WD 2011/ 104197PCT/ EP2011/ 052497 1 A METHOD FOR FORM NG A SELECTI VE CONTACT
FI ELD OF THE | NVENTI ON 5The present invention relates to a nethod for

form ng aveebectismwe contact for a photovoltaic cell usirgTiERI@N/0s0@RAl | Ng.
In addition, the present invention is.also related to a photovoltaic cell
conprising a selective contact forned by such nethod. 10 BACKGROUND OF THE
| NVENTI ON I n conventional photovoltaic cell manufacturing, emtter contact

format i AMEPAOD FOR FORMING X SELEGTIVEROBINTACTMRt i on of an emitter |ayer,
which is a relatively highly 15 doped | ayer at the front of the bulk

silicon substrate having a dopant type different fromthe dopant type of
t he bul KA formation of an anti-reflective coating (ARC)
on topFEEEPk%ﬁgﬁﬁsméﬁi(gw and aligned netallization. As known by a
person skilled in the art, photovoltaic cell manufacturers seeking for 20

hi gher _cel |l perfaormance devel oqud so-call ed selective emitter technology. A
sel 2ct i€ BrEsenérinvHioacrelaigst | s mathedifer dermingen sledlive ¢entac) jer showi ng
differ ﬂ%p[' i jon depths at specific locations. In such
erritte?)ﬂ%%)nt aé{&oérlllﬁ);s%ilea%%ggw?@‘riggped | ocations will be covered by netal
and realize the contacts necessary to performthe photo-generated charges

extraction to the external circuit. a result 25 the efficiency of a

phot ovgﬂ ?QP"&'OEe{F}e RrESERYNYGRPLY %?%é%ﬁ@t@dlto)a/ W@SH‘H%‘%&e'ﬂ §OAPESHht i onal

em tters_e%yﬂ;,?%nygc} forthdd BhSYcHigResbgem tter |ayer entirely covering the
eo

front si t he photovoltaic cell. A common technique to achieve an
emlOter | ayer showing different doping |l evels and 30 junction depths at

speci fi i i r ing, since this technique offers
si gni fiBMém&ﬁagéiﬁjﬂvgmﬁquenti onal heating process by enabling a
very fast and very local heat treatnent resulting in a controlled depth of

the junction at the heated portion while nmaintaining a very | ow overall
t her malln weayentioneah gpheteyatai cell manufacturing, emitter contact formation contains

three major steps, namely formation of an emitter layer, which is a relatively highly

15 doped layer at the front of the bulk silicon substrate having a dopant type different
from the dopant type of the bulk silicon substrate, formation of an anti-reflective
coating (ARC) on top of the emitter layer, and aligned metallization.

As known by a person skilled in the art, photovoltaic cell manufacturers seeking for

20 higher cell performance developed so-called selective emitter technology. A selective
emitter contact contains an emitter layer of a given type showing different doping
levels and junction depths at specific locations. In such emitter contact only the
heavily doped locations will be covered by metal and realize the contacts necessary
to perform the photo-generated charges extraction to the external circuit. As a result

25 the efficiency of a photovoltaic cell is improved by 0.5% to 1% compared to a
conventional emitter contact with a highly doped emitter layer entirely covering the
front side of the photovoltaic cell.

A common technique to achieve an emitter layer showing different doping levels and
30 junction depths at specific locations is laser annealing, since this technique offers
significant advantages over a conventional heating process by enabling a very fast
and very local heat treatment resulting in a controlled depth of the junction at the
heated portion while maintaining a very low overall thermal budget. Therefore in



WO 2011/ 104197PCT/ EP2011/ 052497 2 particular, |aser annealing is well
adapted to process very thin solar cells in the range of 100 m croneter or
even | owewo 2bowrioepanpl e WO 2009/ 128679 descri bes | aser agmaEebemngsmb7 a
selective emtter layer 5 wherein nultiple excinmer |aser beanms pass a mask
i ncl udi ng holes fromwhich then groups of |aser beans are sinultaneously
irradiating portions of the emtter |ayer corresponding to the finger

el ect r papfoudd | a8Re BRhBalitEis! EIPAdBsta TR0 PrEceBRVERY itintddareel e s tsiraHgeect i on
of the finger electrodes.” 10Cbvi ously, a first disadvantage of the above

t echni @fid0DdMicrumetge or even Iasrer al | aser beans are required for

sinmul taneously irradiating portions of the emtter |ayer corresponding to
the finger electrodes, which is technically conplex and not cost effective.

15 A s¢oprtadighativornoogs1 286 1haésdrivestiaseruginsaingfof susdlesias emitter lgyért e | ow
since the | aser beans scan along the full extension direction of the finger
el edtr M@ﬁelnrmalt@tﬁ@mmﬁéawybeam REPe 3dm§§lﬂ\}%¢w§'@8 haleg fram whighethen

it Lexibili . be _ oo
et t oE e e oSS I NANEaRNY), gy, AcHior® SNE ARIRT P,
beans icerrespbhding do thenfihder elacteodesdand adetdie the tHder beacsnarenhovedin thenger

el ectrode lines, that w dth canno e increased significantly wi thout (i)
increa§V§@SFHb§Wﬂﬁﬁ@ﬁﬁ6 ehagé?eﬁégﬂge?n a group of |aser beans passing a
hol e of the mask, which results in increasingly conplex and expensive | aser
systens, or (ii) repeating the annealing 25 process an nunber of tines

al éng Olwiesalemsificst disaduantage of thehabbverdeehride is hetact thatideaviers) laper

