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From the patent US 5 759 201 A (Inchinose et. al) a semiconductor element (wafer)

with parallel metallic contact or current collecting wires (electrodes) which are fixed to the
surface of the element by means of a conductive adhesive, in which conductive particies are
dispersed is known. These electrode wires are arranged in parallel belween connecting
conductors which are running along the edges of the element. For this type of electrode the

- ohmic contact resistance between the semiconduclor surface and the wires is relatively high,




conductors which are running along the edges of the
el ement. For this type of electrode the ohm c contact
resi stance between the sem conductor surface and the
wires is relatively high, 2 which results in a high
energy |loss and a | ow efXiciency especially under
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protruding from the adhesive layer and at least on the surface protruding from the
adhesive layer being covered by a coating comprising an alloy with a low melting point
to provide for soldering said wires onto the surface of said photovoltaic element where
said wires are embedded in said adhesive layer, wherein the wires of the first plurality are

electrically connected to a first terminal bar.




adhesi ve | ayer being covered by a coating conprising
an alloy with a low nelting point to provide for
sol dering said wires onto the surface of said
photovol taic el enent where said wires are enbedded in
sai d adhesive | ayer, whereizn the wires of the first
plurality are electrically connected to a first
termnal bar. 2a A second plurality of wres
substantially running parallel to each other nmay be
di sposed between the transparent filmand the wres of
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preferably provided at opposite ends of the wires of
the first or of the first and second pluralities of
Wi res outside the contour of the photovoltaic
element, to the surface of which the wires are to be
connected. The first and second term nal bars are
preferably connected to forman angle. In a further
enbodi nent the termnal bars are forned as a U shaped
frame, the wres of one of the two pluralities being
connected to the base and the wires of the other
plurality being connected to the free |l egs of the U
In the enbodi nent when the term nal bar(s) are
provi ded at opposite ends of the wres of the first
or of the first and second pluralities the term na
bars are preferably extending over the |length of two
adj acent photovoltaic elenents to be connected and
that a step is provided in their centre, so that a
plurality of termnal bars can be fit together
form ng one row, in which the one half of a term na
bar is arranged bel ow or above the |ower or upper
hal ves, respectively, of the neighboring termnal bar,
wherein between the termnal bars an insulating film
is provided. Further, the term nal bars nmay be forned
as a closed franme, the open area (Wi ndow) of said
. frame exceedi ng the di nensions of the corresponding
photovoltaic elenent. It is a further enbodi nent to
have the terninal bar(s) formed as a double frame with
two adj acent wi ndows, the open area of which exceeds
t he di mensi ons of the corresponding




photovol taic el enents. The frame may conprise two
metallic franes with an insulating film provided
between them In a further enbodinent a step is
provided in the central bar of the double frame, so
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In a further embodiment a step is provided in the central bar of the double frame, so

that a plurality of frames can be fit together forming one row, in which the one half of a

double frame is arranged below or above the lower or upper halves, respectively, of the
neighbouring double frame.

A slot can be provided in the central bar of the double frame, and said slot running
parallel to said step, so that upon completion of a PV module the traversing wires of the
electrode can be cut.

Finally, metallic bars may be arranged spanning over at least one window of the

frame(s), said bars being integrally connected with the corresponding metallic frame.




wires of the first- and second pluralities my be
bonded together at their crossing points and onto the
respective termnal bars or term nal franes by neans
of the alloy. The el ectrode according to the invention
may provide for an intimteg and reliable ohmc
contact with the surface to be contacted and provi des
achi evement of 8 to 10 tines | ower conbi ned series
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The electrode according to the invention may provide for an intimate and reliable

ohmic contact with the surface to be contacted and provides achievement of 8 to 10 times
lower combined series resistance of a PV cell or PV module which not only improves the
PV elements' efficiency but allows them to operate under 8 to 10 times concentrated solar
radiation. This refers particularly to those embodiments, wherein the wires of the first and
second pluralities are arranged with respect to each other in the form of a mesh and are
connected to angularly or rectangularly formed connecting conductors. Simultaneously,
during production the degree of automation and the throughput capacity may be
substantially increased.

In the following, the invention is explained in more detail by the embodiments
illustrated in the drawings.

Fig. 1 is a schematic isometric partial view of a PV cell before, and




el ements of a PV cell before heating and pressing.
Fig. 9Ais a view of a third enbodi nent of a PV cell,
Fig. 9B shows the cross-section A - A of the
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Fig. 9B shows the cross-section A - A of the photovoltaic element of Fig. 9A,

Fig. 10A is the view of several PV cells being arranged in the form of a strip,

which PV cells are connected to each other in parallel,

Fig. 10B shows the section A-A of Fig. 10A,

Fig. 10C shows the section B-B of Fig. 10A,

Fig. 11A is the view of several PV cells in the form of a strip and with electrodes
forming a mesh, which cells are connected to each other in parailel,

Fig. 11B shows the section A-A of Fig. 11A,

Fig. 12A shows a further embodiment of an array of PV cells being arranged in
the form of a strip in which PV cells are connected in series,

Fig. 12B shows the section A-A of Fig. 13A,

Fig. 13 is the view of a further embodiment of an electrode strip with electrode
wires arranged in the form of a mesh, wherein the PV cells are also
connected to each other in series,

- Fig. 14A is the view of an endless electrode with single electrode sections for
forming one PV cell, respectively.

