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(54) Title: CHAIN LINK METAL INTERCONNLCT STRUCTURL

(S7) Abstract: An inlcrconneet siructure is provided by
applying a conductive layer (typically onc or more meral
layers 23,28) over the entire surface of the module (11) to
Torm all of the contacts (19,32) 10 all ol the cells in the
module and then scribing the conductive layer into a series
of strips using a series of straight high speed laser scribes.
“T'he strips are then divided into individual links by scribing
transversely to the first scribe direction with the laser turned
on and ofl" o cut each allernale stripe. The p-type regions
of the cells are contacted through holes (19), n-Lype regions
are contacted through holes (32). A silicon Blm (12) is sep-
arated into cells (35a,b.c.d) by isolation grooves (16).In a
first embodiment, every second tansverse scribe is offset
by one strip such that each strip is cat into links which over-
lap two Tinks on either side (hat are offset by a distance
cqual 10 hall the pitch of the links. The pitch of the links
is equal to two cell widths and the transverse scribes arc
coincident with or close to interruptions in the underlying
cell layout representing cell boundaries hetween adjacent
cells of the module. Tn a second embodiment, conductive
bridges exlend across longitudinal interruptions separating
the parallel extending strips. Tn this embodiment, the like
type contact pads for the cells are aligned in rows extend-
ing transverse to the cell boundary with alternating rows of
p type and n type conlact pads.
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Chain link metal interconnect structure
Introduction
The present invention relates to the manufacture of photovoltaic devices
and in particular, the invention provides new irterconnection arrangement for
series connected cells in a multi-cell aray.

Background of the Invention
Generally, photovoltaic devices employed in electrical power generation

are arranged as arrays of individual cells interconnected by conductive bands
or layers (e.g. metal or Transparent Conductive Oxides etc) to praduce a series
parallel connected array.

Series connection of individual cells is emplayed to provide higher output
voltages than can be achieved from a single cell, while parallel connection of
celis boosts output current.  The provision of both series and parallel
connection of cells within a device, with relatively high levels of inter-connection
between parallel paths, has the added effect of minimising degradation of the
device performance due to temporary or permanent degradation of
performance in an individual celf or group of cells. For example, dirt or bird
droppings may reduce the current produced by cells in a small region of a
device and will restrict the current flowing in all cells connected in series with
those cells. Hewever, parallel connections to other series connected cells will
enable current to flow around the affected cells and minimise the effect on the
total device.

It is also common practice, due to the relatively lower conductivity of
semiconductor material in the body of a cell when compared to the contact
material, to provide multiple contacts over a surface of individual cells ta reduce
series resistance In the device by reducing the distance that carriers in the
semiconductor material are forced to flow laterally before reaching a contact.

Over any large area photovaltaic module, there will bs shunts or short-
cireuits scattered about the module. Current drawn by these shunts is directly
subtracted from current that could be delivered to the load. In thin film
modules, the shunts typically occur at tiny bridges between metal contacts (for
exampls due to a contaminant locally preventing the formation of & break in a
metal contact layer), or due to pirhales in the insulating layers that are intended
to separate the metal contact layers from the underlying semiconductor. The
problem caused by shunts and localised reductions in device performance is
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reduced with increased levels of serial and paraliel connection of cells within
the module, however this also implies an increase in complexity of the
metallisation patterning. ’

The cost of manufacturing devices with complex contact patterns is @
significani factor in the overall cost of device manufacture, and is increased
with increased pattern complexity, due to the need for accurate alignment steps
and in the case of laser patteming a significant redugtion in speed over that
possible with less complex pattemns.

Summary of the Invention
According to a first aspect, the present invention consists in a

photavoltaic: device comprising a plurality of photovaltaic cells connected in
series, the interconnection of cells being made via a plurality of isolated paraliel
connections of a point in a p-type region of each cell to a respective point in an
n-type region of another ¢ell of the array, the isolated parallel connections all
being formed from a single layer of conductive material scribed to form a
plurality of elongate strips, each strip being interrupted at regular intervals
corresponding te cell boundaries, where the interruptions are located at or near
every Nth cell boundary where N is greater than or, equal to 2 and the cell
boundaries at which any one strip Is interrupted are offset from the cell
boundaries at which immediately adjacent strips are interrupted, such that the
interruptions of every Nth strip are aligned, and each pair of cells to be
connected by a particular strip are separated by N-2 cells that are not
connected to the respective strip as it passes over them.

According to a second aspect, the present invention consists in a method
of forming a structure of contacts over a surface of a photovoltaic device,
wherein the photovoltaic device comprises at least two layered regions of
semiconductor material of different dopant polarity forming a junction, and
divided into a plurality of photovoltaic cells by interruptions in the
semiconductor material which form cell boundaries, the contacts being located
to interconnect the cells in a series connected array, the method comprising the
steps of:

farming an insulating layer over a back surface of a semiconductor
device;

forming a conductive contact layer over the insulating layer;
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forming connections between the conductive layer and the p type and n

type regions of the semiconductor material, either simultanecusly with, or after

the formation of the conductive layer;

seribing the conductive layer to produce a series of isolated conductive
strips extending transversely with respect to the longitudinal direction of the
cells and each conductive strip passing over pairs of cells to be connected and
being connected to one contact region of each cell of edch pair of cells to be
connected by the respective strip, each conductive strip alternatively passing
over first and second contact regions of the cells of each respective pair
whereby each strip slternately makes electrical connection with the first
semiconductor material layer or the second semiconductor material layer of
each cell in each pair of cells which are to be interconnected by the conductive
strip and each strip makes cennection with semiconductor material of one
dopant pelarity only in each cell of the respective pair of cells; and

interrupting each strip at or adjacent to every Nth cell boundary, where N
is an integer greater than or equal to 2, the cell boundaries at which any one
strip is interrupted being offset from the cell baundaries at which immediately
adjacent strips are interrupted, such that the interruptions of every Nth strip are
aligned, and each pair of cells to be connected are separated by N-2 cells that
are not connected to the respective strip as it passes aver them.

In the preferred embodiment N equals 2 and there are no intervening
cells separaiing the connected cells.

According to a third aspect, the present invention consists in a
photavoltaic device comprising a plurality of parallel-extending, elongate,
photovoltaic cells connected in series, the series connection of each cell with its
adjacent cells being made via a plurality of isolated parallel conneciions of
points in & p-type region of each cell to a respective plurality of points in an n-
type region of an adjacent cell of the array, the isolated parallel connections all
being formed from a single layer of conductive material scribed to form a
plurality of elongate strips extending transversely relative to cell boundaries
which separate the parallel extending cells, each strip being interrupted at or
adjacent every second cell boundary and adjacent strips being interrupted at
alternate cell boundaries.

According to a fourth aspect, the present invention consists in a
photovolteic device comprising a plurality of parallel extending elongate
photovoltaic cells, wherein a plurality of first conductive contacts connect a p-
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type region of each cell to an n-type region of a cell adjacent one side of the
respective cell and a plurality of second conductive contacts connect an n-type
region of each cell to a p-type region of a cell adjacent a side opposite said one
side of the respective cell, the first and second conductive contacts all being
formed from a single layer of conductive material scribed to form a plurality of
elongate strips extending ftransversely relative to cell boundaries which
separate the parallel extending cells, each strip being interrupted al or adjacent
every second cell boundary and adjacent sirips being interrupted at alternate
cell boundaries.