overl apping effects, less thr hput, and hi gher ot oval t.ai c_manufact uri ng
oot . BRaE e et SUROLRRBLSHAR R AT e PSS Sl el gV

net hod c@rr@sg@ndig%% peefisgureelcBrsgesir awacisstech@ally complex and not cost
2011/ 104197PCT/ EP2011/ 052497 3 irradi ati ng a plurality of portions of a

doped €&HBEHR. | ayer and which may result in |l ess conplex and | ess expensive
| aser equi pnent. As a second object the present invention provides a
met hod for formng a selective 5contact which may all ow hi gher throughput

and?} dgwe@aﬂﬂi gikatiexythyaiis ticstl thenaratghgiut of Bgcle @ybtenoipguits |6w shagev et | onal
met hods.
laser beams scan along the full extension direction of the finger electrodes in a

continuous way.

A third disadvantage is that there is limited flexibility regarding shape and size of the
20 portion of the emitter layer to be irradiated. Since the diameter of conventional laser
beams is smaller or in the same order as the width of conventional finger electrode
lines, that width cannot be increased significantly without (i) increasing the number of
laser beams in a group of laser beams passing a hole of the mask, which results in
increasingly complex and expensive laser systems, or (ii) repeating the annealing
25  process an number of times along the extension direction of the finger electrodes,
resulting in overlapping effects, less throughput and higher photovoltaic

manufacturing cost.

Considering the above drawbacks there is a clear need for a method aiming to
30 overcome these drawbacks.

Therefore, as a first object the present invention provides a method for forming a
selective contact, which does not require a plurality of laser beams for simultaneously



As a third object the present invention provides a nethod for formng a

sel ective contact, which nmay reduce or even mnimze overlapping effects.
10 As a fwonbh/wbjsect the present invention provides a wetriepdoifioes24bDr m ng a
sel ective contact enabling a better |agcal control range of junction depth
over the whole contact area, which results in increased photovoltaic cell
efficiency. 15As a fifth object the present invention provides a nethod for

form ngrr@d.éﬁrrh@tpwmwwﬁof«@@f @U@pbb%oﬁfﬁ&?éﬁ!ﬂ a@@mcﬁm@@suﬁaﬁ%smy

show fewer detfects conpared to conventional methods, resulting in increased
phot ové&pPMpiex ard Ieﬁfexp@néweyaa@ e@liPmeRbFurther, it is an object of the
present invention to provide a nethod for formng a sel ective contact
wherein the nunber of overall process steps is decreased conpared to

conventpsoadlecord t the predentadnventiint provilesodjnesthod tibe f@prrirsg at sdlestiiat | on
provi des a photovoltaic cell wth 25decreased manufacturi ng cost ~and hi gher

ef fPci @ﬁBSPCt THEIGH d¥ant allowehiaher HERYShRWHe aaloWeCHASES PhjoviiRial (FQ“g
por | OlubEfrRERbEcLohBNRly BlodbaRRaRl etighged | aser beam uhich i s

shaped t ttern correspondi ng o at least a portion of a respective
sel ective contact grid. 30 SUNNARY CF THE | NVENTI ON The present invention

di d f f f h I
col | cBrphi G POISI0 R0RESe0k TR oBDIdER0B 70MoR B PEPIRGhg SFICRME
cont acboh?a\é?rwﬁbhgﬁéé/ el é?/%n%m%ﬁﬂ?z%%’\'/é%bﬁfn dihetgate; b. annealing a

portion of the do contact layer wth a | aser beam said portion having a
2DIpattern corresponding to at | east a portion of a respective 5selective

,f ﬁgt ggpﬁa% ![fgyrrliﬁ OEB] (ittﬁre' 5reegeﬁtn|ntvte]%or% r[])?O\lll 8se ra me d ?orp %rrsr]?ndg a“é’e@&a\)o ed to
contact enabling a better local control range of junction depth over the whole contact
area, which results in increased photovoltaic cell efficiency.

15 As a fifth object the present invention provides a method for forming a selective
contact wherein the annealed doped contact layer may show fewer defects
compared to conventional methods, resulting in increased photovoltaic cell efficiency

as well.

20 Further, it is an object of the present invention to provide a method for forming a
selective contact wherein the number of overall process steps is decreased

compared to conventional methods.

As an additional object, the present invention provides a photovoltaic cell with
25  decreased manufacturing cost and higher efficiency.

The present invention meets the above objects by annealing a portion of the contact
layer by means of a pulsed laser beam which is shaped to a 2D-pattern
corresponding to at least a portion of a respective selective contact grid.

30
SUMMARY OF THE INVENTION

The present invention is directed to a method for forming a selective contact for a
photovoltaic cell comprising:



In addition, the present invention is also directed to a photovoltaic cell
conprising a 10 selective contact formed by that method. DESCRI PTI ON OF THE
| NVENTI ONvO 2011/8eor ding to a first enbodi nent of the pres@mpRotosapti on, a
method is provided for 15formng a selective contact for a photovoltaic
cell conmprising: a. formng a doped contact |ayer at the surface of a

sem conduct or substrate; b. annealing a portion of the doped contact |ayer
with a | aser beam said portion having a 2D pattern corresponding to at

| east a portion of a respective 20sel ective contact grid; characterized in
that tRe | ad@mingamopedeoniact layer afthpsuriece ohe semipendugter sustiaieng a

