WO 2009/017420PCT/NO2008/000278 1 Method for providing a contact on the back surface of a solar
cell, and a solar cell with contacts provided according to the method. In the context of the present
application the expression "solar cell" refers to a 5device comprising a silicon substrate as e.g. a wafer
or a thin film“AEHH2FHE INVENTION The present invention relates B #@tAEd#82 8roviding a
contact on the back surface of a solar cell. The inventidn also relates to a solar cell with contacts
provided according to the method. 10 BACKGROUND OF THE INVENTION The conventional back

contacted solar el 84 RS 0ifg-+le S AURBLIBREk RIRAEES I3 I ARIVAPIANG & pto the
crystalline S”!COQAIIQQ(E 993&%%‘% A%Hnag:cq,arqigr %.0 rr&al%tl&e plating barrier 2 is also the

surface passivation and/or anti reflective coating layer. 1 heeprl%r'art requires the plated contacts to
be relatively thick to carry the required current in such back contacted solar cells. Since the plated

metal has a thertAdP& £pRHIbAT Be RiGsHE AR EHiTRIRe Sfesrsip P SR GPHOBENT i that the plating
may fall ofPwhed®&sippsemivisiadanionsdn sehspetatre. Anotaderdraaviiackiith this design of the
contacts is that the metal/Si interface area must be relatively large to 20provide the plating process
with a surface bigrenguol torfarayiheNggauied cross sectional area of the contacts in short enough
processing times for mass production. A large metal/Si contact area will increase surface

recombination amitle ipréyent ﬁﬁdﬂﬁ&)mﬁﬁfﬁﬁ_i@ﬁ&m@fﬂb@ =elpraalifpnalnthe dangetimerrequired to
plate a thick laygniapbes & aged:for lrrgedovesiments o mandfagiiipg.aampmeRtfas high 25volume

manufacturing. %rggﬁﬁgg Qgé%@&ﬁgqgtﬁg Eglag llows for both small contact areas and large cross
sectional areas on the conductors have been disclosed in US published patent application

2004/0200520 Al. The procedure to manufacture such a solar cell is however complex and therefore
difficult tolﬂealiz@%@?ﬂ@@@o@ﬁ%@m%ﬁmw the present invention is to provide a

cost-effective method using. .. , ,
S %18 convenguonal back contacted solar cell is illustrated in fig. 1. The conventional

process is to apply a plating 3 onto the crystalline silicon [ in an opening of a
plating barrier 2. Normally the plating barrier 2 is also the surface passivation
and/or anti reflective coating layer.

15 The prior art requires the plated contacts to be relatively thick to carry the required
current in such back contacted solar cells. Since the plated metal has a thermal
expansion coefficient different from silicon, a resulting probiem is that the plating
may fall off when exposed to variations in temperature. Another drawback with this
design of the contacts is that the metal/Si interface area must be relatively large to

20 provide the plating process with a surface big enough to form the required cross
sectional area of the contacts in short enough processing times for mass production.
A large metal/Si contact area will increase surface recombination and, in turn,
reduce the efficiency of the solar cell. Finally, the long time required to plate a thick
layer implies a need for large investments in manufacturing equipment for high

25 volume manufacturing.

A design of back contacts that allows for both small contact areas and large cross
sectional areas on the conductors have been disclosed in US published patent
application 2004/0200520 Al. The procedure to manufacture such a solar cell is
however complex and therefore difficult to realize at a competitive cost.

30 An object of the present invention is to provide a cost-effective method using
plating for providing electrical contacts on back contacted solar cells. The method
further allows for a small metal/Si contact interface in combination with a large
enough cross sectional area of the contacts to carry the current generated by the
solar cell. The method is fully applicable, however, also to the back contact of a

35 solar cell with both front and back contacts.



plating for providing electrical contacts on back contacted solar cells. The method further allows for a
small metal/Si contact interface in combination with a large enough cross sectional area of the
contacts to carry the current generated by the solar cell. The method is fully applicable, however, also
to the back contact of a 35solar cell with both front and?back contacts. 2 SUMMARY OF THE
INVENTION According to the first aspect of the invention, there is provided a method for providing a
contact on the back surface of a solar cell , characterized in that the method comprises the following

steps: a) addinw}gggﬁg% I?ﬁ.gﬁ?ém surface of the silicon substrate; b) adding a plating

seed layer of a-Si passiva ayer; c) separating the plating seed layer by a first area into

