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Coated Solar Cell

Introduction
The present invention relates to coated solar cells, and methods of making such

coated solar cells.

Background to the Invention

A solar cell harvests light energy and converts it directly into electricity, having three
basic attributes, namely light absorption, separation of charge carriers and separate
extraction of carriers. Solar cells are typically mounted on and/or contained within
layered support structures, the resulting entity referred to as an assembly (and also
sometimes referred to as a solar cell though the solar cell is an internal component
thereof) which is usually a sealed unit and can then be described as an encapsulated
solar cell. Multiple solar cell assemblies wired together constitute a solar module,
usually sealed within a protective casing. Multiple solar modules wired together
constitute a solar panel. Solar panels amplify and direct the energy generated from

individual solar cells.

Many types of solar cell are known and in widespread use. However, one problem
common to solar cells is their longevity. For improved economic efficiency, longer
lifetimes are desired. Many solar cells are exposed to harsh environments, leading to

damage by abrasion, wind, UV and/or climate, especially rain.

US 2009/0252894 A1 describes the use of silicon and oxygen-containing barrier

coatings, 500nm thick in examples, to protect moisture sensitive LED devices.

WO 2009/098241 A1 describes the need to hermetically seal a solar cell to protect it

from external conditions such as moisture.

US 2020/0013974 A1 describes a solar cell that includes a photoelectric conversion
layer containing perovskite, along with a method for producing this solar cell. However,
it does not consider the problem of the exposure of the solar cell to moisture and how

to prevent this.
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One particular type of solar cell has a light-harvesting active layer comprising a

perovskite structured material.

However, a disadvantage of perovskite solar cells, and other solar cells to differing
extents, is their lack of intrinsic and extrinsic stability. Intrinsic stability issues of solar
cells, and in particular perovskite solar cells, have been mitigated in recent years using
strategies such as compositional engineering, doping, and incorporation of 2D

perovskite.

However, extrinsic instability remains a major issue with solar cells, particularly
perovskite solar cells. They are unstable to environmental influence such as water and
oxygen, as well as other influences such as thermal stress, photo-influence and

mechanical fragility.

An object of the present invention is to address and preferably ameliorate the identified
stability problems with solar cells, in particular the extrinsic stability problems. An
object of specific embodiments is to provide solar cells having improved stability to

water damage and/or air damage.

Summary of the Invention

Accordingly, the present invention provides a solar cell assembly, comprising:
adjacent layers defining an interior lumen,
sealant between the adjacent layers to seal the interior lumen, and
a solar cell within the sealed lumen,

characterised in that an external surface of the assembly is coated with a layer

comprising ta-C, and the solar cell is a perovskite solar cell.

A solar cell assembly of the invention can be made by a method comprising:
(i) providing adjacent, e.g. front and back, layers that when sealed together
define an interior lumen,
(i) providing a solar cell between the layers, wherein the solar cell is a
perovskite solar cell,
(i) locating sealant between the layers to seal the layers together and create a

sealed interior lumen containing the solar cell,
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(iv) applying a layer comprising ta-C to an external surface of the assembly.

It is found that solar cell assemblies of the invention, as shown in examples below,

exhibit improved stability.

Detailed Description of the Invention

A solar cell assembly of the invention hence comprises:
adjacent layers defining an interior lumen,
sealant between the adjacent layers to seal the interior lumen, and
a solar cell within the sealed lumen,
wherein an external surface of the assembly is coated with a layer comprising ta-C,

and wherein the solar cell is a perovskite solar cell.

Reduced ingress of water and/or air/oxygen, achieved using the sealing effect of the

ta-C coating, results in improved stability.

Typically, the coating layer comprising ta-C is present on one or more of the adjacent

layers and/or the sealant.

The coating layer comprising ta-C can be on a back layer of the assembly, or on the

front layer, or on both.

Optionally, the sealant comprises ta-C or comprises a coating layer comprising ta-C.

