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BACKGROUND

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.



WO 2010/ 151148PCT/ NO2010/ 000249 2 I n docunment WO 2008026356 is described an
el ectric connection between an el ectrode of a solar cell and a w re nenber
by a conductive adhesive filmconprising at | east 9 % rubber and contai ni ng
conductive particles having a dianeter of 1.33-0.06 %of the filmthickness
and a vol ugr, fhosenductive particles between 1.7-15.6 yebXodfidonspf erabl e
between 2- 12 or 3 - 5 8 vol % of the gotal volune in order to create an
adhesive layer with adjoining conductive particles which overcone effects
of surface roughness of the el ectrodes. Conductive adhesives proposed for
sol ar 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 probl em because high
amounts of co r]ﬁi chilmenq \%5@68%6%?6 %Qesmﬁ?iﬁl Sl AREQAMAE vebhRR S ddchSderat NE
adhesi ve and increases cost. The known conductive adhesives are
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percol ati on t HPEEKBIhCh P¥FeoRF st SERET PP §&PYe3- di nensi onal
particles, this threshold is theoretically between 1-17 vol % but in
practice the |Gonductivg adhesivesprapased foysoleneelkpgpd! profugtion pespprises @gplatiygly high
conductivity. ﬁ%@un%gﬁﬂﬁétﬂgpﬁrﬁclésﬁﬁchaabgmr @ﬁ@vmr inioffdr Me\%ﬂcﬁletw:ty of

percol ation threshold can be as |ow a Vol % due hei r hl'y
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particles. 1A diRraY meéagical @fopatiahor Bhshekise andOnvpaasds mateigitcosthey are di fficul t
to produce on an industrial scale. In Schwarz et al. Polyner 43, 3079, 2002
"Alternatlng e HRR (DL agler bd | | ed
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in the form Ofpe?éa atlont hro?do pc())rrd?\:[el‘sg sp Ielgca?or 1argely 3 glmensmnal particles, this threshold is

theoretically between 1-17 voi%, 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



WO 2010/ 151148PCT/ NO2010/ 000249 3 MHz is applied over the el ectrode gap and
resistance nonitored until a desired electrical resistance is reached. A
pure sem -conducti ng connecti on can be achieved by burning away netallic
nanot ubes that may be part of the carbon nanotube m xture, by applying a
current af{gy #ﬂg dgposition. The polyner matrix is cup@einbshiPbfsp to fix
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problemin mcroelectronics and circuit boards. The el ectrode-el ectrode
contacts in a mcroelectronic circuit board are point |like or nearly point
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CNT connections. The carbon nanotubes are difficult to produce on an
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advantage if t esi ve can fromconventional materials that
are avai | abl e QW eonndcriengsTheicarbonsragptubes g diffighlideprodise eppfriafysdialqale and are
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applying an electric field over the adhesi ve when the adhesive 25is placed
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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  is 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 aflows the adhesive to have electric conductive properties at lower
concentrations of conductive particles than would otherwise be possibié for isotropic

conductive adhesives. The lower concentration of conductive particles gives improved



WO 2010/ 151148PCT/ NO2010/ 000249 4 mechani cal properties to the adhesive and
the alignnment of the conductive particles taking place when the electric
field is applied secures the electrical conductivity of the adhesive film
bet ween the solar cell tabs and busbars. There are no particul ar
restrictiogg, gb hggadhesive matrix conponent. The adhﬁéhﬁgzdl&rﬂ@zé m xture
of a matrix an conductlve particles.4The m xi ng can be nade by
conventional mnmeans. A | ow concentration of conductive particles gives the
adhesi ve good storing properties and thereby nakes the adhesive sinple to
handl e in an industrial environnent. The matrix can be an adhesive pol yner
system of any kind and it can contain one or several conponents. The
adhesive will be stabi lised after an alignnment step to a second viscosity
10 hi gher than t rst Vi SCOS
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contain sol verff$ Brmaﬁfsé@:tzﬁgs Sk“ﬁ‘&’pletetogrﬁ%m%a&lg?ua F‘lgngg?ﬁ%ﬁpcan be based
primarily on cross-linking and only secondari | K‘& n the sol yvent evapo ation.
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up to ten 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



