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THI N- FI LM SOLAR CELL | NTERCONNECTI ON FI ELD OF

| NVENTI ON The present invention relates broadly to a
woreaokomw7ef i nt erconnecting thin-filmsolar cel PGT/AURIVEL00734

on a foreign insulating substirate or superstrate, and

to a thin-filmsolar cell nodule. BACKGROUND Thin-film

silicon solar cells have the potential to generate

sol ar el ect MHINtKILM SOLAR CELLINTERCONNEGTOPbssI bl e

wi th conventional, silicon wafer-based technol ogy.

This is due to two factors: Firstly, if deposited onto

orting substrate or superstrate, the

F'%}%gﬁ %\?g@fﬁ}gon sem conductor material in the solar

cells can be reduced by nore than 99 %wth little

pen@hé prasent ineertiohl relateareoayty tomvwetisidosf ietEfdoonesting thin-film solar

oo RIFRRE K. B ) Bt e SRR T R 670 htr o

moduleduct i on process and further reducing processing
- costs. Wiilst the output current of a solar cell

scales wth device size, the output voltage does not,
BACKIGROUNDI! arge-area (~1 n2) solar cells have a very

high current but a | ow voltage. The large current (>

200 A) causes excessive ohmc | osses, which give rise

t 0 FThindimesiizog\soko ek Isaverthe pbtetitiainioygengtats splapbleeinicitysat much

o O g sl i BoBiePh S i PRSP 83 o Pl s e
to @) thstorse Fbtiy) #vdepgsitdicoriamiedirzd, suppattieg eabstiateabt superstrate, the
i nterconnecting themin, se

] j t hat t hei |t
e SRR S G nPcTBL R 8l EoB) B Lot G B v war
99 6% witheittleaardtpirethecsllls.enthy cinaedmndsfiieétyd Secondly, thin-film solar
cols PR b ek R R B SREREd-H 3, S 2 rocucton
prazeésancrethepreaacidg grdzgssihgecaltposi tion of a thin
material |ayer (first a transparent conductive oxide

(TCO), then the thin-filmsem conductor solar cell,

t hepvragpthBelutdUEQuUirehtrdf.a Sdrrscell Scales avithl dexicarstker, #tehartput voltage
cost|y proces iven,t hatzl:g(gch T

, filmis about as
dogs B S0 d1eae (4BS2E EonalL g el avel frvepr RBR B! but a low
vol&@. TRé 1080 sembmqe oot rcalisyes sebsivd ohmitelosses, which give rise to a
sufficient le%/' ood. | at erzﬂ}. el egt rical conduct apce i th%nt itai
o0 REiSeCael FEeEkn B8 HOBRTbL SYFCPE: Eag g Protowtai
mogiRled byiliding e Reyelareacblay celbmtaniaag (> BOOY emalker cells, each having
schenes have been r_oPosed to d%si gn . .
the same size, and electrically interconnecting them~in series, so that their voltages add

and their current is less than 1 % of the current of the large-area cell.

The standard method in industry for forming interconnected thin-film silicon solar
cells involves three separate laser scribing sets, each preceded by the deposition of a thin
material layer (first a transparent conductive oxide (TCO), then the thin-film semiconductor
solar cell, then another TCO film). This is a complex and rather costly process, given that

each TCO film is about as expensive as the semiconductor thin film.

If the top and bottom semiconductor layers both have a sufficiently good lateral
electrical conductance, then the use of the TCOs can be avoided and instead the solar
cell can be directly contacted. Different schemes have been proposed to design

interconnect structures for such thin-film solar cells.
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i nterconnect structures for such thin-filmsol ar
cells.In WO 03/019674 A 1, a chain |inked netal
WO ndosncosnect structure i s disclosed i n whi ch BCT/AU2005/000734
conductive | ayer applied over2the entire thin-film
solar cell structure is scribed into a series of
strips, which are subsequently divided into individual

i i bi sel fi i be. . :
i 1 SV SR A R R o G ebhieh F R cisclosed in
whiclya corthativémyer applied losgrethe entirerteiagitra tsolae celb siresturefis scribed into

o BB, U S B SRR AUl oty A G LARU BT oo
tregevéredy tid ithou st shebee diréctiont Mhe-cbndiuntise llayer cehtacts the p-type layer

Aol DAL oY eS8 SRl oty et e

laygr @b vies thildee sslad eclhatrlistuas, ent esaviHey sddee throaglathe entire thin-film
rid cul ar ce nge and subsequent . filli .
st B lrs 6 SRR VB AR ofRE ST RsBRbrind bl sSogpor. This
schperoviislbased @l gmonet iwhesersitbahllb @re deadlgtdoped dmtgeriicugar process
h eni.c t Or ¢l in-filmsolar,cells which have
sohh PR B b Eole PR Baigich Surti ciently
good | ateral electrical conductance and which are
for ign_ insulating substrate ot. :
supars: BBl ol RRCl, Ml S Aiafirs pethodely drecty
coofactiite the essenitonductant inorthitdfikn esdlar peisyvivetdeh ehavet kopd apll bottom
intercqnnecting,thin-filmso ells.forme n a .
serbeBPSHr Bk attith g Bripab oeel Blordipiestuc sPBoudidd sy which are
forared dncd foosiyh mgelatngbulistratet dri supéistratesol ar cel | s havi ng
sheet resistances bel ow 10,000 Wsq, the nethod

Smm%@i ng the steps of formng a thin-filmsolar cell
structure conprising at |east an n+-type |ayer and a

p+-type |layer on the foreign substrate/ superstrate,

and . alg e el ' t.ac each . .
cont hEPCRRRNEK Buft o B eBRGE 0t B reb o B Bies BBl s provived 2
medhod bEinterbsnneatiag ship dilratsoiereetls famed-dry @ éoreigneinsulatiag substrate

