Met hod and device for producing solar cells. DESCRI PTION The present

I nvention relates to a nmethod for producing solar cells, conprising the
steps of woauesdizeisi | i con containing vitreous substrat esT/Naaaty/ope08yi ded
with an electrically conductive material on at | east one side thereof,
successively transporting at |east a portion of each substrate through an
el ectrolytic solution that is presentyin an electrolytic bath, connecting
said electrically conductive material to act as the cathode during the

transport of the suRshy ﬂH%%vfc@%#%dh@ﬁg@o%tée%ytiC bath for the purpose

of el ectrodepositing material fromthe electrolytic solution onto the

el ectrically conduct | ve material during said transport. The invention

rel at es excl usi veﬂ @]f-w hod for producing solar cells. At the nonent at
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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 electroless plating process. An
example of such a method, in which an electroplating process is used, is described
in German patent application DE 10 2006 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.



passed through an electrolytic bath in a horizontal orientation, one behind
the other.To that end, use is made of conveyor rollers arranged one behind
t he ot herwoanosvs@h t he substrates are supported, and ofPCToviRen®t000038| er s

di sposed directly above said conveyor rollers, via which cathodic contact
can be made with the tracks on the upper side of the substrate. The
substrates nove with the |[ight incidence side facing downwards, just bel ow
the liquid level of an electrolytic solution in the electrolytic bath, so
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di sadvant ageous if the deposition rate is limted by the conductive

capaci te}e%'%pﬁ)%g‘g('sem conductor) substrate material. In practice this
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of the required synchronisation of the switches and the blow nozzle on the one hand
and the movement of the substrate through the electrolytic bath on the other hand.
For reasons pertaining to the process, it is furthermore disadvantageous if the
deposition rate is limited by the conductive capacity of the (semiconductor)
substrate material. In practice this necessitates a comparatively long dwell time of
the substrates in the electrolytic bath.

It is an object of the present invention to eliminate or at least alleviate
the aforesaid drawbacks, which may or may not be realised by means of preferred
embodiments of the invention. in order to achieve this object, the method according
to the invention is in the first place characterised in that the substrates are
suspended from a conveyor element during transport and extend in the transport
direction. Since the substrates are transporied in a suspended condition, the
substrates are vertically oriented, and since the substrates extend in the transport
direction, the electrolytic bath can be relatively narrow, thereby reducing the

required floor area. In addition, since the substrates are conveyed in this suspended



direction, the electrolytic bath can be relatively narrow, thereby reducing
the required floor area. In addition, since the substrates are conveyed in
t hi s suspwodedcianititi on, a maj or portion of the surfacepraraa.2ef/006083
substrates remains clear and can thus be optinally el ectroplated. The

I nvention is based on the surprising recognition that, in spite of the

vul nerabl e nature of the vitreous subgtrates, which as a rule will have a
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Advantageously, 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.

According to a further preferred embodiment 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. The
at least one vertically extending tracks preferably are busbars for the solar cell to be
produced. Thus, said at least one clamping element is used not only for suspending
the substrates therefrom but also for connecting the track as the cathode.

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 transport path in accordance with a further preferred



stable manner, while it was al so surprisingly found that the substrates,
when fitted with exactly two cl anping el enents each, can nove during their
t ranspor tweal2oovgizentiat | east partly curved transport patRCTNI2000aRBCEe W t h
a further preferredenbodi nent. Such a curved transport path nay be
realised, for exanple, in that the conveyor elenent is guided around a
transport wheel having a dianmeter of, 4or exanple, between 1.0 and 2.0 m
preferably approximately 1.5 m In a very advantageous enbodi nent, the
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invention is characterised first of all in that the transport means comprise a conveyor
element that is fitted with clamping elements designed to clamp in, by means of
clamping ends thereof, an upper edge of a substrate so as to suspend said
substrate, which clamping elements are at least in part also integral with the contact
means, so that high electroplating currents are made possible and a high deposition
rate of electroplating material can be achieved.
Quite preferably, the clamping elements are designed for freely
suspending the substrate.
It is preferred that the conveyor element comprises a flexible tape of
electrically conductive material that extends along a continuous horizontal track in
order first to achieve a simple construction of the conveyor element and second to
be able to use the conveyor element also for the necessary cathode connection of
the electrically conductive material provided on the substrates.
For driving the conveyor element, advantageously, indentations are
provided at regular intervals in the flexible tape, and the transport means further