20 pat Lo SRreaTASrEF o P SRR Aot fordptet Tl ardenl U R Poltpf o

contact gri thavinged 2D-Sattern Ree@spoNding ¢o o diseadpaplion af & rysmdctiveser beans in
order to be able to sinultaneously irradiating a plurality of portions of

t heddoped c&Rtestve capi&ct 9tBivi ously, this may result in |ess conplex and

| ess expensive | aser equi pnent. 30Anot her advantage of the present
invention is that, since with one pulse a significant portion of the doped
cont acthbeaoterizemyindbatihedaserdhear iopgbedandeshapedritedse 2Depattetnst ri al

manuf acturing | evel and consequently photovoltaic cell manufacturing cost
may decrease conpared to conventional nmethods. WO

2011/ 194 384dineh/ HR2HE3LRGA I8 Ftion iE‘éﬂéd‘GTrecttB% 16 APHJIBldIRlc dil E&%pf‘i@iﬁgia Lgat

wi th one pulse a significant portion of e doped contact [ayer

ann@al edlestide chatact fem20-pathaémethed.not restricted in shape, overl appi ng
effects may be reduced or even mnimzed. 5In the context of the present

i nvention, the doped contact |ayer is understood as any ki nd of doped |ayer

at t he gESORIPTIONOF THEENVENT®ONUI kK photovol taic cell substrate, having a
dopant type different fromthe dopant type of the bulk substrate (e.g. in

case of an emtter contact) or having a dopant concentration which is

(o, TeBldito ) HPH B e SRR hreSRAF PR Y el B Bt sopea
cons actorndygra dedéctive(ntéettior e phbtdwe)tair dalinsinmenisingt h t he bul k substrate,

and serves as a conductive |ayer between the bul k substrate and the contact
el ectrodes. In the context of the present invention, the selective contact

I's under st 0@4nisg 3 Woped contact layer at the surface of a semiconductor substrate;
b. annealing a portion of the doped contact layer with a laser beam, said portion
having a 2D-pattern corresponding to at least a portion of a respective
20 selective contact grid;

characterized in that the laser beam is pulsed and shaped to the 2D-pattern.

By using a laser beam which is pulsed and shaped to the 2D-pattern, wherein the
25  2D-pattern corresponds to at least a portion of a respective selective contact grid,
there is no need anymore to use a plurality of laser beams in order to be able to
simultaneously irradiating a plurality of portions of the doped contact layer.
Obviously, this may result in less complex and less expensive laser equipment.

30 Another advantage of the present invention is that, since with one pulse a significant
portion of the doped contact layer may be annealed, throughput may increase to
industrial manufacturing level and consequently photovoltaic cell manufacturing cost

may decrease compared to conventional methods.



15 kind of contact in photovoltaic applications of which the doped contact
| ayer shows different doping |levels and junction depths at specific

| ocati onswaecew@iurng to a 2D pattern, for exanpl e a sel eeCrEr2@miosider
contact of front contact cells, a Back Surface Field on Passivated Emtter
Rear Locally Diffused Solar Cells (PERL), a selective emtter contact on
the rear side of Rear Contact Cells (RCC), of Back Contact Cells 20(BCC),

of I nt g gha t W @dnwuoﬁooﬁ et foend Itr$at(w|BCbn@rpl9§e %%r%hﬁ%bﬂﬂ pbFtiont 8f thigear
Contact Cells (PERC). The 2-D pattern rraé@ave any shape corresponding to

the | aylopad emtagt leyesmay perannssled aacr dbei 203 pedpeL s Vet cesiriaied Gvid of

cont as e pay MR R By oS by R s RS T on et hs. ot speci fic
| ocations. In particul ar the 2-D pattern may conprise a plurality of

parallel contacts, e.g. fi n?er el ectrodes of a selective emtter contact
grid. bothecantext %Ué\e Reseal myRBtion the coped rontagtiavarda undesdned @s\ait i on,

a met hq d6 B%grgﬁ'ﬁ% r SNFESHON Bereif! §64 'oY?h&ﬁ:Lﬂﬁghﬁﬂfv'oﬂal@é’elFQ thate, 2

plurali contacts and where Se a or 1 on havi ng
a 2D patat/mgre dopametstgpe diffeyehoframn the @oipaat fypetofdhe dlilk $Ldoqmﬂahe &b gt n cdse

aral l eI cont acts rradi at ed 2011/104197PCT/ EP2 11/0 2497 6
B al e PO CATEE B BB BRANG PRI 48N AR S ST CHIY Hriake
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corresponding to the 2Dpattern Such may Dbe a solid plate 1 n which an
apédt uféeld {BSkN I hotrueasks tha melmm,ta@dayeraquns I(KDrebGBfBVteBélkeaiaI]WD@Ier an
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and/ or
and the contact electrodes.

In the context of the present invention, the selective contact is understood as any

15  kind of contact in photovoltaic applications of which the doped contact layer shows
different doping levels and junction depths at specific locations according to a 2D-
pattern, for example a selective emitter contact of front contact cells, a Back Surface
Field on Passivated Emitter Rear Locally Diffused Solar Cells (PERL), a selective
emitter contact on the rear side of Rear Contact Cells (RCC), of Back Contact Cells

20 (BCC), of Interdigitated Back Contact Cells (IBC) or of Passivated Emitter Rear
Contact Cells (PERC).

The 2-D pattern may have any shape corresponding to the lay-out of at least a
portion of a respective selective contact grid of any type of photovoltaic cell, such that
25  after annealing the doped contact layer shows different doping levels and junction

depths at specific locations.