' partion superstrate erein
or SEBRGRe L AP o, A0 SRBAE 2 ShERRIARL B85, Ll Bl s
resﬁstmmelsm{tmct] d),oecf) nmir;]cg rthe!nse_:tbclﬁclj bb?pﬁﬁngype lst@sem:l fandinghe thin-film
-typ er of the ipiti y for sol ar ce
o o 5N i At laast i B VRF SO BTt 2 -bpgdaver on the
forbrjyie sutsstchté/heugetsiratee dndy®imingr Bhe drainok€ aséctiedit céiftacts, each
coptact are brou [

cofEbhnR bebupRLaf ety 1608 BB TRH Atk bR g sperstate to
a potypetiager oh dhedplcent poftRin 60 MHeAstibstiENe/sIpéRattdBYherein each
ele%g{%i ICélgt‘laB{ isﬂ b‘ﬂgd,f ‘Iatr Isétas i%r pt)ellr?, q‘?orr? freé}:beec’cﬁ/(gInr"n]étfelrilalg1 of the n*-type
layer and the p*-type layer of the initially formed solar cell structure; and wherein the
materials of the n'-type layer and the p’-type léyer forming at least part of each
electrical contact are brought into a liquid phase and subsequently into a solid phase

during the formation of the electrical contact.

The method may comprise bringing first portions of the thin-film solar cell into a

liquid phase and subsequently into a solid phase, thereby forming one or more

. heavily doped first-type polarity regions extending across the entire thickness of the

solar cell structure, bringing second portions of the thin-film solar cell into a liquid

phase and subsequently into a solid phase, thereby forming one or more heavily
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i quid phase and subsequently into a solid phase,

thereby form ng one or nore heavily doped first-type
wW@ei0aniq7§2 r egi ons ext endi ng across the entire PCI/AK2®SS00734

of the solar cell structure, 3oringing second portions

of the thin-filmsolar cell into a liquid phase and
dopedsequedvyipe poltdtyaregidrisd thsh essdend laerasbytheoentiraghishiaess of the

ool P FFR A BB, FRSRRMNRR 8 oL AR M s

typet polatityr aagﬁmi; tWisdreinr espectitee daissljof deatadjacenh ee-solidified p*-type
i [ ly d d f tL ' eqi :
e 1hrSeetion P8 CBro T GG ¥l Afac petween

neighbbympesslageaiss and n+-type regi ons are a conponent of
the ohm c el ectrical contact between neighboring sol ar
cells. The excess dopant atons required to naeke the

p+- Thpexasus dopahiyatems egruines t6 otale tite patype efd hhéype regions
for@gmgpda(g{/ﬁ%g'%%&%gttnga F%cﬁﬁ%@g ri H?IQE r| ggso%? gfsel)%g lbé deed by

a sgippandopndseurc@qui rgd to rmke the p+-type and n+- type
regions formng part of the electrical contact between
nei ghboring solar cells may be provided by a gas
dopané escassaepaiitetoms raplireditd makle th‘e-ﬂi yipee amdinptype yegons

regi on be in in con act,. Wth, ane
for A RErof B GIoBY B P ias] DEGRE AL oBa e A GP LIy pRg ovided by
a gadldapartteblisei s est abl i shed by a tunnel reconbination

p-n junction thus forned. The excess dopant atons

required to naeke the p+-type and n+-type regions

for rrhegret-ttﬂidmedchf-'typel andnp aiybe begisesnnayi babior intighate physical

co el e AL, 5, Pt B AR R 55 oo '

establisHet by f eurfreg revpenbitationngntjirectieh eletis foemkedcont act
bet ween nei ghboring solar cells may be provided by a
gas dopant source. An electrically conducting materi al

rray The ekmldoparﬁmmd reguireb o eake ged’ étwsé anofypt Inegions

forrig Boseried Seiack PR B e RBpo Resl S Ter o PO R hey = spin-

on S6p&it seearck. and locally diffusing elements fromthis
overlayer into the tunnel reconbination junction by
means of a laser treatnent, and renoving the
overhaggesss dopant atoms required to make the p*-type and n*-type regions

forming the electrical contact between neighboring solar cells may be provided by a gas

dopant source.

An electrically conducting material may be locally formed on the exposed

surface of the re-solidified n+-type and p+-type regions.

The method may comprise the steps of forming an overlayer on the solar cell
and locally diffusing elements from this overlayer into the tunnel recombination junction by

means of a laser freatment, and removing the overlayer.

The semiconductor material forming the solar cell may be silicon and the overlayer film on

the solar cell may be titanium dioxide.
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The sem conductor material formng the solar cell may
be silicon and the overlayer filmon the solar cell
woreapshe781 t ani um di oxi de. The net hod may conpr i BET/ALZ005/000734
steps of formng one or nore grooves in the solar cell
structure such that at |east a surface region of one
si défTheahetidd aamyhcanoiseethizasteps of feityipg grel ar iroye @nobves in the
t 1 t surface region_of th t.her .side.wal |l 0
ot el Abiofrd 2LeR i A ST p b8 y R a7 PP S B each groove
hasl ac i itgsd potanityand| #tyleast a stisfabe gegioneofsthehothbatsidenevall of the

orbFRERET oat - SBheRE G A1 e SRR §Bntalt BY8r I eacn groove
sushiltisdtrthé eéspgotive sudhee repjoriseoftthasiizawalid a@nid ddudrisd] €pntact with
of farmng the electrical contact |ayer over each
on&a& errmy conprise depositing a positive photoresist

over the solar cell structure including over each

roagve; directjng a ljght beamtowards th ol ar cell .

gtr euFlétl)§t|:?&§/aaﬁerlsﬁa{e?p\aﬂ;(sgg:?@ﬂsparen§ ande tﬁc’e s’?ep o? forming the

elentidixsd] r edreAsiuperest oedre eadic hgobae sialps tamprisd | gemositing a positive
rti.ons of. the photoresist .depgsited between the.side .