be able to use the conveyor elenent also for the necessary cathode
connection of the electrically conductive material provided on the
substrat e®0 26@v126021vi ng t he conveyor el enent, advant age®d3ing2009r0denss at i ons
are provided at regular intervals in the flexible tape, and the transport
means furtherconprise at |east one drive gear whose teeth engage said
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has the advant agelfeabove advantage does not only apply when producing solar cells

but does also apply when substrates are electroplated in general. For this reason
the present invention also relates to a device for electroplating substrates,
comprising an electrolytic bath for an electrolytic solution, transport means for
transporting successive substrates in a transport direction through the electrolytic
solution, the transport means comprising a conveyor element that is fitted with a
flexible tape of an electrically conductive material that extends along a continuous
horizontal track and with clamping elements designed to clamp in, by means of
clamping ends thereof, an upper edge of a substrate so as to suspend said
substrate at least partly in said bath, in which the clamping ends extend below a
lower edge of the flexible tape.

The use of two parts for each clamping element has the advantage for
the process that it offers a possibility of connecting electrically conductive material
on one or on both sides of the substrate to the cathode, as desired. It is
advantageous in this connection if one of the two parts is made from an electrically
conductive material and the other one of the two parts is at least partly made from
an electrically insulating material. The part which at least partly is made from an



the process that it offers a possibility of connecting electrically
conductive material on one or on both sides of the substrate to the
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two parts is made froman electrically conductive material and the other
one of the two parts is at least partly made froman electrically
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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 itself definitely does not interfere with the
flow of the electrolytic solution between said panels and the substrates.

The flow 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 clarified,

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



The invention wll be explained in nore detail below wth reference to a
description of a preferred enbodi nent and to the acconpanying figures, in
whi ch:  Fiworeoslizs@ian i sonetric view of part of a prefercedieododiosent of a
device according to the invention, wherewith at the sane tine the nmethod
according to the invention can be clarified; Figure 2 shows the device of
figure 1 in side elevation;Figure 3 shows the device of figure 1 in a
vertical sectional view, Figure 4 is an isonetric view of part of a
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suspended therefrom Figure 5 shows the conveyor elenent of figure 4 in
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have number of (horizontally oriented) straight auxiliary tracks 82, has been provided on

one side of each substrate 2 (on the side facing the viewer in figures 1 and 2), for

example by means of vapour deposition or printing, such that said auxiliary tracks 82

each intersect the main tracks 81 and accordingly are in electrical contact therewith.

Prior to electroplating, the thickness of the main tracks 81 and the auxiliary tracks 82

is at most 5 ym, and preferably 2 to 3 ym, while the width of the auxiliary tracks 82

lies between 50 and 150 ym and preferably is approximately 80 um.

The device 1 comprises an electrolytic bath 3 for an electrolytic

solution with mutually opposed side walls 4, mutually opposed end walls 5, and a

bottom 6. The side wall 4 facing the viewer and the end wall 5 facing the viewer have

not been shown in figure 1 for the sake of clarity, so that the interior of the bath 3 is

visible. Each end wall 5 is provided with two recesses 7, each having two mutually

facing U-shaped guide slots 8 by means of which a slide (not shown) can be

accommodated in the recesses 7. The upper edge of such a slide serves as an

overflow and defines the liquid level of the electrolytic liquid in the bath 3. A vertical

feed tube 11 is provided for the supply of the electrolytic liquid, which is continuously

circulated by pumping means (not shown) during operation, which feed tube 11



not been shown in figure 1 for the sake of clarity, so that the interior of
the bath 3 is visible. Each end wall 5 is provided with two recesses 7,

each haviwg2oemi2ea2tual |y faci ng U-shaped gui de slots 8 lpgTnaaom®/ooéosshi ch a
slide (not shown) can be accommobdated in the recesses 7. The upper edge of
such a slide serves as an overflow and defines the liquid | evel of the

electrolytic liquid in the bath 3. A gertical feed tube 11 is provided for
the supply of the electrolytic |liquid, which is continuously C|rculated by
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transport dlrectlon 22, such that the upper side of a substrate 2 will pass the slot 23

earlier than the lower side of the same substrate 2. Thus each substrate 2 enters the

bath 3 through the slot 23 in a gradual manner, which limits the mechanical loading

of the substrate 2. It should be borne in mind here that the electrolytic solution in

bath 3 has a tendency to leave the bath 3 through the slot 23.