According to a fifth aspect, the present invention consists in a method of
forming a structure of contacts over a surface of a photovoltaic device, whersin
the photovoltaic device comprises at least two layered regions of
semiconductor material of different dopant polarity forming a junction, and
divided into a plurality of parallel-extending, elongate, photovoltaic celis by
parallel interruptions which form cell boundaries in the semiconductor material,
the contacts being located to interconnect the cells in a series connected array,
the method comprising the steps of:

forming an insulating layer over a back surface of a semiconductor
device;

forming a conductive contact layer aver the insulating layer;

forming connections between the conductive layer and the p type and n
type regions of the semiconductor material, either simultaneously with, or after
the formation of the conductive layer;

scribing the conducting layer to produce a series of isolated conductive
strips each passing over one contact region of each cell of a series of cells,
each conductive strip alternatively passing over first and second contact
regions of the cells of the respective series whereby the respective strips
alternately make electrical connection with the first semiconductor material
layer or the second semiconductor material layer of each cell and each stip
makes connection with semiconductor material of one dopant polarity only in
each cell of the respective series of cells; and

interrupting each strip at or adjacent to every second cell boundary with
adjacent strips interrupted at alternate cell boundaries.

According o a sixth aspect, the present invention consists in & method of
forming a structure of contacts over a surface of a photovoltaic device, wherein
the photovoltaic device comprises at least two layered regions of
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semiconductor material of different dopant polarity forming a junction, and
divided into a plurality of parallel-extending, elongate, photovoltaic cells by
parallel interruptions which form csli boundaries in the semiconductor material,
the contacts being located to interconnect the cells in a series connected array,
the method compriging the steps of:

forming an insulating layer over a back surface of a2 semiconductor
device;

forming first openings through the insulating layer to expose an active
surface of a first overlying layer of semiconductor material of a first dopant
polarity, in a first contact region of each call;

forming & first conducting contact layer aver the insulating layer and
extending into the first openings to form electrical connections with the back
surface of the first overlying layer of semiconductor material,

forming second openings through the first conductive contact layer and
the insulating layer where connections are to be made to an underlying second
layer of semiconductor material of @ second dopant polarity in at least ane
location in a second contact region of each cell;

creating a conduction path to the underlying second layer of
semiconductor material of @ second dopant polarity under each of the second
openings, the conduction path extending between the underlying second layer
of semiconductor material and the back surface under the insulating layer at
the respective second opening;

forming a second conductive contact layer aver the first conductive layer,
the second conductive {ayer extending into the second openings and forming
electrical connection with the second layer of semiconductor material through
the second openings;

scribing the conducting layer to produce a series of isclated conductive
strips each passing over one contact region of each cell of a series of cells,
each conductive strip alternatively passing over first and second contact
regions of the cells of the respective series whereby the respective strips
alternately make electrical connection with the bridging region or the secand
semiconductor material layer of each cell and each strip makes connection with
semiconductor material of one .dopant polarity only in each cell of the
respective series of cells; and

interrupting each strip at or adjacent to every second cell boundary with
adjacent strips interrupted at altemate cell baundaries.
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Preferably the second openings extend to the underlying second layer of
semiconductor material. The conduction path to the underlying second layer of
semiconductor material may be formed by altering the characteristics of the
material around and beneath the second openings or as a result of the process
of forming a conductive contact layer extending into the second opening, or a
cambination of the two.

In the preferred embodiment, the photovoltaic device is a polycrystalline
thin film silicon solar cell comprising a textured glass substrate cver which is
formed an anti-reflection coating and z fifm of silicon having at least two
oppasitely doped regions forming a junction in a plane parallel to the surface of
the film.

The insulating layer formed aver the silicon film may be a single layer but
is preferably a plurality of layers including a thin passivation layer and a thicker
fayer of a different dielectric material. Preferably, the passivation layer will be a
layer of silicon nitride or silicon oxide of between 50 and 200nm and preferably
about 100nm. The thicker dielectric layer is preferably a layer of arganic resin
such as novolac with a thickness of between 2-5um and preferably about 3-
4pm,

The conductive layer which forms the contacts, may be a single layer of
metal such as aluminium or may be formed as a plurality of layers including a
thin layer of nickel, silver or copper with a thickness in the range of 5-20nm and
preferably about 10nm and an aluminium layer over the copper, silver ar nickel
with a thickness in the range of 50-150nm and preferably about 80-110nm.
Qther possible contact materials include heavily doped semiconductar material
and conducting polymers.

For thin film embodiments having dimensions as set out above, the holes
formed in the Insulating layer through which the p type contacts are made, will
have diameters in the range of 50-500um and preferably about 140-160um.
The holes for the n type contacts will have diameters in the range of 25-100um
and preferably about 35-45um. The contact holes will preferably be cireular
and in the case of the n type holes, will be spaced apart ta prevent isolation of
parts of the cell area. However, elongate holes may alsc be used in some
embodiments. The holes may be formed by laser, in which case the shape is
dependent on the shape of the laser beam used to form the holes,

Seribing of the metal is preferably performed by iaser and is performed at
a rate that allows overlapping laser pulses to compietely remove the metal
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layer while not significantly removing underlying insulating material. For high
powerad lasers this may require defocusing of the laser and will result in wider
seribes. Embodiments of the present invention have been found to be effective
with scribe widths of 100-200pm and preferably about 140-160um.

It will be recognised that the dimensions given are suitable for cells of the
type described in the preferred embodiment. For other csil types, or thin film
cells having significantly different film thickness, the dimensions of the
insulating and metai layers and the widths of the contact holes and laser
seribes will change to suit the eircumstances of the particular environment,

In a seventh aspect, the invention consists in a photovoltaic device
comprising a plurality of parallel extending, elongate photovoltaic cells
connected in series, the interconriection of cells being made via a plurality of
isolated connections of a point in a p-type region of each cell to a respective
peint in an n-type region of another cell of the array, the isclated connections all
being formed from a single layer of conductive material scribed to form a
plurality of elongate strips extending transversely relative to cell boundaries, the
scribes defining interruptions which separate the parallel extending strips, each
strip also being interrupted at regular intervals corresponding to or adjacent to
cell boundaries wherein conductive contacts extend across the interruptions
separating the parallel extending strips, to define the isolated connections.

The strips may be aligned in rows defining like contacts wherein the rows
alternately define p type and n type contacts.

The strips defining p type contacts may be of a different width as
measured in the direction of the cell boundaries to those strips defining n type
contacts. .

In one variant, the isolated connections are formed by periodically
switching off the laser during a horizontal seribe.

Alternatively, the isolated connections are formed by defining an
elongate through opening in the insulating layer which extends across a line
where a harizontal scribe is to be defined which is subsequently coated or part-
filled with the layer of conduciive material during a process of making the
device which conductive material remains un-ablated during the passage of the
scribing laser over the through opening due to conduction of the heat
generated by the laser to the underlying silicon.

