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METHOD OF MAKING A STRUCTURE COMPRISING COATING STEPS AND
CORRESPONDING STRUCTURE AND DEVICES

TECHNICAL FIELD

This invention relates to a method of coating and to products produced thereby.

BACKGROUND ART

In the fabrication of devices such as solar photovoltaic cells and organic light
emitting devices ('OLED’) of a typical planar sandwich construction including a
transparent conductor; active material and a rear conductor, it is known that any
defect in the structure will severely affect the overall performance of that device.
This leads to fabrication procedures needing to be restricted to clean and very clean
areas and to coating processes that in themselves are highly defined in terms of
coating uniformity and their effect upon other layers in the traditional growing
planar sandwich construction typically of thin film solar devices. This reduces the
process yields and throughputs as the materials deposited must be very uniform

which requires the processing to be very controlled.

It has been found desirable to use roll to roll systems for fabricating electronic
devices as the processing speeds can be high and thus the costs can be minimised.
However because of the necessarily high speed deposition processes involved the
devices produced can be prone to occasional material defects such as pin holes and
material spits. It is apparent that if a system could be developed that was insensitive
to such material defects then previously unattainable fabrication throughputs and

cost reductions could be delivered.
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Traditionally thin film optical devices have involved the use of transparent electrical
conductors normally zinc oxide or indium oxide based. These conductors generally
require higher temperature deposition to achieve the performance needed for
commercial products. This requirement can amount to some 30% of the total cost of
the device fabrication. This inevitably limits the type of substrate used to one that
can withstand the temperature required for the deposition of the transparent
conductor and this along with the cost of the transparent conductor set limits for the

cost of any device employing same.

DISCLOSURE OF INVENTION

According to a first aspect of the present invention there is provided a method of
producing a structure comprising a substrate having at least one integral first face at
a first angle relative to a normal from the substrate, at least one second integral
second face at a second angle relative to a normal from the substrate; with a cavity in
the structure between the first and second faces; the method being characterised by
the steps of: coating the first face with a first conducting layer; coating the second
face to be coated with a second conducting layer; and depositing in the cavity a
photovoltaic active material to provide ohmic and rectifying contacts for insertion or
extraction of charge from the photovoltaic active material by way of the first and

second conducting layers.

According to a first preferred version of the first aspect of the present invention at
least one of the coated conducting layers is composed of or includes one or more of
the following: aluminium, bismuth, cadmium, chromium, copper, gallium, gold,
indium, lead, magnesium, manganese, samarium, scandium, selenium, silver, tin

and zinc.

According to a second preferred version of the first aspect of the present invention

or of the first preferred version thereof the photo voltaic active material is selected
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from one or more of the following: cadmium telluride, copper indium gallium
diselenide ('CIGS’), copper oxide, silicon, amorphous silicon, hydrogenated

amorphous silicon, germanium or other semi conductor.

According to a third preferred version of the first aspect of the present invention or
of the first or second preferred versions thereof the method includes the step of
providing that the ends of the, or each, first conducting layer is connected at the end
of the, or each, second conducting layer separately without short circuiting each

other.

According to a fourth preferred version of the first aspect of the present invention or
of any preceding preferred version thereof the step of depositing a photovoltaic
material involves the use of a photovoltaic material including nano particles to
provide for a junction and ohmic contact for the insertion of charge making use of

the nano particles as the active material.

According to a fifth preferred version of the first aspect of the present invention or of
any preceding preferred version thereof including a further method step of
providing a layer of lacquer on the integral faces on which layers the first and

second conducting layers are subsequently embossed.

According to a sixth preferred version of the first aspect of the present invention or
of any preceding preferred version thereof including a further method step of
providing a laminated protecting layer on the deposited conducting layers and the

deposited photo-voltaic active material.

According to a second aspect of the present invention there is provided a solar cell,
organic light emitting device or battery incorporating a structure with a substrate
having at least one integral first face at a first angle relative to a normal from the
substrate, at least one second integral second face at a second angle relative to a
normal from the substrate; with a cavity in the structure between the first and

second faces; the first face being coated with a first conducting layer; the second face
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being coated with a second conducting layer; and a photovoltaic active material
deposited in the cavity to provide ohmic and rectifying contacts for insertion or
extraction of charge from the photovoltaic active material by way of the first and

second conducting layers.