first and secong eleeiipge arers: PPN aperantaled ol NAAletiagaseriayer SLaRanig he
second area o ﬁe_pasévatlon ayer; 0 lying a ?ontacg ating to the opening of the s cotnéjharea of
the passivatiorPFRy&!13g \/\*Ie‘floﬁéaﬁgt‘ﬁ‘?e Hiﬁt%’gfgegéla fireP L%ﬁﬁ%%iﬁﬂq;hegg%%ﬁ 48" ELGrdiNG to
the second aspecthottisentvastiotharfeloripeosiery aselsitelr BapPrting SABECR SifdceP 168 back
surface comprisinfheccofitdat, dharactarizrechie; that aiéi copniapl dsipgosiddd ayecthetbadk surfacthof the
solar cell by a mathogtRecording &9 (B dirstasarchofihe buantige: Rurtherembediments:of tha
invenion are defind in e dspendent e, ARIGF PESGRIETION OF THEDRAWINGS: o
Embodiments of the inverition will be described i detall elow, with reference to the enclo%ectih
drawings, whefSEiGE1 AR AFPARE e MAHH RS AR t%{ct@da%’l{é’r‘%%ﬁ 5886?8%%%%%e0pri8r art.
Fig. 2 illustrateenpeingatifhst scbart atrradichespristatiaackism g toveitletsdodihsertabime sidention.
Fig. 3a-e illustrates aditsuadibadinest ofidher¢ncthod according to the invention. Fig. 4a-d illustrates a
second embodiment of the method according to the invention. Fig. 5a-d illustrates a third embodiment
of the method a@cswending téotHbénventich aFigebaf ihestetestiosixthembodimeidat theehutrisdl.
according to thesmyenion sFigckaserilusiraies ackevanin e oepiseg ofdheauetbind ageordihdito the

invention. 2a DETAILED, RESCRIBTION. Frhogiients ofhe meshod and the salas eel asaarding to

the invention will be escrlb%d gl detail b?lc())fl\éh!at 1should however be noted that the invention is not
e B

limited to these*SMBSUE Wi

FCABE Varied wﬂ?ﬁrtll?ﬁé scope of the claims below. It should also be
noted that ele n{

of s of the emhodiments may.r 919'”&{39 m% edvith glements of other
embodiments. Frrsg ém nggjmiélﬁ?lfsfﬁ[sﬂgécmgga?ﬁgﬂtgg?t elrrﬁetﬁgg v‘\f:/il r%owcﬁée d((:escll‘;ll11 ed with
reference to fig. 3a - e.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be described in detail below, with reference to
the enclosed drawings, where:

Fig. 1 illustrates the plating of a back contacted solar cell according to the prior art.

Fig. 2 illustrates the plating of a back contacted solar cell according to an
embodiment of the invention.

Fig. 3a-e illustrates a first embodiment of the method according to the invention.
Fig. 4a-d illustrates a second embodiment of the method according to the invention.
Fig. 5a-d illustrates a third embodiment of the method according to the invention.
Fig, 6a-f illustrates a sixth embodiment of the method according to the invention.

Fig. 7a-e illustrates a seventh embodiment of the method according to the invention.



In a first step (illustrated in fig. 3a) a passivation stack or passivation layer 2 is applied to a silicon
wafer |. The passivation layer 2 can for example comprise a-Si and SiNx or SiOx and/or SiNx etc. In a
second step (illustrated in fig. 3b), a plating seed layer 4 is applied over the complete surface of the
passivation layer 2. The plating seed layer 4 can for exd#mple comprise silver, nickel, copper, a-Si or
micro-Si etc. WO 2009/017420PCT/NO2008/000278 3 In a third step, an etching agent is applied to
split the plating seed layer 4 into + and - areas, i.e. the plating seed layer is opened in first areas
denoted A. In tRESArHeIdeESSREPTIREplating seed layer 4 in the area denoted B in Figure 2 is also
opened (result illustrated in fig. 3c). The etching agent can for example be KOH for 5Si based
materials; acid§ededia gk b tkechatahapSither splekackhacsieitadis s pakeaap e
passivation layéeRidopeneddaiprovide sgachdoldhkosotaccdibcontdctbrs 3dlustatbdinifign@d). In
fig. 2, the openaseag abthk-passiveiiomlays! daredenetecvith thelpiterd sddir: contaet opeRing can
for example beachieved iy, dRARAIYING al flhesist Qves e funRieteDarksite of e felyith the
exception of the a sbB where th(f cz%ﬂtalct sha%ll b fB{med.BAn thertoptlon is to apply an etch fesist
only to the ope]f:ﬁﬁ v\ ﬁ%?dﬂ &5 p?xélvldgtf%%\l} the r(fla ?rrlgersrleé) ]llév’élrsas applied in step two above is