The assembly is preferably characterised in that a coating layer comprising ta-C is
present at the junctions between the sealant and each of the adjacent layers. Improved
sealing results by the use of ta-C at the junction, where ingress of water and/or

air/oxygen can be a particular problem.

In addition to a ta-C coating on the sealant or parts thereof, other surfaces of the solar
cell assembly may be ta-C coated. For example, a front layer of the assembly may
comprise a coating of ta-C, preferably at least on an outer surface thereof. In typical
methods of making this assembly, a substrate layer is pre-coated with ta-C prior to

being formed into a solar cell assembly. Thus, the front and/or back assembly layers
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may be coated on an outer surface with ta-C, in addition to the ta-C on the sealant
between the layers. To coat the sealant, suitably the edges of the front and back layers

are coated.

In methods of applying the coating, ta-C is coated onto an assembly in a coating
chamber. The ta-C coating may be applied to, and therefore coat, all of an outer edge
of the front layer, an outer edge of the back layer and the sealant. In other words, the
ta-C may coat substantially the whole side of the assembly, achieving a desired aim

of coating the junctions between sealant and front and back layers.

In some embodiments, all of the back layer, the front layer and the sealant are coated

with a coating layer comprising ta-C.

The adjacent layers of a preferred assembly are thus a front layer, also referred to and
shown in the figures as a lower layer, and a back layer, also referred to and shown in
the figures as an upper layer. The front layer may be or comprise a substrate to which
the solar cell is attached and/or on which the solar cell has been formed. The back
layer may also comprise an electrode. As described in an example below, the solar
cell can be made in situ, on e.g. a glass substrate (or layer) and then encapsulated
within the front and back layers. As a result, the lumen is created and sealed between
the layers, the lumen generally comprising an air gap as well as the solar cell. As will
be appreciated, this air gap is typically very small, nevertheless, ingress of water

and/or moisture into this gap is a problem addressed in the invention.

In a solar cell assembly of the invention, light accesses the active components of the
solar cell through the front and/or back layers. Suitably, the front layer is made of or
comprises a transparent material. Another option is for both the front and back layers
to be made of or comprise a transparent material. In embodiments of the invention,

the transparent material is glass, epoxy or polymer.

Photovoltaic (PV) glass is typically used to encapsulate each photovoltaic solar cell.
PV glass may be used because it is highly transparent, durable and stable under solar
radiation. The glass is separate from the solar cell, it is added for protection of the

solar cell but does additionally become a functional component of solar modules.
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In particular embodiments of the invention the solar cell comprises soda-lime-silica
(SLS) glass. Borosilicate may also be used for the PV glass. Other alternatives to PV
glass can also be used — e.g. plexiglass/acrylic or tempered glass. These alternatives
may reduce the light transmittance through the solar cell assembly, thus reducing the
power conversion efficiency of the solar cell, but they do provide more protection from

environmental influences.

Alternatively, transparent polymers may be used on their own or in combination with

glass. For example, materials like epoxy, TPU and PET can be used in place of glass.

Preferably, all external surfaces of the assembly comprise a coating layer comprising
ta-C. In particular embodiments of the invention the assembly is an encapsulated solar

cell and all external surfaces thereof comprise a coating layer comprising ta-C.

Components of the solar cell assembly/module are sealed together. Sealants are
conventional in the manufacture of solar cells and the invention applies in general to
all such useful sealants. Suitable sealants include epoxy resin, ethylene-vinyl acetate,
ionomeric polymers (e.g. polyethylene ionomer, such as Surlyn®), polydimethyl
siloxane, poly (methyl methacrylate) (PMMA), thermoplastic polyurethane (TPU),
polyisobutylene and any mixture thereof. Fluoro polymers (e.g. PTEE), polyethylene
terephthalate, poly (vinyl alcohol-co-ethylene)(EVOH), paraffin, organo siloxane,
silicone and any mixture thereof can also be used as sealants. Epoxy resin is a

preferred sealant, used in the example below.