Fig. 148 shows the section A-A of Fig. 12A,




Fig. 18 shows a further enbodi nent of a PV nodul e
simlar to that of Fig. 17, and Fig. 19 shows a
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have a high ductility, good insulating characteristics, optical transparency and thermal

stability, resistance to shrinkage and have a good adhesive ability. Examples of such materials
are cellophane®, rayon, acetate, fluororesin, polysulfone, epoxy resin, and polyamide resin. A
suitable material to be used is also the transparent polymeric film Mylar®. Materials to be
preferably used are those based on a fluoropolymer; for example the polyvinyl fluoride film




preferably used are those based on a fl uoropol yner;
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electrode 16.
The electrode 16 of this invention may be applied for the production of PV cells and
" PV modules. Hereby, different types of metallic rods or bars and connections are required in
order to collect the current from the electrode 16 and transmit it further. It is hereby advisable
to attach the metallic rods or bars to the electrode 16 by some drops of glue or by brief local
heating, thus bonding or fixing the metallic rods or bars to the adhesive 11 of the electrode 16.
The distance between the metallic bars and different types of connections has to be designed

in such a way that there is enough space between the wafers 3 so that they will not come into




The el ectrode 16 of this invention nmay be applied for
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-which sides they are soldered as a result of heating and pressing.

As shown in more detail in Fig. 9B, the frame 17 comprises two metallic frames 18,
between which there is disposed a preferably double-sided adhesive insulating film 19. On the
outer sides of the two frames 18, respectively, a conductive ailoy coating 21 is applied. This

coating may be omitted when the amount of the material on the wires 5’ is sufficient for a
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Figs. 11A and 11B show an embodiment, wherein the PV cells parallel connections
similar to Figs. 9A and 9B are configured in the form of a three-layered frame 17, which is
‘laminated from an endless array of metallic frames 18 arranged in series and an insulating
polymeric film 19 arranged between these frames 18. On the outer sides of the frames 18 a
- conductive coating 21 melting at low temperatures is deposited. This coating 21 is in ohmic

" contact with the wires 5° and 5 of the electrode 16.
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Similarly, in the embodiment of Fig. 13 the terminal bars 24 running in the
longitudinal direction may also be interrupted, along with the wires 5°.
Thus, on the lower and upper side of wafer 3 respectively there may be used identical
electrodes 16, which are shifted with respect to each other only by the width of the distance
between the transverse bars 25 and the edge of the next wafer 3.

A basically different construction of the comnections for carrying off the electrical

energy is described with reference to Figs. 15 to 19.




running in the longitudinal direction are in ohmc
contact with the wires 5", and the transverse bars 25
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_ In order to complete the endless array of series-connected PV cells, simple frames 30
are provided at their ends, wherein the simple frame 30 provided for at the left end of the
array is also provided with bars 31.
The construction is completed by an upper electrode 16 with electrode meshes 6, the
wires 5°of which are perforated and afier heating and pressing are connected with the upper

surface of the wafer 3 and frames 28 and 30. The Jower electrode 16 has perforated wire 5”




surface of the frane 27 construction. The wafers 3 are
positioned within the "wi ndows" of franme 27. The
wires 5 of the upper and | ower perforated el ectrodes
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' ase longitudinal bars 32 with a step are utilized.
ThEigelly, inigit IPcinreatbotimrent §2hewnesimilardel thapdapidted infFigs. 17 and 18.
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the function of .the wires of the | ower electrode
permppengly tefrupted apd isofatsd ﬁqméachl"ﬁe‘i he conpl eted PV cell
they are in ohmc contact with the respective | ower
surface of the wafer 3 | ocated above them In orderto
conpl ete the endl ess array of series-connected PV
cells, sinple frames 30 are provided at their ends,
wherein the sinple frame 30 provided for at the |eft
end of the array is also provided with bars 31. The
construction is conpleted by an upper electrode 16
with el ectrode neshes 6, the wres 5 of which are
perforated and after heating and pressing are
connected with the upper surface of the wafer 3 and
franmes 28 and 30. The |ower electrode 16 has
perforated wire 5" WD 2004/ 021455 PCT/ CA2003/ 001278
14 sections or wire 5" fields running in |ongitudinal
direction, said wire sections or wire fields being
connected in the conpleted PV cell with the bars 31
and the frame 30. Here they take over the function of
the wires 5", i.e. of the wires being only indirectly
connected with the |ower surface of wafer 3.




