CONNECTI NG SOLAR CELL TABS TO A SOLAR CELL BUSBAR AND A SOLAR CELL SO
PRODUCED TECHNI CAL FI ELD The invention concerns use of an adhesive for
connect i NYO2BIYAP1HEI | tabs to a solar cell busbar and mBATAPAXHE Y #fesi ve
conductive in an alignment step and a solar cell so produced. BACKGROUND
I nt erconnecti ons between surface el ectrodes, solar cell tabs, of solar
cells are often fornmed by soldering but there is an increasing demand to
replace it by alternative nethods. This trend is driven by technical and
econom c as well as by environmental factors. Soldering has the foll ow ng
problens. Firstly, soldering requires heavy netals such as | ead which are
toxic and require expensive neasures when the cells are disposed. Secondly,
in order to decrease materials costs, there is a trend to decrease the
thi ckness of EONNECENGSOIANEEEL TABK TON SOBXRICEIIUBHSBAR AWM A SSKER
arising fromsoldering. Thirdly, soldering may cause oxidation of connected
mat eri al s. Th@ﬁéLéKEHgQBUQHQrging possibilities to overconme the
shortcom ngs of soldering. Utrasonic welding, where |ocal acoustic
vibrations create a solid |ead-free weld is one option and another is to
use conductiv hesives. During the soldering process the solder is
applied at higﬁ%ﬁgﬁiékiiﬂﬂés. When the surface cools the solidified sol der
i nduces stress, across the surface. This can have detrinental effects to the
sol ar cel | 5 alhERLaEEn Soads uyndten pRGNEE E Gk gSo R e BRP AGEIEhcel lusbar
surface. Thi sahBfsNmSthe Adheside dnghtive i KiFRb@ swPand $laTcell 8 prodies.
produced thinner to reduce material usage and costs. Therefore conductive
adhesives are a particularly interesting technology to replace the sol ders
currently used. | n docunment WD 2008026356 is described an electric
connecti on beBWeKGROUNDectrode of a solar cell and a wire nenber by a
conductive adhesive filmconprising at |east 9 % rubber

10  Interconnections between surface electrodes, solar cell tabs, of solar cells are often formed by

soldering but there is an increasing demand to replace it by alternative methods. This trend is

driven by technical and economic as well as by environmental factors.

Soldering has the following problems. Firstly, soldering requires heavy metals such as lead

which are toxic and require expensive measures when the cells are disposed. Secondly, in
15  order to decrease materials costs, there is a trend to decrease the thickness of solar cells.

However, thinner layers suffer from cracks arising from soldering. Thirdly, soldering may

cause oxidation of connected materials.

There are two emerging possibilities to overcome the shortcomings of soldering. Ultrasonic
- welding, where local acoustic vibrations create a solid lead-free weld is one option and

20  another is to use conductive adhesives.

During the soldering process the solder is applied at high temperatures. When the surface
cools the solidified solder induces stress across the surface. This can have detrimental effects
to the solar cells as excess stress will promote breakage and warping of the surface. This
becomes increasingly problematic when solar cells are produced thinner to reduce material
25  usage and costs. Therefore conductive adhesives are a particularly interesting technology to

replace the solders currently used.



and cont ai ni ng conductive particles having a dianmeter of 1.33-0.06 % of the
filmthickness and a vol une of conductive particles between 1.7-15.6 vol %
and pref avekbm/isetsseen 2 - 12 or 3 - 8 vol % of the totalPcrolozom/dom4er der to
create an adhesive |layer with adjoini ag conductive particles which overcone
effects of surface roughness of the el ectrodes. Conductive adhesives
proposed for solar cell panel production conprises a relatively high
fraction of conductive particles such as silver (>1.7 vol-% in order to
secure conductivity of the resulting film This constitutes a problem
because hi gh anpbunts of conductive particles weakens mechani cal properti.es
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carbon) and polymer matrix. Therefore, in order to form conductive paths of macroscopic

dimension, the load of conductive particles must be so high that the particles touch each other
forming these paths. The particle packing mirroring this conduction mechanism is understood
15  as the percolation model. The lowest particle fraction where this happens is denoted
percolation threshold. For diverse spherical or largely 3-dimensional particles, this threshold is
theoretically between 1-17 vol%, but in practice the lower limit is usually not sufficient for

securing conductivity.