In particular the 2-D pattern may comprise a plurality of parallel contacts, e.g. finger
electrodes of a selective emitter contact grid.

30
In a further embodiment in accordance with the present invention, a method is
provided, wherein the selective contact grid may comprise a plurality of parallel
contacts and wherein with each pulse a portion having a 2D-pattern corresponding to
at least a portion of the plurality of parallel contacts may be irradiated.



Al ternatively, the beam shaping systemmay conprise a mrror or |lens
assenbly conprising a partially transmtting coating having a higher

transm t twoeelizmed710correspondi ng to the 2D pattern, secr@mpededsiay7 a | ower
transm ttance area. In another enbodi nent, the beam shaping system may
conprise an optical systemas disclosed in U52009231 718 configured to
anneal in a single laser pulse a single elongated region, thereby annealing
at least a portion of a respective selective 15contact grid conprising a
nunber of elongated contacts. Alternatively, the beam shaping system nmay

conpr i $haping the &ﬁﬂr\k@aﬁbt’f@déﬁ AD-patiatn Mgy Hragehigveth&ybramkingt of REAM pl e

por 01 onBPna i EpFRt BoPERRDbie B bk g BRI oftomabREnelie

20par alheel 20qudtren Ss.Sudhe hasier magy bee aarsonbawtemmSWhmvednermidnturenw gy
and_pul se duratlon I s adapted to the process, such as solid state |asers,
or excimauiagiyegd. @W@P%I%Cht%ri%gé‘? theaya helear ar areBing t@y@-ﬂ h which

f I
o o1 o 890 s BBR AL AR B ok oo AUBe Pl RO HRR! sl | aser
due to the high energy absorption of silicon at those wavel engt hs, and

r ef er gbl 308 n 30 The | aser ene nma belntheraneof 1 Joules to
D euPeTng et dbp BB HIAVAS SHatEa ARaY HoBtRrseng i Ogi S 2530 b6 ums

is optig | d S | o
(i sonSd ghﬁe Birp éypgdrfjg YrakRnitng BhBling! RAHGIESHERRF! 08 PRsrAittinte et

2010/ 1@onresporm|5@mme PBZEter, Smrm.mdmlmma roewver tMnsmaapceaeea i nventi on,
the | aser nay be adapted to produce a projected | aser beamw th an energy
density between 0,1 and 10 J/cnR, preferably between 1 and 10 J/cnR 5In a

pr ef er e @neie driBsdimenhethleasedm eaphty aystenthaRrcdrigmde adaiptiedl spsteroduce
2 as disclosed in US2009231718 configured to anneal in a single laser pulse a single
elongated region, thereby annealing at least a portion of a respective selective
15  contact grid comprising a number of elongated contacts.

Alternatively, the beam shaping system may comprise a diffractive optical element for

shaping the beam into multiple parallel lines, thereby annealing in a single laser

pulse at least a portion of a respective selective contact grid comprising a number of
20 parallel contacts.

The laser may be any laser whose wavelength, energy and pulse duration is adapted
to the process, such as solid state lasers, or excimer laser. Preferably, the laser may
be an excimer layer, more preferably a xenon chloride excimer laser.

25
The wavelength of the laser may be in the range 190 nm to 600 nm, 190 nm to 550
nm, 190 nm to 480 nm due to the high energy absorption of silicon at those
wavelengths, and preferably 308 nm.

30 The laser energy may be in the range of 1 Joules to 25 Joules. In order to achieve
these energies, the laser discharge volume is optimized to typically 10 cm (inter
electrodes spacing) x 7to 10 cm (discharge width) x 100 to 200 cm (discharge
length).



| arge area out put beam of nore than 60 cn2, nore than 80 cnR, preferably
100 cn2, having a projected beamspot typically of at least 1 cnR, at |east
5 cnR2, amsoupitto4m® cn?2 with an energy density between @Ci/reeal1b82497 cn.

10l n a particul ar enbodi ment in accogg,ance with the present invention, with
each pulse a portion of at least 1 cn2, at least 5 cnR, at |least 8 cnR, or
at least 10 cn2 nmay be irradi ated, which nakes the present invention

sui t ablig ahosmbodinsdriti ¥l theesras et |Hvemgarpfth@h@§é?rvmb§/ HeCaGhted tatprdtdée a
t hroughputs. 15 The pul se duration corresponds to an opti num between fast

heat i n@rejectacci@ser hgadi with siroeneyoy digneiy Deiwagened dtane (1) e eitragin f or
r educi f defects, and may be in the range of 100 ns to
Bul LR 66

1000 ns, ns and 300 ns, or preferably between 100 and 200
nanoseconds. 20By using such |ong pul se, ablation of the doped contact
| ayer may be minimzed, while activating doping el enents deep enough in the

mat or i 40 2 STRSER0 GOS8 BRR athen RECEITRY B aBI SXCATIBE 1A56F ASARIACHIO PTRRES ot
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creates fewer ects e anneal ed ndteri a han sh | ses and
gener athesurigea $)rdjlectdcbbeamrspmttt9p|cally lods |esstehcofnbetezdt Vo d:rim2,25|$dhmupt e

pul ses referred enbodi nent of he p i nvention, the |aser may
have: s el wlen Sicrgodennty Bemacdd aansk I GHERE, ween 100 and 200

nanoseconds and a projected beam energy denS| ty between 0,5 and 10 J/cn®.
30 The sem conductor substrate surface may be of any material suitable for
phab ov dh eepartiappt ew@oﬂwnentqumcaajancetwm)the pwasteeulrtvenborysum eaak pside con,

