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produced thinner to reduce material 25usage and costs. Therefore conductive

adhesives are a particularly interesting technology to replace the sol ders
currently used.
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 docunent WD 2008026356 i s described an
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adhesive layer with adjoining conductive particles which overcone effects
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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
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2010/ 151148PCT/ NO2010/ 000249 3 MHz is applied over the el ectrode gap and
resistance nonitored until a desired electrical resistance is reached. A
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advantage if the 20 adheS| ve can be made from conventional materials that
are available on an industrial scale. The invention concerns an

i nt erconnection between solar cell tabs and busbars fornmed by an adhesive
conpri si ng a DESERIPAICMOF SHEINVENTHONucti ve particles. The: conductive
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bet ween the s0i ars. esive is thereafter
st abi |l i seld. 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



The ani sotropi c adhesive conductive filmfornmed by the application of the
electric field and the following stabilisation allows the adhesive to have
el ectri c wonductsime properties at |ower concentrations eCToNO2L0D248
particles than woul d ot herwi se be possible for isotropic conductive
adhesives. The | ower concentration of conductive particles gives inproved
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
between the solar cell tabs and busbars. There are no particul ar
restrictions on the adhesive adh sive | m xture
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on the conduclhpprdtibn. A concentration around the percolation threshold and
up to ten

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 wol®iors1382 to 1. 5vol % of conductive particl es paran0zeslooh249
Application of the adhesive can be dofe by conventional printing or
i njection techni ques, which nmakes it possible to apply the adhesive to
large surfaces in a cost-effective nanner. 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
fteg k€?e electric field can be in the order of 0.05 to 10 k\Ucn] or 0 05
o cm or to 1 kV/c at for ical
di stance in {ifgs &)éi‘ﬁ@%ancﬂdvel@oaqﬁ?ﬂdt?‘gwfyﬁﬁ] 'g?&eflt 4P &X RS logslan ¥ the
range of 0. 0%f0.0 td 0Db1%, anal2 ﬂm”ml%ldj0I2I‘tollbeolP/amfg>endect15epaiﬁﬂes\dre asefﬁrhe field
is typically an alternating (AC) field, having typically-a frequency of 10
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| evel s needed rgnrn he“con I"'ve particl ow an
process si nphshidhandkani besslbﬂemapplpmwcauhezswelw la@easndaqs‘t@lmosimf&@tltd'rea@pleEM| c

arrangenents eces en handlin h_vol t i i f the
electric Piel® %Skveﬁ %@’ﬁtd %cﬁfg'(g’f%g ia l%nét‘@%ﬁ?g halh %Qg\gleﬁﬁfgh t%@tht%abs and
15 busbars arendubtiveqlagtizidsiskalicerabab mmsdlirmgrtmlsubgequmabgm@medep:onduct| ve

particles make up a nurrber of conductive paths along the direction of the

electric fi eng'Fg{éﬁtél geed'derr})qotO??o ?(ﬂ( fem® ngO%@% opb'ﬁl?@f gy The

electrical f uring Tam na |oh w t he adhesi ve of the
present i nvemndmh.Ofhis mwnhtﬂaoforb@(pi’cal ﬂ%nmemttdamtncsmltheraogd ¢fsl Oqmaltoslt rameithed sol ar

cells. Once the sol ar ceILs 20 are pl aced as h encaj ion
foil, typical'Piagegpp %(eéitcrw @irdhe sapgA ‘&6’3‘%9%“%% éﬁ"a‘zyn@ 3R%eheet Ret The
external @l eqgteiferlis fybrRhty zirﬁalt@ﬁﬁhilge@d)ﬂield,’lﬁadl@wplaillyra frequency of 10 Hz t0 10
kHz. A direct (DC) electric field can also be used. The voltage levels needed for aligning the
conductive particles are low and make the process simple to handle in a production line and do

not need the specific arrangements necessary when handling high voltages.

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.



It is also possible to heal aligned conductive particle pathways, if the
conductive pat hways have becone defect or not properly aligned in the first
step, thewalgmsens step can be rerun for the case that pCliaNaRbRINIODI49at | ON
step of the matrix is not yet perforned or if the stabilization 25 step is
reversible. This has the advantage that for existing filns under
preparation of the connections the process need not to be started afresh.
The stabilisation step nmay be, e. g., curing of a thernbset polynmer. 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

adhesi ve and}§#€p§W§§ electric field. Fig. 1C shows the applied

geonetry of rodes (a) and adhesive with aligned pathways (b).