The elongate hole may comprise a serles of overlapping, generally
circutar, holes.
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In an eighth aspect, the invention consists in a method of forming &
structure of contacts over a surface of a photovoltaic device, wherein the
photovoltaic device comprises at least two layered regions of semiconductor
material of different dopant polarity forming a junction, and divided into a
plurality of photovoliaic cells by interruptions in the semiconductor material
which form cell boundaries, the contacts being located to interconnect the cells
in & series connected array, the method comprising the steps of:

forming an insulating layer over a back surface of a semiconductor
device;

forming a conductive contact layer over the insulating layer;

forming cornections between the conductive layer and the p type and n
type regions of the semiconductor material, either simultaneously wit, or after
the formation of the conductive layer,

scribing the conductive layer to produce a series of conductive strips
extending transversely with respect to the longitudinal direction of the cells;

wherein the scribing process is arranged to leave a conductive bridge
extending across the transverse scribe connecting a point in a p type region of
ane cell to a point in an n type regicn of ancther cell,

The step of scribing the conductive layer may be carried out by a laser
ablating areas of the single layer of conductive material.

The isolated cormections may be formed by periodically switching off the
laser during a scribe to leave an un-ablated conductive area.

In a ninth aspect, the invention consists in a method of forming a
structure of contacts over a surface of a photovoltaic device, wherein the
photovoltaic device comprises at least two layered regions of semiconductor
material of different dopant polarity forming a junction, and divided into a
plurality of parallel-extending, elongate, photovoltaic cells by parallel
interruptions which form cell boundaries in the semiconductor material, the
contacts being located to interconnect the cells in a series connecied array, the
method comprising the steps of:

forming an insulating layer aver a back surface of a semiconductor
device;

forming a conductive contact layer over the insulating layer;

forming connections between the conductive layer and the p type and n
type regions of the semiconductor material, either simultanecusly with, or after
the formation of the conductive layer;
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seribing the conducting layer to produce a series of conductive strips
each passing over one contact region of each cell of a series of cells each
conductive strip being connected by a bridge extending across an interruption
whereby each strip makes comnection with semicondustor material of one
dopant polarity only In each cell of the respective series of cells; and

interrupting each strip at or adjacent to every cell houndary.

Typically, the step of scribing the conducting layers is carried out using a
laser ablating areas of the single layer of conductive material.

In one version, the bridges are formed by periodically switching off the
laser during a horizantal scribe,

Alternatively, the isolated connections are formed by defining an
elongate through opening in the insulating layer which extends across a line
where a horizontal seribe is to be defined and which is subsequently coated or
partfiled with the layer of conductive material, which conductive material
remains un-ablated during the passage of the scribing laser over the through
opening due to conduction of the heat generated by the laser to the underlying
silicon,

The step of forming the elongate hole may include forming a series of
overlapping generally clrcular holes.

Any discussion of ducuments, acts, materials, devices, articles or the Jike
which has been included in the present specification is solely for the purpose of
providing a cantext for the present invention. It is not to be taken as an
admission that any or ali of these matters form part of the prior art base or were
common general knawledge in the field relevant ta the present invention as it
existed in Australia before the priority date of each claim of this application.

Throughout this specification the word "comprise”, ar variations such as
"comprises” or "comprising", will be understood to imply the inclusion of a
stated element, integer or step, or group of elements, integers or steps, but not
the exclusion of any other slement, integer or step, or group of elements,
integers or steps,

Brief Description of the Drawings
Embodiments of the invention will now be described by way of example
with reference to the accompanying drawings in which:
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Figure 1 is a sectional view through a semiconductor device after a first
step of a first embodiment, the method of the present invention has been
applied;

Figure 2 Is a sectional view through a semiconductor device after a first
opening step of the invention has bsen applied according to the first
embodiment;

Figure 3 is a sectional view through a semiconductor device after a first
metallisation step of the invention has been applied according to the first
embodiment;

Figure 4 is a sectional view through a semiconductor device after a
second opening step of the invention has been applied according to the first
embodiment;

Figure 5 is @ sectional view through a semiconductor device after a
second metallisation step of the invention has been applied according to the
first embodiment;

Figure & is & sectional view through a semiconductor device after the
metallisation formed in accordance with the first embediment has been
interrupted to separate the contacts to the p & n type regions;

Figure 7 is a back view of part of the device of figures 1 to 4 after
metallisation and patterning of the metal layer;

Figure 8 is a schematic diagram of an equivalent circuit of a part of a
device made in accordance with an embodiment of the present invention;

Figure 9 is a back view of a second embodiment of a semiconductor
device; and

Figure 10 is a sectional view through the second embodiment of the
semiconductor device as shown in Figure 9 after the metallisation has been
interrupted by the scribing process.

Detailed Description of Embodiments of the Invention
A detailed description of one embodiment of the invention will now be

provided in the context of a particular large area thin film silicon photovoltaic
device, however the invention generally provides & distributed (as opposed to
consolidated) connection between cells which is relatively low-cost and is
applicable to a variety of cell and contact technologies.

As previously stated, over the extent of a large area photovoltaic module,
there will generally be & number of shunts or short-circuits scattered about the
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module, which draw current that could otherwise be delfivered to the load. The
effects of shunts and localised reductions in device parformance on overall
module performance are generally reduced with increased levels of serial and
parallel connection of cells within the module, however this also implies an
increase in complexity of the metallisation patterning.

Typically an intricate interconnect struciure is expensive to create.
However the interconnect structure described below has the added advantage
that it can be created using a small number of steps and at relatively high
speed thereby keeping the expense down compared to other designs and
technologies.

The interconnect structure is produced by applying & conductive layer
{typically one or more metal layers), over the enfire surface of the module to
form all of the contacts to all of the cells in the module and then scribing the
conductive layer into a series of strips using a series of straight high speed
laser scribes. The strips are then divided inte individual finks by scribing
transversely o the first scribe direction with the laser turned on and off to cut
each alternate strip, with every second transverse scribe offset by one strip
such that each strip is cut into links which overlap two links on either side that
are offset by half the pitch of the links. The pitch of the links is equal to two cell
widths and the transverse scribes are coincident with or close to interruptions in
the underlying cell layout representing cell boundaries between adjacent cells
aof the module. This contact structure and the method of its manufacturing will
now be described int the context of a particular large area thin film silicon
photovoltaic device however the process can be modified, for example by
changing the number of offsets employed and the number of other cells to
which each cell is connected. It is also not essential for the cells to extend the
width of a module as is the case in the described example and so the invention
may be applicable to a variety of module and cell structures and layouts.