undoped silico daped siljicon poly ine silicaon l,ant e

a1 oo Patpf & Al e b BRRL ALY AR A b SralyBRRRAD SR RV By
CONMPOURNEaGgBdC WHH hitikes IHE r@@ﬂ%&éﬁ@h%lﬁ%@ﬁ)r iSdhdtHaMnaM@acturing of
2011/ 104197PCT/ EP2011/ 052497 8 al umi num ar seni de, galliumnitride, 11-V

conpouRiotueitaisralietad high thkeugRits.um tel | uri de, copper indi um di sel eni de
(CQulnSe2) or copper indiumagalliumdiselenide (Cu(ln,G)Se2) and the |iKke,
mul ti-junction sem conductor stacks, and the Iike. 5In an enbodi nment

acgsr diThg palsthurptien edirdsperds itoran aptiriuhe betweerd dast Mgatings Edretddueing
cont act nay be prOV| ded further conprising formng an anti-reflective

coat i n§itRiPBrofdeRas\ad (ﬁiaHVQWe%IPW GO%WQ\MB fef r‘?‘iil‘éc'BGpt@& fosmeden 9fayer
and anpeabéfd a‘h@em%gpﬁ it PRE "?“éh%adéfﬁ[:%é HE%QH‘OQ(PﬁsaBP IdtREbS iAo Bs Gt | N9

and/ or "passivation ectric anti-reflective coafing or

passi va00ars, dr prefetatly bemyedre! @hgnad200-maglseconde mat eri al or passivation
dielectric used in photovoltaic cell manufacturing, such as for exanple
silicon nitride and/or silicon oxide and/or a conbination of both.

20 By using such long pulse, ablation of the doped contact layer may be minimized,
while activating doping elements deep enough in the material. Longer pulse
durations also enable a better control range of contact junction depth over the whole
contact area. Moreover, a long pulse creates fewer defects in the annealed material
than shorter pulses and generates less droplets or material loss as encountered with

25  shorter pulses.

In a preferred embodiment of the present invention, the laser may have a wavelength
of 308 nm, a pulse duration between 100 and 200 nanoseconds and a projected
beam energy density between 0,5 and 10 J/cm>.

30
The semiconductor substrate surface may be of any material suitable for photovoltaic
applications such as, but not limited to crystalline silicon, undoped silicon or doped
silicon, polycrystalline silicon, implanted silicon, , silicon carbide, amorphous silicon,

silicon germanium, IlI-V compound semiconductors such as gallium arsenide, gallium



15l n accordance with the present invention, a nethod for formng a

sel ective contact may be provided wherein at |east a portion of the

anti - ref lwotzomeloemat i ng and/ or the passivation diel ectripcT@®reoiesprandi ng to
the portion of the doped contact |ayerg may be | aser ablated. By ablating
the anti-reflective coating and/ or passivation dielectric fromat |east the
portion corresponding to the respective selective contact grid before 20
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dielectric. Mreover, since the anti-reflective coati ng and/ or passivation

dielectric can be Iaser ablated in the formof lines with very limted
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can be done now, at wer te ture_ and co tactles sel f-aligned
ot alANABRHE e doPER SONUER e PYEY oliade’ | e cilicirectis; st o ang
to redyges\afieh didedkeess. WO 2011/ 104197PCT/ EP2011/ 052497 9 In a

preferred method in accordance with the present invention, a portion of the
antlD- reflective coating and/or the passivation dielectric corresponding to

t | ' f the d d t I bl at ed

a1 it sebu8nhTehedVeneopliie oL BRRRRAIGh e RYFle T Jie T Pkt ey ¢ ne
doped esdtbast o Gassivation dbleatridgsddm pidtoveIedit @ell invehFaetuting, susH as fémhe
passi vation dielectric, the nunber of overall process steps Is decreased

conpar gAarmple sioemnitdde pneHer sdigen oxidearaiar BycoabiRatiareaf prthson,
conventionally the doped contact layer is forned by 10 high tenperature
phosphor or boron diffusion, or by other doping process steps followed by

hi gh t émpecatdaneefwith aice pmmalunmtldm @ fethdd farbloaming ahsaldtivedepretdct
contact |ayer. However, according to the {;resent i nvention, due to
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treati ront or rear sur em con uct r su strate
with alatmiah)gatedoBgasableﬁmggheLm:fm -r@flettive ecatimg md/onpasmvarwadletmiriqofram

dopi ng, osphosilicate glass (PS ormation obtained fr
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doped spin-on glass formation and doped dielectric deposition. 20

layer underneath ablated layer and the subsequently deposited metal electrode is

decreased resulting in higher cell efficiency.

Further, the contact electrodes may be made thinner because they are at least
25 partially embedded in the anti-reflective coating and/or passivation dielectric.
Moreover, since the anti-reflective coating and/or passivation dielectric can be laser
ablated in the form of lines with very limited width which can serve as a pattern for
self-aligned metal plating, the contact electrodes may be formed with decreased
width. Thinner and/or less wide contact electrodes result in less shadow losses and

30 higher short current densities (Jsc) are gained.

Additionally, since contact formation can be done now at lower temperature and
contactless, i.e. by self-aligned metal plating, the risk of wafer breakage is reduced in

view of the trend to reduce wafer thickness.