To limit this outflow of electrolytic liquid through the slot 23 as much as
possible, tubes (not shown) extending over the full height of the substrates are
provided on either side of the substrate 2 at the area of the slot 23. These tubes are
provided inside the mutually facing U-shaped recesses 24 belonging to the sloping
profiles 25 which jointly define the slot 23 and which form part of the respective end
wall 5. The tubes tend to move towards one another under the influence of the liquid
pressure. While a substrate is passing through the slot 23, said tubes will bear on
mutually opposed sides of the substrate 2, whereas the vertical slot can be fully
closed by the tubes lying against each other when no substrate 2 is present in the
slot 23. The tubes can be positioned by a portion 65 of a strip part 63 or by the tape



provi ded on either side of the substrate 2 at the area of the slot 23.
These tubes are provided inside the nutually facing U shaped recesses 24
bel ongi ngwvoaotdeeeliopi ng profiles 25 which jointly defi reTiNIRQ0O®I0000823 and
which formpart of the respective end wall 5. The tubes tend to nove
towar ds one anot her under the influence of the liquid pressure. Wile a
substrate is passing through the slot g23, said tubes will bear on nmutually
opposed sides of the substrate 2, whereas the vertical slot can be fully
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the electrically conductive material present thereon. The use of the distributor plates
17 creates a comparatively quiet flow of electrolytic solution in the immediate vicinity
of the substrates 2, which reduces to a minimum mechanical loads on the subsirates
2 caused by the flow of the electrolytic solution.

As was noted above, a continuous conveyor element 21 is used for
transporting the substrates 2 through the bath 3. The continuous conveyor element
21 comprises a continuous tape 51, for example arranged around two transport
wheels, figure 6 showing a possible embodiment of a transport wheel 52. The
conveyor element 21 is guided by pairs of one gear 75 and one pressure roller 76
each, while the drive of the conveyor element 21 is provided by driven transport
wheels such as wheel 52 in figure 6 around which the conveyor element is
tensioned. A pair 75, 76 is provided both upstream and downstream of the bath 3.
The gears 75 and pressure rollers 76 are made from a dielectric material. The teeth
78 of the gear 75 are an exception to this, they are made from a metal, such as



transporting the substrates 2 through the bath 3. The conti nuous conveyor
element 2 1 conprises a continuous tape 51, for exanple arranged around two
t ranspor twoatte@/602fii gure 6 showi ng a possi bl e enbodi nentcoiNI20droaeBpOr t
wheel 52. The conveyor elenent 2 1 is guided by pairs of one gear 75 and
one pressure roller 76 each, while the drive of the conveyor elenent 2 1 is
provided by driven transport wheels sgch as wheel 52 in figure 6 around

whi ch the conveyor elenent is tensioned. A pair 75, 76 is provided both
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part 55. The clip part 54 is i ct ent, str ris op to
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portion 57 and the oblique domm rd n 58_encl 0se an an
approxi mat el y 45 A H%tl'quﬁ‘fn? EF g uresSpgaciL & q’ﬂ?'ngﬁe%eﬂgr Fow

hori ZO'Ho%prlses two parts, i.e. a clip part 54 and a strip part 55. The clip part 54 isin fact a
bent strip comprising, from top to bottom, an upwardly bent finger 56, a horizontal
portion 57, an oblique downward portion 58, and a downwardly bent finger 59. The
horizontal portion 57 and the oblique downward portion 58 enclose an angle of
approximately 45°. The horizontal portion 57 is passed through a narrow horizontal
passage 60 in the continuous tape 51 adjacent the upwardly bent finger 56. Such
narrow passages 60 are provided at regular intervals over the full length of the
continuous tape 51.

The strip part 55 is a little wider than the strip from which the clip part
54 was manufactured. The strip part 55 extends vertically, except for a slight offset
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



passage 60 in the continuous tape 5 1 adjacent the upwardly bent finger 56.
Such narrow passages 60 are provided at regular intervals over the full

| engt h ofwoheoxaeiinuous tape 51. The strip part 55 is aclriNizbm/osmoder t han
the strip fromwhich the clip part 54 was manufactured. The strip part 55
extends vertically, except for a slight offset bend 6 1. The portion 64 of
the strip part 55 situated above the pffset bend 6 1 extends parallel to
the continuous tape 51, whereas the portion 65 of the strip part 55
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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.