resistant to thePetcpin agent u§ed for opening the passivation layer (A). 15Thereafter the cell is
ISt.¢ OviI e1 . h : .-
exposed to an E'IL'C?'ITI'I{J&F'CIUTH!HI'IU the passivation layer gets etched away so that the silicon 1 of area B

gets exposed. The RIchIRSISLRMER HOYRhIISHIPA SIS AL ARER Wchadheres o the

materials of the, ce1 ut which protects the materials from the etching agent during the etching
process. 20YetArdther alternative to remove the passivation layer in B is by directly applying
In a first step (illustrated in fig. 3a) a passivation stack or passivation layer 2 is
applied to a silicon wafer 1. The passivation layer 2 can for example comprise a-Si
and SiNx or SiOx and/or SiNx etc.

In a second step (iliustrated in fig. 3b), a plating seed layer 4 is applied over the
complete surface of the passivation layer 2. The plating seed layer 4 can for
example comprise silver, nickel, copper, a-Si or micro-5i etc.



an-etching-agent e.g. via ink-jet to the areas B. As can bee seen in fig. 2, there is, as a consequence,
an area C between area A and area B where the plating seed layer 4 is not removed. In a next step
(illustrated in fig. 3e), the contact plating 3 is applied to the complete 25back side of the solar cell,
except for th&@dpEli@feas A. That is, the contact plating 3 is covering ZfFESBHWRAC2TS fig. 2. The
contact plating can for example comprise a nickel seed and a barrier layer, then copper and/or silver
as main charge carriers followed by silver, tin or other suitable material for solderability purposes.

As seen in fig. 2 and,fig, 3¢, the contact plating 3 has a substantially T-sha cross. 30sectignal form.
Second emb%di%%earcllth,&g}sgtg h%lneer{r)}cli)qgé%n%) i tr\;vlglllfigg?i é‘ité)lfl §é Wﬁﬁ%}‘&%ﬁ% 8yﬁé i41§-t8.+ al?18the first
step (illustrated T fig: 445 gé%ﬁ\?&ﬁ%‘??%ﬁ&%ﬁrd? BREERLHLHIRLyEF 2 eapisiet i d IR fwaer 1. The
passivation laye?'9Cah 6P eesralaneosapiikey ek SilsshparsiemrsiBxinmigyresiNk adte. WO
2009/017420PCEicies/bilessattdnia Secodnd BhexithengassivationftaysahidopeKék dprovide
space for & conthich{sating3riAls; desdyibadia thedfifst estingimentsithecaniret glatiged forms the
electrical contaghefztbe solar cell. In fig. 2, the open areas of the passivation layer 2 are denoted with
the letter B (illustrated in fig. 4b). 5In a third step, a plating seed layer 4 is applied over the complete
surface of the cél {ilastrated thefigisdichidnel applinbcepimpé Hopnaddey:s sprayirgh P HEHRG QT
evaporating a-Sianriaba matalssue as fickehand/ae siver ovpithe.sudans ohihe £6ls g fourth

step, the plating;sgecilaerAJPRRNGH EMeRDS o ARRIKING-AN.61chR: LSSt IR s RUlES packside

of the SOI% Ce”’a%);g?yel%fgr{ yt]c%-arre%as% g‘(?er} heedcéxfl?ﬂfclagy {)%ckside of the cell with the exception of

the areas B where the contact shall be formed. Another option is to apply an etch

resist only to the openings A in figure 2 provided that the plating seed laver as
applied in step two above is resistant to the etching agent used for opening the
passivation layer (A).

15 Thereafter the cell is exposed to an etching liquid and the passivation layer gets
etched away so that the silicon 1 of area B gets exposed.

The etch resist is then removed.

The etch resist is an agent which adheres to the materials of the cell, but which
protects the materials from the etching agent during the etching process.

20 Yet another alternative to remove the passivation layer in B is by directly applying
an etching-agent €.g. via ink-jet to the areas B,

As can bee seen in fig. 2, there is, as a consequence, an area C between area A and
area B where the plating seed layer 4 is not removed.

In a next step (illustrated in fig. 3e), the contact plating 3 is applied to the complete
25 back side of the solar cell, except for the opening areas A. That is, the contact
plating 3 is covering areas B and C in fig. 2. The contact plating can for example
comprise a nickel seed and a barrier layer, then copper and/or silver as main charge
carriers followed by silver, tin or other suitable material for solderability purposes.

As seen in fig. 2 and fig. 3¢, the contact plating 3 has a substantially T-shaped cross
30 sectional form. '

Second embodiment

A second embodiment will be described with reference to fig. 4a-d.