One exception to the above are modified CNTs whose percolation threshold can be as low as
20 0.1 vol% due to their highly anisotropic rod like shape that greatly deviates from 3-
dimensional particles. A disadvantage of such CNTs is, however, that they are difficult to

produce on an industrial scale.

In Schwarz et al. Polymer 43, 3079, 2002 “Alternating electric field induced agglomeration of
carbon black filled resins” is observed how carbon black (CB) filled resins below zero-field
25  percolation threshold can form CB networks when a field of 400 V/cm is applied between

copper electrodes dipped into the resin.

US 20090038832 describes a method for forming an electrical path having a desired resistance
from carbon nanotubes dispersed in a curable polymer matrix. Electrodes are placed in contact

with the dispersion and electrical energy in the form of a dielectrophoretic signal at 8 V, 1



US 20090038832 describes a nmethod for formng an electrical path having a
desired resistance from carbon nanotubes di spersed in a curable polyner
matri x. Bvecbroodesisare placed in contact with the di spersroo2arndoetsectri cal
energy in the formof a dielectrophoretic signal at 8 V, 1MHz is applied
over the electrode gap and resistance nonitored until a desired electrical
resistance is reached. A pure sem -conducting connection can be achieved by
burning away netallic nanotubes that may be part of the carbon nanotube

m xture, by applying a current after the deposition. The polymer matrix is
cured ibn or der éo fix the device. This account is limted to carbon
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noreover, difficult to mx wth polynmers to formhigh quality dispersions.
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el ectrical conducti vj etween. the solar cell tapbs and busbars. It is an
advant age¥; f “E‘%’i?é"’ﬁ’elﬂ'éé‘%\?éo ouhVER pajﬁﬂlgrsft? @W@Mﬁﬁtpgﬁgwlﬁﬁ%eri als that are
avai l abl e on an industrial scale. The invention concerns an interconnection
bet ween solar cell tabs and busbars formed by an adhesive conprising a | ow
concentration of conductive particles. The conductive particles can be
i nfusi bl e paMESCRIBTIONOF JHECRNVIONIION ti cl es, netal particles or netal
oxi de particles. The _

Solar cells generally have surface electrodes, tabs, printed on a substrate of at least one or

more single-crystal, polycrystal or amorphous materials. The solar cell busbars shall connect
15  to the tabs for connection between the solar cells. A conductive adhesive layer can be used for

the connection.

Interconnections between solar cell tabs and busbars in solar cell modules cover large areas.
The adhesive used for the interconnection must achieve a good mechanical bonding as well as
electrical conductivity between the solar cell tabs and busbars. It is an advantage if the

20 adhesive can be made from conventional materials that are available on an industrial scale.

The invention concerns an interconnection between solar cell tabs and busbars formed by an
adhesive comprising a low concentration of conductive particles. The conductive particles can
be infusible particles such as carbon particles, metal particles or metal oxide particles. The
adhesive is made conductive by applying an electric field over the adhesive when the adhesive

25 s placed between the solar cell tabs and busbars. The adhesive is thereafter stabilised.

The anisotropic adhesive conductive film formed by the application of the electric field and
the following stabilisation allows the adhesive to have electric conductive properties at lower
concentrations of conductive particles than would otherwise be pos_s.iblé for isotropic

conductive adhesives. The lower concentration of conductive particles gives improved



adhesive is nmade conductive by applying an electric field over the adhesive
when t he adhesive is placed between the solar cell tabs and busbars. The
adhesi ve we 2twersest er stabilised. The ani sotropi c adhegcravozondweive film
formed by the application of the elect#ric field and the foll ow ng
stabilisation allows the adhesive to have electric conductive properties at
| ower concentrations of conductive particles than woul d ot herwi se be
possi bl e for isotropic conductive adhesives. The | ower concentration of
conductive particles gives inprovednechani cal properties to the adhesive
and the alignnent of the conductive particles taking place when the
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adhesive W e stabilised after an alignnment step to a second viscosit
hi gher than PhEWeREntrtionohcprdyctivg pafti Fg‘tVSS 'il?ﬁR@‘et“ﬁ%g%o(ﬁiﬁéoﬂng@ror?%clﬁ%‘}d(s:aI I>/y
stabl e and t ehepdbRHkEs thb adibiv@5iag@ledo AsHAL in\ue idasttihlcheisonnient. par ti cul ar, the
matri x can be a thernoset polynmer system which neans that the matrix is

