resistance dependent on the

detected photons.

In the second mode of operation the conductive layer 7 may be disconnected from the

power source 29 so that no electric field is provided by the conductive layer 7.

Therefore the apparatus 1 may be used as either a photon detector or a photon emitter
depending on the configuration of the semiconductive layers 3 and the conductive layer 7

within the apparatus 1.
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It is to be appreciated that modifications and variations could be made to the example
apparatus of Fig. 2. For instance in some example apparatus 1 the dielectric layers 17, 19
could be replaced with hole injection layers and electron transport layers. In some examples
a hole injection layer may be provided between the active material 5 and the semiconductive
layer 3 and an electron transport layer may be provided between the active material 5 and
the conductive layer 7. The materials which are used as hole injection layers and electron
transport layers may depend on the work function of the quantum dots and the
semiconductive layer 3. In some examples the hole injection layers and electron transport
layers could comprise materials such as PEDOT/PSS (poly(3,4-ethylenedioxythiophene)
polystyrene sulfonate), PVK (poly N-vinyl carbazole), ZnO nanoparticles or any other
suitable material. In such examples the hole injection layers and electron transport layers
may enable current to be driven through the device when the apparatus 1 is in the first mode
of operation and an electric field is applied between the semiconductive layer 3 and the

conductive layer 7.

In some examples a hole injection layer and/or an electron transport layer may be provided
within the apparatus 1 to create a bias within the apparatus 1. For example, in some
apparatus 1 the active material 5 may transfer holes to the semiconductive layer 3 in
response to detected photons. Such apparatus 1 may comprise an active material 5
comprising PbS quantum dots and a semiconductive layer 3 comprising graphene. In such
apparatus 1 an electron transport layer may be provided as passivation layer overlaying the
active material 5. The electron transport layer may assist in removing negative charge from

the active material 5 when the apparatus 1 is detecting photons.

In the above described example apparatus 1 the active material comprises quantum dots.
It is to be appreciated that in other examples other materials could be used. For instance,
in some examples the active material 5 could comprise materials such as polyfluorenes,
polyphenylene vinylenes, organic transition metal complexes or any other suitable

materials.

In some examples the active material 5 may comprise an organic photovoltaic layer. The
organic photovoltaic layer may comprise n-type materials, or p-type materials, or a mixture
of both n-type and p-type materials. Examples of p-type materials which may be used
comprise polythiophene, polypyrrole, polyaniline, polyfluorene, polyphenylene vinylene,

polyphenylene. Examples of n-type materials which could be used comprise fullerenes,



10

15

20

25

30

35

WO 2016/207483 PCT/FI12016/050332

12
dithieno [3, 2-b:2', 3'-d]pyrrole (DTP), poly('substituted dithieno[3, 2-b: 2', 3'-d]pyrrole)s

(PDTPs).

In some examples a microlens could be provided overlaying the apparatus 1. The microlens
may be configured to direct light substantially perpendicular to surface of the apparatus 1
when the apparatus 1 is in an emitting mode of operation. The microlens may also be
configured to direct light towards the centre of the apparatus 1 when the apparatus is in a

detecting mode of operation.

In examples where a plurality of apparatus 1 are provided a fibre optic faceplate may be
provided overlaying the plurality of apparatus 1. The fibre optic faceplate would direct light
in the same or similar manner to a microlens. The fibre optic faceplate may also prevent a
lateral spread of light to adjacent pixels and so may reduce cross talk between adjacent

emitting and detecting pixels.

The apparatus 1 may be small. In some examples the apparatus 1 may have a lateral
dimensions of the order of 10-100pm. A plurality of such apparatus 1 may be coupled
together to form an array 43 as described below. The array 43 may be arranged to provide

very high spatial resolution.

Fig. 3 illustrates two example apparatus 1 positioned adjacent to each other. The example
apparatus 1 each comprise a semiconductive layer 3 an active material 5 and a conductive
layer 7 which may be as described above. The apparatus 1 are mounted on the substrate
21. The apparatus 1 may form part of an array 43 comprising a plurality of identical and/or

similar apparatus 1.