In the case of the cell structure described below, parallel connection is
provided by constructing long cells such that they approximate a plurality of
parallel connected cells, howaver because the parallel connection is through
the semiconductor rather than through metal, series resistance will prevent
localised short circuits from bypassing the whole cell. Therefore by providing a
plurality of series cornections between each pair of adjacent cells this
advantage of the long cell may be exploited, such that (ocalised faults are self
isolating and self bypassing.
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Referring to the drawings, Figure 1 lllustrates a part of a semiconductor
davice structure 11, which is a precursor to a device fabrication process inte
which the method of the present invention has been integrated. In Figure 1 a
first step of the fabrication process has been applied. The semiconductor
device is a photovoltaic module comprising a thin polycrystalline silicon film 12
formed on a glass substrate 22 covered with a thin anti-reflection coating and
having an upper p-type region 13, a lower n™ type region 15 and an intrinsic or
lightly doped region 14 separating the p and n-type regions. The silicon film 12
is separated into cells by scribed isolation grooves 16. The glass surface is
preferably textured to promote light trapping, but this is not shown in the figures
for sake of clarity. Typically, the surface texturing of the glass will have
dimensions up to 0.2 to 0.7um and the anti-reflection coating will be a silicon
nitride coating of in the order of 70nm. Tha sllicon fitm will typically be in the
range of 0.5 to 10um thick and preferably between 1 and 3um, with the p and n
type doped regions each having a heavily doped region extending for a depth
of about 0.1um. Texturing of the glass surface may be achieved by applying a
coating of texturing material or by directly texturing the glass e.g. by etching.

The first step of the device fabrication method is the formation of an
insulating layer 17 over the thin silicon film 12, Preferably, the insulating layer
is a two layer film composed of & thin (50-200nm and preferably about 100nm)
layer of silicon nitride or silicon oxide plus an organic resin known as novolac,
which is formed to a thickness in the order of 2 - 5pm and typically 3 - 4um.

A first set of holes 19 (ref Figure 2) is then formed in the insulating layer
17 by heating the regions to be opened with a laser 18. The laser lacally heats
the underlying silicon which causes the novolac to erupt leaving a hole 18
exposing the silicon beneath. Heat treatment can be used subsequently to
smooth the edge of the insulating layer surrcunding the hole if necessary. After
heat treatment of the novolac, the silicon nitride or silicon oxide exposed by the
removal of the novolac is remaved by a chemical etch to expose the surface of
the semiconductor material beneath. This set of holes is provided to allow

" contact to the back surface of the semiconduster material 12 to thereby enable

a connection to be made to the p type region 13 of the device and therefore the
holes are opened with minimal heating of the semiconductor material in order
to minimise the amount of disruption of the p and n type semiconductor
material in the vicinity of the holes. This is achieved by defocusing the laser
beam and results in larger apenings in the insulating layer than would gcour
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with a more tightly focussed laser, The shape and dimension of the holes are
determined by the cross sectional shape of the laser beam, but will typically be
approximately circular non-overlapping and having 2 diameter in the range of
50-500um and preferably about 150um.

Turning to Figure 3, a thin metal layer 23 is then deposited over the
insulating layer 17 and extends into the holes 19 to contact with the p-type
region 13, The thin metal layer 23 is preferably of nickel or copper and is
typically in the order of 10nm, serving beth as the contact to the p-fype region
13 and as a back reflector. Copper is a superior optical reflector to nickel and
each of the metals make reliable contacts with p-type silicon, Howeaver, nickel
does not adhere to novolac as strongly as does copper, & fact which assists in
subsequent formation of metal isclation grooves.

When nickel is used, the thickness can be decreased to less that 10nm
so that the layer becomes nearly transparent to light, in which case it does not
interfers with optical reflection from subsequent layers.

A second thin iayer of silver can be added to increase the optical
reflectance; however, silver cannot be used alone as it makes poor electrical
contact to silicon.

A laser 24 (ref. Figure 3) is employed to open holes through the thin
metal layer 23, insulating layer 17, and semiconductor layers 13, 14, 15 to form
an opening 32, as is illustrated in Figure 4, extending through the silicon film 12
to the glass substrate 22.

When the opening 32 is formed, the very thin metal layer 23 in the
vicinity of the opening is caused to evaporate from the area surrcunding the
opening 32 and the remaining molten metal shrinks back to form a thickened
portion 27 such that the opening in the metal layer 23 is 2-3 times the diameter
of the openings in the silicon.

The openings 32 are again either elongate grooves or spaced holes so
that lateral continuity is maintained in the semiconductor layer. As for the first
set of holes 19, the shape and dimension of the holes 32 are determined by the
cross sectional shape of the laser beam, which in the case of the second set of
holes 32 is more tightly focussed than in the case of the first set of holes 19,
and will typically be approximately circular non-overiapping and having a
diameter in the range of 25-100um and preferably about 40 um.
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As also illustrated in Figure 4, the silicon surfaces 25 exposed by the
opening 32, are doped with n-type dopart, which isolates the opening 32 from
the p-type region 13 and provides a surface for formation of the n-type contact.

Referring to Figure 5, the n-type contact is formed by a second thin metal
layer 28 formed over the first thin metal layer 23, the second metal layer 28
extending into the opening 32 and contacting the surfaces 25 of the opening
32, Preferably the conductive layer 28 will be a tayer of metal such as
aluminium, however the conductive layer might algo include related alloys, a
layer of heavily doped semiconductor material, a layer of conductive plastics
material or other suitable conductor. When contacts are formed of aluminium
over a previously formed first metal layer of nickel, the nickel and ajuminium
layers are preferably in the order of 10nm and 100nm respectively. The metal
layers are preferably applied by sputtering.

The final step in the process is the isolation of the n-type and p-type
contacts which is achieved by using a laser 29 to melt and/or evaporate the
metal layers 23 and 28 to thereby form an isolation groove 31 as seen in
Figure 6.

A partion of the completed structure is illustrated in Figure 6 which shows
the connection of an n-type contact of oné cell to the p-type contact of an
adjacent cell to provide a series connections of cells. The section shown in
Figure 6 approximates the section that would be seen through section line X-X'
shown in Figure 7.

When the laser is pulsed on, a small amount of metal is ablated directly
under the beam and surface tension in the surface of molten metal surrounding
the ablated region pulls the metal back from the hole causing a slight thickening
of the metal around the hole, and creates an opening 31 (ref figure €). The
opening 31, as seen in elevation in Figure 6, represents one point in a scribe
fllustrated in plan view in Figure 7, which is significantly larger in diameter than
the original ablatad region. Because the adhesion of the nickel layer 23 to the
underlying dielectric which is in this case, an organic resin known as novolac, is
not ag great as is the case for aluminium, the combined aluminium and nickel
layer 23, 28 peels back more readily than would be the case if aluminium alone
were used. By pulsing the laser on centres spaced at a regular pitch less than
the beam diameter, a series of joined holes, surrounded by a pair of metal
mounds, are formed to pravide a continuous gap separating twa regions of the
metal film that are to be electrically isolated from one another (see Figure 7).
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Typically, the isolation scribes will be from 100-200um wide and preferably
abaut 150um wide. The scribes are typically spaced on centres of 0.2-2.0mm
and preferably about 1mm to form conducting strips about 0.2-1.9mm and
preferably about 0.85mm wide.

Referring to Figure 7, the isolation scribe comprises a first set of long
scribes 31 transverse io the celis 35 and having dimensions as described
above, and a second set of short scribes 34 between the long scribes 31 over
cell boundaries 16 to separate the strips formed by the long scribes 33 into
shorter links 36. The shorter scribes 34 have a similar width to the long scribes
33 but are separated by two cell widths to allow cell interconnection.