originally fluid but can be salidified CFOSS-l
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S, O SRSt B Dy S PSSR P 8yl 4ol
cross- | i nki ngenkbrRABhIXstR PORRRALYslelh WiicH Mears Glay tidtpoRw@pBIsalid @tviscous at lower
temperatures but can be reversibly melted or plasticised by rising the temperature. It can
15 moreover be a lyotropic polymer system which means that the matrix can be plasticised by
solvent and solidified by evaporating this solvent off. It can also be any combination of these
systems. For example, the thermoset polymer system can contain solvent for plasticizing it but

the stabilization can be based primarily on cross-linking and only secondarily on the solvent

evaporation.

20  The major part of the conductive particles has low aspect ratio, like spherical carbon black or
disk-or cone like carbon particles. Aspect ratios range of 1-4, or 1-5, 1-10, 1-20 or 1-100 are
typical; i.e. a ratio 1:N where N is greater than or equal to 4 and can be as high as 100 or more.
The conductive particles can be a mixture of different carbon particles. Other conductive

particles can be used, like silver, gold or metal oxide particles.

25  Carbon black and carbon nano-discs and cones as well as metal or metal oxide particles are
produced on an industrial scale and are thus available for applications involving larger

volumes.

The concentration of conductive particles in the matrix can be held low without adverse

effects on the conductivity. A concentration around the percolation threshold and up to ten



The maj or part of the conductive particles has |ow aspect ratio, like
spherical carbon black or disk-or cone |like carbon particles. Aspect ratios
range of we4pioorsis5, 1-10, 1-20 or 1-100 are typical; PCENGR0TEIDBIOL: N
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The direction of the electric field is perpendicular to the surfaces of the solar cell tabs and
15  busbars and the electric connections formed by the aligned conductive particles make up a
number of conductive paths along the direction of the electric field and thereby connecting the

solar cell tabs and busbars.

The electrical field can be applied during lamination with the adhesive of the present
invention, both for backside contact solar cells and standard solar cells. Once the solar cells
20  are placed in the glass with encapsulation foil, typically EVA (ethylene vinyl-polymer

acetate) and backsheet . The external electrical field is applied in the laminator.

It is also possible to heal aligned conductive particle pathways, if the conductive pathways
have become defect or not properly aligned in the first step, the alignment step can be rerun
for the case that the stabilisation step of the matrix is not yet performed or if the stabilization
25  step is reversible. This has the advantage that for existing films under preparation of the
connections the process need not to be started afresh. The stabilisation step may be, e. g.,

curing of a thermoset polymer.



nunber of conductive paths along the direction of the electric field and

t hereby connecting the solar cell tabs and busbars. The electrical field
can be appbizeth/durssng | am nation with the adhesive of tIreTINC28ENI00249

i nvention, both for backside contact séolar cells and standard sol ar cells.
Once the solar cells are placed in the glass with encapsul ation foil,
typically EVA (ethyl ene vinyl-polyner acetate) and backsheet . The external
electrical field is applied in the lamnator. It is also possible to heal

al i gned conductive particle pathways, if the conductive pat hways have
beconme defect or not properly aligned in the first step, the alignnent step
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geonetry of joint electrodes (a) and adhesive with aligned pathways (b).
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conducti ve aghesi W.th aligned particles. Fig. 3 plots the dependence of
DC conduct i v?{ﬂ%/n%g}ég%&f&'vol -% CNC particles dispersed into the adhesive
against the alignnment tinme. The solid line is guide to the eye. Fig. A-E
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DESCRI PTI ON 6ig- #1AEE shees\irg ggqnection of solar cell electrodes by conduct esive w

met hod can be incorporated into a pick and pl ace devi cei.Ve a%—_I‘TAI LEB\aligned
10  particles in a schematic process line '

Fig. 5 shows optical micrographs showing the healing of a scratch.

Fig.6 illustrates how this method can be incorporated into a pick and place device.