In the example of Fig. 3 a barrier 31 is provided between the adjacent apparatus 1. In the
example of Fig. 3 the barrier 31 extends above the height of the conductive layer 7. The
barrier 31 may be arranged to prevent light emitted from a first apparatus 1 from causing

interference at a second apparatus 1.

In the example of Fig. 3 the barriers 31 may be formed from the source electrode 11 and
the drain electrode 15. In such examples each apparatus 1 may comprise a barrier 31 at
either side of the apparatus 1. This may provide two barriers 31 between each adjacent
pair of apparatus 1. In some examples one electrode 11, 15 could be shared between

adjacent apparatus 1.
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In the example apparatus of Fig. 3 the electrodes 11, 15 may be used to enable the photons
to be detected and also to prevent interference between apparatus 1. Using the same
components to perform a plurality of functions may enable the size of the apparatus 1 to be
reduced. This may also enable the spacing between adjacent apparatus 1 to be reduced.
This may enable an array 43 of apparatus 1 to be configured to provide with high spatial
resolution imaging. This may also enable reduced cross talk between adjacent apparatus

1 within the array 43.

Fig. 4 illustrates an example device 41 comprising a plurality of apparatus 1. The example
device 41 comprises an array 43 comprising a plurality of apparatus 1 and control circuitry
45,

The array 43 comprises a plurality of apparatus 1. The plurality of apparatus 1 within the
array 43 may be as described above. The modes of operation of the apparatus 1 within the

array 43 may be controlled by the control circuitry 45.

The plurality of apparatus 1 may be arranged in to different subsets. A first subset of the
plurality of apparatus 1 may be configured in the first mode of operation so that the first
subset are configured to act as photon emitters. This may enable a first portion of the array
43 to act an emitter. A second subset of the plurality of apparatus 1 may be configured in
the second mode of operation so that the second subset of apparatus 1 are configured to
act as photon detectors. This may enable a second portion of the array 43 to act as a

detector.

The control circuitry 45 may control the array 43 so that an apparatus 1 may be arranged in
different subsets at different times. At a first time an apparatus 1 may act as a photon emitter
and at a second time an apparatus 1 may act as a photon detector. This may enable

different portions of the array 43 to act as detectors and emitters at different time.
Figs. 5A to 6B illustrate example arrays 43 and different configurations for these arrays.
In the example device 41 of Fig. 4 the control circuitry 45 may be configured to address any

of the apparatus 1 within the array 43 and control which apparatus 1 are configured in a first

mode of operation and which apparatus 1 are configured in a second mode of operation.
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The control circuitry 45 may comprise processing circuitry 47 and memory circuitry 49. The

processing circuitry 47 may be configured to read from and write to memory circuitry 49.
The processing circuitry 47 may comprise one or more processors. The processing circuitry
47 may also comprise an output interface via which data and/or commands are output by
the processing circuitry 47 and an input interface via which data and/or commands are input

to the processing circuitry 47.

The memory circuitry 49 may be configured to store a computer program 51 comprising
computer program instructions (computer program code 53) that controls the operation of
the apparatus 1 within the array 43 when loaded into processing circuitry 47. The
processing circuitry 47 by reading the memory circuitry 49 is able to load and execute the

computer program 51.

The computer program 51 may arrive at the device 41 via any suitable delivery mechanism.
The delivery mechanism may be, for example, a non-transitory computer-readable storage
medium, a computer program product, a memory device, a record medium such as a
compact disc read-only memory (CD-ROM) or digital versatile disc (DVD), or an article of
manufacture that tangibly embodies the computer program. The delivery mechanism may
be a signal configured to reliably transfer the computer program 51. The apparatus may
propagate or transmit the computer program 51 as a computer data signal. In some
examples the computer program code 53 may be transmitted to the device 61 using a
wireless protocol such as Bluetooth, Bluetooth Low Energy, Bluetooth Smart, 6LoWPan
(IPv6 over low power personal area networks) ZigBee, ANT+, near field communication
(NFC), Radio frequency identification, wireless local area network (wireless LAN) or any

other suitable protocol.