In this field, epoxy resin is known to be a high strength sealant with impressive core
toughness. It offers improved protection against other sealants and has improved
ability to resist environmental/chemical influences. Hitherto, the sealing properties of
epoxy resin were regarded as satisfactory. The epoxy resin or its interface with solar
cell components (e.g. glass layers, substrates, etc) has not till now been identified as
a factor contributing to the stability problems in solar cells. One feature of the invention
is identifying a problem, namely that the sealant used for the solar cells, often but not

always epoxy, has unacceptable barrier properties (in particular towards oxygen and
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moisture) and/or there is unacceptable sealing at the junction between the sealant

(commonly epoxy-based) and the solar cell layers, e.g. glass.

In preferred embodiments, the coating layer comprising ta-C consists of ta-C.

The ta-C coating may in general be of various thicknesses. The layer comprising ta-C
usually has a thickness of 0.3nm or greater, or 0.5 nm or greater. As will be
appreciated, above certain thicknesses little or no further improved sealing may be
achieved. Generally, the thickness is up to 200nm, suitably up to 100nm, more
generally up to 75nm or up to 50nm. Typically, the thickness is from 1nm to 50nm. In
preferred embodiments the thickness is from 5nm to 20nm or from 5nm to 10nm.
Typically, the ta-C coating is applied directly to the solar cell assembly. For coatings
of increased thickness, say 50nm and above, it is optional to deposit a seed layer onto
the assembly and then the ta-C layer. A thin seed layer such as Ti, Cr, NiCr, Ni, Si
may be present between the assembly and ta-C coating, which may allow a thicker ta-

C coating to be present without delamination.

Perovskite solar cells are solar cells which use a perovskite-structured compound
(referring to the specific crystal structure) as the light harvesting active layer.
Perovskite is a crystal structure, generally with formula ABX3, where X is an anion and
both A and B are organic or inorganic cations. The perovskite structured material is
usually hybrid organic/inorganic and halide based. Examples of A include Cs,
methylammonium (MA) and formamidinium (FA); examples of B include Pb and Sn. A
and B are two cations with the valency of 1" and 2* respectively, and X is a halide
anion (such as I, Br, Cl) with the valency of 1. Commonly used perovskite materials
include MAPDI3, FAPbI3, CsPblz and MALFA(1x)Pbls. There are various other mixed

cation/anion compositions where various ratios of cation and anions are used.

The perovskite is typically placed between two electrodes which connect to an external
circuit. There can be layers between the perovskite and electrodes which can draw
out specific charges; in some cells these layers are the hole transport layer and
electron transport layer. Materials for the hole transport layer include metal oxides
(e.g., NiO, Cu20, CuGa0y), metal sulfides, metal oxysulfides and or organic materials
such as P3HT, PTAA and PEDOT:PSS. The electron transport layer can be made
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from materials such as PCBM, C60, TiO> and SnO.. Optionally, a buffer layer
containing materials such as BCP, ZnO and Nb-TiOx is deposited in order to improve
the contact between the top electrode and the electron transport layer. The top
electrode of the solar cell can be made from metals such as silver, gold, copper or
aluminium. The electrode at the front side (or light entry side) of the solar cell is usually
made of a transparent conductive oxide, such as indium tin oxide, aluminium-doped

zinc oxide or fluorine-doped tin oxide.

Perovskite solar cells can be p-i-n or n-i-p structured cells, sometimes referred to as
inverted or normal structures. In general, the cells comprise a first electrode, a hole
transport layer, perovskite, an electron transport layer and a second electrode. The p-
i-n cells comprise (in order) top electrode, electron transport layer, perovskite, hole
transport layer, front side electrode. The n-i-p cells comprise (in order) top electrode,
hole transport layer, perovskite, electron transport layer, front side electrode. The
sealing of the invention is believed suitable for a variety of device structures and

architectures.