DETAILED DESCRIPTION OF THE INVENTION

15 The invention is described in more detail by the figures and examples. The figures and
examples are meant to illustrate the invention, but nevertheless it shall be understood that no

limitation of the scope of the disclosure is intended.
Example 1

This example concerns the preparation of a mixture of conductive particles and polymer

20  matrix that in this example is an thermally cured polymer adhesive; as well as determination
of conductivity as a function of particle load; and how the step-like increase in conductivity
with increasing particle load can be explained by formation of conductive paths between

particles when the contacts are formed with increased particle fraction.

This example concerns moreover the preparation of the same mixture when the particle load is

25  low, for example 10 times less than the observed percolation threshold, the limit where the



The invention is described in nore detail by the figures and exanples. The
figures and exanples are neant to illustrate the invention, but
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The conductive particles were mixed in the adhesive by stirring for 30 minutes.

Estimated percolation threshold of these materials is at ~ 2 vol-%. The mixtures are
conductive above and insulators below this threshold. The conductivity is due to the

15  conductive particles and the polymer is essentially insulator.

To illustrate the benefit of alignment, the materials were the same and similarly prepared as in

above but ten times lower particle loads were used.

Fig. 1 illustrates, using optical micrographs, the mixing of assemblies of 0.2 vol-% CNC
particles dispersed into the example adhesive before (Fig. 1A) and after an electric field

20  alignment and curing (Fig. 1B).

The scheme shows the applied alignment (out-of-plane) geometry (Fig.1C) that corresponds to
that illustrated in Fig. 2. This alignment geometry was used to cover conductive path distances
1 from 10 pm to centimeters, preferentially to millimeters. For an out-of-plane alignment 2
mm x 15 cm wide layer of material is injected between the solar cell busbar 3 and the solar

25 celltab 2.



conductive particles and the polymer is essentially insulator. To
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I B). The schene shows the applied alignnent (out-of-plane) geonetry (Fig.
1C) that corresponds to that illustrated in Fig. 2. This alignnent geonetry
was used to cover conductive path distances 1 from10 mmto centineters,

preferentially to mllineters. For an out-of-plane ali t. 2 nm 5 cm
wi de | ayer o?‘%ﬁtﬁfee‘?"?sé‘ ‘g‘ir'reg USRE é‘éf\g:cfoﬁré’f fgebpre ﬁlggng‘gf’%{ﬁw?glrzﬁr’sgﬁlutg sg)r‘a"élgi%ﬁla t he
solar cell t giongneM prosbidareVVaeH2A ¢ GRRIA 01694 KN cRmAG atie))rves etployd for h nahatgmed
pat hways (b). In this exanple the alignnment procedure 1 kHz AC-field (0.6-4
kV/cm (rns v ymm glestrodSPANgd for 1 minutes for < 1nm el ectrode spaci ng.
Fig. 3 shows the conductivity as a function of alignment tine illustrating
or de(r]I s of I mag%y’. B ieless Jmmluattivitjr hy/a fanétinof algtmentliivee dlustratigg walsrspd nfagnifnslds
imedi ately afterwards at 100 OC for 1 mnute. The material remains aligned
af ter cur  ng ‘MY FARANCYNEY | evel obtained by alignment is maintai ned.g
Figure 2 A shows a solar cell 4 with tabs 5 collecting the current produced
by the phot oThé twring vess pedérmefFimmadiBely lafterstardstab 0086 fos bmirws. ¢ di spersi on 8
of conductive particles 6 in an adhesive 7 having a first viscosity. The

di spersion 8 . - 3 i : ' et
adhesi ve on ggwﬁgggﬂgrg&%%\ﬁhgf%&? :cgjinf%%h Icgl'hdggiv;t?el%‘%g?atéellg%ﬁﬁr 0 gs,elgtlshe
busbars 10 ammindissled on t he adhesi ve | ayer, where after alignment of the

conductive particles 6 is effected by application of an electric field over

the el ectrodegun 2 AQhovd PsofarEell b Woth &k S doimttibdithe Dbrréy BR@hced by the photovoltaic

10  effect. Fig2 B illustrates an isotropic dispersion 8 of conductive particles 6 in an adhesive 7

having a first viscosity. The dispersion 8 is spread onto the solar cell tabs 5 forming a layer of
. adhesive on each tab as shown in fig 2 C. The external electrodes, the busbars 10 are placed on

the adhesive layer, where after alignment of the conductive particles 6-is effected by
application of an electric field over the electrodes 5, 10, fig 2 E, indicated by the AC symbol .