Al ternatively, another enbodinent in accordance with the present invention
provides a nethod for formng a selective contact wherein form ng the doped
cont act |wgeniiat4tohe surface of the sem conductor subst patr&po®y/osROPri Se
formng a doped anti-reflective coati and/ or doped passivation dielectric
on the sem conductor substrate 25 and | aser annealing the anti-reflective
coating and/or the passivation dielectric. Preferably sinultaneously with
the | aser annealing, a portion of the anti-reflective coating and/or the
passi vation dielectric may be | aser ablated corresponding to the portion of
t he doped wefarers medyad in 3cgaidanese withitee present inventios, adqartien @bpwiasiimt act

ant - 1R Eodhel ARG b, PRER R ORBHE, YafiSh@ndiia 6 b et 8 neea
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decreases the nunber of overall process steps to forma selective contact
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photovoltaic cells may be for .exappl e standard nono-crystalline and
ml ti - QPyQ??%é‘r fqrrm@?lge@’ép @Q%Q'eﬁcﬂﬁp@%ﬁ'qﬂ-t ype solar cells, epitaxial
si bhcon solar cells grown on different types of substrates, hetero-junction

solar cells, Passivated Emtter Rear 30 Locally Diffused Solar Cells
( PERL) Altearaiiveht, enothertenaipodiewent @b ace@dated MEth(tPERTEseMaokedmit pvidas Rear
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the surface of the semiconductor substrate may comprise forming a doped anti-
reflective coating and/or doped passivation dielectric on the semiconductor substrate

25 and laser annealing the anti-reflective coating and/or the passivation dielectric.
Preferably simultaneously with the laser annealing, a portion of the anti-reflective
coating and/or the passivation dielectric may be laser ablated corresponding to the
portion of the doped contact layer.

30 In the latter case, the selective doped contact layer is formed by annealing and
simultaneously ablating the anti-reflective coating and/or the passivation dielectric
without the need of separated doped contact layer formation as such. This obviously
decreases the number of overall process steps to form a selective contact even more

compared to conventional methods.



WO 2011/ 104197PCT/ EP2011/ 052497 11 EXAMPLE 1 Conventional emtter contact
formng process: 5 1) POCI 3 furnace diffusion at high tenperature on p-type
bul k si | iworzofion4foor mati on of heavily doped n-type em t per/Brayiensayr
Phosphosi licate glass etch 3) depositjgn of SiNx ARC/ passivation |ayer 104)
Aligned front side netallization by screen printing Prior art selective
emtter formng process as described in for exanple WO 2009/ 128679: 151)
POClI 3 furnace diffusion at |ower tenperature on p-type bulk silicon for
formati on of tly doped n-type emtter |ayer 2) selective |aser
anneal Awglettho@rﬁqopé%/mg dgeihesnvenbiepHoay Ifudaere cgmpsise ealigning the projested

et al | 1SR EBRTE R AR B BTl B Badio T o1 i ng. pr ocess in

accordance with the present invention: 1) POCI 3 furnace diffusion

at lower tenperature on p-type bulk silicon for 25formation of lightly
doped M MPHOGkIR QQC@Fd@%ﬁeW'tQ}h%@'[eé@f‘F lwenHa® MayHERET RYMBYISH P&HSINg H‘@er

beam shapgd of thd HB-itePRbhahE r8dioh 6 bRShEaLYE LT MddrR! ofCATGBEEIE feils.

A method in accordance with the present invention may further comprise matching
the size of the image of the 2D-pattern to the size of the portion to be irradiated. This

10 may be obtained by means of a variable image magnification system.

Further adjustment may be performed by visualizing the beam spot on the
semiconductor material layer using a camera, measuring its size and adjusting the
magnification.
15
A method of the present invention may comprise also pattern recognition. This may
be achieved by a pattern recognition system comprising a camera, mechanically
linked to a stage for holding the semiconductor material, and positioned above the
material layer surface. In a specific embodiment, the image from the camera may be
20 processed to locate several (typically 3) alignment marks that have been etched or
laser ablated on the semiconductor material. The alignment marks provide the
precise location of the semiconductor material in the coordinate system of the laser

equipment.

25 In addition, the present invention provides a photovoltaic cell comprising a selective
contact formed by a method in accordance with any of the above claims. Such
photovoltaic cells may be for example standard mono-crystalline and multi-crystalline
solar cells, N-type and P-type solar cells, epitaxial silicon solar cells grown on
different types of substrates, hetero-junction solar cells, Passivated Emitter Rear

30 Locally Diffused Solar Cells (PERL), Passivated Emitter Rear Contact Cells (PERC),
Back Contact or Rear Contact Solar Cells (RCC, BCC) and Interdigitated Back
Contact Cells (IBC).



3) Phosphosilicate glass etch 4) deposition of Si Nx

ARC/ passi vation | ayer 305) aligned front side netallization by screen
printi ng wa@o0ibid19104197PCT/ EP2011/ 052497 12 1) POOI 3 f mcmareowdiosf4osi on at

| ower tenperature on p-type bulk siligpn for formation of lightly doped
n-type emtter |layer 2) selective |laser annealing by pul sed | aser beam
shaped to the 2D-pattern of the selective emtter contact grid; 53)
Phosphosi |l i cate glass etch 4) deposition of SiNx ARC/ passivation |ayer 5)

| aser abl ation by pul sed | aser beam shaped to the 2D pattern of the

sel ect iEvAMMLEt®er contact grid; 6) front side nmetallization by self-aligned
nmetal plating 10 Another alternative selective emtter formng process in

accordance with the present invention: 1) POOI 3 furnace diffusion
at | owgoriventietaltamicteobomatyfoeming progebs:con for 15formation of lightly
doped n-type emtter |ayer 2) Phosphosilicate glass etch