Fig. 18 shows an enbodinent simlar to that of Fig. 17
with the difference that instead of the | ower

el ectrode 16 a transparent polyneric film10 is
provided to which an adhesive 11 is applied. Finally,
in Fig. 19 an enbodinment is shown simlar to that
depicted in Figs. 17 and 18. The upper el ectrode 16
has an uninterrupted nesh 6. Imh5order that the wires
5" of the electrode 6 can be perforated after the
conpl etion of series connectQ%g f the PV cells in the
left bar and in the central bar of the frame 28 as

well as in the left and right bars of the upper and
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wherein a second plurality of wires substantially
running paral l el to each other is disposed betmeen t he
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second termnal bar. 3. Electrode according to

4. o "Elgrtseds ascomdingrtp ay ofithg picseding clagpsivherein thedergpinal bar(s) are

pro@ided b the edspactive BRRG @k wigeseach other. 4. El ectrode
according to any of the preceding clains, wherein the

termnal bar(s) are
5. Electrode according to claim 4, wherein the terminal bar(s) are provided at opposite

ends of the wires of the first or of the first and second pluralities of wires outside the
contour of the photovoltaic element, to the surface of which the wires are to be connected.

6.  Electrode according to any of claims 1 to 5, wherein the first and second terminal

bars are connected to form an angle.

7. Electrode according to any of claims 1 to 5, wherein the terminal bars are formed

as a U-shaped frame, the wires of one of the two pluralities being connected to the




provi ded at the respective ends of the wires. 5.

El ectrode according to claim4, wherein the term na
bar(s) are provided at opposite ends of the wires of
the first or of the first and second pluralities of

Wi res outside the contour of the photovoltaic

el enment, to the surface of which the wires are to be
connected. 6. Electrode according to any of clains 1
to 5 wherein the first andléecond ternminal bars are
connected to forman angle. 7. Electrode according to
any of cIainB 1to 5 wherein the termnal bars are
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corgporRisodiaieligbelenent. t ai ¢ el ement. 10. El ectrode
according to claimb5, wherein the term nal bar(s) is

(are) forned as a double frame with two adj acent
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frame conprises two netallic franes with an
Ofﬂlﬁ§mﬁpﬁ%ﬂ’1}q¥ﬁvﬁ}t@9Fl%ﬁméet ween them 12. Electrode
according to claim10 or 11, wherein a step is
provided in the central bar of the double frane, so
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13. . Electrode according to claim 11 or 12, wherein a slot is provided in the central bar
of the double frame, said slot running parallel to said step, so that upon completion of a

PV module the traversing wires of file electrode can be cut.

14.  Electrode according to any of claims 9 to 13, wherein metallic bars are spanning
over at least one window of the frame(s), said bars being integrally connected with the

corresponding metallic frame.




14. El ectrode according to any of clains 9 to 13,
wherein netallic bars are spanning over at |east one
wi ndow of the frane(s), said bars being integrally
connected with the corresponding netallic frame. 17
15. A plurality of electrodes according to any of the
precedi ng clains, wherein the electrodes are forned
as an endl ess, continuous strip, which can be cut to a
| ength corresponding to thgzlength of an array of
adj acent photovoltaic el enents to be connected for
formng a PV nodule, wherein the wires running in
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ments and bei ng
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oneechi%ﬁ)teWé%ﬁ R0 bdiBeent Ay etlé)mf%rt] ov%; the preceding
clains, conpri-sing one or nore

otovoltaic cells with
an electrically conductive, antlreflectlve optically
18.tr &li‘@‘*ﬁﬁ(ﬂtﬁrﬁf &@%l&&gopﬂleaﬁm{ %ﬁﬁﬁht? Nd Hlteldaf] %Hﬁ'l%‘%ﬁeélectncai
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confagh with 1he ypper, igensiee @E&ﬁ@e@ﬁn&@ plovelaitelemsnts apd being
isoltted frionathe bthanssfaby nmeans of the alloy. 20. A PV cel
or a PV nodul e according to claim18 conprising an

el ectrode according to claim?2, wherein the wires of
19.1 h& RY eell onn@Vsmediel cpnprising of lesst ane clodruiedr tong etdatzode strip
accattling 6 ahy oP!h@%f’écB&inQ 91aﬁf1§ c@ nﬁiﬁé Qné Qxemﬁl%sjﬂl?&;vb}fﬁc cells with
er m I b or term nal by nmeans_ o
an elgc Y con: uct1ve antireflective, optlcally transparent coating on at least one of its
surfaces, the wires of the first plurality being soldered onto the coating and onto the

respective terminal bars or terminal frames by means of the alloy .

20. APV cell or a PV module according to claim 18 comprising an electrode according
to claim 2, wherein the wires of the first and second pluralities are bonded together at their
crossing points and onto the respective terminal bars or terminal frames by means of the
alloy.