Figure 7 illustrates a rear view of a part of a device incorporating a
contact structure according to an embodiment of the invention, from which it will
be seen that each of the cells of the device 11 comprises an elongate
photovoltaic elament 35a, 35b, 35c, 35d divided across its long axis by a
plurality of transverse scribes 33 which isolate alternate sets of holes 19 and
holes 32 respectively providing cantacts to the p-type and n-type regions of the
cell. The transverse scribes 31 are made as long substantially straight scribes
extending over the length of the device such that each scribe crosses sach
elongate cell. By using long continuous scribes in this manner, the scribes may
be made at the maximum translation rate of the laser table that will allow
overlapping faser shots (assuming that the laser can fully remove the metal
under the beam in ene shot). This method of operation of the laser is much
faster than when trying to scribe patterns with corners where the laser has to
be stopped and started at precise locations.

Following the formation of the first set of scribes 31, a further set of cell
isofation scribes 34 are formed over the cell separation scribgs 16 between
adjacent cells 11, to isolate every second pair of cells. The cell isolation
scribes 34 extending to either side of any one of the elongate transverse
scribes 31 are offset by one cell with respect to those on the other side of the
same transverse scribe 31 such that the cells become series connacted by a
matrix of connection links 36 with alternating offsets, connecting one set of p-
type contacts 19 of one cell 35 to a set of ntype contacts 32 of an adjacent cell
35, as shawn in Figure 7.

An equivalent cireuit for a part of the device of Figure 7 is illustrated in
Figure 8, from which it will be seen that the links 36 provide a plurality of
connections between the anode of one elongate cell 35 (represented as a
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plurality of parallel connected diodes) and the cathode of an adjacent cell. The
lateral resistance of the cells is indicated by a plurality of resistors 37 which
fimit lateral current in the cell between the series links 36 and cause the effect
of a shunt to be contained to the region immediately surrounding the shunt,
This configuration allows higher voltages to be achieved by way of series
connection while allowing current to flow around bad or shaded areas of the
device. :

Figure 9 illustrates a rear view of a part of a device incorporating a
contact structure according to a second embadiment of the invention which is a
variation on the contact structure of the first embodiment and made by a
process which is a variant of that described above. In this second embodiment
as can be seen in the figure, the like type contacts in adjacent cells are aligned
in the transverse direction. Thus as shown in Figure 9, there is a transverse
sirip 80 of generally rectangular metal pads 82 defining p type cantacts, above
which is a further sirip 84 of metal pads 66 defining n type contacts 32 above
which is a further strip of metal pads 62 defining p type contacts, and go on.

in the second embodiment, the manufacturing process is largely similar
to that of the first embodiment except for the arrangement of contacts for the
cells on the device as discussed above, and the method of formation of
connections between cells.

As with the first embodiment, the isolation scribe comprises a first set of
long scribes 31 transverse to the cells 35 from 100-200um wide, preferably
about 150um wide.

A second set of short ( isolation) scribes 44 extend between the long
scribes near the cell boundaries 16, In contrast with the first embodiment,
every horizortal strip 60, 84 is mechanically interrupted by a vertical seribe 44
at or adjacent every cell boundary 16. The scribed areas are illustrated with
cross-hatching.

Referring again to Figure 9, it can be seen that the scribes 44 are
staggered with avery second cell isclation scribe 44a aligned with a cell
boundary 16 and the cther cell isolation scribes 44b spaced to one side of the
cell boundary by a distance of 100-500um and preferably about 260um.

Metal bridges 46 connect the p type metal contact pads 19 of one cell to
the n type metal contact pads 32 of an adjacent cell. The bridges 46 are
formed by a similar process that is used to make the p fype contacts 19 as
described with refarence to Figure 2. In particular a line of overlapping holes is
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formed in the insulating layer using the laser 18 to locally heat the underlying
silicon which causes the novalac to erupt leaving a hole 19 exposing the silicon
beneath, The line of holes Is intentionally positioned to span the line of the
transverse scribes 31. The line is subsequently coated/part-filled with the metal
layers 23 and 28 during the later stages of the manufacturing process in the
same way that the p type contacts are coated. When the laser which forms the
horizontal scribe 31 passes over the line of holes, it is unable to remave the
metal therefrom since the metal is in direct contact with silicon 13, which acts
as a relatively good heat sink and, in contrast with the novolac which is a
relative thermal insulator, compared to the silicon, conducts the heat of the
laser away preventing the bridge from ablating.

A portion of the completed structurs is illustrated in Figure 10 which
shows the connection of an ntype contact of one cell to the p-type contact of
an adjacent cell to provide a series connections of ¢ells. The section shown in
Figure 10 approximates the section that would be seen through section line
'XX-XX' shown in Figure 9

Instead of providing a metal bridge connecting the p type metal contact
pad of one cell to the n type contact pad of the adjacent cell as described
above, the bridges 46 could simply be provided by periodically turning the laser
off during the horizontal scribe leaving a residual part of the metal layers 23
and 28 defining the bridge. } . '

It will be appreciated that using this embadiment since the n type metal
pads and the p type metal pads are aligned, it is possible to make the n type
metal pads and the p type metal pads of different widths to one ancther. The
series resistance can be reduced by optimising the width separately.

It wil be appreciated by persons skilled in the art that numerous
variations and/or madifications may be made te the invention as shown in the
specific embodiments without departing from the spirit or scope of the invention
as broadly described. The present embodiments are, therefore, to be
considered in all respects as illustrative and not restrictive.
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CLAIMS:

1. A photovoltaic device comprising @ plurglity of photovoltaic cells
connected in series, the interconnection of cells being made via a plurality of
isolated paraliel connections of a peint in @ p-type region of each cell to a
respective point in an n-dype region of another cell of the array, the isolated
parallel connactions all being formed from & single layer of conductive material
seribed to form a plurality of elongate strips, each strip being interrupted at
regular intervals corresponding to cell boundaries, where the interruptions are
located at or near every Nth cell boundary where N is greater than or, equal to
2 and the cell boundaries at which any one strip is interrupted ars offset from
the cell boundaries at which immediately adjacent strips are interrupted, such
that the interruptions of every Nth strip are aligned, and each pair of cells to be
connected by a particular strip are separated by N-2 intervening cells that are
not connected to the respective strip where It passes over them.

2. The device of claim 1, wherein N equals 2 and there are no intervening
cells separating the connected cells.

3. A photovoltaic device comprising & plurality of parallel-extending,
elongate, photovoitaic cells connected in series, the series connection of each
cell with its adjacent cells being made via a plurality of isolated parallel
connections of points in a p-dype region of each cell to a respactive plurality of
points in an n-type region of an adjacent cell of the array, the isolated paralle!
connections all being formed from a single layer of conductive material scribed
to form a plurality of elongate strips extending transversely relative to cell
boundaries which separate the parallel extending cells, each strip being
interrupted at or adjacent every sacond cell boundary and adjacent strips being
interrupted at altermate cell boundaries.