WO 2010/ 151148PCT/ NO2010/ 000249 5 times | ower can give good conductivity
after the alignnent step. Concentrations in the range of 0.2 to 10 vol % or
0.2 to 2 vol%or 0.2 to 1.5vol % of conductive particles are useful
Application of the adhesive can be done by conventional printing or

i njection wg%glllﬁ'g, whi ch makes it possible to appl ypblpﬁo%l%\&b%e to

| arge surfaces 1n a cost-effective magner. The 5adhesive has a first
viscosity during the application, which shall be | ow enough that the
conductive particles shall be able to nove during the subsequent alignnment
step. The electric field can be in the order of 0.05 to 10 kW cm or 0.05
to 5 kVVcmor 0.1 to 1 kv /cm This neans that for a typical alignnment
distance in the range of 10 mto 1 mm the voltage applied can be in the

range of 0.05 fo 1000 V and normal Ly in the.ran - intlrahbe field
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| evel s needed for aligning the conductive particles are | ow and nake the
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15 busbars findyghiie BhsCirktiviscasay Britigitenpplicatoneehitlyshalhbe lawviegovghl thettheluct i ve
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present i nvent Tierelectio fild casy betim thr ordarof OO ton b ke, gr 00210 Ve o Lisd N sol ar

cells. Once the, SALaLc el £ alRnRie R istaRcd iR e G4nas 6¢ MinbtodneaRdll at i on
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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 clectrical 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 un(!er preparation of the
connections the process need not to be started afresh. The stabilisation step may be, e. g.,

curing of a thermoset polymer.



WO 2010/ 151148PCT/ NO2010/ 000249 6 LI ST OF DRAWNGS Fig. 1A-B show opti cal
m crographs of assenblies of 0.2 vol-% CNC particles dispersed into the
adhesive and aligned by the electric field. Fig. 1C shows the applied
geonetry of joint electrodes (a) and adhesive with aligned pathways (b). 5

Fig. 2 AFy es th f sol
o st Bk e connection of solar cell e
conductive ad%e5|ve with aligned partgcles. Fig. 3 p|o?§h§?§ﬁ§g@§ﬁdence of

DC conductivity of 0.2 vol-% CNC particles dispersed into the adhesive
against the alignnment tinme. The solid line is guide to the eye. Fig. 4
A-E shows the connection of solar cell electrodes by conductive adhesive
with aligned 10 particles in a schematic process |ine Fig. 5 shows optical
m crographs showi ng the healing of a scratch. Fig.6 illustrates how this

nmet hod can be i r into a pick and pl ace devi

I ( p evi ce. DETAI LED
DESCRI PTI ON Cﬁ‘#ﬁ@F@%0§h$ﬁ%$ll5 The invention is described in nore detai
|b?/| 52 e ;'t gur ﬁgflgﬁnﬂ FEHBARpERI mm%rabasgﬁa@&nmgomw/@mepmamem into

nvent1 on, but neverthel ess nder st oqd.t hat no
limtation of therﬁéhweﬁ@i%@ftdwéﬂw%fe%éﬁlﬁ@gs‘q ﬁ?‘%ﬁ%“e"&”%@ﬁ ‘fs“é’ ? L
exanpl e concerfguddeapiRakeaivt @ih Sifgnad pithalayy @).0f conductive particles and
pol ynmer 20 natrlx that in this exanple is an thermally cured pol yner

adhesi ve; as . U8 asddtit
) ' o a2 w2 f
R B I e T A
aligned particles.
Fig. 3 plots the dependence of DC conductivity of 0.2 vol-% CNC particles dispersed into the

adhesive against the alignment time. The solid line is guide to the eye.

Fig. 4 A-E shows the connection of solar cell electrodes by conductive adhesive with 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



with increasing particle | oad can be explained by formati on of conductive
pat hs between particles when the contacts are forned with increased
particle fraction. Thi s exanpl e concerns noreover the preparation of
the sane m xture when the particle load is 25l ow, for exanple 10 tinmes |ess
than the Og@%@%ﬁ@ﬁ@ir00|ation threshold, the limt whepgriBSoioMehee