15  Stabilisation of the adhesive dispersions, e.g. by curing, to a second viscosity, higher than the
first viscosity, will secure the mechanical strength of the adhesive dispersion and support the
aligned conductive particles thus making the adhesive dispersion conductive. The solar cell 4
is now in contact with the busbars 10, because conductive paths have been formed in the

adhesive dispersion 8.

20  The solar cell combines the above-illustrated settings with out-of-plane geometry and short
alignment distances plus conveniently low alignment voltages. In a typical example, a 1 mm x
8 cm wide layer of described anisotropic adhesive with 0.2 vol-% carbon load was injected
between the silver and copper electrodes of a solar cell. In this case the electrodes were
pressed together and the resultant spacing was less than 100 um. This is followed by electric

25 field alignment and curing, the whole procedure taking typically in the order of ten minutes. .

Fig 4 A-E shows a top view of the sequence described in figure 2. The solar cell 4 with tabs 5
are shown in fig 4A, The isotropic dispersion 8 of adhesive 7 and conductive particles 6 are

soread on the solar cell tabs (fig 4 B). The busbars 10 are placed on the adhesive (fig 4C) and



Stabilisation of the adhesive dispersions, e.g. by curing, to a second
viscosity, higher than the first viscosity, wll secure the nechanical
st rengt h wo 20tee1sadkesi ve di spersion and support the ali goedvozondwceiddve
particles thus meking the adhesive di 8persion conductive. The solar cell 4
is nowin contact with the busbars 10, because conductive paths have been
formed in the adhesive dispersion 8. The solar cell conbines the
above-illustrated settings with out-of-plane geonetry and short alignnent
di stances plus conveniently |low alignnent voltages. In a typical exanple, a
Imm x 8 cmw de | ayer of described anisotropic adhesive with 0.2 vol-%
car bon | oad s injected, between the silvyer lhe Of
ol ar cel . PR eages R ABant ¢ Sodlet {Zbust it SQBOR: sHorRL IO S Rautn
resul t ant spafthagdhesise b.gstsy duhiagiusiae.gnlVV Tightsr heat fig 4bowed by el ectric field
al i gnnment and curing, the whole procedure taking typically in the order
often m nute hg 4 A-E shows a top view of the sequence described in
figure 2. Thgﬁé%qlg? cell 4 with tabs 5 are shown in fig 4A, The isotropic
di spersion 8 / L oGt i e chRIMRAChear t he
sol ar cell tggié e%ﬂﬁkgé%l\é%szh%gusgﬁsbarié ﬁf%egﬁ’gta%fgg’iﬁ(ﬁ?m t ﬁggadhesi ve (fig
4C) andal Bgnmestoswpicplafecisdh @songdyctive phiicligdesivemidye- 12 over the el ectrodes
5,10, fig 4D. Stabilisation of the adhesive e.g. by curing using e.g. W
light or hea ig.E'isgo ka1 nﬁ&%gﬂak)ﬁs Rovl i SheeRITR & tiRhemihtifthelcaRes NEssSTIR t he
procedure and s ows how el 8Ctri c field heals nmacroscopic defects in_ a
conduct i ve panateriglsendipiioeesiugeevas similar éo thetjig Example 1ot p sgerossopesgieiehiiefeethoni ng
t he heal i ng h. . ] il #i&o sBR&EREUr
Uas aGe l?}fal{q &Eﬁ{;%lﬁ%éd%?h%@?ﬁn@ﬁelmg}etJ;Pel“lﬁ%ﬁéd f fysh ¢l

was simlar to that _ ut a nmacroscopic scratch defect was nade
by a sharp spheksalingrd thetseratchdue thejadhesive layespamselpeitic Held of h kHg 0P VA¢m was let on

m crogr aqpis elagﬂoﬁf; Q%dﬁlﬁgle*bgg@a?/% %ﬁadhzﬂ@ refolAing Mafid? rdbEniAdbRRhMNEall @¥8fiotivan

el ectric cmwas "l et on"and the conductive pathways is
gradual | y refpartinienare foxining condictiverpathwaygdn hamayrixal | conductive particles are
form ng conductive pathways in the matri x. :

Example 3

This example shows, as illustrated in fig. 6 how a pick and place device is fitted with an
electrical field applicator so that the present invention, as explained in example 1, can be used
15 in solar panels with back-side contact cells. The pick and place lifts the solar cell (a) on to the
encapsulation foil. Once placed the field is applied from the pick and place head (b). At this
stage curing may occur via heating or UV curing if the connecting ribbons are transparent, or

curing may occur during the lamination stage at the end of the production line.