5Fig. 2 A-F illustyates t.he con [ I R . : ;
conduct i ve adlfe $V%&&wt% lgﬁinaﬁggrg%ﬁasro? ?%s?%gl?e%ﬁ?g? ngl écgﬁgﬁ%ﬂﬁgﬁggﬁﬁﬁgggg of
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agai nst the i.gnme tine. .The.solid, line is.guide to the eye. Fig. 4
A-E shows thglle‘étg":‘]?ﬁ%@% ?%%a%g?swseo‘flglrﬁggﬂ pagweag% fb&des by conductive adhesive
with aligned 10particles in a schematic process line Fig. 5 shows optical

m crogr aphs FigoRiAnE iltuseattrshd ¢angeation af spdar gelt plectides by dondyssive adhesivewith t hi s
met hod can be'in@ﬁ@ﬂrﬁﬂ{e/%t ed into a pick and pl ace device. DETAILED

DESCRI PTI ON &g NTI ON 15The invention is described in nore detail by

the figures and exanples. The figures and exanples are meant to illustrate
the inventi ofiig. Bolotsihe dependenessef DG candystivityof 03 yal-%t ¥ petisles digperserintatheon

of the scope ac(ﬂ{esifvt' nggﬁs?ﬁlle gﬁél{n?en.l Smb. e RGR ine 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



Exanmple 1 This exanple concerns the preparation of a m xture of conductive
particles and polynmer 20 matrix that in this exanple is an thermally cured
pol yner astbesiwesii4as wel |l as determ nati on of conducti viPCy/NoRoB/(002¥0t | ON  Of
particle load; and how the step-like Fncrease in conductivity with
increasing particle | oad can be explained by formati on of conductive paths
bet ween particles when the contacts are forned with increased particle
fraction. WO 2010/ 151148PCT/ NO2010/ 000249 7 isotropic non-aligned m xture
is not conductive; as well as the alignment of this mxture using electric
field so that the aligned particles formconductive paths resulting in a

conducti ve materi.al duct i [ W
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ali gnment st & ?oyed co es were carbon
bl ack from Anb&aknsémateeial: EMmmpbﬁmémg shbwsmangérefdhekﬁsqom gy pbtaimdd i r on

oxi de (Fe Fe203 r.om e wo
conponent I o ”é‘ngl“fs\; g‘gﬁye%qr\?g 51‘)2]?%-%5 afo'%“ Xnad ‘%ﬁ.‘%“%‘a %ngﬁcgfv %8“% (%15- 1
(Hunt sman Adviangigaiméhep isshantied) with | ow vi sc03| ty epoxy resin with Rene
HY 5160 (Vantico AG. The conductive particles were mxed in the adhesive

by st ' rri ng t[ﬁ% ex%rojlf)mvp ﬁon&}.lchﬁ%a%%le n@érg garﬁ)&lr tﬁQJk n?leIa W Q%b@n Qépeg E@ﬁ@s)

materials is tures are conductive ove an | ators
bel ow t hi s t HioasihdtdAS THeweprmid dton vkidy (Fe©- k@) tfiont &emaﬁ\ddmdhuctl ve particles
and the pol yner i s essentl ally insulator. To illustrate the benefit of

al i gnnent (g; I r Ly above
but ten ti rre%F ofynll “ﬁlt'ﬁ’g‘gasssa\?\te%é 8{;}@ %I"WOWJCXS'Q RRANRoriRa )
10 combmmg Araldlte® AY 105-1 (Huntsman Advanced Materials GmbH) with low viscosity

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'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.



Fig. 1 illustrates, using optical mcrographs, the mxing of assenblies of
0.2 vol-% CNC particles dispersed into the exanpl e adhesive before (Fig.
1A) and aWvoenicarsimBectric field 20 alignnment and curi ngPCFEIND2010B)0249he
schenme shows the applied alignnment (o8t-of-plane) geonmetry (Fig.1C) that

corresponds to that illustrated in Fig. 2. This alignment geonetry was used
to cover conductive path distances 1 from 10 gmto centineters,
preferentially to mllineters. For an out-of-plane alignnment 2 mmx 15 cm

wi de | ayer of material is injected between the solar cell busbar 3 and the
solar 25cell tab 2. WD 2010/151148PCT/ NO2010/ 000249 8 M xture was al i gned