It has been shown that by using a structured substrate and off-axis directional
vacuum coating non-contacting inter-digitated conductors can be fabricated with

well defined geometries along the surfaces presented to the coating sources.

These fabricated conductors can then be used to for input and output connections to
active material positioned within the space between the conductors deposited on the
structured substrate. The active material can be a vacuum coatable material or one

that can be applied through a number of existing coating schemes.

By using a structured substrate surface and coating it from angle relative to the
surface conductors can be deposited from either side of the vertical so long as the
surface onto which they are being coated and the relative positions of the sources
meet certain geometrical considerations. Those considerations being that the coating
is substantially restricted by viewing angle to only one side or facet of the surface
structure. The acceptable limits of these coating are then defined by the type of
structure onto which the coating is being deposited. Such coatings can be either
continuous or discontinuous over the upper surface of the structure depending upon

the fine structure of the surface or the type of structure produced upon said surface.

Amongst other structures the present invention provides a method of producing a
structured surface with a selective coating technology so as to produce alternating
non connected conductors of between 5 and 100 nm thickness, such that the space
between the conductors can be filled with a photovoltaic active material. Typically
the conductors can be of or include aluminium, chromium, copper, gallium, gold,

indium, lead, magnesium, scandium, selenium, silver and zinc. The active material
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serves to provide ohmic and rectifying contacts as required for the insertion or
extraction of charge from the material that is coated into the cavity between the

opposing conductors.

BRIEF DESCRIPTION OF DRAWINGS

Figures 1 to 3 are diagrammatic views of a substrate having an integral sinusoidal
upper surface and a plane lower surface during stages of fabrication into a structure;

and

Figures 4 and 5 are cross sectional views of a structure incorporating the substrate of

Figures 1 to 3.

MODES FOR CARRYING OUT THE INVENTION

Figures 1 to 3 variously show a part of a substrate 11 with a sinusoidal upper surface
12 and a plane lower surface 13. The upper surface 12 includes three integral and

parallel conical projections 12A, 12B and 12C.

A first vacuum vapour source 14 is positioned so that only portion 15 of the
projection 12B will be coated with vapour from the source 14 to leave portion 15
with a clearly defined lower boundary L in this case along the length of projection
12B. In this operation lower portion 16 of the projection 12B is not coated with the

material from source 14.

Figure 2 shows the coating from a second vapour source 17 of the portion 18 of the
projection 12C opposite portion 15. The coating process is similar to that used as
described in connection with Figure 1. In this case only portion 18 of the projection
12C will be coated with vapour from the source 17 to leave portion 19 with a clearly

defined lower boundary L in this case along the length of projection 12B. In this
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operation lower portion 20 of the projection 12C is not coated with the material from

source 17.

Figure 3 is a section on the substrate 11 of projection 12B which shows a fine notch
51 which can be provided to ensure there is no contact between conductor portion

15, and a corresponding conductor portion P.

Figure 4 is a sectional elevation of the coated substrate 11 showing the positions of
the two conductor portions 15, 18 and a semiconducting layer 31 inserted as a

further step following the deposition of the portions 15, 18.

Figure 5 shows a further embodiment in which a semiconducting layer 32 is of
circular cross section and does not reach the bottom of recess 33 bounded by un-

uncoated lower portions 16, 20.

Semiconductor layers 31, 32 include nano particles residing within the structure

contacting each deposited conductor 15 and 18.

In an alternative embodiments conductor portions corresponding to portions 15, 18
can be linked so as to form a cascading structure of devices for allowing higher
voltages to be produced or used in a solar cell embodiment of the OLED

embodiment.

SOLAR CELL Regular structures are embossed into/onto surfaces with feature sizes
less than 0.5 microns and with depths of up to 1 micron commercially achieved.
Such structures have comparable sizes to the thickness of semiconducting material
used in the more common planar thin film photovoltaic cell configuration. It is
therefore possible to use two different material sources to coat separately opposite
sides of an embossed structure so that the materials themselves are not in contact
and then coat the whole of the embossed structure with a suitable photoactive
material so that a photovoltaic device is created. Further selective coating can be

applied to join up the extreme edges of the inter-digitated metal contacts allowing
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charge to be extracted from every working sandwich when the device is illuminated.
Alternatively the coatings can be discontinuous only at the bottom of the structure
allowing a number of devices (created within the space between the two different
conductors) to be connected in series automatically allowing larger voltages to be
developed reducing the current produced for any given power output. This
structure allows for lower conductance connections to be used both during the

deposition and in installation, reducing material requirements and fabrication costs.