2010/ 15114 0/ 000249 7 isotropic non-aligned mxture 1s not
conductive; as well as the alignnent of this mxture using electric field
so that the aligned particles formconductive paths resulting in a
conductive material, whose conductivity is directional, for exanple bel ow
the percolation threshold of non-aligned naterial. The exanple, noreover,
shows change of the viscosity of so obtained Smaterial, for instance by

curing, so t ha}otrggl;}g m:%l- hidh q%g'}(rm%qg'logl: n?&nrn\l@ Q@helpﬁmkbﬂérﬁ b1y tﬁ@hﬁ&nﬂ@ﬁismg" t he
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oxi de (FeGre2Qgle b QH&SSC ] -Lﬁltﬁfsldﬁsbuoﬁrdn%ﬂﬁﬂhamxb@% )smmaiﬁtlfresxolms a two
conponent | ow viscésity adhesive forne 9{]& % g eng%edAY
105- 1 ( Hunt s menen-akignashmalerialpkhe Fragpe, @qqﬁflbﬂ\ﬁm\ﬁ ‘BW BeBER 5’ PoXy T esin
with Rene HY 5160ia( ¥ Hsh® bhGhringJfaha tiddligimemenp dirdctiolabondietieitymiblegyd im t he
adhesive by stirring for 30 m nutes. Esti mated percol ation threshold of
these materi althe jlignment stepis maintadaed-r o iyt ures are conduct | ve above and

insulators below this threshold. The conductivity is due t
15conduct i ve pehekmplopsl cambictiv@artieles/yies careondlask fem Aﬂlﬁay\ef%wbaﬁ ‘Eﬂ“es (FHCs)

Hustrate thesdaengld As Qordy) STRoxidt IROTRISS fidh Sighidridae sare and

simlarly prepared as 1 h above but ten tines |lower particle | oads were

used. Fig. 1 illustrates n tical m of
assenbl i es of Bresmplgyed RPEW@”B f“’g?"e °&f’@%"é‘?‘§gc}9| ﬁ%ggfﬂgésggg%ﬁe@gdhem ve
before (Fig ldmbinig Aabltie® AY 163-&Eunismah Advadcc@Madriali{inatd) “athdpvaqow (Fig.
1B). epoxy resin with Ren® HY 5160 (Vantico AG).

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'similerly 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 électric 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 celltab2.



The schene shows the applied alignnment (out-of-plane) geonetry (Fig. 10
that corresponds to that illustrated in Fig. 2. This alignnment geonetry was
used to cover conductive path distances 1 from10 gmto centineters,
preferentially to mllineters. For an out-of-plane alignment 2 nmx 15 cm

wi de | ayer waf 20i@isgiggal 1S injected between the sol ar celiynodFbassd and the
sol ar 25cell tab 2. WO 20101151148PC3/ 1NO2010/ 000249 8 M xture was aligned

using an AC source to obtain aligned pathways (b). In this exanple the

al i gnment procedure 1 kHz AC-field (0.6-4 kV/icm (rnms val ue)) was enpl oyed
for 1 mnutes for <1 nm el ectrode spaci ng. Fig. 3 shows the
conductivity as a function of alignnent tinme illustrating orders of

magni tudes 5 conductivity enhancenent. The curing was perfornmed i medi ately

afterwards at L?[%R.lrec;vis%%'%fl g%i%égbc;g otk %Jd%%{v%%_@[ %,gmgg(g%fgggf Zuri ng

and conducti vi evel al1gnnent 1's rmal ntai ned. Fi gur ¢
shows a sol ar aliginhentiprogetitre i iHz AG-fiell (0 6k kViem (rvs Vi) wasemployedfeetimipytet he

phot ovol tai ¢ 1. &f f@Cleetrdak ehadind 111 ustrates an isotropic dispersion 8 of
conductive particles 6 in an adhesive 7 having a first viscosity. The

di spersion 8 i pr ead ont he sol.ar.cel].t 5 form

adhesi ve on efdglitgg%"sdlée CRBRA Y 5 ?{m&“?né ahlgﬁ%g’z&l?l 5#1%5@':@?3@?1% gycfgég,nﬁﬁgu%
busbars 10 sr eopduativig eomntdrentadhesi ve | ayer, where after alignnent of the
conductive particles 6 is effected by application of an electric field over

the el ect r odesryg curkfd wak p&fofms imhd@iheBlafehwhiis 100 A8 Y Make. 15St abi | i sation
of the adhesive di spersions, by curing, to a second viscosity, higher

e.g.