Example 4

20 A conductive adhesive according to the present invention is used in thin-film solar panel
production where transparent electrodes are used. A thin-film flexible solar cell is built on a
plastic substrate using a cadmium telluride p-type layer and a cadmium sulfide n-type layer on
a plastic substrate. The semiconductor layers can be amorphous or polycrystalline. A
transparent conductive oxide layer overlaid by a busbar network is deposited over the n-type

25  layer. A back contact layer of conductive metal is deposited undem_eath the p-type layer. The

adhesive is applied and becomes conductive as in example 1.



Exanpl e 3 This exanple shows, as illustrated in fig. 6 how a pick and pl ace
device is fitted with an electrical field applicator so that the present

i nvent i onyoasioepspi4ai ned i n exanple 1, can be used in solpar/No2osl®024dt h
back-si de contact cells. The pick andiopl ace |ifts the solar cell (a) on to
t he encapsul ation foil. Once placed the field is applied fromthe pick and
pl ace head (b). At this stage curing nmay occur via heating or UV curing if
t he connecting ribbons are transparent, or curing nmay occur during the

| am nati on stage at the end of the production |ine. Exanple 4 A conductive
adhesive according to the present invention is used in thin-filmsolar
panel product] on \é\gere transparent electrodes are used. Athin-film

fl exible sol is built on a plastic substrate using a cadm um
telluride p-type layer and a cadm um sulfide n-type layer on a plastic
substrate. TiRer ssidrcelhoneadr arord wymgsnenaherSlfer ahtesting gurens Andylor fransydtting Fyrreat A
t ranspar ent condu tiv oyers a is

deposi t ed ov & the @arceﬁﬂﬁém} §>9er ISW%' tlac%% 19¥?£T0§H§$Q£P£}§%l%%3§%l ve netal
is deposited cbﬁwﬁraﬁﬁﬁbhsaidmmmmy@parhaygs beldva panthbgon/‘darassolé,riplthaédleand
becones cgnduycti ve as |n 0 re
Wi ring merbefEPFEPT B0 & \“ﬁ'@’ cﬁﬂpgdésﬁfrs (Ig‘asf lrgn?d;%)ﬁg%?% ?Parﬁa%:gulp(rggéﬁ% erlﬁgn
solar cell al’vﬁruﬁ@ﬂ&n&‘rs for d¢1&pmgsauﬁantoﬁeeawnmgnnemmmcfocmmamg/@npatrt| cl es.
The concent rati on of said conductive particles is below a percol ation
e oo Live Wies e RS WD el Blre QTS the TP RRRES L iR

al i gned cond es I n areas Wring nembers for collecting
current neet tmtab mgaumtrwosnéedcd tomaaks thetcircwity The pdhesive diseansercefi thepisenks ar e
inthis way fornmed dir ctI to co o

the tab or bURSAYORIE U m(r’lee et f&yér?r%{( tﬁ{aﬁ‘é&c‘% g cotl}??d Iylsr‘ltﬂﬁ\{4 g?@g%dhaf%
di spersi ao ofre;tlmhgpheﬁbrmd bﬂ&/byﬁrldﬂmtlosalu:sedjlcmﬁ oree toreplaes the tendagtivg bars.
structures, er, t IS dlrectlo

tab, and one Igwlxﬁangﬁd}ﬁt &P{d‘ﬁ‘é‘%f‘&%“’%o 33"‘?39?%%%@8&‘% 3&?32%5{’:&% ve
bars. the next layer can contact to these. The electrical field is applied in the corresponding

directions, e.g. using a mask and a remote field, or by using parts of the solar panel under
construction as electrodes, so that the conductive particles in the matrix are aligned to form the

15 needed conductive wires.