Although the memory circuitry 49 is illustrated as a single component in the figures it is to
be appreciated that it may be implemented as one or more separate components some or
all of which may be integrated/removable and/or may provide permanent/semi-

permanent/dynamic/cached storage.

Although the processing circuitry 47 is illustrated as a single component in the figures it is
to be appreciated that it may be implemented as one or more separate components some

or all of which may be integrated/removable.
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References to “computer-readable storage medium”, “computer program product”, “tangibly

LI L]

embodied computer program” etc. or a “controller”, “computer”, “processor” etc. should be
understood to encompass not only computers having different architectures such as
single/multi-processor architectures, Reduced Instruction Set Computing (RISC) and
sequential (Von Neumann)/parallel architectures but also specialized circuits such as field-
programmable gate arrays (FPGA), application-specific integrated circuits (ASIC), signal
processing devices and other processing circuitry. References to computer program,
instructions, code etc. should be understood to encompass software for a programmable
processor or firmware such as, for example, the programmable content of a hardware
device whether instructions for a processor, or configuration settings for a fixed-function

device, gate array or programmable logic device etc.

As used in this application, the term “circuitry” refers to all of the following:

(a) hardware-only circuit implementations (such as implementations in only analog and/or
digital circuitry) and

(b) to combinations of circuits and software (and/or firmware), such as (as applicable): (i) to
a combination of processor(s) or (ii) to portions of processor(s)/software (including digital
signal processor(s)), software, and memory(ies) that work together to cause an apparatus,
such as a mobile phone or server, to perform various functions) and

(c) to circuits, such as a microprocessor(s) or a portion of a microprocessor(s), that require

software or firmware for operation, even if the software or firmware is not physically present.

This definition of “circuitry” applies to all uses of this term in this application, including in any
claims. As a further example, as used in this application, the term “circuitry” would also
cover an implementation of merely a processor (or multiple processors) or portion of a
processor and its (or their) accompanying software and/or firmware. The term “circuitry”
would also cover, for example and if applicable to the particular claim element, a baseband
integrated circuit or applications processor integrated circuit for a mobile phone or a similar

integrated circuit in a server, a cellular network device, or other network device.

It is to be appreciated that the example device 41 may comprise other feature which are not
illustrated in Fig. 4 for instance, in some examples the device 41 may be a wearable device
41 which may be configured to be worn by a user. In such examples the device 41 may be
configured to monitor biometric parameters of a user. In such examples the device 41 may
also comprise attachment means which may enable the device 41 to be secured to the

user’'s body. In such examples the device 41 may be configured so that when the device
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41 is attached to the body of a user the array 43 is adjacent to the skin of the user. This

may enable the apparatus 1 within the array to be used to illuminate a portion of the user’s

body and measure the light absorbed by that portion.

Figs. 5A and 5B illustrate example arrays 43 which may be used in some example devices
41. In the example of Figs. 5A and 5B apparatus 1 which are configured in an emitting
mode of operation have darker shading and apparatus 1 which are configured in a detecting

mode have lighter shading.

The example array 43 of Figs. 5A and 5B comprises a plurality of apparatus 1 arranged in
rectangular array 43. The array 43 comprises a plurality of rows and a plurality of columns

orthogonal to the rows.

Figs. 5A and 5B illustrate the same example array 43 at two different points in time. In the
example of Fig. 5A all of the apparatus 1 are configured as detectors. The control circuitry
5 may provide a control signal to configure all of the apparatus in the detecting mode of

operation.

At a different point in time all of the apparatus 1 are configured as emitters, as illustrated in
Fig. 5B. The control circuitry 5 may provide a control signal to configure all of the apparatus

in the emitting mode of operation.

The example arrangement of Figs 5A and 5B may provide an array 43 with very high
resolution. As all of the apparatus 1 can be configured as detectors. There is no need to
provide emitting apparatus 1 between the detecting apparatus 1. This can provide a
reduced separation between the detecting apparatus 1 and improve the resolution of the
array 43. Also, as all of the apparatus 1 may be used as emitters this may provide an

increased amount of light. This may improve the efficiency and accuracy of the array 43.