B PL S0 inb o aR T 0S08NS EPa Y i et a ight
behirgtdwdrdarthe rsefay\gafigstiuvturpahtoughsthef traepapdrit subesatd/superstrate
e sed to the |ight heam osi ting. a conductin .
suft JE5C st Ay Ao BRF o FB R nteresist HepRaech bofiaes, the side
walle rdf it sesplective graenpe Giré erpssatietoviakl lighb be@ac hergoviny eéhe portions

re |n electrical contact w th one another nd.
of R gbPoeTicipRaps it fonhpamchsiitor s sgn o dgesr onto the
soln ddilestploddrer &sshstnat At Weast | pongdns of tHeheedpegine BrRNWARY of each

be chosen Isuc.h It hatt tthe. | i ght beam i s absorbe hi n.the ist and
IraQyiearecid FIeETIFAcFANRCt Wik OBE 1 ARP TS AN FPTIRY P RRpofresist an
thes tondueting asedayermh thb@hbiggédistbeam may be a UV | i ght

beam The excess dopant atons required for the

formati on of the n+-type and p+-type portions of the

el ey Wavélr?ngﬂﬂbﬂﬂ”te dl@m tieeanp meat 6eobtmsead§m~.f ' nthaﬂ tiEEO PGt beam is

source. The excess ant atoms require or the
abﬁﬁﬁﬁﬂﬂ$gﬁaﬁ@aﬁﬂ§ﬁﬁ¢l‘ﬁﬁe and p+-type portions of the

el ectrical contact may be provided by a gas dopant

source. The nethod may conprise the steps of formn

£ ¥ 1 Ihe ot o BB lea gsar 2nge SoniySeary fiaybe a Uv
lightcyesmh, at oms on the solar cell structure; formng one

or nore first grooves through the dielectric |ayer and

the entire thickness of the solar cell structure such

The excess dopant atoms required for the formation of the n*-type and p*-type

portions of the electrical contact may be provided by a spin-on dopant source.

The excess dopant atoms required for the formation of the n’-type and p’-type
portions of the electrical contact may be provided by a gas dopant source. The
method may comprise the steps of forming a first dielectric layer containing n*-type or
p*-type dopant atoms on the solar cell structure; forming one or more first grooves
through the dielectric layer and the entire thickness of the solar cell structure such
that side walls of each groove exhibit n*-type or p*-type doping based on the type of
the dopant atoms of the first dielectric layer; removing the first dielectric layer;
depositing a second dielectric layer that does not contain n-type or b-type dopant
atoms; forming one or more second grooves through the second dielectric layer and

the entire thickness of the solar cell structure adjacent to respective first grooves such
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that side walls of each groove exhibit n+-type or

p+-type dopi ng based on the type of the dopant atons
wo@Rooshe78i rst dielectric |ayer; renoving the fPCHEAU2005/000734

dielectric |ayer; depositing % second dielectric | ayer

that does not contain n-type or p-type dopant- at omns;
theftoone sigleowall of eacte fisst avnovey isoompevethodgh neve siscwiall is made

a r
forprh 45%@%@ AQ%)%&SJ nge $§ fge@l%fe é gléC%'é rgfé%%hgﬁeﬁgld% wall with
a pqlehMappolea $o dbewabe @fftl”sadhpamtr stonger mﬁvﬂael first aliejeetdc layer;
S f O

R PR St B T o R SRS fver over
eaoh tvﬁdwegnbgmqvteyswptmnae Ieast tPoeiangpef e surtacgoreginns of the side
waﬂgg gc\&ldte Sd 'réo?l gr'e% Qfétc{r J:&%gét’wﬁl‘ﬁ IlaHQtthEPe

secon rical

cont act Iayer over each WI dened groove such that at

| ea Eidr r

el 2SR NSRS ARl AL AR Bt By S 2 o taver of
opposite miarnarandrtbe botthen lsméraexrdalsl a dopardtdose thatyis at Ieast two times

t d . of
PR T o 9 D RUEE, P RAGP b8 e stos o
fordima rined os enoreafirst sgravvése dgbugivdhe i enise hhigheess fdrthehgolar cell

str?%ﬂ@%%&g %{%I \R}Sué 8Peé<§¥ §|robvé I%?(Pﬁt O(g oog@“ 'tftt]éqg%p P]g based

or mng one O
ontthe tepe |orf dhe mophnteatpnm‘ of te boltem lagdert dsposltmgueed@lﬂcmc barrier

I
IayS bype o\éﬁ%g ggs'ré?%egé{osvtgpe of QH} a%dg%an?mﬂ{go e or more
secdnd hmdvestthmughythe; batépoiyer mpdathéi entize tthickndss of the solar cell
I h ty t
ol UFE s SABE AL B i HOF Py LB PR e wan o
eabtaf rsit grod\@yie remoded bed antaw side hwatkin dersneasf totfnemmh/milened groove;
dopmg sﬁﬁ g%géﬁ%%cﬁaﬁg f %acgrﬁe gc \XSII gﬂﬁ agélaﬁ Py oqposne fo the
typgrafdhe dopamteatomcbfamm battere hayeirdenwadng the dieleotid daorier layer; and
for{;ngrrbgméﬁe \(/)<\4Tléjc Pgﬂ %Oé'{lﬁ Iagg }/?l’g eg{,h lv? 885 ﬂ?@é&%%ﬁghs trt‘nat at least
pottiont loé they perfarde nebmndaqﬁam sidé owatls of thdwwubned @nod\eeyane;in electrical

the dielectric barrier layer; and formng the
Co%tﬁgg‘fv\th 13388&} CAct | ayer -over each w dened groove such

that at |east portions of the surface regl ons of the
sid are in.elec

coniBEECRIToR L IR At eP “PROCH bR CAR iR dfers g provides
a tampiet saér tMEmdemvimmmmﬁdohmttohetagenssmm shaedl eskistances below
10l Rt % 0l S5 4 el et 20 3Ryt o foreon
instidinp &ubeifatd & S\iperstidts Rntli domEiny aclebbt & htgjdd Ryer and a p'-
’typfeolragct-,?rd aonrc]:l gng %rr err%c%e electrical contacts, each contact being between an n*-
type layer on one portion of the substrate/superstrate to a p’-type layer on an
adjacent portion of the substrate/superstrate, wherein each electrical contact is
formed, at least in part, from respective materials of the n*-type layer and the p*-type
layer; and wherein the materials of the n*-type layer and the p*-type layer forming part
of each electrical contact have undergone a ftransition into a liquid phase and

