1 Method and device for producing solar cells. DESCRI PTI ON

The present invention relates to a nethod for producing solar cells,
conpri si ngwbheosakeps of providing silicon containing Vipcread609/000083
substrates, each provided with an electrically conductive nmaterial on
at | east one side thereof, successively transporting at |east a
portion of each substrate through an gelectrolytic solution that is
present in an electrolytic bath, connecting said electrically

conductive materi glethdl %d%etfggp,%ahagﬁgogyegm the transport of the
substrates through the electrolytic bath for the purpose of

el ectrodepositing material fromthe electrolytic solution
DESCRIPTION

The present invention relates to a method for producing solar celis,
comprising the steps of

- providing silicon containing vitreous substrates, each provided with an
electrically conductive material on at least one side thereof,

- successively transporting at least a portion of each substrate through
an electrolytic solution that is present in an electrolytic bath,

- connecting said electrically conductive material to act as the cathode
during the transport of the substrates through the electrolytic bath for
the purpose of electrodepositing material from the electrolytic solution
onto the electrically conductive material during said transport.

The invention relates exclusively to a method for producing solar cells.

At the moment at least, the manufacture of such solar cells mainly takes place on

the basis of rectangular silicon panels. Such substrates typically have a thickness of

only 50 to 300 um and, also on account of the nature of the material, are very fragile
and difficult to handle manually. A conductive track is frequently present on the
silicon panel, on the side thereof where the light is incident, via which track electrons
released in the silicon panel by incident light can be discharged, and which track
forms part of an electrical circuit together with the connected load. For reasons of
efficiency it is best if such tracks cover as little surface area of the silicon panel as
possible. On the other hand, the cross-sectional area of the tracks must be adapted
to deal with the electric current that is to pass through said tracks.

in the manufacture of solar cells it is known to use silicon panels as
the substrates, to which a so-called seed layer of the electrically conductive
material, such as Ag, is applied in the shape of the desired final track. Said seed
layer is subsequently made thicker or higher through the addition of an electrically
conductive material by means of an electrolytic or eleciroless plating process. An
example of such a method, in which an electroplating process is used, is described
in German patent application DE 10 2008 033 353 A1. The method described in the
introduction relates to the method as described in said publication.

Said publication more specifically describes how substrates are
passed through an electrolytic bath in a horizontal orientation, one behind the other.



onto the electrically conductive material during said transport.
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Preferably, furthermore, each substrate is clamped in at its upper
edge during transport by means of not more and not fewer than two clamping
elements that form part of the conveyor element. The use of exactly two clamping
elements for each substrate offers the possibility of suspending the substrate in a
stable manner, while it was also surprisingly found that the substrates, when fitted
with exactly two clamping elements each, can move during their transport along an
at least partly curved ftransport path in accordance with a further preferred
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The invention will be explained in nmore detail below wth reference
to a description of a preferred enbodi nent and to the acconpanyi ng

figures, iWoWierRé0a1 Figure 1 is an isonet pi-gb&WoRoss
part of a preferred enbodi nent of a device according to the

i nvention, wherewith at the same tine the nethod according to the

I nvention can be clarified; Figure ZI\Ehows the device of figure 1 in
side elevation; WD 2009/126021 PCT/ NL2009/ 000083 7 Figure 3

shows t hgieg@ichme iRfuldtndl nfutdridl 'eddiy 96t iSRhn &L Bhi ARBL ¥bAWYa ceramic,
Figure 4 is an’isonetric view of part of a conveyor elenent as use

in the d®Xitadicdesinibyliperld alsqibeicogigsvitnAntissyatipeRyed t her ef rom

It is constructionally advantageous, furthermore, if the two parts bear
on one another under the influence of their own spring force. The clamping elements
can thus be quickly assembled together with the conveyor element, but can also be
quickly disassembled again, for example for replacing a clamping element.