than the first, viscosity, w.ll secure th [ : t i€
adhesi ve di spe%i"%?ﬁe"glﬁ BRI 2 Sk %aﬁﬁgﬁﬁg%ﬂ@u%ﬁl Slgg%gdr iaE:] es 't lEus
maki ng t he adhesatsieeddi sper si on conductive. The solar cell 4 is nowin
contact with the busbars 10, because conductive paths have been fornmed in

the adhesive dijgRés AlsBvsS sokPecliBSvithQdbRS clfkclingGRedairae prodiied B the @hitbvoltsit r at ed
conventent 1§ 1 AR agc Srperion b Sl PR S iR 1
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 externat 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

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



8 cmw de | ayer of described anisotropic adhesive with 0.2 vol -% carbon

| oad was injected between the silver and copper electrodes of a solar cell.
In this case the el ectrodes were pressed together and the resultant
spacing was | ess than 100 inn. This is followed by electric 25 field

al i gnnment ﬁﬂﬁz%ﬁﬁﬁﬂ91 the whol e procedure taking typi cgbtMobdlobddsssor der of
ten mnutes. . Fig 4 A-E shows a top yiew of the sequence described in

figure 2. The solar cell 4 with tabs 5 are shown in fig 4A, The isotropic
di spersion 8 of adhesive 7 and conductive particles 6 are spread on the
solar cell tabs (fig 4 M The busbars 10 are placed on the adhesive (fig
4C) and WO 2010/ 151148PCT/ NO2010/ 000249 9 al i gnnent of particles by
applying a voltage 12 over the electrodes 5,10, fig 4D. Stabilisation of

t he adhesive e,.q. .0 j I t | 4D, ilik¥enpl e 2
Thi s exanpl e §H§W¥‘%ﬁégﬁgﬁﬁgﬁﬁggggg?QFﬁ§¥S$%§§%ﬂ§%m§§ngﬁﬁﬁg)ﬁ%& g?ectric
field heal s 5 ofithepdiseivgi & by eringusing eI \CighderderviiE $Far ti cl e adhesi ve

m xture. Fig. 5 is optical mcrographs showi ng the healing of the scratch
in the case ofexamkis2 The materials and procedure was simlar to that in
Exanpl e 1, but a macroscopic scratch defect was nade by a‘sharg spi ke; and
the el ectric flihisledampsshbws the mbushimes efjthe reeceduns e shavedny clepgofield heale heal i ng

of the scrafchyl, S{OHI% d@féa?ﬁliavcgndu@ﬁ\%{pﬁrﬁ@i@ afe§i6d thixfurd 1 €/ d of 1 kHz, 500 V/cm

was | et on "10 "an e conductive pathways is gradually reformng. After

reform ng basically all conductive, particles.are fqorm.ng co e

pat hways i n t Hae fa ptisal misy %Shg""‘“??h@eéﬁ‘ﬁﬁ{ﬁ% sc%%\ﬁgn}heg%scf’{n%g%r ated in
fig. 6 how a phdiaRREd prb@dsre daviimaritsthitin Exahpld I, butamaetosopiciswatth deifest d
applicator so that the present inventio ' g hdwing@n be
used 15 in sol " "BEHY ”SQ‘WPWE%%C{}}{%? Ge3 "ir}?f#ff\g%s? éggﬁ%ﬁﬂlﬁgmpl %E ilésﬁsd plln%ce
lifts the 5ol aheiwelidg of & souch i thetrdhasive dpennalactis fielgjof 1 k@f}ééo Mlcacey lﬁttﬁ’é
fieldis appligdyflg € Bin%é's ’Ei’ad%z@q&o fi’%j AGY refofthing BisRalBl MGBndubiiveny NMaY
occur via heating or pﬁrln I~ the connecting ribbons are transparent,

or curing nay meoles arg forining conductivg PRARLYS FHESMAFE at the end of the
production |line. Exanple 4 ' ‘

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

26 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 polycrystailine. A
transparent conductive oxide layer overlaid by a busbar network is deppsited over the n-type

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

adhesive is applied and becomes conductive as in example 1.