3) deposition of SiNx ARC passivation |ayer 4) selective laser annealing
and | a.ser1)a*PJ.c?@BO’i‘ur‘i’i)écBUBﬁ%@idn?%%r hRjRaTR7PaRRdd Orf NRtypR RAIK &bl &he
selective 'emtier contact grid,
formation of heavily doped n-type emitter layer
2) Phosphosilicate glass etch
3) deposition of SiNx ARC/passivation layer

10 4) Aligned front side metallization by screen printing

Prior art selective emitter forming process as described in for example
WO 2009/128679:

15 1) POCI3 furnace diffusion at lower temperature on p-type bulk silicon for
formation of lightly doped n-type emitter layer
2) selective laser annealing of emitter layer
3) Phosphosilicate glass etch
4) deposition of SiNx ARC/passivation layer
20 5) Aligned front side metallization by screen printing

Selective emitter forming process in accordance with the present invention:

1) POCI3 furnace diffusion at lower temperature on p-type bulk silicon for
25 formation of lightly doped n-type emitter layer
2) selective laser annealing by pulsed laser beam shaped to the 2D-pattern of
the selective emitter contact grid;
3) Phosphosilicate glass etch
4) deposition of SiNx ARC/passivation layer
30 5) aligned front side metallization by screen printing

Alternative selective emitter forming process in accordance with the present

invention:



205) front side netallization by self-aligned netal plating Another
alternative selective emtter form ng process in accordance wth the
present iwoentiow97251) deposition of doped SiNx ARC pageirezbeionsisayer 2)
sel ective laser annealing and |aser abpjation by pul sed | aser beam shaped to
the 2D-pattern of the selective emtter contact grid; 3) front side
netallization by self-aligned netal plating 30 EXAMPLE 2 WO

2011/ 104197 ROCIBPAARACESd1BSioh3 abNBRel | teenperafuiré asn desisd ik 1diliddnagsd cal

Handbook of Photovoltaics, Fundanmentals and Applications, Tom Markvart &
Luis Cast ané@rmationeafilighfly doped m-typglersitedtayeon of a hi gh lifetinme <100> FZ

Silicon f
ori ttor rogrBieiys Endopisiol B Bulssso bRy Ba sipbf vy 7BRkE OF
photol it hogltm)beleﬁbwéhrrﬂ@erﬁidhlfea%em ng P+ enmitter regions 107) Boron
pre dep05| tion 8?1 Texture backside of wafer (solar cell front side)
) Phosphosilicate glass etch
4) deposition of SiNx ARC/passivation layer
5) laser ablation by pulsed laser beam shaped to the 2D-pattern of the selective
emitter contact grid;
6) front side metallization by self-aligned metal plating
10
Another alternative selective emitter forming process in accordance with the present

invention:

1) POCI3 furnace diffusion at lower temperature on p-type bulk silicon for
15 formation of lightly doped n-type emitter layer
2) Phosphosilicate glass etch
3) deposition of SiNx ARC/passivation layer
4) selective laser annealing and laser ablation by pulsed laser beam shaped to
the 2D-pattern of the selective emitter contact grid;
20 5) front side metallization by self-aligned metal plating

Another alternative selective emitter forming process in accordance with the present

invention:

25 1) deposition of doped SiNx ARC/passivation layer
2) selective laser annealing and laser ablation by pulsed laser beam shaped to
the 2D-pattern of the selective emitter contact grid;
3) front side metallization by self-aligned metal plating

30 EXAMPLE 2

Below a conventional Interdigitated Back Contact (IBC) Solar Cell manufacturing
process flow is described using 6 steps of photolithography and a final sinter and



9) Gowthin oxide or dielectric 10) Contact photolithography 11) Oxide or
dielectric etch opening contact regions 1512) Level 1 netallisation 13)
Metal 1 pwotoli/mlkodgr aphy 14) Metal 1 etch 15) Deposit i rcemredialosdbel ectric
16) Via photolithography 2017) Internpial dielectric etch 18) Level
2 netallisation 19) Metal 2 Photolithography 20) Metal 2 etch 21)
Deposition Anti-reflective Coating 2522) Sinter and Anneal 23) Dicing and

Test i ngnheafy bfEpeadi dddcrbed iBRFKcliea HrdHobROf Fidtevolfhtd, FiHddhasitdris ng

process flow 1n accordance with the present invention, the selective |aser
anneal ieng ARplisatiens Toas MarBean &almis aroElgey®rpattern may be used to
formeither N+ emitter regions or P+ emtter regions or both instead of
usi ng phot ol ithography.

1) Initial oxidation of a high lifetime <100> FZ Silicon wafer

5 2) N+ emitter photolithography
3) Oxide etch opening N+ emitter regions
4) Phosphorous pre-deposition
5) P+ emitter photolithography
6) Oxide etch opening P+ emitter regions
10 7) Boron pre-deposition
8) Texture backside of wafer (solar cell front side)
9) Grow thin oxide or dielectric
10) Contact photolithography
11) Oxide or dielectric etch opening contact regions
15 12) Level 1 metallisation
13) Metal 1 photolithography
14) Metal 1 etch
15) Deposit intermetal dielectric
16) Via photolithography
20 17) Intermetal dielectric etch
18) Level 2 metallisation
19) Metal 2 Photolithography
20) Metal 2 etch
21) Deposition Anti-reflective Coating
25 22) Sinter and Anneal
23) Dicing and Testing

In an Interdigitated Back Contact (IBC) Solar Cell manufacturing process flow in
accordance with the present invention, the selective laser annealing by pulsed laser
30 beam shaped to a 2D-pattern may be used to form either N+ emitter regions or P+

emitter regions or both instead of using photolithography.