In the first step (illustrated in fig. 4a), a passivation stack or passivation layer 2 is
applied to a silicon wafer 1. The passivation layer 2 can for example comprise a-Si
33 and SiNx or SiOx and/or SiNx etc.



2, followed by exposing the solar cell to an etching agent. This will remove the plating seed layer 4
from the area A and hence split the plating seed layer 4 into + and - areas. In a fifth step, the contact
plating 3 is applied to the complete back side of the solar 15cell, except for the opening areas A. That
is, the contattpFatHBL B8 covering areas B and C in fig. 2. The contact pR&HGeuFedHample
comprise a palladium and/or nickel seed and barrier layer, then copper and/or silver etc (fourth and
fifth step illustrated in fig. 4d). Third embodiment 20A third embodiment will be described with
reference to fig.;ha- t ir ' t lati layer 4 is applied after the opening of
area B as descrliggtdgieﬁ! ?ﬁg%é%oﬁli%%%%&% g%ﬁ%ﬁ%@?ﬁﬁ?ﬁ%& . %B)Vféaiﬁ%pe %fﬁecg ?rﬁag?patterned
way without covDerlnl&gthé c%mepﬁg e sunacs, &y, M 0p gﬂ%ﬁ ’stggoc ?éﬁ/%?tc{’ §18’rﬁ3‘o_%ﬂ%81?0 the areas C
and B, but not oﬂf‘@é@éwmgé&fs&wfia?’géﬂ big. 3y FeRER §réa 8l B PayshiRtgIF e for
example be madE Wpiakeferpiirtindettes Patifpseied iayieg 4m-a predetermined pattern utilizing inks
containing_for example palladium, silver or nickel. Thereafter, the contact plating 3 is applied in the
same way’as dégcari%léﬂg)i?f‘fﬂeas‘él&fiﬁa SirhGiEh &t Rl d et comp SRt R bsRHENt In a
fourth embodimEHushetdnifig-dgent herapplaneg bf pREPasVaitioprfayes. Pentiarthe plating seed
layer is applied evdpdraseleet8daudas L endamschfas. gicin-jatiifg sConsequaht ypitfaveulfithot be
necessary to apg}l.an etch-resist to protect certain areas before the etching process. WO
2009/017420PCT/NO2008/000278 5 Fifth embodiment In a fifth embodiment, a laser is used to
provide the opehirg®inthetepatirgpdao:|sget Wmdios tperpassivaitensiayeplyinpequeitement for this is
that the materialesthasendentiie tayResd2 anthd splarafedl tyRecthdoean:hedaraened withlasarrS Sixth
Embodiment In 2 sistiy @abedimpasiiluatiates ivfiao6a DI Liating seadvaierdngists of for

example a5t as,faggred APPAUMEY ke 1eRANINGS VP

_ I%Edsg}édnﬂgae?%?ft%g' laser
abla_tlon. A platlngdrgast Iay_er 7 is then deposited e areas A meaﬁs ofe.g. In Jélt. A metal
barrier layer 8 e?.lg. nlﬁgﬁshlckel-phosphorous or

In a fifth step, the contact plating 3 1s applied to the complete back side of the solar

15 cell, except for the opening areas A. That is, the contact plating 3 is covering areas

B and C in fig. 2. The contact plating can for example comprise a palladium and/or

nickel seed and barrier layer, then copper and/or silver etc (fourth and fifth step

illustrated in fig. 4d).

Third embodiment

20 A third embodiment will be described with reference to fig. 5a-d.

In the third embodiment, the plating seed layer 4 is applied after the opening of area
B as described in the second embodiment (illustrated in fig. 5b), but it is applied in
a patterned way without covering the complete surface, e.g. the plating seed layer 4
is only applied to the areas C and B, but not onto areas A (illustrated in fig. 5¢).

25 Such plating seed layer application can for example be made by ink-jet printing the
plating seed layer 4 in a predetermined pattern utilizing inks containing for example
palladium, silver or nickel.

Thereafter, the contact plating 3 is applied in the same way as described in the
second embodiment (illustrated in fig. 5d).

30 Fourth embodiment

In a fourth embodiment, the etching agent for opening of the passivation layer 2
and/or the plating seed layer is applied only in selected areas by means of e.g. ink-
jetting. Consequently, it would not be necessary to apply an etch-resist to protect
certain areas before the etching process.