4, A photovaltaic device comprising a plurality of parallel extending
elongate photovoltaic calls, wherein a plurality of first conductive contacts
connect a p-type region of each cell to an n-type region of a cell adjacent one
side of the respective cell and a plurality of second conductive contacts connect
an n-type region of each cell to a p-type region of a cell adjacent a side
opposite said one side of the respective cell, the first and second conductive
contacts all being formed from a single layer of conductive material scribed to
form a plurality of elongate strips extending transversely relative to cell
boundaries which separate the parailel extending cells, each strip being

JP 2005-500701 A 2005.1.6



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(44)

WO 03/019674 PCT/AU02/01143

10

15

20

25

30

35

19

interrupted at or adjacent every second cell boundary and adjacent strips being
interrupted at alternate cell boundaries.

5. The davice of claim 1, 2, 3 or 4, wharein one of the p-type and niype
semiconductor regions underlies the other and the conduction path to the
underlying semiconducior material region is formed by altering the
characteristics of the semiconducter material of the cther region in the vicinity
of the connection point. B

6. The devige of claim 1, 2, 3 or 4, wherein the conduction path to the
underlying semiconductor material region is formed as a result of the process
of forming the layer of conductive material.

7. The device of claim 1, 2, 3, 4 or 5, wherein the canduction path to the
underlying second layer of semicanducter material is formed as a result of a
pracess of altering the characteristics of the semiconducter material of the
outer region in the vicinity of the connection point in conjunction with the
formation of the layer of conductive material.

8. The device as claimed in any one of claims 1 to 7, wherein the
photovoltaic device is a polycrystalling thin film silicon solar cell comprising a
textured glass substrate over which is formed an anti-reflection coating and a
film of silicon having at least two oppositely doped regions forming a junction in
a plane parallel to the surface of the film.

9. The device of claim 8, wherein an insulating layer is located aver the
silicon film comprising a single layer of insulating material.

10. The device of claim 8, wherein ar Insulating layer is located over the
silicon film comprising a plurality of fayers including a thin passivation layer and
a thicker layer of a different dielectric material.

11,  The device of claim 10, wherein the passivation layer comprises a layer
of silican nitride or silicon oxide.

12.  The device of claim 11, wherein the passivation layer is in the range of
50 to 200nm thick.

13. The device of claim 11 or 12, wherein the passivation layer is in the
range of 90-110nm thick.

14,  The device of claim 11, 12 or 13, wherein the thicker dielectric layer is a
layer of organic resin.

15.  The device of claim 14, wherein the thicker dielectric layer is a layer of
navolac resin.
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16. The device of claim 14 or 15, wherein the thicker dielectric layer has a
thickness of 2-6um.

17. The device of claim 14 or 15, wherein the thicker dielectric layer has a
thickness of 3-4pm.

18, The device as claimed in any one of claims 1 to 17, wherein the
connection points are formed through openings in the insulating layer through
which the contacts are made.

19. The device of claim 18, wherein the openings in the insulating layer
through which the p type contacts are made, have diameters in the range of 50-
500pm.

20. The device of claim 18, wherein the openings in the insulating layer
through which the p-type contacts are made, have diameters in the range of
140-160um.

21.  The device of claim 18, 19 or 20, wherein the apenings in the insulating
layer through which the ntype contacts are made, have diameters in the rangs
of 25-100um.

22, The device of claim 18, 19 or 20, whersin the apenings i the insulating
layer through which the n-type contacts are made have diameters in the range
of 35-45um.

23. The device as claimed in any ohe of claims § to 22, wherein openings
are subsiantially ciroular.

24, The device as claimed in any one of claims 9 to 22, whersin, the
openings are elongate in shape.

25,  The device of claim 23 or 24, wherein the n-type holes are spaced apart
to prevent isolation of parts of the cell area.

26. The device as claimed in any one of claims 1 to 27, wherein scribing of
the conducting layer has a scribe width in the range of 100-200um.

27.  The device of claim 26, wherein the scribe width is in the range of 140-
160pm.

28. The device ag claimed in any one of claims 1 to 27, wherein the
conductive layer which forms the contacts comprises a single layer of metal.

29. The device of claim 28, wherein the conductive layer comprises
aluminium.

30. The device as claimed in any one of claims 1 fo 27, wherein the
conductive layer comprises a plurality of layers of different metals.
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31. The device of claim 30, wherein the conductive layer comprises a thin
metal layer of nickel, siiver or copper.
32.  The device of claim 31, wherein the thin metal layer has a thickness in
the range of 5-20nm,
33. The device of claim 31, wherein the thin metal layer has a thickness of 9-
ftnm.
34, The device of claim 31, 32 or 38, wherein the conductive layer comprises
an aluminium layer formed over the thin metal layer.
35, The device of claim 29 or 34, wherein the aluminium layer has a
thickness in the range of 50-150nm
36. The device of claim 29 or 34, wherein the aluminium layer has a
thickness of 80-110nm.
37. The device as claimed in any one of claims 1 to 27, wherein the
conductive layer comprises a layer of heavily doped semiconductor material.
38, The device as claimed In any one of claims 1 to 27, wherein the
conductive layer comprises a layer of conducting polymer.
39, A method of forming a structure of contacts over @& surface of a
photavoltaic device, wherein the photovoltsic device comprises at least two
layered regions of semiconductor material of different dopant polarity forming a
junction, and divided into a plurality of photovoltalc cells by interruptions in the
semiconductor material which form cell boundaries, the contacts being located
to interconnect the cells in a series connected array, the method comprising the
steps of:

forming an insulating layer over a back surface of a semiconductor
device;

forming & conductive contact layer over the insulating layer;

forming connections batween the conductive layer and the p type and n
type regions of the semiconductor material, either simultaneously with, or after
the formation of the conductive layer;

scribing the conductive layer to produce a series of isolated conductive
strips extending transversely with respect to the longitudinal direction of the
celis and each conductive strip passing over pairs of cells to be connected and
being connected to one contact region of each cell of each pair of cells to be
connected by the respective strip, each conductive strip alternatively passing
over first and second contact regions of the cells of each respective pair
whereby each strip alternately makes electrical connection with the first
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semicanductor material layer or the second semiconductor material layer of
each cell in each palr of cells which are ta be Interconnected by the conductive
strip and each strip makes connection with semiconductor material of one
dopant polarity only in each cell of the respective pair of cells; and

interrupting each strip at or adjacent to every Nth cell boundary, where N
is an integer greater than or equal o 2, the cell boundaries at which any one
strip is interrupted being offset from the cell baundaries at which immediately
adjacent strips are interrupted, such that the interruptions of every Nth strip are
aligned, and each pair of cells to be connected are separated by N-2 cells that
ara not connected to the respective strip as it passes over them.
40. The method of claim 39, wherein N equals 2 and there are no intervening
cells separating the connected cells.
41. A method of farming a structure of contacts over a surface of a
photovoltalc device, wherein the photovoltaic device comprises at least two
layered ragions of semiconductor material of different dopant polarity forming &
junction, and divided into a plurality of paraliel-extending, elongate, photovoltaic
cells by paralls! interruptions which form cell boundaries in the semiconducter
material, the contacts being located to interconnect the cells in a series
connected array, the method comprising the steps of:

forming an Insulating layer over a back surface of @ semiconductor
device,;