subsequently into a solid phase during the formation of the electrical contact.
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i nsul ating substrate or superstrate and conprising at

| east an n+-type |layer and a p+~ type |layer, and one
wo@roosn19Es8El ectrical contacts, each contact beiPQI/AU2005/000734

bet ween an n+- type | ayer on ®ne portion of the

substrate/ superstrate to a p+-type layer on an
BRUGFABERCRIBTON O THENRRAVINGSIt e/ superstrate, wherein

each electrical contact is formed, at least in part,

fromrespective materials of the n+-type |ayer and the

p+- tEmpbodiments ofthe imkamtion rwiIJ be betieeunddrstoofi anldereadily apparent to

d,.th Pis rm_ng t .of

o o i Shu PRCHler SuCTory B, Kbl SRty gRG0nch v way of
exantpde anlyi godl th mmtlandwtmﬂ]e@mwmgbymlvmim:a solid

phase during the formation of the electrical

cont act . BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nent s

of tFﬁ@urieavletmt 9 are wcheémbtic bmist-sectiorgt dsdwiods dhctnaéiaglial method of

. ski fromthe .
lnt%PCﬁ%lh g&ﬁ% r‘Pﬂfﬁe&;l ecgegl% :?%{T}/eg (51 Ifore n s@ﬁst@téﬁr’gleg:cgrrqﬁgc’:e with an
embodiment obtijeLpresénd mvantidn. t he dr avv| ngs, in which:

Figures 1 to 9 are schematic cross-sectional draw ngs

illustrating a nmethod of interconnecting thin-film
sol digwel 16 showseal Focused tore Bgams (B} rimbge ofnone side of a single

B I

i mge of one S|de of a single interconnect made

23 HialliB 9 sholBrar SRl FRardin bt S ifieebulehs Riadet hfiin to the

enamdmn@trmngord:shletoéTbodi ment of Figures 1 to 9. Figure
12 shows an optical micrograph of a conpleted
i nt erconnect made according to the enbodi nent of
Fi gurigese 112 sh®ws FaguomicalB nahog&pa st lze wapteted interconnect made

ofordbR G i BPmER R 1 Rl on. Just prior to the

i nterconnection.of the two adjacent side walls in the
d corr spond

fi b I
t o iy 48 % sthr Gt ity <RRT BB AERRARIE T another
enmodmerﬂ; @Ctheomalserdnmmnﬂgrs, justiprist toathengterconeédtiodl abfthe two adjacent
ok R TBLI B b PR bRl B o Pawes 6 o
errbodl ment of the present invention. DETAILED

&I{F{"Fl'%%me %gén%cg%m%&{:tr (gli%éla-%\ég ct;rlma dyngirllgsm?lY&strating a

method of interconnecting thin-film solar cells formed on a foreign substrate, in

accordance with another embodiment of the present invention.
DETAILED DESCRIPTION

One embodiment of the invention will now be described which has demonstrated
an ability to produce monolithically interconnected p*nn* thin-film crystalline silicon solar
cells on planar glass (cell structure = glass/n'np*). However, while the process is
described for a p'nn* crystalline silicon diode on a glass substrate, it will be appreciated
that the process is also applicable to other diode structures, including of the type n*rp®,
whereby = stands for a layer of p (positive), n (negative) or i (intrinsic) type semiconductor

material, other semiconductor materials, textured and/or barrier-coated glass, or other
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an ability to produce nonolithically interconnected
p+tnn+ thin-filmcrystalline silicon solar cells on
w@b@nar7gt ass (cell structure = glass/n +np+) PCT/AU2005/000734
However, while the process i 9 described for a p+nn+
crystalline silicon diode on a glass substrate, it
foreigh lindodatiap pubstiaiese dt is Inated: that g erokedimestsalf dite present invention rely
a 0 ructures, Jjne ' ofp t :
ony Iﬂ% IQ@PAI c&?%u%ﬂ?@é gif flg%e dg \PﬁﬁlH ﬁ]%a éeﬂ%#%h&%r L] suited
sem;mosdwotme)s cnysi(amagasuhcoe) bot any (semuqqndscctgr) Wh;qbecan achieve doped

B RIS e Bl 1 D SR SERRET OF  CT Or ofn

|nsulat|ng substrates. It is noted t hat al
esent, i nven

iments of fthe, on rej,. nth
| at &1 Pragess bt ﬁcfgg{)?X%U?I? e?ﬁ‘b ﬁri'?tna;?%résqo é s%lar cell structure
whsmnmamﬂmt Odse iA thelbbtismi it dalyes exteatsdthat off the o™ layer by a factor of

staII ne silic but a em conduct or i ch can
St Pl Haspud. raybPe aier P BEThE eEsh S Hbortih sty used for
othkP dﬂﬁi@ éfll&mreéo with Lduffaédmtedop’éh’edmmw the indndddal risyers, and some

nt a es, to a sqlar I ructk ur
oxIP A OB M oLRcHen d S BRrER emeoriyt Y AL Bl structures
wilt 4166 botiesdridepbeloayer by a factor of two or nore.
However, it will be appreciated that the process can
al so be equally used for other diode structures with
di f fiteghenld sbopetad tieke zdlithe eéhe'nﬁaticff@ui'mmmai sty erfsr, the sake of

and sone .exanpl di fications aof t cesso t he .
clo a5 B e ert Py b @03k tar b hBE Feshell 19 I norizonta
dirbstiodescri bed below. It should be noted that all the

schematic figures are not to scale - for the sake of

clarity, the vertical direction has been strongly

i ncma@ﬁ@b b thuf@ﬁ peed sélﬁr taelcdsmsjtg onhaglash B&Hﬁﬁiria;m(ﬂ with three
re the so consists of a . .
seatui e a e 3 35 oHeTros 6l dened JEDBF FoagieE reion (3) i
sarﬁcﬂmcr%datﬁ&iwéén twmﬁ%a})ny ﬁagédb@béﬂs)(zmﬁeﬂd I[layte)z’pe |§b$—qlfpb%rnd thus, in
adgli B%b?% c{eg l%ﬁne}%@u{\%‘ Qre & (}Ar/g eeggglﬁ FSE gq{awa%/lﬂ g? adlﬁw-reSIstance