35



10tungsten is then deposited by plating on areas B and C (illustrated schematically in fig. 6e). The
plating resist layer 7 in areas A is then removed by means of an etching agent, which also will remove
the plating seed layer 4 in areas A. In a next step, a thicker metal layer of for example copper or silver
for providingXRe¥8fEdeplating 3 is deposited by means of plating on toF6TtNE28iE ez Barrier layer in
area 15B and C. Alternatively, the plating resist layer A can be removed after the application of the
contact plating 3. Seventh Embodiment In a seventh embodiment (illustrated in fig. 7a-e), the plating
seed layer 4 consigts.offor;example a-Si as described in embodiment 1. The passivation layer and
plating 20seed [ayeris then opened in area B. Alternatively, the plating seed layer could be deposited

after opening ofithg pARINMIIMMAACkI HER Bs B9 @seiiRRAND SHRRRPIMANLS phdiatigdesist layer 7

Is then depositeg on ing Ar6a8 A DXINEARS Bha:D IRKES RLAISRRISINGAR s TRIGdIadgyre 7d. The
plating resist shc%de%rglegggly be re&lgatlve layer anclI coulgneﬁ%.rgxe made Up I%fs one or more of the
yeé

25following matenae, polyamftlj"g‘,rséuh%-polflléestoerfqpt)%[ff/:k(ka1 3he, po s%‘f? and acryﬁ{:' resins, and where

the materials haye hesnupade.reflective by loading them with a white pigment such as sub-micrometer
particles of titanium dioxide. A metal seed and barrier layer, e.g. nickel or nickel-phosphorous, is then

deposited by plafingpapésdsBmaad Gl(iksiiatad sehematicadyisifig. séed Myer nexdsigp ¢ 30thicker

metal layer of fof.exanmple- GRRPEY gEiMesar bldinenuR: the Aesipdhihickness pfdvaial iy the contacts
3 is deposited b mean%)f pfatgrg%

n,top of the, platin ed and harrier layer in areg B and C. In fig.
o i b boan JhaiRedr O HELIGARICR o Hla hE Rl et PRIl Rl TR RN

2009/017 420P&/Wd§/6@0%%‘ A Tnetal barriet layer 8 €.g. nickel, nickel-phosphorous or
10 tungsten 1s then deposited by plating on areas B and C (illustrated schematically in

fig. 6¢). The plating resist layer 7 in areas A is then removed by means of an

etching agent, which also will remove the plating seed layer 4 in areas A. In a next
step, a thicker metal layer of for example copper or silver for providing the contact
plating 3 is deposited by means of plating on top of the plating barrier layer in area

15 B and C. Alternatively, the plating resist layer 7 can be removed after the
application of the contact plating 3.

Seventh Embodiment

In a seventh embodiment {illustrated in fig. 7a-e), the plating seed layer 4 consists
of for example a-Si as described in embodiment 1. The passivation layer and plating

20 seed layer is then opened in area B. Alternatively, the plating seed laver could be
deposited after opening of the passivation stack in area B, as described in
embodiment 3. A plating resist layer 7 i1s then deposited on the areas A by means of
e.g. inkjet or dispensing, as illustrated in figure 7d. The plating resist should
preferably be a reflective layer and could e.g. be made up of one or more of the

25 following materials: polyamide, sulfo-polyester, polyketone, polyester, and acrylic
resins, and where the materials have been made reflective by loading them with a
white pigment such as sub-micrometer particles of titanium dioxide.

A metal seed and barrier layer, e.g. nickel or nickel-phosphorous, is then deposited
by plating on areas B and C (illustrated schematically in fig. 7¢). In a next step, a

30 thicker metal layer of for example copper or silver for building up the desired
thickness of metal in the contacts 3 1s deposited by means of plating on top of the
plating seed and barrier laver in area B and C.

In fig. 7e it has been shown that confact platings 3 for neighbouring contacts are
provided.

35



Common features Figure 2 illustrates a solar cell which comprises a photovoltaic absorber material
layer, such as a silicon layer 1. The solar cell further comprises a back surface of the solar cell,
illustrated as the upper surface, and a front surface of the solar cell, illustrated as the lower surface. At
least one coMAIB{Wé2Bontacts are illustrated in figure 2) is provided orPHENSERESHRZIEe. The at
least one contact 3 has been provided on the back suréace of the solar cell by the steps of a)adding a
passivation layer or a stack of passivation layers 2 over the back surface of the silicon layer 1;
10b)adding a platipg.see@.laygs4 over the passivation layer 2; c) separating the plating seed layer 4
by a first area A into first and second electrode areas; d) opening a second area B of the plating seed

layer 4; e) operrig:tee saaorstareadiptinevnassivatipn fayer honb BRanRbiRG merptact plating 3
to the opening of{e sgeAnd 2@Rc-Brakike Passlvation Jayeiams welerdo e nlalipaaesd layer 4
surrounding the fecoid 892l A0ARNRE"SIEP Gl plaeRRIIAA DS Plaling aeed ayer f by a first