To reduce mechanical loads on the substrates as much as possible,
both while the loads enter the electrolytic bath and while they leave the electrolytic
bath, a sloping slot, preferably a slot sloping in a direction opposed to the transport
direction, is provided in at least one wall, more preferably in two mutually opposed
walls, of the electrolytic bath. Such a sloping slot renders it possible for each
substrate to be gradually entered into the electrolytic bath such that the upper side
of each substrate is the first to enter the bath and/or is the first to leave the bath
again.

A further possibility for reducing the mechanical loads on the
substrates during traversing the electrolytic bath is offered in that panels with holes
therein are provided at mutually opposed sides of the path followed by the
subsirates through the electrolytic bath. The paneis as it wére screen off the
substrates against a too rough flow of the electrolytic solution, which is continuously
circulated by a pump, as is known to those skilled in the art.

It is advantageous, furthermore, if an anode is provided between at
least one of the panels and a wall of the electrolytic bath that extends parallel to said
at least one panel, such that this anode itseif definitely does not interfere with the
flow of the electrolytic solution between said panels and the substrates.

The fiow of the electrolytic solution in the immediate vicinity of the
substrates can be further reduced in that at least one upright wall of the electrolytic
bath is provided with an overflow edge for the electrolytic solution at the outer side
of the panels.

The invention will be explained in more detail below with reference to a
description of a preferred embodiment and to the accompanying figures, in which:

Figure 1 is an isometric view of part of a preferred embodiment of a
device according to the invention, wherewith at the same time the method according
to the invention can be dlarified;

Figure 2 shows the device of figure 1 in side elevation;



Figure 5 shows the conveyor elenment of figure 4 in vertical sectional
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To limt this outflow of electrolytic liquid through the slot 23 as
much as possible, tubes (not shown) extending over the full height of
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The continuous conveyor elenment 21 further conprises resilient
clanmping elenents 53 at regular intervals. The pitch of these
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It is inportant to note that the clanping parts of the clanping

el ements 53 extend bel ow the tape 51. This brings with it the nmgjor
advant age gabyhb&i2f ape 51 itself need not be i mrer sed,pclL 2604800054
part, in the electrolytic solution while transporting the substrates
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because of the cathode voltage on thg tape 51, that the tape 51 would
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bend 61. The portion 64 of the strip part 55 situated above the offset bend 61
extends parallel to the continuous tape 51, whereas the portion 65 of the strip part
55 situated below the offset bend 61 lies in line with this tape. The strip part 55 is
provided with an upwardly bent tag 62 just above the offset bend 61, which tag
enters a recess (not visible in the figures) provided in the lower edge of the



2. If electroplating is required at one side only, the
strip part 55 should preferably be manufactured froman insulating

material, weGhASed1 synthetic resin or ceramc, or at |G eRRAMS:
strip part 55 not be in electrical conductive contact with clip part
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achieved, manipulation means will position the vertically criented substrate 2 agalnst
the lower portion 65 of the strip part 55, during which the substrate 2 is moved along
with the conveyor element 51 by the manipulation means. The studs mentioned
above are subsequently moved away from the clamping element 53, so that the
clamping element 53 closes again, whereupon the action of the grippers on the
substrate is ended. The cycle described above repeats itself continuously. To
increase the capacity, the substrates may alternatively be fed from a number of
stacks of substrates, for example two stacks, such that the uppermost substrates of
the stacks are simultaneously suspended from the conveyor element. Discharging of |
the conveyor element takes place in the exactly opposite sequence.

Itis important to note that the clamping parts of the clamping elements
53 extend below the tape 51. This brings with it the major advantage that the tape 51
itself need not be immersed, not even in part, in the electrolytic solution while
transporting the substrates 2 through the elecirolytic solution in the bath 3. This
would imply, because of the cathode voitage on the tape 51, that the tape 51 would
also be electroplated, which would necessitate a thorough cyclical cleaning of the
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the fact that the clamping elements 53 grip the substrates 2 very close to their upper
edges.