The matrix can be reduced, e.g. by using a solvent, to expose the
conductive pathways, so that the next |ayer can contact to these. The

el ectri cavof2oeld1i4s applied in the correspondi ng directiPemaN02e10400248i Ng a
mask and a renote field, or by using parts of the solar panel under
construction as electrodes, so that the conductive particles in the matrix
are aligned to formthe needed conductive wires.Cains 1. Use of an
adhesive for connecting a solar cell tab to a solar cell busbar, the
adhesi ve conprising a dispersion of a matri x and conductive particles,
characterised by that a. a mgjor part of the conductive particles of the
adhesive have | ow aspect ratio; b. a layer of the adhesive is applied to
the solar ceffaimgp the adhesive having a first viscosity which allows the
conductive particles to rearrange within the layer; c. the solar cel

busbar is appli edugnifanhiiesivaferconmdctingra solaecdll talg tof 4 wlad célsbuspgs] theedhsvise t he
| ayer of adhesive, ali.gning.a nunber of. the caonduct] v i 1 t he
field, thus creat icﬁﬁlpﬁ'gﬂ%lﬁg'rsf’vgo%gf%nvl\%ty’s( a?(ﬁcotnﬁlécqggﬁ%!é])é?lsg%gse]{a\g\%gﬁemtngol ar
cell tab and the solar cell busbar; e. changing the viscosity of the
adhesi ve to a second. \imsgospartyof theaioudustiveprdtiolissd dhsiadhesiysibaye Invghreet BHein t he
first viscosity in order to nechanically stabilise the |layer and preserve

the cond g 5t ive pat hwayg ﬁg%mdhg?ve%&;@[ie&%ltﬁe Jof candb!theadhedivd hadfigla

busbar . Use of an adhesive for connecting a solar cell tab and_ a_sol ar

cel | busbar, the adhedisteisosiyrihi¢hailows tesprdustivapagticles toEaarrange yyidin the
conducti ve particles,l%ﬂﬁracterised by that a. a najor part of the

conductive particles i he adhesi ve have | ow aspect ratio; b. a | ayer of

t he adhesive is injected into a space between the solar cell tab and the
sol ar cell busbar, thehasssel bushanis arpligd pitp die I9egcosi ty which al | ows the
d. an electric field is applied over the layer of adhesive, aligning a number of the
10 conductive particles with the field, thus creating conductive pathways in the

adhesive between the solar cell tab and the solar cell busbar;

e. changing the viscosity of the adhesive to a second viscosity, said second
- viscosity being higher than the first viscosity in order to mechanically stabilise
the layer and preserve the conductive pathways between the solar cell tab and

15 the solar cell busbar.

2. Use of an adhesive for connecting a solar cell tab and a solar cell busbar, the adhesive

comprising a dispersion of a matrix and conductive particles, characterised by that
a. a major part of the conductive particles in the adhesive have low aspect ratio;

b. a layer of the adhesive is injected into a space between the solar cell tab and
20 the solar cell busbar, the adhesive having a first viscosity which allows the

conductive particles to rearrange within the layer;

c. an electric field is applied over the layer, aligning a number of the conductive
particles with the field, thus creating conductive pathways between the solar

cell tab and the solar cell busbar;



conductive particles to rearrange within the layer; c. an electric field is

applied r yer, aligning a nunber of the conduc S wth
t he flelﬁxgzﬂhgg&#@atlng conductive pﬁthmays bet ween thkciﬁvgﬁﬁ%@ﬁ*stab and
the sol ar cell busbar;d. changing the viscosity of the adhesive to a second
viscosity, said second viscosity being higher than the first viscosity in
order to nechanically stabilise the |ayer and preserve the conductive

pat hways between the solar cell tab and the solar cell busbar. 3. Use of an
adhesive in accordance with claiml or 2 characterised by that the
conductive particles in the adhesive are carbon bl ack, carbon nanodi scs,

carbon nanocones or @ Rhadgitg Qhéh%oﬁagfoftﬂead%§v&5a@&oa@lbﬁ&suﬁ shid s@&ﬁ@rdance
with claim1 or 2 characterlsed by t the conductjve particles in the

adhesi ve conprises met ¥iscosify briag égherrfb%rathe B8t wecopiky tnjogdes &0 mehpniggllyHabise al

containing particles, @ l%/e'ind?ﬂ Me&rietfd &RfiuctRe pyﬁﬁaﬂfbe%e@%‘:‘s@l'ayéll'tﬁb and
accordance with clalm 4 characterised by that the aspect ratio