using an AC squrce to_obtain aligned pathways.(b}. In this exanple the

al i gnment  pr YEXYises pligned usag pn CFOETGE&‘Q’W%I/‘?]&%W%P W‘%ﬁlre e%tﬁl\/svagganépr%%&gyed
for 1 mi nut eglignencProsaaue! 16 AUFicRNBGI4IGV/cm (rmsalue))3vas Roppyedifor 1 minutes
conductivity as a function of alignnent time illustrating orders of
magni t udes 5IESAdMREIGHAF SR Encement . The curing was performed i nmedi ately
afterwards at 100 C for 1 mnute. The naterial renains aligned after curing
aﬂd conduclt i Figl ylsllluﬁvsahe ahtiadtivitd adyfuattiogfielignniest tire ilustratipg ordersgd mag@itytles
shows a sglar cell 4 wth tabs 5 collecting the current produced by the
phot ovol t ic°'5@??@@ﬁ$t¥$ﬁn538 iIIustratesgan i sotropic gispersionyS of
conductive particles 6 in an adhesive 7 having a first viscosity. The

di sper si on 8Thscaewd perfitronetl iremeditely afieiwardsabts005Cifor hinfnytea | ayer of
adhesive on each tab as shown in fig 2 C. The external electrodes, the

busbars 10 Afie I{%l'g%gis 81915'in§ 5@1@@%%@1 aﬂMF&ndumgnyew?i Slﬁéinfﬁ ByHNERAEN® t he

conductive partic I's effected by -application of an electric field over
t he electrodg@nﬁmpﬂb, fig 2 E, indicated by the AC synbol. 15Stabilisation
of the adhesive dispersions, e.g. by curing, to a second viscosity, higher

than the firgfo.¥d £AQRbWYa soldrlcbil $ GG ifbs & REITBALIANE cGRént BlodrRabh tf phbld@oltaic
adhesi ve di spersion and support the aligned conductive particles thus

meking tHE adffessi Vig 2B dpstraiesom isagnplig dispersion Pl cangietive patticles 6 sanagies'ye 7
fggt :g}]e\g: 52 h \Iﬂis? g Figs?gl'r’s]&gﬂ:}o ThPBEFMSiE § RNGHAE bivs (RALRS cdIBMR PRARInE AN4TRES N
- 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



20The solar cell conbines the above-illustrated settings wth out-of-plane
geonetry and short alignnent distances plus conveniently | ow alignnent

vol t ages.wOnon/tsypscal exanple, a 1 nmx 8 cm w de | ayercoiNateszwiiaed

ani sotropi c 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 |less than 100 |am This
is followed by electric 25field alignment and curing, the whole procedure
taking typically in the order of ten mnutes. . 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, T ic.dis e i e
particles 6 3?%‘“5’5{1355’81% k’sg ﬁappsl%lfl%lg &galg?[f% gﬁegi}te%?%ﬁﬁaeé?f%%&i%% afrllésawiﬁ(g are
pl aced on t hef thelhdigbivee.£f hygrudif) usingle.g \WY AgHtOF héat, X8WCT/ NO2010/ 000249 9
alignment of particles by applying a voltage 12 over the el ectrodes 5, 10,

fig 4D. Stab on of the adhesive e.g. by curing using e.g. W light or
heat, fig 4Ebk Eb 2 Thi s exanpl e shows the robustness of the

proc edur e a“%@ %}ﬁpl@ wWRltRCobistebd et F;f@&h&e%ﬂ@ﬁfo% aORIcfecHRiRi RalsN 2

conducti ve par esive m xture. is optical mcrographs show ng
t he heali Ag MacmomPEcie’ézmhnanortdh@lVGaslélcbfad@SKYS migtHE. nat eri al s and procedure
was simlar to that in Exanple 1, but a macroscopic scratch defect was nade

by a sharp spiKe;s galtrﬁ]a'ogllaﬁﬁsts'hb&l %'tl%l HaiBSof iRl schfth id IR ceRtdf CRICs. The

m crographs s owi ng the healing he scratch in the adhesive |ayer,
electric fi emteo@lSEHkacedEW%%/W%thﬁtéﬂ Eg#male | ol 2 Magroseaniseralch detssy hvvays

is gradually ., ?&u&mmshaﬁi e; SRS LR BAS Wadlel . ahle o%ﬁ&‘ﬂHﬁérbé&@plﬁ@ﬁ&Wxﬁé es

are form ng conductive pat ways in the matrix. Exanp Thi s exanpl e
shows, as il lthedtealitged therscfaich in heladhgsive fayen amelectyie ﬁ%lé otié%iHée‘iOP &/¢m f‘ia‘élft M th

an el ectrjcal,, el gnd?lgtﬁue (})@1%@?5 ﬁgre{dnﬁfy rh%ﬁmﬂé RN rebAYiRDbAsRAIy APcshdRdiAtL ned

in exanpl'e 1, can use ar “panel s"wi t h back-side contact cells.
The pick and pp,tltlabeafmfdrtrsngmdwgtpatb‘éws i &y MeH% 0 t he encapsul ation foil.
Once placed the field is applied fromthe pick and place head (b). At this
stage curing graype8cuUr via heating or UV curing if the connecting ribbons
are transparéﬁf‘nﬁT curing may occur during the lam nation stage at the end

of the produ@tisQRathpiBShowsX&TRhEratkd 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.