oh@itdédntavt oh s GuFatd. fm)rftﬂi‘é?sérﬁé] widsef, lRysr @) rsCer-t?;bb The fabrication of
enabl.es the onmat on_of resi stance ohm

thes BAParvaline SIgH RGN eRr SRl Baglass Bae 4B Pariayaed (ih known

fatin&?ﬁbh'tb&rf}ﬁque-gpﬁ?rf|ﬁ§1é11@@$¢llllrph§§e bnlgtam*satrbh (@Pﬁs)toabrmr\@ous silicon
SI11con N |1 msolar ce as er

at {FMRRrRHERA SIS §Wat 631 PeUReH: 5 owp by %@% £ ﬁgh -quality

pol@b\?&@lhﬁé%ﬁib@{ thirsfkd grep&reBey ﬁollaimé@wstaﬂlbéﬂlcﬁﬂhembd Journal of

NoREBsigive SelescISe-40d: G- G4 B0 yer vt al | e i I} con

thin fllmprepared by a solid phase crystallisation

met hod, Journal _of Non- Crxst alline Solids 198-20 ? rPlp
940 Ngazm angg@)n Figure 2, a groove is formed through the three silicon fayers (2, 3

and 4) using a laser beam (7). The laser beam (7) in the example embodiment is pulsed,
has a wavelength of 1064 nm, and comes from a Nd:YAG laser. The pulse duration is
about 1-2 ns, the pulse frequency (i.e., the repetition rate, or Q-switch frequency) is in the
range of 10-50 kHz, and the beam is approximately of circular cross section with a
Gaussian profile and a diameter of 5-30 pum. It has been recognized that when a laser
pulse (7) hits the sample, it heats the silicon layers (2, 3 and 4) locally, causing them to
ablate (or vaporize) near the middle of the stripe (8) and to melt and then recrystallise
near the edges (9, 10) of the stripe. During the liquid phase, dopant atoms from silicon
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Next, as seen in Figure 2, a groove is fornmed through

the three silicon layers (2, 3 and 4) using a | aser
whewsi(9732 The | aser beam (7) in the exanpl e ePODAUR®RD00734

is pulsed, has a wavel ength & 1064 nm and cones from

a Nd: YAG | aser. The pul se duration is about 1-2 ns,
layerse(2p3land 4)rasgurixasltogether. Theheost @bundarnt slopanitspecigs will determine

’th(at%r%‘{vgéggnhtift)éo%géggﬁbcye)c#étﬁaélisgd ‘gpéoﬁ.%é%ﬁuég th%‘?f-@Be %lg&t%?ngﬁﬂ%‘e in the n*

: roxi circular cross se

layei (2) excegdsstbe artype efd Pdyrendopant desast isthe pther siicamiayers (3 and 4)
. S r i s er. 7 i . .
n [REoBARS SHROARGES o PR SOl stouEhe ) Urdipin e 2
will atla beynodssateiyrig headnnttgpeadbpade (or vapori ze) near the

m ddl e of the stripe (8) and to nelt and then

recrystallise near the edges (9, 10) of the stripe.

Dur iltnig notes! thatjthiecbrptessenayibep amdifieddet sélaoeells having a bottom-layer

s | T .
doft FRB I lonarir e ot ) ¥ PRI cen g im suen 2
madiifiisation, tay dielexfric filer cedaipingalhei dasited idottoarayBeypaislepanteatoms is

. - i + () .
i} YBEoSBE RN, B83tyath b¥ie R 9P (Rl BHGE 8GRl lnt formaton of
thd gipevs, thid wethdestijt in the prominentel o tearboith maayer-tipkeedopant dose in the
e stalli,s Sdel | de- I d 1 .
sidpr GRS S A o e Hralofires B, Bic ™o B plsshic, i is removes
Alteimpékly, | thei sourmet efddedaats mag her e gesssawge nstemddiff @ egin-on dopant
Ia gpr solar cells having a bottom| ayer dopant dose that
YP§ not si gni ficantly higher than the top-Ilayer dopant
dose. In such a nodification, a dielectric film
contai_ni h [ to - ;
o B 4 el oy e R !B BB o Bhocoss, the
powaryeutptd)f.théiabrinated IRy st eayuba tncfeased due o ofducke parasitic losses

sttt ek Rt hBeloH RIS QPR e F g am o te

addifynal Afrderssihgrasgtiemoe isfto tifteodyiceolne etaching ofi thk esetmi¢anductor, a gap

.be&\iﬁ{?rrpbbsearhgggwggapéittlgégégérv %Ifyeacﬁwhgolgpuge‘ﬁea% tﬂglpggée\?ly doped,

ad “of 7@ sprn-on dopan
redBystaltistidn @ppositedrbidrity pedove matle $hisrfgriserquedified imethood tamprises the
above .modi fi ed process, the power output of the
foll]o\gg}gisg%qsed PV string can be increased due to reduced

parasjitic.losse ' M heavi -
P by e AL Sk B5- BRI BERR A dontc e
sudald dfitios Rrgepaeadisinifing sslagcaihareglass;t o i nt roduce, by

etching of the sem conductor, a gap between the

heav ifbrynintphedyrooges| taypegh diie diatElstricdlimrancghé eatimt semgconductor film

heavi | y doped. .recrystal.lj , PQSLL e- j t . .
oy b e SCnited ot SER ABIT b Feh%uEhis ooty doped win
bottdre-ldy@i-typsl dupast apsis. Because the dielectric film is less heat resistant than the
semiconductor material, the gap in the dielectric will be significantly wider than the gap in
the semiconductor film. The dielectric thus acts as a self-aligned mask;