Advantages of using perovskite solar cells include ease of production and high
efficiency at low production costs. Disadvantages of stability as described elsewhere

are addressed in the present invention.

In a specific embodiment there is provided an encapsulated perovskite solar cell,
having front and back layers made of glass and sealed using epoxy sealant/adhesive,
comprising an inner lumen between the two layers in which is located the perovskite
solar cell, wherein the outer surfaces thereof are coated with a ta-C coating of 1-50nm
depth. In a specific example, made and tested as described below, the ta-C coating

was about 20nm and gave good results.

Also provided by the invention are methods of making the solar cell assembly, wherein
the solar cell is a perovskite solar cell. One such method comprises:
(i) providing adjacent, e.g. front and back, layers that when sealed together
define an interior lumen,

(i) providing a solar cell between the layers,
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(i) locating sealant between the layers to seal the layers together and create a
sealed interior lumen containing the solar cell,

(iv) applying a layer comprising ta-C to an external surface of the assembly.

The sealant is usually applied at or towards the outside edges of the layers being
sealed together. The solar cell may be formed on the front layer prior to sealing the

solar cell between the layers.

The methods suitably produce an assembly as per the above-described optional and

preferred features of the invention.

Amorphous carbon is a free, reactive form of carbon which does not have a crystalline
form. Various forms of amorphous carbon films exist and these are usually categorised
by the hydrogen content of the film and the sp?:sp®ratio of the carbon atoms in the

film.

In an example of the literature in this field, amorphous carbon films are categorised
into 7 categories (see table below taken from “Name Index of Carbon Coatings” from
Fraunhofer Institut Schich- und Oberflachentechnik):

Amorphous Carbon Films
Hydrogen-Free Hydrogenated
Modified Modified with
Unmodified Unmodified
With metals Metals Non-metals
sp? sp® sp? sp?orsp® sp® sp? sp?
Metal-
Tetrahedral, o Non-metal
Hydrogen- containing, Tetrahedral, o o
hydrogen- Hydrogenate Metal-containing, containing
free hydrogen- hydrogenate
free d amorphous hydrogenated hydrogenate
amorphous free d amorphous
amorphous carbon amorphous carbon d amorphous
carbon amorphous carbon
carbon carbon
carbon
a-C ta-C a-C:Me a-C:H ta-C:H a-C:H:Me a-C:H:X

Tetrahedral hydrogen-free amorphous carbon (ta-C) is characterised in that it contains
little or no hydrogen (less than 5%mol, typically less than 2%mol) and a high content

of sp® hybridised carbon atoms (typically greater than 80% of the carbon atoms being
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in the sp® state). Ta-C sp? and sp? levels are suitably measured by XPS (see e.g.
https://doi.org/10.1016/j.diamond.2003.11.077). Ta-C density is suitably measured
using SIMS or RBS (see e.g. https://doi.org/10.1016/S0257-8972(02)00247-5).

Whilst the term “diamond-like carbon” (DLC) is sometimes used to refer to all forms of
amorphous carbon materials, the term as used herein refers to amorphous carbon
materials other than ta-C. Common methods of DLC manufacture use hydrocarbons
(such as acetylene), hence introducing hydrogen into the films (in contrast to ta-C films

in which the raw material is typically hydrogen free high purity graphite).

The ta-C coating may be deposited using known technology, e.g. physical vapor
deposition, of which one known technique is cathodic vapor arc deposition methods.
In this method, an electric arc is used to vaporize material from a cathode target.
Consequently, the resulting vaporized material condenses on a substrate to form a
thin film of coating. Cathode arc deposition of tetrahedral amorphous carbon, metallic,
dielectric and other such coatings is known in the art and offers the potential for

deposition of thin films of high quality.