of the conductive partlthﬁlsé’kirF%l“?%behe range of 1-100. 6. Use of an adhesive
in accordance with claim5 characterised by that the aspect ratio of the

conductivesparti gl@g ofan hdhetid&in'a38138an0é wikth 1afih 1 br ﬁclﬂfra&eﬁ&dcﬂy that2kd 7. Use
of an adhesive in accordance with claiml, 2, 5 or 6 characterised by

that a concent r at i GANBEtYERMtirdesiiy the gdhesive P@§a¥bﬁ“f’h&k &erbea nanedises: b n t he
range of 0.2 to 10 pdc¥hesdr a thiduleQhetedfol %o 0or 0.2 to 1.5vol % 8. Use of an
adhesive in accordance with claiml1, 2, 3, 45 or 6 characterised by that

the electric field applied to all n the ¢ ﬁrc i v articl t he
adhesive is in tfAeY %‘il"gé'i‘a SIFE tigC ‘H BI5e R € E)Pfg @%ﬁf‘ﬁﬂ*ﬁ‘ﬁw i 0.1 to
1 kV. 9. Use of an cahirGiefirtidlesas teadife chhprises mdfalpattiddés, e@hai@ciidised
by that the electric

colloidal metal containing particles, or a mixture thereof.

5. Use of an adhesive in accordance with claim 1, 2, 3 or 4 characterised by that the

aspect ratio of the conductive particles is in the range of 1-100.

6. Use of an adhesive in accordance with claim 5 characterised by that the aspect ratio

of the conductive particles is in the range of 1-4 or 1-5 or 1-10 or 1-20.

15 7. Use of an adhesive in accordance with claim 1, 2, 3, 4, 5 or 6 characterised by thata
concentration of conductive particles in the adhesive is within the range of 0.2 to 10
vol%, or 0.2 to 2 vol% or 0.2 to 1.5vol%.

8. Use of an adhesive in accordance with claim 1,2, 3, 4, 5 or 6 characterised by that
the electric field applied to align the conductive particles in the adhesive is in the
20 order of 0.05 to 20 kV/cm, or 0.05to 5 kV/cmor 0.1 to 1 kV.

9. Use of an adhesive in accordance with claim 7 or 8 characterised by that the electric

field has a frequency of 10 Hz to 1 MHz or 10 Hz to 100 kHz, or 10Hz to 10kHz.

10. Use of an adhesive in accordance with any of the preceding claims characterised by
that the conductive pathways in the adhesive are restored by an additional electric

25 field, if the pathways become defect after the alignment step.



field has a frequency of 10 Hz to 1MHz or 10 Hz to 100 kHz, or 10Hz to
10kHz. 10. Use of an adhesive in accordance with any of the preceding

cl ai ms chwoaoteersisied by that the conductive pat hways i npChavoediveme are
restored by an additional electric fiBld, if the pathways becone defect
after the alignnent step.11. A solar cell characterised by that the solar
cell tab and the solar cell busbar are connected by an ani sotropic adhesive

in accordance with any of clainms 1-9. 12. A solar cell in accordance with
claim 1l characterised by that the solar cell is a back side contact cell.
13. A solar cell in accordance with claim11 characterised by that the

solar cell is a thinfil ol ar .14, A sol cel | & by t hat
one or nore wirlhé Sr?\‘é"r‘rﬁgl arf)‘}terés&ilb&l{altﬂ‘ﬁsglérr?e@ﬁ?’b anddhef arf ﬁgnd;siﬁ%%? ng
current in the sokédneced by af issaogic adhesivelirsqesrdiroa with asy ofafainx 1 &nd
conductive particles, the concentration of said conductive particles being

near or below a, Par & 3l AheldMSOlelleiafiNth LlEadeaRAbY R AYLNGIAL b BRRY

conductive part wher & WT1ng nBNper s ecting current
nmeet wring nEnbe&ﬂeEmﬁmﬁbﬂhsnlttlng current.

5 13. A solar cell in accordance with claim 11 characterised by that the solar cell is a thin-

film solar cell.

14. A solar cell characterised by that one or more wiring members for collecting current
and for transmitting current in the solar cell are made of a dispersion of a matrix and
conductive particles, the concentration of said conductive particles being near or

10 below a percolation threshold, and the dispersion having aligned conductive particles
in areas where wiring members for collecting current meet wiring members for

transmitting current.