- submitting the semiconductor to a semiconductor etch process and removing a
semiconductor thickness that corresponds approximately to the thickness of the heavily
doped top layer. The bottom-layer dopant type wall is much thicker than the heavily doped
top layer and hence is, in relative terms, negligibly thinned; and

- removing the dielectric layer.
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- depositing the dielectric film containing

bottom | ayer-type dopant atons onto the surface of the
wo anngetesea thin-filmsolar cell on glass; - fRPCTYALZ05/000734

the grooves through the dielétric filmand the entire

sem conductor film by neans of |aser scribing, whereby

t he Retuteingahtws tof Fiduee ¢, cibwsbsuldr alshebe ifofedd dipaidthgi hieight of the

I r- at ayse j el i "

e PSS HRERTD, R, er BRADHECCdMEn G BYGiekt or sicon
laymest €2,i 3lgndt U Tem reasonhfer dhiel iechealieeednitd Ibebéhe thermal shock wave

os A W B R 0 b ASn BRI SORAHEL B
respesiutonihet dentretdiehes dadec brdmg flow af dhe nsadien csilivdo ohateriat Bl ring this

latgrrap&ﬁﬁgroﬂﬁ(})% {h%rm&ité]rgm?teeﬁgln%%%?%oﬁ %fdcé\mn%ﬁlgﬁ‘é%rk\ﬂgﬁises once the

corresponds’ approxi ma ness
terhpagiuley halo fadidn thefpw siljean’s Mbking poinb MHeageultiog phndtuteythbes appears

; Ld_Jj h thicker than the heavily doped top |ayer
I'ké:\%ﬁ%zgﬁ%%%s, in relative terns, negligibly thinned,

and - renoving the dielectric |ayer.Returning now to

04 eyl Bt B 0 AR B ve

axishaith tregpecb b iheeisehbedmessl with she speesd tlagsenssuch, thdt the circular

ecfhEets el RVD alte bitepen St A" AL, PR Viipp region of

pulea@n gy linezagsoave canlbetfemadd, indhe siieah-fdmrie ttecekafalé Bmbodiment. For

ine, BERE oo, ot D ArAE L PRl bidPyos 14, sdP) i Y4 i citance

alohp dine txhexisrbetoes somttiey iof thec nertt grdovenisacammercedl dlhkeymethod in the

recry |lises once th fall en hel ow
ok KON R E R SRR BAEES: 1856 B bl o o
lasapgtetiors | i ke a "frozen wave". By noving the substrate

(1) along a straight line (which defines, for exanple,

the y axis) with respect to the | aser beam and wth
t he Afpeibd fiedtaseof grualestHaatbebh éoraiedqat asuitatedistaneatpatt which is

region, of the bh_pul se erl aps ,significantl ~ 70 - .
det@ l%ed \thlﬁe Frﬁge-ng)leh%ee %%llﬁsggs 999190, h‘g Iﬁféﬁ% nétljcé%qu of the film
and #te loesdsoagsediaten witrethei “‘deadinorf inbativierareh essocatpd @ith the grooves),
tneEREF PRI riaoet 2 W PDigh kR s drant oot bgrier. one exampie
of dicht andiffusidnobgrithes a-Hayer of kditor aitdds (SINhgwith thitleneas30-100 nm)

r Qo i s, comenced. , The nethad in the.exa
o e R BRI EIEL GoP YT (RS PO} Apotner such
exarhglany a allffusivinadiriier is b tayeasfamndspead sgin-onAfldssr(SO@. f i r st

set of grooves has been fornmed (at a suitable distance

apart which is

The sample is then put back onto the x-y stage of the laser station and aligned

such that its position mimics as closely as possible (accuracy approximately + 5 um in the
example embodiment) its position during the first laser processing step. The x-y table is
then shifted along the x-axis by a distance that corresponds to half the width of one of the
existing grooves. Then, a similar laser process as that described with reference to Figure
2 is performed. Due to the lateral displacement of half a groove width, the right-hand wall
(9) from the first groove (8) along with the dielectric diffusion barrier layer (13) is ablated

(i.e., removed), see Figure 3.
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determined by the trade-off between the | osses due to

the lateral conductance of the filmand the | osses
waz®eaiegsed with the "dead", or inactive area PCT/AU2005/000734

associated with the grooves) 10t he next step is to

deposit a layer which will act as a dopant diffusion

bar i the. exmleeemhqzdimeoif theumbtedalondalr the centeraefrthe fasegbeam (11) is

e I ' t.hy -
abla%é fjh s r%tno\/&,ggy %Mrlr%gﬁ%rﬂﬁgg%% J]‘@Cl%@r% {Hgﬁh@gg%ﬁ%@y 80 the laser
bearepd$) thacbrlheé mmq:\ab)sorbAnﬁtcta@r bs assuresd itpitgheflager beam (11) has an
N PR o . . ¢ 0

ap&g&‘;ﬁélﬁ_%@%%{% ?éer'igg O?Hélﬁy[gr{) "86%1 U%@Q@?gtlo?lh Bg‘cl%ﬂ n@%?‘ﬁﬁ% center of
theolasethedragét) stlarge ameund olengrgyds sbshrbedabui n@ar the edges of the

BRI T T S5 et BESSLA) D PRI oo
thepmmitetri obthedasemmparth € 1) isr lsgatédatoethe jpoint ebedpogizatiamp thehaterial at the
bl [ a . .
oade i iy eedb T Ko Sosicol W, Z0Rad, Mpdiged mpterial na
“pushes”dhé stoita mater@l abthe Bdgas obthsilader paing$ &Y agidertoeform dwe “frozen

t e [ with reference to Figure 2 is
Waﬁ%ﬁ%%’ﬂ@é& Bu\geto the lateral displacenment of half a
groove wdth, the right-hand wall (9) fromthe first

gr ogl\é%( % g,e@étﬁ&‘%\r%{"'ﬁéé %F‘%in(ﬂj.ge -%r&og}aq glfoH% i ggpﬁerc% a? shown in