Ta-C is a dense amorphous material described as composed of disordered sp?,
interlinked by strong bonds, similar to those that exist in disordered diamond (see
Neuville S, “New application perspective for tetrahedral amorphous carbon coatings”,
QScience Connect 2014:8, http://dx.doi.org/10.5339/connect.2014.8). Due to its
structural similarity with diamond, ta-C also is a very hard material with hardness

values often greater than 30 GPa.

For use in the invention, the ta-C may have a hydrogen content less than 10%, typically
5% or less, preferably 2% or less (for example 1% or less). The percentage content of
hydrogen provided here refers to the molar percentage (rather than the percentage of
hydrogen by mass). The ta-C is preferably not doped with other materials (either
metals or non-metals). In preferred embodiments of the invention, as described in
examples set out in detail below, the assemblies are coated with substantially

hydrogen-free ta-C.
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It is believed that ta-C coatings used in the invention generally achieve improved
sealing. The sp? carbon content is suitably 30% or higher, more suitably 40% or higher.
It may range from 30% to 95%. In some embodiments, higher sp® carbon content
contributes to improved sealing. Typically, the ta-C has an sp® carbon content of 50%
or higher. In preferred embodiments the ta-C has an sp? content of 60% or higher, or

70% or higher, even more preferably above 80%.

The ta-C coating of the present invention is typically deposited by filtered cathodic
vacuum arc (FCVA) and/or by sputtering, and machines and processes for both
sputter and ta-C deposition by FCVA are conventional and known in the art, hence
they are not features of the present invention. As will be appreciated, these coatings
are carbon coatings and are preferably substantially silicon-free and oxygen-free. A
suitable method and apparatus are described in WO/2012/044258, disclosing an “X-
bend” system. Another example of a suitable deposition method is described in WO
2009/151404. A further example of a suitable deposition method is described in WO
2020/187744 — in particular the use of an adhesion promoting layer is described in this
application. The ta-C coating of the present invention is preferably deposited by FCVA.
As appreciated by the skilled person, FCVA apparatus produce a coating beam

comprising positively charged, C* ions for depositing ta-C coatings.

Examples
The present invention is now described in more specific detail with reference to the

accompanying drawings in which:
Fig. 1 shows a schematic top view of a perovskite device stack;
Fig. 2 shows a schematic cross-section of solar cell devices, being (a) a control
and (b) — (e) embodiments of the invention;
Fig. 3 shows an image of three of the devices shown schematically in Fig. 2,
namely the control, TAC-1 and TAC-2, after a 6900-hour stability test; and
Fig. 4 shows normalized power conversion efficiency (PCE) across 6900 hours
of three of the devices shown schematically in Fig. 2, namely the control, TAC-
1 and TAC-2.
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Referring to the figures, Fig.1 shows a schematic top view of a perovskite device stack
which is to be incorporated into a coated solar cell of the invention. The device shown

in Fig. 1 is an inverted (p-i-n) structure perovskite solar cell.

Fig. 2 shows five perovskite stack devices, namely a control (prior art) and examples
of the invention, namely TAC-1, TAC-2, TAC-3 and TAC-4.

The control is a conventional perovskite solar cell, encapsulated using lime-soda-silica
(SLS) glass and sealed using epoxy sealant. “TAC-1" was encapsulated using normal
SLS glass and then a layer of ta-C was coated on the edges after sealing using epoxy.
“TAC-2” was encapsulated using ta-C coated SLS glass for the back layer and normal
SLS glass for the front layer and a layer of ta-C was coated on the edges after sealing
using epoxy. “TAC-3” was encapsulated using ta-C coated SLS glass for both the front
and back layers and a layer of ta-C was coated on the edges after sealing using epoxy.
“TAC-4” was encapsulated using a layer of ta-C coated SLS glass for the back layer

and normal SLS glass for the front layer and sealed using epoxy.