Figs. 6A and 6B illustrate a similar array 43 in different configurations. In the examples of
Figs. 6A and 6B the array 43 is configured to provide both photon emitters and photon
detectors simultaneously. The control circuitry 45 is configured to provide a control signal
to the array 43 to control which apparatus 1 are configured in an emitting mode and which

apparatus 1 are configured in a detecting mode.
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In the example of Fig. 6A the array 43 is configured so that a first row comprises only

detecting apparatus 1. A second row, which is adjacent to the first row, comprises
alternating emitting and detecting apparatus 1. This pattern is repeated across the array
43. This provides a regular pattern of emitters and detectors across the array 43. This may

provide an even illumination and detection across the array 43.

Fig. 6B shows an array 43 in a different configuration. The array 43 could be the same
array of Fig. 6A at a different point in time. In the example of Fig. 6B the apparatus 1 are

arranged to focus the emission of photons on particular locations.

In Fig. 6B the array 43 comprises a first emitting portion 61. The first emitting portion 61
comprises a cluster of apparatus and may enable a designated area to be illuminated. The
array 43 also comprises a second emitting portion 63. The second emitting portion 63 may
be shaped to correspond to a feature which is to be illuminated. The feature could comprise

a biometric feature of a user such as a vein or artery.

The shapes and arrangements of the emitting portions 61, 63 may change at different times

so that the same array 43 may be used to monitor or illuminate different features.

In the examples of Figs. 5A to 6B the arrays 43 are linear. It is to be appreciated that in
other examples non-linear arrays 43 may be used. In such examples the apparatus 1 may
be arranged in a non-linear arrangement such as spirals, concentric circles, curvilinear
arrangements or any other suitable arrangement. In some examples the shapes of the
apparatus 1 may be arranged to maximise the area covered. For instances in the linear
arrays of Figs. 5A to 6B apparatus 1 are rectangular. In non-linear arrangements the
apparatus 1 may be circular, triangular, hexagonal, rhombic, rectangular or any other

shape.

In some examples all of the apparatus 1 within an array 43 may be configured to emit and/or
detect photons at the same wavelength. In other examples the different apparatus 1 may

be configured to emit and/or detect photons at different wavelengths.

Fig. 7 illustrates a method. The method may be implemented using apparatus 1 and
devices 41 as described above. The method comprises, at block 71, providing an active
material 5 between a semiconductive layer 3 and a conductive layer 7. The method also

comprises, at block 73, configuring the semiconductive layer 3 and the conductive layer 7
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such that in a first mode of operation the active material acts 5 as a photon emitter and in a

second mode of operation the active material 5 acts as a photon detector.

Examples of the disclosure provide for an apparatus 1 that can be configured as both a
photon emitter and a photon detector. The apparatus 1 may be configured to operate as a
detector or an emitter at different times. This may enable the apparatus 1 to be switched
between different modes of operation as needed. This may provide for an array of
apparatus 1 which can be configured into any suitable arrangement of emitters and

detectors.

In some examples the array 43 may be configured to enable biometric features of the user
to be monitored and/or identified. For instance the array 43 could be used to measure heart
rate, heart rate variability, blood oxygenation level, blood pressure or other diffuse optical
property of human tissue. As the apparatus 1 within the array 43 can be easily reconfigured
as either emitters or photon detectors this may enable the array to be configured to correlate
to the biometric features of the user. In some examples the biometric features may enable
biometric parameters of the user to be monitored. In some examples the biometric features
may comprise blood vessels, veins, arteries or capillaries, or specific regions of healthy

tissue or damaged tissue such as melanoma, or wounds.

In some examples the devices 41 may be configured to provide a series of first illumination
points with a first spacing followed by a series of second illumination points at a second
spacing. Such an arrangement could be used to measure a time delay in a user’s pulse.

Such measurements could be used to calculate a user’s blood pressure.