The connection of the main tracks 81, and also of the auxiliary tracks
82 via the main tracks 81, to the cathode is effected through contact shoes 91 which
are provided in fixed positions above the electrolytic bath 3 and which make a sliding
conductive contact with both sides of the stainless steel continuous tape 51. The
contact shoes 91 are provided with pivoting blocks 92 at their lower sides, which
blocks are capable of limited pivoting movements about horizontal pivot axes 93 that
extend parallel to the transport direction 22. The action of a tension spring 94 on
arms 95, each of which bears on the outer side of a respective pivoting block 92,
urges said pivoting blocks 92 and thus the contact shoes 91 towards one another.
The contact shoes 91 are in elecirical contact with the cathade side of the rectifier
16 via Inter alia cables 96 and a contact strip 97.

In the present example, the clip part 54 of each clamping element 53
is made from an electrically conductive material, such as stainless steel, so that the
electrically conductive contact with an auxiliary track is established via the
downwardly bent finger 59. Electrically conductive contact between the clip part 54
and tape 51 is achieved by contact between horizontal portion 57 and tape 51 at the
location of passage 60,

If electroplating is to be obtained also at the other side of the substrate
2, the strip part 55 will also have to be made from an elecirically conductive material,
and the lower end of the strip part 55 will then have to make electrically conductive
contact with the electrically conductive material on the relevant side of the substrate



6. A device for producing solar cells, conprising an electrolytic
bath for an electrolytic solution, transport nmeans for transporting
successi vewpubsihahes in a transport 15 direction thr gaiNiti®oo0oss

el ectrolytic solution, each substrate having an electrically
conductive material provided on at |east one side thereof in the form
of at least one track, and contact meaps for connecting the tracks as
cat hodes during at |east part of the transport, characterised in that
the trangport nmeans conprise a conveyor elenent that is fitted with 5
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In particular an embodiment as described above having one of the
strip part 55 and the clip part 54 being made from an electrically conductive material
which one of the strip part 55 and the clip part 54 is also in electrically conducting
contact with tape 51 and the other one of the strip part 55 and the clip part 54 being
made from an electrically insulating material could very advantegeously be used for
plating (metallic} leadframes. Such a tape woulid result in a more homogensous
plating process with no or less Sn plating on tape 51. Furthermore only the clip part
54 which would be plated as far as in electrolytic bath 3 would need regular
cleaning. The life time of tape 51 would increase.

In an alternative émbodiment strip part 55 or at least the lower part
thereof which in figure 5 is aligned with tape 51 there below, could be an integral
part of the tape 51 and in that case clearly be made from a similar material. These
integral parts would form lips which would extend downwardly from the lower edge
89 of tape 51.



at | east one drive gear whose teeth engage said indentations. 10. A
device according to claim9, characterised in that said indentations
are rectangular and the teeth in horizontal cross-sections have an at
| east substantially triangular shape. 2011. A device according to any
one of clains 6 to 101 characterised in that each clanping el enent
conprises two parts, the | owernost endd4of the respective two parts
constituting the clanping ends. 12. A device according to claim11,
characterised in that one of the two parts is integral with the
flexible tape. 2513. A device according to claim 12, characterised in
t hat the Qﬂ§¥ﬁ% the two parts is a lip extending dowwardly from a
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electrically conductive material on at least one side thereof, wherein the electrically
conductive material is applied to at least one side of the substrates in the form of at least
one frack,

- successively transporting at least a portion of each substrate through an
electrolytic solution that is present in an electrolytic bath, the substrates are suspended
from a conveyor element during fransport and extend in the transport direction, wherein
the substrate is clamped in at an upper edge thereof during transport by at least one
clamping element that forms part of the conveyor element,

- connecting said electrically conductive material to act as a cathode during
the transport of ithe subsfrates through the electrolytic bath for the purpose of
electrodepositing material from the electrolytic solution onio the electrically conductive
material during said transport, wherein the at least one track extends vertically and said at
least one clamping element engages the substrate at an upper end of said at least one
track for connecting this track as the cathode.