forming a conductive contact layer over the insulating layer;

forming connections between the conductive layer and the p type and n
type regions of the semiconductor material, either simultaneously with, or after
the formation of the conductive layer;

seribing the conducting layer to produce a series of isolated conductive
strips each passing over ane contact region of each cell of a series of cells,
each conductive strip altematively passing over first and second contact
regions of the cells of the respective series whereby the respective strips
alternately make electrical connection with the first semiconductor material
layer or the second semiconductor material layer of each cell and each strip
makes connection with semiconductor material of one dopant polarity enly in
each cell of the respective series of cells; and

interrupting each strip at or adjacent to every second cell boundary with
adjacent strips interrupted at altemate cell boundaries.
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42, The method of claim 39, 40 or 41, wherein openings are formed in the
insulating layer and the connections between the conductive layer and the
respective p-type and n-type regions are formed through the openings in the
ingulating layer,
43, A method of forming a structure of contacts over a surface of a
photovoltaic device, wherein the photovoltaic device comprises ‘at least two
layered regions of semiconductor material of different dopant polarity forming a
junction, and divided into a plurality of parallel-extending, slongate, photovoltaic
cells by parallel interruptions which form cell boundaries in the semiconductor
material, the contacts being located to interconnect the cells in a series
connected array, the method comprising the steps of:

farming an insulating layer over a back surface of a semiconductor
device;

forming first openings through the insulating layer to expose an active
surface of a first overlying layer of semiconductor material of a first dopant
polarity, in a first contact region of sach cell;

forming a first conducting contact layer over the insulating layer and
extending into the first openings to form electrical connections with the back
surface of the first averlying layer of semicorductor material;

forming second openings through the first conductive contact layer and
the insulating layer where connections are to be made to an underlying second
layer of semiconductor material of a second dopant polarity in at least one
location in a secend contact region of each cell;

creating a conduction path to the underlying sscond layer of
semiconductor material of a second dopant polarity under each of the second
openings, the conduction path extending between the underlying second layer
of semiconductor material and the back surface under the insulating layer at
the respective second opening;

forming a second conductive contact layer over the first eonductive layer,
the second conductive layer extending into the second openings and forming
electrical connection with the second layer of semiconductor material through
the second openings;

scribing the conducting layer to praduce a series of isolated cenductive
strips each passing over one cortact region of each cell of a series of cells,
each conductive strip alternatively passing over first and second contact
regions of the cells of the respective series whereby the respective strips
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alternately make electrical connection with the bridging region or the second
semiconductor material layer of each cell and each strip makes connection with
semicanductor material of one dopant polarity only in each cell of the
respective series of cells; and

Interrupting each strip at or adjacent to every second cell boundary with
adjacent strips interrupted at alternate cell boundaries.
44,  The method of claim 43, wherein the second openings extend ta the
underlying second layer of semiconductor material.
45 The method of claim 44, wherein the conduction path to the underlying
second layer of semicanductor material is formed by altering the characteristics
of the material around and beneath the second openings.
48.  The method of claim 43, wherein the conduction path to the underlying
second layer of semicanductor material is formed as a result of the pracess of
forming & conductive contact layer extending into the second opening.
47.  The methed of claim 43, wherein the conduction path to the underlying
second layer of semiconductor material is formed as a result of the process of
forming a conductive contact layer extending into the second opening and by
altering the characteristics of the material around and bengath the second
openings.
48, The method as claimed in any one of claims 39 to 47, wherein the
photovoltaic device is a polycrystalline thin film silicon sotar cell formed on a
textured glass substrate over which is formed an anti-reflection coating and a
film of silicon having at least two oppositely doped regions forming the junction
in a plane parallel to the surface of the film.
49. The method as claimed in any one of claims 39 to 47, wherein the
insulating layer formed over the silicon film comprises a single layer of insulator
inatertal.
50. The method as claimed in any one of claims 39 to 47, whergin the
insulating layer formed over the silicon film comprises a piurality of layers
including a thin passivation layer and a thicker layer of a different dielectric
material,
51, The method of claim 50, whergin the passivation layer comprises a layer
of silicon nitride or silicon oxide.
62. The method of claim §1, wherein the passivation layer is formed to a
thickness in the range of 50 to 200nm.
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63.  The method of claim 51, wherein the passivation layer is in the rangs of
80-110nm thick.

54, The method of claims 50, 51, 52 or 54, wherein the thicker dielectric
layer is & layer of organic resin.

55, The method of claim 54, wherein the thicker dielectric layer is a layer of
novalac resin.

56. The method of claim 54 or 55, wherein the thicker dielectric layer has a
thickness in the range of 2-5um.

57.  The method of claim 54 or 55, whersin the thicker dielectric layer has a
thickness in the range of 3-4pm.

58. The method as claimed in any one of claims 39 to 57, wherein the
openings formed in the insulating layer through which the p type contacts are
made, have diameters in the range of 50-500um,

59, The method of claim 58, wherein the openings formed in the insulating
material through which the p-type contacts are made, have diameters in the
range of 140-160um.

60. The method of claim 58 to 59, whereln the openings in the insulating
material through the n type contacts are made, have diameters in the range of
25-100um.

61.  The method of claim 60 wherein the openings in the insulating material
through which the n-type contacts are made, have diameters in the range of
35-45um.

€2,  The method as claimed in any one of claims 49 to 61, wherein openings
in the insulating material are formed with a substantially circular shape.

63. The method as claimed in any one of claims 49 to 61, wherein the
openings in the insulating material are formed with an slongate shape

64. The method of claim 62 ar 63, wherein the openings for the n type
contacts are formed spaced apart to prevent isolation of parts of the cell area.
65. The method as claimed in any cne of claims 49 to 64, wherein the
operings formed using a laser.

66, The method of claim 65, wherein the shape of the opening is determined
by the shape of a laser beam used to form the apenings.

67. The method as claimed in any one of claims 39 to B8, whersin scribing of
the conducting layer is performed using a laser.

68, The method of claim 67 wherein the scribing of the conducting layer is
performed at a rate permitting overlapping laser pulses to completely remave
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the conducting material layer while not significantly removing underlying
insulating material.

69. The method of claim 67 or 868, wherein a high powered laser is used to
scribe the conducting layer and the laser is defocused to prevent removal of the
underlying insulating material.

70. The method of claim 67, 88 or 89, wherein the scribing of the conducting
layer is performed to achieve a scribe width in the range of 100-200um.

71.  The method of claim 70, wherein the scribe width is in the range of
140-160pm.

72.  The method as claimed in any one of claims 39 to 71, wherein the
conductive layer which forms the contacts, is formed as a single layer of metal.
73. The method of claim 72, wherein the conductive layer comprises a layer
of aluminium.

74. The method as claimed in any one of claims 39 to 73, wherein the
conductive layer is formed as a plurality of layers of different materials.

75. The method of claim 74, wherein the step of formation of the conductive
layer comprises farming a thin layer of nickel, silver or copper.