It is 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 electrolytic solution in the bath 3. This

would imply, because of the cathode voltage on the tape 51, that the tape 51 would

also be electroplated, which would necessitate a thorough cyclical cleaning of the



substrate is ended. The cycle descri bed above repeats itself continuously.
To increase the capacity, the substrates nay alternatively be fed froma
nunber ofweteaekémli substrates, for exanple two stacks, PEINL20G0OUSHE
upper nost substrates of the stacks are sinultaneously suspended fromthe
conveyor elenent. Discharging of the conveyor elenent takes place in the
exactly opposite sequence. It is inpofgdant to note that the clanping parts
of the clanping elenents 53 extend below the tape 51. This brings with it
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anot herextend parallel to the transport direction 22. The action of a tension spring 94 on
arms 99, 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 electrical contact with the cathode 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 electrically 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
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In an alternative embodiment 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.
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conpri si yotzh@/6@ps of providing silicon containing vi PCENI®WOMISS at es,
each provided with an electrically conductive nmaterial on at |east one side
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3. A method according to claim 1 or 2, characterised in that the

electrically conductive material is applied to at least one side of the substrates in the

form of at least one track.

4. A method according to claim 1, 2, or 3, characterised in that 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.

5. A method according to claim 3 and claim 4, characterised in that 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.

6. A method according to claim 4 or 5, 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.

7. A method according to any one of claims 4 - 6, 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.

8. A method according to any one of claims 4, 5, 6, and 7, characterised

in that the substrates have their regions that are clamped in by the at least one

clamping element located above the electrolytic solution.
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13. A device according to claim 12, characterised in that said indentations
are rectangular and the teeth in horizontal cross-sections have an at least
substantially triangular shape.

14, A device according to any one of claims 9 to 13, characterised in that
each clamping element comprises two parts, the lowermost ends of the respective
two parts constituting the clamping ends.

15. A device according to claim 14, characterised in that one of the two
parts is integral with the flexible tape.

16. A device according to claim 15, characterised in that the one of the
two parts is a lip extending downwardly from a lower edge of the flexible tape.

17. A device according to any one of the claims 11 to 16, characterised in
that the clamping ends extend below a lower edge of the flexible tape.

18. A device according to claim 14, 15, 16 or 17, characterised in that one
of the two parts is made from an electrically conductive material and the other one of
the two parts is at least partly made-from an electrically insulating material.

19. & A device according to any one of the claims 14 to 18, characterised in

that the two parts bear on the tape under the influence of their own spring force.



the two parts is at least partly made froman electrically insulating
material. 19. ' A device according to any one of the clains 14 to 18,

char act erweeadoyneizhat the two parts bear on the tape unaemr/Niheiombdssience of
their own spring force.20. A device according to any one of clains 9 to 19,
characterised in that a sloping slot, preferably a slot sloping in a
direction opposed to the transport dijection, is provided in at |east one
wal |, nore preferably in two nutually opposed walls, of the electrolytic
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transport nean anspor successfve substrates in a transport
di rectidh t hroughAtdevied ectonling ite daitmulil prchatdotetisemh &pdindt amaarodeoispri si ng

a conveyar, 1S fit i.th,a.flexibl e 0 nelectrically
ononeVOABUSIRILeh Medd it PNl bt VA By AL BRlaBarE a2
wi t h cl ettphdgpabieldntssidatidegstemetpmnel.anp i n, by neans of clanping ends
t her eof ,, an upper Q ubst rate.so to suspend .sai bstrate at
| east p%lBr't ly in s%iea%gﬁgt%@%&qiﬁgocflgw §2&ri§§’{3ﬁ§ Cﬁigegl"&%qr?él‘l%?ﬁig@xt end
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24, ch . .n that each.cl anping e|l enent conprising two parts, the
| ower n%?&éoﬁgfécs(gﬁu{l%%a{]@mgpo&g rﬁ}(gei) e;?%rnFLs'consti tuting the clanping ends
and one24f the twb deaidesfobelawropiating! substrates;| copiprisied by dlostebigid Nath
materiafl snd tt(le gli her tone,[of th? t Wo harts at {.east é)artly el ng made from
an el ecff ngqcyroay §Lﬁ0élﬂ chg [RQSRQAt gjeans for transporting successive substrates in
a transport direction through the electrolytic solution, the transport means
comprising a conveyor element that is fitted with a flexible tape of an electrically
conductive material that extends along a continuous horizontal track and with
clamping elements designed to clamp in, by means of clamping ends thereof, an
upper edge of a substrate so as fo suspend said substrate at least partly in said
bath, characterised in that the clamping ends extend below a lower edge of the
flexible tape.
25. A device according to claim 24, characterised in that each clamping
element comprising two parts, the lowermost ends of the respective two parts
constituting the clamping ends and one of the two parts being made from an
electrically conductive material and the other one of the two parts at least partly
being made from an electrically insulating material.