The perovskite solar cell devices used in the experiments are made from the following
materials:
Hole transport layer: Nickel oxide (NiOx)
Perovskite layer: Triple cation perovskite (Cso.05(MAo.17F Ao.83)0.95Pb(lo.83Bro.17)3)
Electron transport layer: Phenyl-C61-butyric acid methyl ester (PCBM)
Buffer layer (thin layer between PCBM and Ag): Bathocuproine (BCP)
Electrode: Ag.

The thickness of the nickel oxide layer is about 50nm, the perovskite layer in the range
of 300 to 500nm, the PCBM layer about 50nm, BCP layer 5nm, and the Ag electrode
80-100nm.

The SLS glass is of 1-mm in thickness and is directly placed on the Ag electrode. The
thin film stack is directly deposited on a fluoride-doped tin oxide (FTO) glass substrate.

To clarify, FTO glass refers to a SLS glass coated with a layer of FTO film.
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Fig. 3 shows the results of testing the stability of three of these devices, namely the
control, TAC-1 and TAC-2. It shows that the control device displays the maximum
degradation after 6900 hours, while the ta-C coated devices, TAC-1 and TAC-2 are

visually still intact.

Fig. 4 shows graphically the results of stability testing of the same three devices. Each
data point on the graph corresponds to the mean PCE of a range of 3 to 6 devices. It
shows that the control device displays the maximum degradation whereas after 6900
hours at 50% RH and 20°C the ta-C coated devices, TAC-1 and TAC-2, have not yet
reached their Tgo lifetime (with Tso referring to time taken for the PCE to decrease by
20% from the initial value) within the timeframe measured. Additionally, the devices
display Tes lifetimes (time taken for PCE to decrease by 5%) 28 and 34 times longer
than the control, respectively. The Tes lifetime of the control device was found to be
127 hours, whereas the Tos lifetime of TAC-1 and TAC-2 devices were 3614 and 4351
hours, respectively. Thus, the solar cells treated according to the invention

demonstrated improved stability.

In more detail, the perovskite solar cell was fabricated on a fluoride-doped tin oxide
(FTO) substrate. An etched FTO substrate was cleaned in soapy water and an ethanol
bath, then air-dried and treated in a UV-ozone chamber to make its surface more
hydrophilic. The cleaned FTO substrate was then coated with hole transporting layers.
An organic-inorganic hybrid perovskite layer was deposited using an antisolvent
assisted method in an inert atmosphere. The film was then annealed at a temperature
between 100-135°C. Following that, the electron transporting layer was deposited
using a spin coating method. The film was then annealed below the decomposition
temperature of perovskite in order to get a compact film. After that a buffer layer was
deposited in order to improve the contact between the electrode and the electron
transport layer. Finally, a 100nm thick electrode made out of metals like silver, gold,

copper and aluminium was thermally evaporated to complete the device fabrication.

The edge of the perovskite device stack was then cleaned before beginning the
process of epoxy encapsulation, to make space for the encapsulant. A soda-lime-silica
glass was cut in the required dimension and an organic encapsulant was used for

edge encapsulation/sealing. The edge encapsulant (sealant) was applied at the edge
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of the perovskite device stack to attach it to the device, the device was then dried at

60-90°C for 10 minutes to form a mechanically strong encapsulation.

Finally, a ta-C layer (depth approx. 20nm, sp® content approx. 80%) was deposited on
the edges of the device, covering the sealant and its junctions with the front and back

device layers to make the device impervious to moisture and oxygen.

For TAC-2, the glass substrate was first coated, with the plasma beam, which
contained positively charged carbon ions, substantially orthogonal to the glass plate.
The thickness of ta-C coating is 5nm on the glass substrate. The ta-C coated glass
was then cut in the required dimension and attached to the perovskite solar stack.
Masking was then applied to the top and bottom glass surface while the side surfaces
of the solar cell device were then coated by ta-C, without applying any substrate bias.
The ta-C coating on the glass surface was kept thin enough to ensure that it was

transparent. The ta-C coating on the edges was 20nm, as for other tested devices.