, See
Flguree4 Ekianpyer @opisdiufiferEntly thiek tw&rtsuraathahﬁf@rsntdoe fldre randrthe grooves

ool 72 BB ol | 3o S B g GO Slmen, .

sili€grodiokide fIIrasrmntemaagnd@pantla)tombawmches fdebositedsiorllgsid farm onto the

o5 e H5l e KR bl 0, o) and

solﬂf@ﬁsbystbe’tnabannaahng (fabking’amt hbéeratnteepeddtuiehe | aser
beam ( 11) a large anount of energy is absorbed, but
near the edges of the | esser beam ( 11) a | esser
anoThé whibleesterclyye ilsstheb$0bjbelréd td\a rapldetlsemta,l pritebe (FR'H%) where the
aser

toriRErE ke g rrRT P rTooBC S A Pk el SRR bafo MingiBsy so that the
do;ﬁéﬂe spdges presentirethe smm-bﬂdioplant lagert (r16) exq)aiBmaﬂry diffuséxt into the

! ial that hes”

exitgeR ol e B T o e ot S0 B STRET i SheBrigECe tha e
dopant fatsrms tahe diffused étovhy asllicom stdeonald cab@eeconftdebtéd bg adjusting the

diele tr|c cont ai ni ng p-type dopant atons is
an%ﬁ?ﬁp ¢ dqe 35'9 °§ﬁ%mé f?@*ﬂ % gure 4. The layer (15) is

sufficiently thick to ensure that the silicon fi I mand

the ves. are covered. e "dape 1 a ,

o R SPaSaT oY e i O I afer 13t Femovea by

etdalnlgl in @Nsudiabki sted éblhtnn: (foit exampig hgidrrmﬂu«bnaaa@m(HFy\bnthr plsosphoric
aciazg%iéﬁéf q‘g Bpﬁﬁr&a (thls Qomgm tg? gquﬁag glpalﬁ.teﬁw In ﬁ?&ure Q where the
leftstimarsideanall (108’ doped n-type and is in ohmic electrical contact with the buried n-
type layers (2, 3) of the cell to the left of the groove, and the right-hand side-wall (14) is
doped p-type on its surface (16) and is in ohmic electrical contact with the top p-type layer
(4) of the cell to the right of the groove. In Figure 5, the diffusion distance is shown to be

similar to the thickness of the p* top layer (4).

Alternatively, instead of applying the doped dielectric layer (15), the sample can be

subjected to a conventional p-type diffusion process using a high-temperature furnace and
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solidified by thermal annealing ("baking"”) at noderate
tenperature. The whole structure is then subjected to
W@2008p19981 her mal process (RTP) where the tenpePEI/AUZ005800734
i ncreased to ~900C for a shor'! period of time (1-30
m nutes), so that the dopant species present in the
a siifpble slgpapipzas atmegehere 19‘?16ai+%arﬁq¢>eﬁhﬁhih|e>dqwaﬂff aferg aradifused into

thé Qﬁco‘?lxsri’c@bs Qll Eérgpé cgﬁtﬂﬁleé 'b?%d{’éﬁnceﬁ%@nngghﬂedﬁﬁ‘ne %S’/%V?emperature

t he si |con he dis
Thataanﬁol%n%tmf cﬂ@@@d inra éurtabée §tqh|r@o$1>h§|0@e(fmnstae@m Hfg, giving the

DI & y adj usting the annealing time and/or
StrG& eratiﬂeg Next the spin-on dopant |ayer (15) and

dlfoSI on barrier Iayer (13) are renoved by etching in

t ]
gUe%EI%s 5&31'/ lﬂrﬁ rgsép%nolra&%'ogt: ﬁ(fg)%‘??é F%\Rf?r’e@fﬁlgﬁ )'i§ deposited (by
sp@ﬂmgctnurcree sxamples epdodimant) phte Freosilisan | sideaof sthewpelah cell. The
phgfogéérs‘% I% \M’? ||§ns‘i.1§ ianff tthl@l@ﬂﬁje%Lﬂs tN@tl the %?I@Jn 'a%ddtﬂé’%%oves are

mceectrlc contact wt
adbquat@m caveipe. Nextethe ghptorsgisiolayernid7Lisl ¢xposed terlVelfght ¢t8) through

thép@l?f/% Eﬁgﬁtﬁlls gntﬂe EP\SOH la?%%) @agd4 31 djel4v‘9ki|n1€§]a@a hﬁtuijeﬂ p%if aligned

surface is’in el ectr
U\t maslaclotei thét ¢rixalting sqbedzwb& laawey high)absbrotine ooeffllclen’ooc For UV

the right t he ove. In Figure 5 the diff . ,
oGy it 0L o garh B TaPt ettt Ao Lipe b gl siicon fimes
thdt ftﬁ?cla ﬁhwk@ptﬁbﬁéw nr&#éﬁhefénlﬁ@hnlayémajsyéd mrt;aé eadnple err}bodiment are

_plnteoelectrc t he sample .
iR W S0, cERE ths Skl i b5 GRACRIen) B alneaNgsiC against UV
exposUee65the phowrasidiicoveringipesiidan. e fur nace anda suitabl e

dopant gas atnosphere. The di stance that the dopant

atons are diffused into the silicon side-wall can be
conRe@érh@githMga@ Ushé Dlotbhfslsalm@b‘llsl tAgn Uevaopmﬁlr@movmg the areas

e era ean n sui t abl
of bfBiang! SEit e Brpeet akpperet Y i) gt I S Vet () and the
up érfpéﬁttstdfﬂn@nﬁodatdgahﬂee\/véllhs (Mexénd @s) aﬁseébveredgmgmmor@asam?) and the
i ve" phot SISt i s, deposjte
xRS R T e LU OF 7 i soreR s Wy and (16)
aréfréefrem dhbﬁ)ré@ét_ar cell. The phot oreS| st layer (17) is
sufficiently thick to ensure that the silicon and the