In some examples the device 41 could be configured to provide phototherapy or other
treatment to a user. As the array 43 is configurable and also may have a high resolution
this may enable the photo therapy be targeted towards the area of the user which requires

treatment, for instance a wound or lesion.

It is to be appreciated that example apparatus 1 and devices 41 could be used in
applications other than those described above. In particular the apparatus 1 could be used

in applications other than the measurement or monitoring of biometric parameters.

The term “comprise” is used in this document with an inclusive not an exclusive meaning.

That is any reference to X comprising Y indicates that X may comprise only one Y or may
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comprise more than one Y. If it is intended to use “comprise” with an exclusive meaning

then it will be made clear in the context by referring to “comprising only one...” or by using

“consisting”.

In this detailed description, reference has been made to various examples. The description
of features or functions in relation to an example indicates that those features or functions
are present in that example. The use of the term “example” or “for example” or “may” in the
text denotes, whether explicitly stated or not, that such features or functions are present in
at least the described example, whether described as an example or not, and that they can
be, but are not necessarily, present in some of or all other examples. Thus “example”, “for
example” or “may” refers to a particular instance in a class of examples. A property of the
instance can be a property of only that instance or a property of the class or a property of a
sub-class of the class that includes some but not all of the instances in the class. It is
therefore implicitly disclosed that a features described with reference to one example but
not with reference to another example, can where possible be used in that other example

but does not necessarily have to be used in that other example.

Although embodiments of the present invention have been described in the preceding
paragraphs with reference to various examples, it should be appreciated that modifications
to the examples given can be made without departing from the scope of the invention as

claimed.

Features described in the preceding description may be used in combinations other than

the combinations explicitly described.

Although functions have been described with reference to certain features, those functions

may be performable by other features whether described or not.

Although features have been described with reference to certain embodiments, those

features may also be present in other embodiments whether described or not.

Whilst endeavoring in the foregoing specification to draw attention to those features of the
invention believed to be of particular importance it should be understood that the Applicant
claims protection in respect of any patentable feature or combination of features
hereinbefore referred to and/or shown in the drawings whether or not particular emphasis

has been placed thereon.
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CLAIMS

1. An apparatus comprising:

an active material positioned between a semiconductive layer and a conductive
layer;

wherein the semiconductive layer and the conductive layer are configured such that
in a first mode of operation the active material acts as a photon emitter and in a second

mode of operation the active material acts as a photon detector.

2. An apparatus as claimed in any preceding claim wherein in the first mode of
operation an electric field is applied between the semiconductive layer and the conductive

layer.

3. An apparatus as claimed in any preceding claim wherein the semiconductive layer
is connected to a source electrode and a drain electrode such that in the second mode of

operation the semiconductive layer provides a channel within a field effect transistor.

4, An apparatus as claimed in any preceding claim wherein the semiconductive layer
and the conductive layer are arranged such that the apparatus can be configured in the first
mode of operation at a first time and in the second mode of operation at a second, different

time.

5. An apparatus as claimed in any preceding claim wherein the active material

comprise quantum dots.

6. An apparatus as claimed in any preceding claim wherein the semiconductive layer

comprises graphene and the graphene forms a graphene field effect transistor.

7. An apparatus as claimed in any preceding claim wherein a dielectric layer is

provided between the active material and the conductive layer.

8. An apparatus as claimed in any preceding claim wherein a hole transport layer is

provided between the active material and the semiconductive layer.

9. An apparatus as claimed in any preceding claim wherein an electron transport layer

is provided between the active material and the conductive layer.



10

15

20

25

WO 2016/207483 PCT/FI12016/050332

21

10. An apparatus as claimed in any preceding claim comprising at least one of a barrier,
a microlens array or fibre optic faceplate configured to prevent illumination from an adjacent

apparatus.

11. An apparatus as claimed in any preceding claim comprising control circuitry

configured to control the mode of operation of the apparatus.

12. An array comprising a plurality of apparatus as claimed in any preceding claim.

13. An array as claimed in claim 12 wherein a first subset of the plurality of apparatus
are configured in the first mode of operation and a second subset of the plurality of

apparatus are configured in the second mode of operation.