20 A conductive adhesive according to the present invention is used in
thin-filmsolar panel production where transparent el ectrodes are used. A
t hi n-fil mvDl2exisimssol ar cell is built on a plastic subgCTatc2oLionND9a
cadmiumtelluride p-type |ayer and a wadm um sul fide n-type |ayer on a

pl astic substrate. The sem conductor |ayers can be anorphous or
polycrystalline. A transparent conductive oxide |ayer overlaid by a busbar
network is deposited over the n-type 25l 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
2010/151148ng4£§%210/000249 10 Exanple 5 For a solar cell one or nore

W ring menbe collecting current and for transmtting current in the
solar cell are made of a dispersion of a matrix and conductive particles.
The concent r &bi osvlaricels anechr awnclwring eengarstfocdodiscting che¢nhandafop ansoliting exyrent
threshol d, so that the 5dispersi,on i.S n si on has
al i gned conddft F@@m“ﬁﬁﬁﬁBP%g of { digpegzian & %?%?ggﬁf&hﬁﬁnl E%ggkiﬁﬁ%ollectlng
current neet cmcentwoﬁefrhm Snflwtive patides is belny aqmrcpbnorl th@shaldcsvithat thgi res are

inthis y formed direct to . gonnect. t he sol I i at
the tab of bdSBEHoD & Tor B Ee Raien th e aksshficky EiEm aBHCRnbre

di sper si on ofwitiliemphBsefok collRviny dubranti iseeti g @thginentre fortrmmetuiayleneetd
structures, e.g. one layer that is directional conductive 10replacing the

tab, and Onetdl,of\ \%Elvg \Izvrbrgsce}ré gﬂf‘hs 9 'i’&}h%& 8\f§ctl§rq’o &hnt& ttfe%giaf"gé?l debReCORAURET Ve

bars. The na ere ing a solvent, to expose the
conducti ve paﬁdmlayxsbuslsam 1std¢&heeti¢d3tommkb theevylemt Jhn adigsivedisparsion ¢feBepreseak

electrical field. s a%)eg 11'1 cgr% IPnotreh %erQ tﬁl[%RIQélgé gg)ng'lagﬁr;thét(?@&recﬁorﬁl cdﬁ%h&ge

mask and a r dRSPECY & us| S 0 anel  under

const r uctlioon r@ﬂaoﬁig&h& tab (0: 1] pnslayctrrda'ecttohel condigtivd §oa8 tcpaplacecﬂhe soridnctiviedarsat r i x

are aligned 1;[%e fm%{rlx can %e re%uce dee g bgl%rs]%g %tsé)l\\//gntvvo réyei\;?ose the conductive pathways, so that
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.



WO 2010/ 151148PCT/ NO2010/ 000249 11 G aims 1. Use of an adhesive for
connecting a solar cell tab to a solar cell busbar, the adhesive conprising
a di sper sworomf1sau4smt ri x and conductive particles, characravoeadobst hat a.
a major part of the conductive particlles of the adhesive have | ow aspect
ratio; 5b. a layer of the adhesive is applied to the solar cell tab, the
adhesive having a first viscosity which allows the conductive particles to
rearrange within the |ayer; c. the solar cell busbar is applied onto
the |ayer; d. an electric field is applied over the |ayer of

adhesive, aligning a nunber of the 10conductive particles with the field,

t hus creating conductive pathways in the adhesive between the sol ar cel

tab and the WS cel | busbar; e. changing the viscosity of the adhesive to
a second viscosity, said second viscosity being higher than the first

vi scosity in ordeUsdds anedieaine &alcbynestinghi solas eelk thletd aaspdar celhbhisparetbe pdhesivire

conductive pat hways between.the solar cell tah an . )
2. Use of an adhes’@"§'ge? QBH‘H@@E PRz a %?on?:lécl 1|ng éﬁ&gﬁaﬁga%rng@ ; etp%ﬁs bar
busbar, the adhesive conprising a dispersion of a matrix and conductive
particles, characteni sevajbypartvdthe conductiveparticlessf g1e adhusivedpve lnw agReaFatei ve
particles in the adhesive have | ow aspect ratio; b. a layer of the