20 A conductive adhesive according to the present invention is used in
thin-filmsolar panel production where transparent el ectrodes are used. A
thin-filmflexible solar cell is built on a plastic substrate using a
cadmumtelluride p-type layer and a cadm umsulfide n-type layer on a
plastic subs}fdlfgane sem conductor |ayers can be anppphRBse18/g0249

pol ycrystalline. A transparent conducfi ve oxide |ayer overlalid by a busbar
network i s deposited over the n-type 25 | ayer. A back contact |ayer of
conductive nmetal is deposited underneath the p-type |layer. The adhesive is
appl i ed and becones conductive as in exanple 1. WO

2010/ 151148PCT/ NO2010/ 000249 10 Exanple 5 For a solar cell one or nore
wiring nmenbers for collecting current and for transmtting current in the
sol ar cell ar% naqe of a dispersion of a matrix and conductive particles.
The concentr at sai d conductive particles is below'a percol ation

t hreshol d, so that the 5dispersion is not conductive. di spersi on has
al i gned condudior ¥ eolasaelt angloessore wirieanesnbgfsdorsoligerin ﬁ‘EﬂTfEE’é"ﬂ‘“ TISPERE | ng

current nmeet W fHe RS BTRE kadd Gt dlspEionbtlalrhat@k shdicbRiitive patidescThere wires are
inthis way fornmed direct]ly to connect t

sol ar .cel ce uch t hat
the tab or busgageniration pfsaidcenfuchive garfiplpsds Fﬁ‘é (’:P‘?rﬁ‘ﬂ?%f’ h%%ﬁ %‘%‘i t@e
di spersi on SJf didpersioh &Sﬂfﬁondluaﬁ&nnecn’spe&ouhfsdhgmdomdu@we pagtides|imgreasahere

structur es, . ggmﬁflJP é%j?){ %)h&cl%n%l 3 dl h e ng’llemgé}pfw&%sx\ﬂﬁmgg(&uﬁ&m aCI ng t he

tab, and one I |ve S as to replace the conductive
bars. The matrix can be reduced, e. g using a solv<§?t1 ta e&@q;gﬁthe
conduct i ve pat®endydive wisestaedn thisrpeay fermed p‘éif’él)’ tocqpneeIht 9lor oqligfeyingsye

el ectrical fiehehs: ﬁ@m 15%& HeBlel &qanﬂ@&ﬂeea&aﬂmthmham dispérsinsof tie peserisi Ng a
Const Uct | on A8velien i asne SR Y TER A BREA PUASSEE o aatort PRt
are al i gneglp t oreplading théyab, hbd firegediieaiauicbadoetiveise esto repm thc conductive bars.
2010/ 151148PCT Ne?nza?];l'xocr{ag ge reéuced e.g. by using a solvent, to expose the conductive pathways, so that
the next layer can contact to these. The electrical field is applied in the corresponding
directions, ¢.g. using 2 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.



11 dains 1. Use of an adhesive for connecting a solar cell tab to a solar
cell busbar, the adhesive conprising a dispersion of a matrix and
conductive particles, characterised by that a. a mpjor part of the
conductive particles of the adhesive have | ow aspect ratio; 5b. a |ayer of

t he adhesi g, do30s kied to the solar cell tab, the adhggi j a first
Vi scosity Mhlé% g?ﬁbms the conducti veparticles to rea??gﬁggag??ﬁ?% t he

| ayer; _ c. the solar cell busbar is applied onto the | ayer; d.
an electric field is applied over the |ayer of adhesive, aligning a nunbe
of the 10conductive particles with the field, thus creating conductive
pat hways in the adhesive between the solar cell tab and the sol ar cel
busbar; e. changing the viscosity of the adhesive to a second viscosity,
sai d second vi scosity being higher than the first viscosity in order to
mechani cal |y stdB¥lise the | ayer and preserve the conductive pathways
between the solar cell tab and 15the solar cell busbar. 2. Use OL an
adhesi ve for conrebwiafgn adhssyedfpr cempectingsolantsll abde p spler celf %“S‘E’ﬂ'}é?)%ﬂd, “tRe
adhesi ve conpri si NGompHiisdEdi§ieRdn 0f a RatfiRbid osndudveqRNTLS, ichar@ctpased by thes,
characterised by that a. a mpjor part of the conductive particles in

t he adhesive have | ow aspect %rrtafﬁi]é)éonsiluctive Cpgﬁclegg &%e@c‘%@oﬁ%@é}a\{ﬁ. is