The materials could be any vacuum coatable material of sol gel material or nano
particle with the nano particle size being chosen so that a single nano particle can
touch both the different conductors and said conductors being of the correct material
to allow the correct material interface properties to be present for the structure to

work as a solar cell.

Such a structure also removes problems with connection to external circuits as the
coated edges when handled or connected to do not allow for the short circuiting of
the device by the contacting of top to bottom electrodes characteristic of standard

thin film solar cell geometries.

Also with the removal of the traditional sandwich structure the types of coating that
can be used to apply the semiconducting layer are maximised allowing for wet
chemical or vacuum techniques to be used to implement the semiconducting layer
that should ideally fill the space between the opposed metal conductors deposited
upon the structure surface. This ability makes high speed low cost manufacture
possible as the coating uniformity is not critical and pin holes of coating deficient

areas do not significantly damage the overall device performance.
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ORGANIC LIGHT EMITTING DEVICE ~ Again the structure is coated selectively and the
active material is over coated using whatever process is applicable so that the active
material is deposited into the space between opposing conductors. Charge can then

be passed between these conductors though the active material emitting light.

BATTERY As with the solar cell and the OLED embodiments the conductors are
deposited with the appropriate storage layers to be selectively coated to opposite
sides of the structure. The battery active material would then be the ion conducting
layer which will most likely be, but is not limited to, an organic layer deposited in an
air process that would allow the stored charge to be extracted by completing the
ionic circuit between the separated coated surfaces and the external attached

circuitry.

INDUSTRIAL APPLICABILITY

The method of the present invention provides an improved means for the
manufacture of structures and devices where clearly defined boundaries are
provided more readily than heretofore particularly in relation to, amongst other

devices, solar panels, organic light emitting devices and batteries.



WO 2012/175902 PCT/GB2011/051184

CLAIMS

1 A method of producing a structure comprising a substrate having at least one
integral first face at a first angle relative to a normal from the substrate, at
least one second integral second face at a second angle relative to a normal
from the substrate; with a cavity in the structure between the first and second
taces; the method being characterised by the steps of:

coating the first face with a first conducting layer;

coating the second face to be coated with a second conducting layer;

and

depositing in the cavity a photovoltaic active material to provide ohmic
and rectifying contacts for insertion or extraction of charge from the

photovoltaic active material by way of the first and second conducting layers.

2 A method as claimed in Claim 1 wherein at least one of the conducting layers
is composed of or includes one or more of the following: aluminium, bismuth,
cadmium, chromium, copper, gallium, gold, indium, lead, magnesium,

manganese, samarium, scandium, selenium, silver, tin and zinc.

3 A method as claimed in Claim 1 or Claim 2 wherein the photo voltaic active
material is selected from one or more of the following: cadmium telluride,
copper indium gallium diselenide (‘CIGS’), copper oxide, silicon, amorphous
silicon, hydrogenated amorphous silicon, germanium or other semi

conductor.
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A method as claimed in any preceding claim wherein the ends of the, or each,
tirst conducting layer is connected at the end of the, or each, second
conducting layer separately without short circuiting each other.

A method as claimed in any preceding claim wherein the photovoltaic active
material includes nano particles to provide for a junction and ohmic contact
for the insertion of charge making use of the nano particles as the active

material.

A method as claimed in any of preceding claims including a further method
step of providing a layer of lacquer on the integral faces on which layers the

tirst and second conducting layers are subsequently embossed.

A method as claimed in any of preceding claims including a further method
step of providing a laminated protecting layer on the deposited conducting

layers and the deposited photo-voltaic active material.

A structure produced by the method of any preceding claim as illustrated in

and exemplified by Figures 4 and 5 of the accompanying drawings.

A solar cell, organic light emitting device or battery incorporating a structure
with a substrate having at least one integral first face at a first angle relative to
a normal from the substrate, at least one second integral second face at a
second angle relative to a normal from the substrate; with a cavity in the
structure between the first and second faces; the first face being coated with a
tirst conducting layer; the second face being coated with a second conducting
layer; and a photovoltaic active material deposited in the cavity to provide
ohmic and rectifying contacts for insertion or extraction of charge from the

photovoltaic active material by way of the first and second conducting layers.
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