2. A method according to claim 1, characterised in that the substrates are

freely suspended from the conveyor element during transport.

3. A method according to claim 1 or 2, characterised in that each substrate is
clamped in at its upper edge during transport by means of not more and not fewer than
two clamping elements that form part of the conveyor element.

4, A method according to any one of claims 1 - 3, characterised in that the
substrate in the condition in which it is held by the at least one clamping element moves
along an at least partly curved path during transport. _

5. A method according to any one of claims 1, 2, 3, and 4, characterised in
that the substrates have their regions that are clamped in by the at least one clamping
element located above the electrolytic solution.

6. A device for producing solar cells, comprising an electrolytic bath for an

electrolytic solution, transport means for transporting successive substrates in a transport



parts is at |least partly nade froman electrically insulating
material. 16 16. A device according to any one of the clainms 11 to
15, characterised in that the two parts bear on the tape under the

i nfluence of their own spring force. 17. A device according to any
one of clainms 6 to 16, characterised in that a sloping slot,
preferably a slot sloping in a directi 3 opposed to the transport
direction, is Sprovided in at |least one wall, nore preferably in two
nmut ual |y opposed walls, of the electrolytic bath. 18. A device
according to any one of clainms 6 to 17, characterised in that panels
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20. A devi chammaciedsatll inghatohe transprd $heans TOmMpridesa emiveydr sisnant thish &t fittetd with
| east gne clamping elements designed to clamp in, by means of clamping ends thereof, an upper
end of said at least one irack for connecting this as the cathode, so as to suspend said
substrate, which clamping elements are at least in part also integral with the contact
means.
7. A device according to claim 8, characterised in that the clamping elements

10 are designed for freely suspending the subsirate.

8. A device according to claim 6 or 7, characterised in that the conveyor
element comprises a flexible tape of an elecirically conductive material that extends along
a continuous horizontal frack.

9. A device according to claim 8, characterised in that indentations are

15  provided at regular intervals in the flexible tape, and the transport means further comprise
at least one drive gear whose teeth engage said indentations.

10. A device according to claim 9, characlerised in that said indentations are
rectangular and the teeth in horizontal cross-sections have an at least substantially
triangular shape.

20 1. A device according to any one of claims 6 to 14, characterised in that each
clamping element comprises two parts, the lowermost ends of the respective two parts
constituting the clamping ends.

12. A device according to claim 11, characterised in that one of the two parts is
integral with the flexible tape.

25 13 A device according to claim 12, characterised in that the one of the two
parts is a lip extending downwardly from a lower edge of the flexible tape.

14. A device according to any one of the claims 8 to 13, characterised in that
the clamping ends extend below a lower edge of the flexible tape.
15. A device according to claim 11, 12, 13 or 14, characterised in that one of

30 the two parts is made from an electrically conductive material and the other one of the two

parts is at Isast partly made from an electrically insulating material.



upright wall of the electrolytic bath is provided with an overfl ow
edge for the electrolytic 15solution at the outer side of the panels.
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18. A device according to any one of the claims 11 to 15, characterised in that
the two paris bear on the tape under the influence of their own spring force.

17. A device according to any one of claims 6 to 16, characterised in that a
sloping slot, preferably a slot sloping in a direction opposed to the transport direction, is
provided in at least one wall, more preferably in two mutually opposed walls, of the

electrolytic bath.
18. A device according fo any one of claims 6 to 17, characterised in that

panels with holes therein are provided at mutually opposed sides of the path followed by

the substrates through the electrolytic bath. |
19, A device according fo claim 18, characterised in that an anode is provided

between at least one of the panels and a wall of the electrolytic bath that extends parallel

to said at least one panel,
20. A device according to claim 18 or 19, characterised in that at least one

upright wall of the electroiytic bath is provided with an overflow edge for the electrolytic

solution at the outer side of the panels,