Lnjgcted into a spac&'ﬁezmﬁg e solar and 20t he sol ar cell

usbar, the adhesive having a first viscgsity which allows the canductive
particles to rearran§e #hevdipfthe pibesivgipspplied to S%‘P%‘éllﬁbctg‘? adbpsipeihavingdy) i ed
over the layer, aligni ngsistdiPRhicilioWd the COMMIELRE ipht€iclpaib teamhigs withih khet he
field, thus creating cqonductive pathways between the solar cell tab and the
sol ar cell busbar; layer; : '

¢. the solar cell busbar is applied onto the layer;

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. amajor part of the conductive particles in the adhesive have low aspect ratio;

b. alayer of the adhesive is injected into a space between the solar ceil 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;



W02010/ 151148PCT/ NO2010/ 000249 12 d. changing the viscosity of the adhesive
to a second viscosity, said second viscosity being higher than the first
viscosity in order to nmechanically stabilise the | ayer and preserve the
conductive pat hways between the solar cell tab and the sol ar cell busbar.
53. Use of Wh0aHKeEBve in accordance with claim1 or 2PERACINEIRYed by
that the conductive particles in the Bdhesive are carbon bl ack, carbon
nanodi scs, carbon nanocones or a mixture thereof. 4. Use of an adhesive
in accordance with claiml or 2 characterised by that the conductive
particles in the adhesive conprises netal particles, netal oxide particles,
10col l oidal netal containing particles, or a mxture thereof. 5. Use of an
adhesive in accordance with claiml, 2, 3 or 4 characterised by that the
aspect ratio of the canchagihydepatdsincdfaie ddhesivatd dvecdndRigesind, sdid d06hd 6. Use

of an adhesive in accordance w.th.claim aracterised b hat ..t he .aspect
rati o of the conducti vewt.s)?fr’5 %elmgrsi' ! %gﬁlh?]m? fgrs rvzlisr‘_‘i%sgy(l) Gr%-rgf’ %?CE]T]-‘?"%%}%T?S%O or
1-20. 157. Use of an adhedaysmnid pressrocahaendstivi pathwaysictwebn thg sol@ celiitab Bndor 6
characterised by that a babhon of conductive particles in the

adhesive is within the F%EQ%Q%@ %#%:to 10 vol% or 0.2 to 2 vol%or 0.2 to

1. 5vol Vo. 8. Use of an, adhesive  in accaordanc th ¢laimal , 3, 4, 5
or 6 characteri sed: 57 of radbhesiys ingogerfiance wih gl a‘iS(éI"}QII ctf"('fseallﬁyg'ff‘?t %’ﬁe :
conducti ve parti cl esonductivepaticibeia theadheasive fire titbon ek darbowhanddies, dabo20 kV/ cm
or 0.05 to 5 kV/icm qr 0.15501%.ﬁy1h%1fuse of an adhesive in accordance with
claim7 or 8 charact@&9°¢Eq %@ that "fRe el ectric field has a frequency of 10
Hz to 1 Miz or 10 Hz to 100 kHz, or 10Hz to 10kHz. 10. Use of an

adhesi ve i n accor deeef o adhesityn arordanse itk elaia iy 2charaptgrised v At &€ sed by

t lhat the conductive pafubiva)particies iR ARRRE tortpriadsenet piradiadmbi cxide pateltitd, onal
electric

10 colloidal metal containing particles, or a mixture thereof.
" 5. Use of an adhesive in accordasice 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 adbesive in accordance with claim £, 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 0.05 t0 5 kV/icmor 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.



25field, if the pathways becone defect after the alignnment step. WO
2010/ 151148PCT/ NO2010/ 000249 13 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
accor dangg gbﬁ@ ghgin111 characterised by that the SO|ﬁén@?hhmh®z® backsi de
cont act ce?l. i . A solar cell in agcordance with claim 11l characterised

by that the solar cell is a thin- filmsolar cell.

11. A solar celi characterised by that the solar cell tab and the solar cell busbar are

connected by an anisotropic adhesive in accordance with any of claims 1-9.

12. A solar cell in accordance with claim 11 characterised by that the solar celi is a back-

side contact cell.

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

film solar cell.