area A intq first secqnd electrode ar comprise opening sal Area A e ahhg seed
20layer 4. ore%%ét& i glﬁ; %'tee%}_ Ay B%eﬁaéﬁier?ﬁ%%fﬂ]’&% %/Yﬁ‘bcﬁﬂt@féﬁ?%élﬂé‘lifﬂt%ent to the

solar cell in ared® BRUEDENBRTNAT S PAbS Paskhaurarsakbe aplasthgnsrerting ByebRa® etch the
plating seed layeravsigdrointisebiektsairéacaointerseltenrllive tspsepsstp c) comprises applying an
insulating material on the plating seed layer. More specifically, in this aspect step c) may comprise
depositing 25a Fhting $S18EIAPE5 1Y THE SIS RIS T RisPadpron fasrerRativayhabetlective plating
resist is depositédraseiid Bressnetiolitayde. In any of the above two aspects, steps c) and d) may be

performed simultaneously. In an aspect, step e) may be performed before step b). Alternatively, step
b) may béoperfopr;ned %Qéapp'l_ggmg seed layer 4 over the passivation layer 2;

c) separating the plating seed layer 4 by a first area A into first and second
electrode areas;

d) opening a second arca B of the plating seed layer 4;
e) opening the second area B of the passivation layer 2; and

15 ) applying a contact plating 3 to the opening of the second area B of the
passivation layer 2 as well as to the plating seed layer 4 surrounding the second
area B.

In an aspect, step ¢) of separating the plating seed layer 4 by a first area A into first
and second electrode areas may comprise opening said area A of the plating seed
20 layer 4. More specifically, step ¢) may be performed by first applying an etch-
resistant agent to the solar cell in areas except from the first area A and thereafter
applying an etching agent to etch the plating seed layer 4 open in the first area A.

In an alternative aspect, step ¢} comprises applying an insulating material on the
plating seed layer. More specifically, in this aspect step ¢) may comprise depositing

25 a plating resist layer to the solar cell in the first area A, or alternatively, a reflective
plating resist is deposited on the passivation layer.

In any of the above two aspects, steps ¢} and d) may be performed simultaneously.

In an aspect, step ¢) may be performed before step b). Alternatively, step b) may be
performed after step e).

30 In an aspect, step ) may be performed by first applying an etch-resistant agent to
the solar cell in areas except from the second area B and thereafter a applying an
etching agent to etch the passivation layer 2 open in the second area B.



30In an aspect, step e) may be performed by first applying an etch-resistant agent to the solar cell in
areas except from the second area B and thereafter a applying an etching agent to etch the
passivation layer 2 open in the second area B. WO 2009/017420PCT/NO2008/000278 7 In an aspect,
at least one BXREREE), d) or ) may comprise applying an etching agefit/tieeilitdXe second
area B. In another aspect, at least one of the steps c),d) or €) may comprise a laser ablation process.
The contact plating 3 may have a substantially T-shaped cross sectional form. 5Contact plating 3 may

also be providegfoy QE&GBQ%E‘&%&Q@%@%%%?E}P&’PBFQﬂﬁa{@@ﬁf&ﬁé%ﬁ%é’ﬁ&%ﬂﬁ%f ically
t

lustrated by exgrupie (0 e sevsninemROTRd 9, fel, A !

rdind to fhecembodiments
described above; It is provided a solar cell with an increase eafor pFatlng lectricaréonductors on

solar cells. ThisGh&dRSLGOMBESE 1 REHERANE B4 Tontact area B (indicates the area where the
silicon layer 1 isqn_contact with the, contact platin ting area C x 2 (indicating the area C on
each sidg f arzrlﬂeB ‘Whe ceE m%gg&%a%a %Fr?gas’g lllsg ?Qﬁ%?d 65#1 ‘?:) e&}'fﬁssssg‘é%ol%a%rg Q‘? ) Moreover,
the platingSO area?%gaff) ?E?é%é B¥ye? _a?he e %ﬂf&?‘é@kg’f’fﬁé‘?é@?’i FEuldcig the plating
thickness H. It SHobRd iR AGtedthesehtis hangesesmesiferadl v sbvssntptisy sxamplaioalmbresl in order
to enhance lighsegsgirgribatiensolaifigelleThe desired electrical performance of the solar cell is
dependent on that ohmic contact is established between the metal contacts and base material

(silicon). An 208HiFREEBRtECthesTTBPdHSRITed Bertrehibu 1y 8 Herroridedrierpinscalingitb@nting a
silicide or an eutediessHases fon@latag trleatmesitconditoithen lseldoed |affEhidépusiting theafisst metal
contact ald barciersayeeddrvafiercdepesitien Bf(indivhelehnatah stheke Teestirahtieadmentigould for

example be dong .ot GERNENO ISR QVABEYSIOPINS Prdacalbeheating the comtaet ageas¢B) with a
laser. on each side of area B where the contact plating 3 is fastened to the plating seed
layer 2).