adhesi ve FS inj ecteg ipfy ﬁ%f%ﬁ%ﬁes%ﬁy\ﬁgxﬂeé ReSQRcelb @b thd Ahedithadighe
sol ar cell busbar, the adhesive having 'a first viscosity which allows the
first viscosity which allows the conductive particles to rearrange within the

layer;
c. 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. 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 pat hways between thkciﬁvgﬁﬁ%@ﬁ4stab and
the solar cell busbar; WO 2010/15114@PCT/NK2010/000249 12 d. changing the
viscosity of the adhesive to a second viscosity, said second viscosity
bei ng higher than the first viscosity in order to nechanically stabilise
the |l ayer and preserve the conductive pathways between the solar cell tab
and the solar cell busbar. 53. Use of an adhesive in accordance with claim
1 or 2 characterised by that the conductive particles in the adhesive are

carbon bl ack, carbongnapagingGRe visREROG tﬂ@&ﬁ@%@ aQ¥cofld VisedsHy QaldREdRET -
4. Use of an adhesive in accordance with claim1 or 2 characterised by t hat

the conductive parti cl &écosiybpias higherhaethe Brspyissdy morder (gmedpeiraly, staﬂ?étsa|
oxide particles, 10col lylda) afBflenedR &nBidiFe Bétﬁ\tvaﬁlb@@veemhe@om e@u%aeand
thereof. 5. Use of an adhesive 1n accordance with claiml1, 2,
characterised by that thesolesplchusbaiti o of the conductive partlcles |s in
the range of 1-100. 6. Use of an adhesive in accordance with.claimb5
characterised bystialofhh8dRSPEMacéRdne Rith tiAfn ¢ 0PE Hiedrhderiftay tﬁzheﬁe isin
the range of 1-4 or 1-5 or 1-10 or 1-20. 157. Use of an adhesjve
accordance with cl &pPpdustivepartiplesin ths aghesye apegarhop éhF‘%ééFbB?“%‘}‘?é‘tscsacarb"“
concentration of cqggﬂg&kwgaggﬁhhqgégbﬂlﬁ t he adhesive is within the range
of 0.2 to 10 vol% or O. 2 vol%or 0.2 to 1.5vol % 8. Use of an
adhesi ve i n accordanc aiml, 6 characterjsed by that
the electric fi er*uU%sﬁEP? é‘h’ef‘&e %Elaﬁb"ﬁd"n“ﬁ%wébﬁlﬁﬁ'&? P(/%c't?JPf‘F'&f"é% g

adhesi ve | S in the c3RicH@s papicldd. iV hetaBhed Ve kMhpries MEtaDpddficiésPmetakokidepaariclds, 1

to 1 kV. Use of an .adhesive in accordance with claim7 or 8
char acterllged by t ratoifia]anctal centpining pprtiplgs: 9ra mixtpredherehcy of 10 Hz to 1 Mz
or 10 Hz to 100 kHz, or 10Hz to 10kHz. 10. Use of an adhesive in

accordance with arUslef ah Bdhepivemedtdt@anct aithslainh &R 6toeH ichadcteyisdédint thithbe

conducti ve pat hways in the esive.are restared by a itional electric
25fi el d, |fpthe pgﬁﬂ%ﬁ?@“%8€gﬁﬁ”@EW8@Paﬁ?§§F‘?ﬁﬁrﬂé? EH@&& st ep.

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.



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 sot r opvo 2atihssi4se i n accordance with any of clains 1P@I/NR010A0SDIar cel |

in accordance with claim 11l characteri3sed by that the solar cell is a
back-si de contact cell. 513. A solar cell in accordance with claim11
characterised by that the solar cell is a thin- filmsolar cell. 14. A

solar cell characterised by that one or nore wiring nenbers for collecting
current and for transmtting current in the solar cell are made of a
di spersion of a matri x and conductive particles, the concentration of said

conductive particl esiagg!%l ggrg{}wﬁyg%gﬁvggﬁg%ﬁ cboalng| pon, thrl?l?u@ﬁ’zlr%re and the

di spersi on haV| N U NS ere

menbers for col | egéindéle® by ireanisofregit adtesivelth acesriiarcs witbany ofartsms 1H9l ng
current.

12. A solar cell in accordance with claim 11 characterised by that the solar cell 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.

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.