14. An array as claimed in claim 13 wherein at least one apparatus can be arranged

within different subsets at different times.

15. A method comprising:

providing an active material between a semiconductive layer and a conductive layer;
and

configuring the semiconductive layer and the conductive layer such that in a first
mode of operation the active material acts as a photon emitter and in a second mode of

operation the active material acts as a photon detector.



WO 2016/207483 PCT/FI12016/050332

1/5

FIG. 1

FIG. 2



WO 2016/207483 PCT/FI12016/050332

1
/ 15

fj
™~
o

FIG. 3
/41
CONTROL CIRCUITRY
445
PROCESSING |47
CIRCUITRY
8
¥
MEMORY CIRCUITRY 149
COMPUTER 51
PROGRAM
COMPUTER | | +~93
PROGRAM |-
CODE
ARRAY 43

FIG. 4



WO 2016/207483 PCT/FI12016/050332

3/5

SARARARARARARARARARARAL

» j‘43

FIG. 5B



WO 2016/207483 PCT/FI12016/050332

4/5

5
e

AN

FIG. 6B]



WO 2016/207483 PCT/FI12016/050332

5/5

PROVIDE
ACTIVE
MATERIAL

¥

CONFIGURE

CONDUCTIVE LAYER |73

AND SEMICONDUCTIVE
LAYER

FIG. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/F12016/050332

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1L31/12 HO1L31/028
HO1L27/144
ADD.

HO1L31/0352

HO1L27/28 A61B5/02

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

B. FIELDS SEARCHED

HO1L A61B

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data, INSPEC

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 247 193 A (MENDA KAZUNORI [JP]) 1,2,4,7,
21 September 1993 (1993-09-21) 10-13,15
figures 4-9,16
column 5, Tine 25 - column 7, line 5
column 10, line 40 - column 11, Tine 4
X EP 1 840 983 A2 (IMEC INTER UNI MICRO 1-5,7-15
ELECTR [BE]) 3 October 2007 (2007-10-03)
A paragraphs [0045], [0046], [0055], 6
[0056]
paragraphs [0064], [0067], [0075] -
[0077]
paragraph [0090]
figure 7
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

28 September 2016

Date of mailing of the international search report

11/10/2016

Name and mailing address of the ISA/

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

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Weis, Thomas

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/F12016/050332

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 20047208415 Al (KIM JUN-YOUNG [KR] ET
AL) 21 October 2004 (2004-10-21)
paragraphs [0110] - [0116]

figures 10,11

KLEKACHEV ALEXANDER V ET AL: "Charge
transfer effects in graphene-CdSe/ZnS
quantum dots composites",

PROCEEDINGS OF SPIE, SP I E -
INTERNATIONAL SOCIETY FOR OPTICAL
ENGINEERING, US,

vol. 8462, 27 September 2012 (2012-09-27),

pages 84620L-84620L, XP060029174,

ISSN: 0277-786X, DOI: 10.1117/12.930082
ISBN: 978-1-62841-730-2

sections 3.2, 3.3

figures 4,5

CICOIRA F ET AL: "ORGANIC LIGHT EMITTING
FIELD EFFECT TRANSISTORS: ADVANCES AND
PERSPECTIVES",

ADVANCED FUNCTIONAL MATERIALS, WILEY - V C

H VERLAG GMBH & CO. KGAA, DE,

vol. 17, no. 17,

23 November 2007 (2007-11-23), pages
3421-3434, XP001509437,

ISSN: 1616-301X, DOI:
10.1002/ADFM.200700174

section 3

figure 10a

12-14

1-3,5,6,

10

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

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/F12016/050332
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5247193 A 21-09-1993  NONE
EP 1840983 A2 03-10-2007  EP 1840983 A2 03-10-2007
US 2007235753 Al 11-10-2007
US 2004208415 Al 21-10-2004  CN 1525572 A 01-09-2004
JP 2004260184 A 16-09-2004
KR 20040076330 A 01-09-2004
US 2004208415 Al 21-10-2004

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




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