76.  The method of claim 75, wherein the thin layer of metal is formed with a
thickness in the range of 5-20nm.

77. The method of claim 76, wherein the thin layer of metal is formed with &
thickness of 9-11nm.

78. The method of claim 75, 76 or 77, wherein a layer of aluminium is formed
over the thin layer of metal.

79. The method of claim 73 or 78, wherein the aluminium layer is formed
with a thickness in the range of 50-150nm.

80. The methad of claim 79, wherein the aluminium layer is formed with a
thickness of 90-110nm.

81. The method as claimed in any one of claims 39 to 71, wherein the
conducting layer if formed of heavily doped semisonductor material,

82, The methed as claimed in any one of claims 39 to 71, wherein the
conducting layer is formed of a conducting polymer material.

83. A photovoliaic device comprising a plurality of parallel extending,
elongate photovoltaic cells connected in series, the interconnection of cells
being made via a plurality of isolated connections of a point in & p-type region
of each cell to a respective point in an n-type region of anather cell of the array,
the isolated connections all being formed from & single layer of conductive

JP 2005-500701 A 2005.1.6
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material scribed to form a plurality of elongate strips extending transversely
relative to celi boundaries, the scribes defining interruptions which separate the
parallel extending strips, each strip also being interrupted at regular intervals
corresponding to or adjacent to cell boundaries wherein conductive contacts
extend across the interruptions separating the parallel extending sirips, to
define the isolated connections.

84. The device as claimed in claim 83, wherein the strips are aligned in rows
defining like contacts and wherein the rows aiternately define p type and n type
contacts.

85, The device as claimed in claim 84, wherein the strips defining p type
contacts are of a different width as measured in the direction of the cell
boundaries to those sirips defining n type contacts.

868. The device as claimed in any one of claims 83 to 85, wharein the
photovoltaic device is a palycrystaline thin film silicon solar cell comprising a
textured glass substrate over which is formed an anti-reflection coating and a
film of silicon having at least two sppositely doped ragions forming a junction in
a plane parallel to the surface of the film,

87. The device of claim 86, wherein an insulating layer is located over the
silicon film comprising a single layer of insutating material.

88. The device of claim 86, wherein an insulating layer is located over the
silicon film comprising a plurality of layers including a thin passivation layer and
a thicker layer of a different dielectric material.

89. The device of claim 88, whergin the passivation layer comprises a layer
of silicon nitride or silicon oxide.

Q0. The device of claim 89, whersin the passivation layer is in the range of
50 to 200nm thick.

91. The device of claim 89 or 90, wherein the passivation layer is in the
range of 0-110nm thick.

92.  The device of claim 89, 80 or 91, wherein the thicker dislectric layer is a
layer of organic resin.

93. The device of claim 92, whersin the thicker dieleciric layer is a layer of
novolac resin.

94.  The device of claim 92 or 93, whergin the thicker dielectric layer has a
thickness of 2-5um.

95 The device of claim 94, wherein the thicker dielectric layer has a
thickness of 3-4pm.
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86. The device as claimed in any one of claims 83 to 95, wherein the
connection points are formed through openings in the insulating layer through
which the contacts are made.

97. The device of claim 96, wherein the openings in the insulating layer
through which the p type contacts are made, have diamsters int the range of
100-500pm.

98. The device of claim 96, wherein the openings in the insulating layer
through which the p-iype contacts are made, have diameters in the range of
140-160m.

99. The device of claim 98, wherein the openings in the insulating layer
through which the n-type contacts are made, have diameters in the range of
26-100um.

100. The device of claim 99, wherein the openings in the insulating layer
through which the n-type contacts are made have diameters in the range of 35-
45um,

101. The device as claimed in any one of claims 96 to 100, wherein the
openings are substantially circular.

102. The device as claimed in any one of claims 85 to 101, wherein the
scribes are formed by a laser ablating areas of the single layer of conductive
material,

103. The device as claimed in claim 102, wherein the isolated connections are
formed by periodically switching off the laser during a horizontal scribe.

104. The device as claimed in claim 102, wherein the isolated connections are
formed by defining an elongate through opening in the insulating layer which
extends across a line where a horizontal scribe is to be defined which is
subsequently coated or part-filled with the layer of conductive material during a
procass of making the device which conductive material remains un-ablated
during the passage of the scribing laser over the through opening due to
conduction of the heat generated by the laser to the underlying silicon.

1086. The device as claimed in claim 104, wherein the elongate hole
comprises a seriss of overlapping generally circular holes.

106. A method of forming a structure of contacts over a surface of a
photovoltaic device, wherein the photovoltaic device comprises at least two
layered regions of semiconductor material of different dopant polarity forming a
junction, and divided into a plurality of photovaltaic cells by interruptions in the
semiconductor material which form cell boundaries, the contacts being located
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to interconnect the cells in a series connected array, the method comprising the
steps of:

forming an insulating layer over a back surface of a semiconductor
device;

forminig a conductive contact layer over the insulating layer,;

forming connections between the conductive layer and the p type and n
type regions of the semiconductor material, either simultaneously with, or after
the formation of the conductive layer;

seribing the conductive layer to produce a series of conductive strips
extending transversely with respect to the longitudinal direction of the cells;

wherein the scribing process is arranged to (save a conductive bridge
extending across the transverse seribe connecting a point in a p type region of
one cell to a point in an n type region of ancther cell.
107. The method of claim 106, wherein the step of scribing the conductive
layer is carried out by a laser ablating areas of the single layer of conductive
material.
108. The method of claim 107, wherein the isolated connections are formed
by periadically switching off the laser during a scribe to leave an un-ablated
conductive area.
109. A method of forming a structure of contacts over a surface of a
photovoltaic device, wherein the photovoltaic device comprises at feast two
layered regions of semiconductor material of different dopant polarity forming a
junction, and divided into & plurality of paraliel-extending, elongate, photovoltaic
cells by parallsl interruptions which form cell boundaries in the semiconductor
material, the contacts bsing located to interconnect the cells in a series
connected array, the method comprising the steps of:

forming an insulating layer over a back surface of a semiconductor
devics,

forming a conductive contact layer over the insulating layer;

forming connections between the conductive layer and the p type and n
type regions of the semiconductor material, either simultaneously with, or after
the formation of the conductive (ayer;

scribing the conducting layer to produce a series of conductive strips
each passing over one contact region of each cell of a series of cells each
conductive strip being connected by a bridge extending across an interruption
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whereby each strip makes connection with semiconductor material of one

dopant polarity only in each cell of the respective series of cells; and
interrupting each strip at or adjacent to every cell boundary.

110. The method as claimed in claim 109, wherein the step of scribing the

conducting layers is carried out using a laser ablating areas of the single layer

of conductive material,

111. The meathod as claimed in claim 110, wherein the bridges are formed by

pericdically switching off the laser during a horizontal scribe.

112. The method as claimed in claim 109, wherein the isolated cornections

are formed by defining an elongate through opening in the insulating layer

which extends across a line where a horizontal scribe is to be defined and

which is subsequently coated or part-filled with the layer of conductive rmatarial

which conductive material remains un-ablated during the passage of the

scribing laser over the through opening due to conduction of the heat

generated by the laser to the underlying silicon.

113. The method as claimed in claim 112, wherein the step of forming the

elongate hale includes forming a series of overlapping generally circular holes.
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