Moreover, the plating area (2 x C) may be larger than the contact area B, thereby
15 reducing the plating thickness H.

It should be noted that the plating seed layer 4 can comprise a reflective material in
order to enhance light trapping in the solar cell.

The desired electrical performance of the solar cell is dependent on that ochmic
contact is established between the metal contacts and base material (silicon). An

20 ohmic contact can for instance be created by a heat treatment for either creating a
silicide or an eutectic phase . The heat treatment could either be done after
depositing the first metal contact and barrier layer, or after deposition of the whole
metal stack. The heat treatment could for example be done in a conveyorized oven
system or by locally heating the contact areas (B) with a laser.

25 In an alternative process, a thin layer, or, alternatively, nanometer-sized nucleis, of
palladium is deposited on the wafer before an electroless deposited seed and barrier
layer. Palladium enhances nucleation for electroless plating chemistries, resulting in
more conformal metal coatings. In addition, the thermal budget for creating a
silicide is low for palladium compared to most of the commonly used transition

30 metal silicides for making ohmic contacts on silicon.

A useful result is that back contacted solar cells can be made more robust towards
temperature cycling, hence allowing cell designs with higher currents per electrical
contact than in conventional plated electrical contacts. This increased capability for
higher currents can for example be used to allow back contact cells with longer

35 fingers (on larger substrates) than with prior art designs. Furthermore, shorter
plating process times can be achieved since it will take less time to grow a given
cross-section area for the electrical conductor.



25In an alternative proCess, a thin layer, or, alternatively, nanometer-sized nucleis, of palladium is
deposited on the wafer before an electroless deposited seed and barrier layer. Palladium enhances
nucleation for electroless plating chemistries, resulting in more conformal metal coatings. In addition,
the thermal BUfdgerfeA7¢édeating a suicide is low for palladium compared tPHREOaf@ietesmmonly used
transition 30metal silicides for making ohmic contacts @n silicon. A useful result is that back contacted
solar cells can be made more robust towards temperature cycling, hence allowing cell designs with
higher currents Reeleglisal coipstipo.in.comentionahplaledsieisal oniacts, this increased
capability for hiqfr}eerrfurrents can fgr exa %e e used to ﬁ:?ow%ﬁ(:k contact calls Wﬁﬁnlonger 35fingers
(on larger substrates) than ith pror AHHESGHS, PERTASETa SEHEITRPHL Y F¥¥tess times can be
achieved since SRATRIREYQESiHE RGO Biskfarecross-section area for the electrical conductor.
WO 2009/01742 Ed%};/NaRZOt%SIOO(()iZ@ 8 Moreover, back %%21‘ cted solar cells can be made with
smaller metal-sifiton INtarace area. Wiich Contrbutes 1 incred gff@élf‘%‘ﬁfﬁ’&é’ﬁﬁ}%d@f‘é‘?é@s
recombination aPtREHeEEIRSIsHERSes! for platitidish e Prddedictriequence in the embodiments
above has the pgtential 5to reduce,production cost for. plated back contacted solar cells. Please note
that the drawinglg] %arseeiﬂa%trtgﬁgﬁléseéin%%hnﬁst reesﬁgg & TEIRBY ﬁ%%é%%taﬁ S(?Si?éétl.l?ﬁ eSS EHhodiments,
the passivation l}ﬁ)@‘?‘:ﬁ L R PRI B 86 PEEs TR ke fead thednaNsesdor et pidted
contacts over art’PaHd Bt bBiskars neiEibmeised aegeac v oetisatae sad/ Bluesy reindheeant to
be limiting for theitOpresareapplidatiorthit woskdvadupossible tmenitievbdhieninenfioniwith large
deviationsfrom phesavalytisalBasideso e topsachienohihe-T-shaped:-sestasiapmed on top of the
plating seed laygeynNgRes siann-a.continuous current conductor, while the bottom part formed on top
of the opened areas B can be non-continuous. By for example opening areas