WO 2011/ 104197PCT/ EP2011/ 052497 14 CLAIMS: 1. A nethod for formng a

sel ective contact for a photovoltaic cell conprising: a. formng a doped
cont act |wgeniiat4iohe surface of a sem conductor substratel/dro@nsmsali ng a
portion of the doped contact layer wi{p a | aser beam said portion having a
2D-pattern corresponding to at |east a portion of a respective selective
contact grid; characterized in that the | aser beamis pul sed and shaped to
t he 2D pagtams: 2. A nethod according to claim1, wherein the selective
contact grid conprises a plurality of parallel contacts and wherein with
each pulse a portion having a 2D-pattern corresponding to at |east a

Becor ai ng & BRIy orfniBd QRGN o TREGLA ehiile Bl ety cast 1

cn2 is irradiated. 4. A nethod according to clains 1 to 3, wherein the
| aser annealing is perforned with a projected beam energy density between
0,1 and 10 J/ c#2forming, aednaped £optrctilayet Alcihg serface 9iQ sgraFeNduEiRy
pul sed | aser bea@hB?ﬁat@' pul se duration between 100 and 200 nanoseconds. 6.
A nmethod according to clainms 1 to 5, wherein annealing is perforned by an
exci mer | aser.b.7 anAeaiidradoaticooditmg doped|contect 1ayer \Bith @adaper searm, Saidm ng

an anti-reflective coating an r assivation.dielectric on top of the
Gopod contact .| pOriainReN R AtnateRs Carraceagting oot I4Asia PoHiEN of a

anti-reflective Q@@éédﬂige%@fg(ﬁ(,e%ﬁﬁjc‘(%aon dielectric corresponding to the
portion of the doped contact | ayer. 2011/ 104197PCT/ EP2011/ 052497 15 8.

A nethod according to clains 1 to 6, conprising formng an anti-reflective
coating and/pr a. passjvation dielectric on top of the doped,pontact |ayer
and pert or menEratiE et nat hedrsardeam S gt Bnd aneBpdiP 85 REPRED: ng
and/ or the passivation dielectric. 9. A nmethod according to claimS8,
wherein sinultaneously with the |aser annealing, a portion of the

anti - r ef | 2ct Wethashecepjdingdodiairm, wheksin the selegiive eentactgiid cpapsisealdl at ed

correspondi pg, bont A RANLT Bht8Lts i AMREENRIE 33kn! FHEE -a portion having a

2D-pattern corresponding to at least a portion of the plurality of parallel
contacts is irradiated.

3. A method according to claims 1 or 2, wherein with each pulse a portion of at
least 1 cm? is irradiated.

4. A method according to claims 1 to 3, wherein the laser annealing is performed

with a projected beam energy density between 0,1 and 10 J/cm?.

5. A method according to claims 1 to 4, wherein the pulsed laser beam has a
pulse duration between 100 and 200 nanoseconds.

6. A method according to claims 1 to 5, wherein annealing is performed by an

excimer laser.

7. A method according to claims 1 to 6, comprising forming an anti-reflective
coating and/or a passivation dielectric on top of the doped contact layer and
laser ablating at least a portion of the anti-reflective coating and/or passivation
dielectric corresponding to the portion of the doped contact layer.



10. A method according to clains 1 to 6, wherein formng the doped cont act
| ayer at the surface of the sem conductor substrate conprises formng a
doped antwenefi®eiorve coating and/ or a doped passivati orctiEpb@aisiser on the
sem conductor substrate and | aser anngaling the anti-reflective coating
and/or the doped passivation dielectric. 11. A nethod according to claim
10, wherein sinmultaneously with the | aser annealing, a portion of the

anti-reflgcty weetﬁ@@tddaarcﬁﬁgllt@rcmfh@s Rags Ievabln%hsqhgelf&%mgvaﬁ antigefectiRl at ed
corresponding to the portion of the doped contact |ayer. . A net hod

accor di ng t ¢oatiyg @ndtdiea passiFaiidaiditectiinameiap oﬁwtchedd@r@ed cont@t:ﬂayeaﬁrd is an
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formed by apgesivaton a.eaa@(ﬁ@cdance wi th any of the above clains.

9. A method according to claim 8, wherein simultaneously with the laser
annealing, a portion of the anti-reflective coating and/or the passivation
dielectric is laser ablated corresponding to the portion of the doped contact

layer.

10. A method according to claims 1 to 6, wherein forming the doped contact layer
at the surface of the semiconductor substrate comprises forming a doped anti-
reflective coating and/or a doped passivation dielectric on the semiconductor
substrate and laser annealing the anti-reflective coating and/or the doped

passivation dielectric.

11. A method according to claim 10, wherein simultaneously with the laser
annealing, a portion of the anti-reflective coating and/or the passivation
dielectric is laser ablated corresponding to the portion of the doped contact

layer.

12. A method according to any of the above claims, wherein the doped contact
layer is an emitter layer and wherein the selective contact layer is a selective

emitter contact.

13.A photovoltaic cell comprising a selective contact formed by a method in

accordance with any of the above claims.