Of course, the coating on the edges can be thicker because it does not need to be
transparent, e.g. the coating on the edges may be as thick as 100nm or greater for
enhanced function. However, thicker coatings increase cost and production times. For
thicker ta-C coatings on the edge surfaces a seed layer is typically used to improve

adhesion of the ta-C.

The invention thus provides solar cells coated with ta-C, and methods and apparatus

therefor.
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Claims

1. A solar cell assembly, comprising:

adjacent layers defining an interior lumen,

sealant between the adjacent layers to seal the interior lumen, and

a solar cell within the sealed lumen,
characterised in that an external surface of the assembly is coated with a layer
comprising tetrahedral hydrogen-free amorphous carbon, ta-C, said layer having a
thickness of up to 50nm and an sp3 content of 60% or greater, and the solar cell is a
perovskite solar cell.

2. A solar cell assembly according to claim 1, wherein said ta-C layer has an sp3

content of 70% or greater.

3. A solar cell assembly according to claim 1 or 2, wherein the coating layer

comprising ta-C is present on one or more of the adjacent layers and/or the sealant.

4. A solar cell assembly according to any of claims 1 to 3, wherein the coating
layer comprising ta-C is present at the junctions between the sealant and each of the
adjacent layers.

5. A solar cell assembly according to any of claims 1 to 4, wherein the adjacent
layers of the assembly are a front layer and a back layer, wherein the front layer is or
comprises a substrate to which the solar cell is attached and/or on which the solar cell

has been formed.

6. A solar cell assembly according to claim 5, wherein the back layer of the

assembly comprises a coating of ta-C.

7. A solar cell assembly according to claim 5 or 6, wherein the coating layer
comprising ta-C coats all of an outer edge of a front layer, an outer edge of a back
layer and the sealant.
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8. A solar cell assembly according to any preceding claim, wherein a front layer,
and optionally a back layer, is made of or comprises a transparent material, for

example glass, epoxy or polymer.

9. A solar cell assembly according to claim 8, wherein the transparent material is
glass (e.g. soda-lime-silica glass).

10. A solar cell assembly according to any preceding claim, wherein the sealant is
selected from epoxy resin, ethylene-vinyl acetate, epoxy resin, polyethylene ionomer,
polydimethyl siloxane, poly (methyl methacrylate) (PMMA), thermoplastic
polyurethane (TPU), and polyisobutylene, fluoro polymers (e.g. PTFE), polyethylene
terephthalate, poly (vinyl alcohol-co-ethylene) (EVOH), paraffin, organo siloxane,

silicone or any mixture thereof.

11. A solar cell assembly according to claim 10, wherein the sealant is epoxy resin.

12. A solar cell assembly according to any preceding claim, comprising two
electrodes, a hole transport layer, an electron transport layer and perovskite.

13. A solar cell assembly according to claim 12, wherein the hole transport layer
comprises metal oxides (e.g., NiO, Cu20, CuGaOz), metal sulfides, metal oxysulfides
and / or organic materials such as P3HT, PTAA and PEDOT:PSS, and the electron
transport layer comprises PCBM, C60, TiOz2 or SnOa.

14. A solar cell assembly according to any preceding claim, wherein the assembly
is an encapsulated solar cell and all external surfaces thereof comprise a coating layer

comprising ta-C.

15. A solar cell assembly according to claim 14, comprising a first electrode, a hole

transport layer, perovskite, an electron transport layer and a second electrode.

16. A method of making a solar cell assembly according to any preceding claim,

comprising:
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(i) providing adjacent, e.g. front and back, layers that when sealed together
define an interior lumen,

(i) providing a perovskite solar cell between the layers,

(iii) locating sealant between the layers to seal the layers together and create a
sealed interior lumen containing the solar cell,

(iv) applying a layer comprising ta-C to an external surface of the assembly.