Besides, the top section of the T-shaped contact, formed on top of the plating seed

layer, needs to form a continuous current conductor, while the bottom part formed

on top of the opened areas B can be non-continuous. By for example opening areas

15 B as multiple dots after each other as a dotted line, one will obtain the generally
known benefit of a local contact.



15B as multiple dots after each other as a dotted line, one will obtain the generally known benefit of a
local contact. 9 CLAIMS 1. Method for providing a contact on the back surface of a solar cell,
characterized in that the method comprises the following steps: a) adding a passivation layer over the
back surface of the silicon substrate; b) adding a plating seed layer of a-Si over the passivation layer;
C) separating the plating seed layer by a first area into first and second electrode areas; d) opening a
second area of the plating seed layer; e) opening the second area of the passivation layer;

applying a con ing to the opening of the second area of the passivation layer as well as to the
plating seed layér surrounding the second area. 2. Method according to claim 1, characterized in that

the step c) of sepaiating dhe Rlefing.seadiaveiyanitst Areainte fisst-and seqensriestodaiareas
comprises Opemng}gagd%r&gg?gm@%ﬁ@%ﬁg%@&ef- 3. Method according to claim 1, characterized

in that the step cff of separating the plating seed layer by a first area into first and second electrode
areas comprisgs applx&ragng@ inswatinen materiakonihe dlaling ceediayeaicén Methed;according to one
of the claims 1-3, characterized in that steps c) and d) are performed simultaneously. 5. Method
according to ong of theiglaims iy charhterized i8i thatrsteppedsis penfdayed before step b).

c) separating the plating seed layer by a first area into first and second electrode
areas;

d) opening a second area of the plating seed layer;

) opening the second area of the passivation layer;

) applying a contact plating to the opening of the second area of the passivation layer

as well as to the plating seed layer surrounding the second arca.

2. Method according to claim 1,
characterized in that the step ¢) of separating the plating seed layer by a first area into first
and second electrode areas comprises opening said area of the plating sced layer.

3. Method according to claim I,

characterized in that the step c) of separating the plating seed layer by a first area into first
and second electrode areas comprises applying an insulating material on the plating seed
layer.

4. Method according to one of the claims 1-3, characterized in that steps ¢) and d) are
performed simultaneously.

5. Method according to one of the claims 1-3, characterized in that step e) is performed
before step b).

6. Method according to one of the claims 1-3, characterized in that step e) is performed by
applying an etch-resistant agent o the solar cell in areas except from the second area and
thereafter a applying an etching agent to etch the passivation layer open in the second area.



6. Method according to one of the claims 1-3, characterized in that step e) is performed by applying an
etch-resistant agent to the solar cell in areas except from the second area and thereafter a applying an
etching agent to etch the passivation layer open in the second area. 10 7. Method according to one of
the claims 1-3, characterized in that at least one of theléteps c), d) or €) comprises applying an etching
agent directly to the second area. 8. Method according to one of the claims 1-3, characterized in that
at least one of the RlgRg £).Sifiza) CADPFIgRS RilRsar ARt Biecess e MethedRccording to claim
2 characterized ig, gl 3ep 6) s BeHRimed oy ARRLIIN ARBiciiesilRal A0 G SOl Cel I

areas except from the first area and thereafter applying an etching agent to etch the plating seed layer
open in the firskasganckOcMptindaceersingete:ahaim 3, chatetarizethiminal Hap 6)Conyisess

depositing a plating esistiaygsdq he selancelialifiedirst area. 11. Method according to claim 10,
characterized in that the plating resist layer comprises a reflective material. 12. Method according to

one of the clainsiicldsCharadiesizedindhatdne contaat platingfas pisybstaniidllyy kighapgdcross

sectional form. {3 Methed aceotding teianyeofitha &lailsir Idnchas asterized dndthatthgopened

areas are “0”'%BEHHH§H§ &féﬂlﬁgggeﬁ?ﬁgé@ﬁfé fanms, GRREHAYS SONJUGHNEHINeS,. 14. Solar cell,
I

comprising a back Surface, the back surface comprising a contact, characterized in that the contact is
provided on the; bavicsudacecefithe solames|l dyadmathadas sedéorth iompesef doposlaimgs 1-13.

plating resist layer to the solar cell at the first area.

11. Method according to claim 10, characterized in that the plating resist layer comprises a
reflective material.

12. Methed according to one of the claims 1-11, characterized in that the contact plating
has a substantiaily T-shaped cross sectional form.

13. Method according to any of the claims 1-12, characterized in that the opened areas are
non-continuous while the seed layers forms continuous conducting lines.

14. Solar cell, comprising a back surface, the back surface comprising a contact,
characterized in that the contact is provided on the back surface of the solar cell by a
method as set forth in one of the claims 1-13.