grooves are adequately covered. Next, the photoresist

| aygefe(rﬁﬂd tb S:l?.)f@@@éi thiA @Mohlogmnrﬁ)l%)yeﬁ T @U@hcédmmve material

(@i rlé)’e é%e"wﬁ'&tﬂﬂwgrrﬁe@i}%t sn.Jﬁéer P RGPoRIsnedT sputering

ovér’flﬂé eﬁfﬁé&b@%bﬁéﬂé éTltlHé a@\nc@ Theamaal Maklési.}lhtlmbféoéd@ﬂté& Wlth the glass
coefficient a. aSi is about 108 m 1

suw@t%mﬂrétwrpp\g%@nedﬂ@ tﬁ%@xwﬁ&%%w tes.ghivep H“E'dh‘type side
wallé (1Barid ) ofttR doltr GkRY ot Bider 8fledtheldiBowd. | i con | ayers

used in the exanpl e enbodi nent are

The photoresist (17) is then dissolved chemically, whereby the metal (19) on top of
the photoresist is lifted off, leaving metal only in the groove. The sample is then rinsed in
water. The final structure is shown in Figure 9. The metal (19) forms an electrical
connection between the n*-type wall (10) on the left side of the groove (which is in ohmic
electrical contact with the n*-type layer (2) of the corresponding solar cell) and the p*-type
side wall (16) on the right side of the groove (which is in ohmic electrical contact with the
p'-type layer (4) of the corresponding solar cell). The entire structure now consists of k
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thi cker than 50 nm hence the silicon acts as an

excel l ent self-aligned mask agai nst UV exposure of the
wWEhboto1est st covering the silicon. Referring tPCFAY08000734

7, the photoresist layer is tlRen devel oped, renoving

the areas of photoresist that have been exposed to W
indlvidylat solsrocellbah thdearae blass nubsinate (1) Avhiamdre dlectrigakyinterconnected
in ea.l%s of the doped side walls (10) and (16) are
over ed by photoresist (17), and the exposed substrate

|n the groove and the | ower parts of the doped side

Fot WPk s BREotfRhe 31 o FRERTFORPHE bR Bb n cepg to s

poiof, mwﬂidne:apm_euawdethaathe(eahwyl e otherr nvayhl eof facaleping a structure with
theggrﬁ)?quﬁlq,?g)f)}ssiqﬁtlp&gry&g? B2 g‘ffc%sg %egqé%%gr %tdegﬁnt?e(r? W|thout departing

op surtface of t
frorhitee spitibdr stake sf ihratpremnemuemttoact with the gl ass
substrate (1) in the groove, and with the exposed
portions of the p+-type and n+-type side walls (10 and
16) Usingtthe psedeas destribeddn tiee bbeve sxateplefenmbveingerdpa erototype PV

he .ph '
ol BB GRbeude Fe) o o, By BB Rl o on @ gess
subdstrbtee (it £, 50 @@n i-ng0 mein@l Tren Py mdmleehegartmw indhvédual solar cells

i n_ wat.er structure is . .
S RNE AL N M TR, TR W
celBONALflchSiireBaINIBES sbie slirulatpp dightInter(skP comesgdneingebtmidday sun
oS o BT ek BB GRS o s
of t%@rsbﬁﬁ)ﬂ@ rtigk B8 §é1| iArhé §ir||n? o?ﬂﬁbt%é&n@dsdré@? THed®,Wabdsured across
e gro

6onther| ht si ve (wh
theowh%'e ningieen icg 'Sc%wai&? G SHM; fet qucﬁpPé tF%f&PS (N gpeasured
indivitRialR" ITeRP Qdefimes SRhertheesttihg dhesoritt icels SiesUdlesh e successfully
now consi sts of kindividual solar cells on the sanme

intejPR¥eClipstrate (1), which are electricall

. . y
i nterconnected in series. Wiilst this enbodi rrent of
the i nvention has been described in, detail

poi AROtEE PIRIQY P, EVAPRHWE NaF Saep RAAMIeer Singh Ryt figieam (Fie)

mlc\!?@é/c%p9f SE 'F'ngJYé NQ. Befdré UK Wickurdi dfhFibies €0 I=ePEkén, &5 rectangular,
sllqhtl varyi ng the process sequence as descrii bed

apwowmﬂy aepta’ﬁtlwr@gtrw%waﬁm@&. infa ther saseRip dusing agcused beam of
galgté Sl@ﬁé) ré\)é%ﬁﬁé Ql'ﬂe c%s%cﬁ&i%l RhAEE BF tﬁ’@%@Hp‘RﬁdTHen IdcBfon of the

exangﬁ dinment, a prototy ﬁe PV nodul e has
trewewasﬁ &ble t%@hfthqtrth@ trﬁmgmurtsrﬁhmug Ithe ciehswal regien of a groove.

Forsihle' Fqgmsn%ﬁé F F%@H 19%@ SQH\%T%SW%J bedd By 25( itk ‘?espeéptonfﬁb primary

has twenty I ndivi dual solar
Gac@m@am érd'IGrFl@alm%@echh@Wéctrb@F opp seeliqnedhe fiifilm crystalline Si diode

strlﬁ’cﬁ’@% (;:2' 3¢ lri'),t th% Ohb € ahd Loy RAligddn &l &FNreRfont N®) at the edge of the

groove, and the metal (19) sitting on the glass substrate (1) in the groove and rising up
onto the heavily doped region (16), making electrical contact with it.

Prototype PV modules were also examined under an optical microscope at
different stages during the fabrication process. Figure 11 shows a transmission-mode
optical micrograph of a groove after the photoresist was removed from the groove. It can
be seen that the photoresist (17) completely covers the silicon film (2, 3 and 4) including
the raised, recrystallised doped areas at the sides of the groove (10 and 16), while the
glass substrate (1) in the groove is totally free from photoresist.
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cell's was neasured under a solar simulator (Iight

intensity corresponding to mdday sun on a clear
wGever978ay), as was the VOc across the whol e POTOAD2005/000734

(Due to the -geonetry of the da@nple, the end cell in

the string cannot be neasured.) The VOc neasured

across the whole nineteen cells is equal to the sum of

DR Rl B S8l AL g, pomt

intaumrestsémjdttyel Titree citstinetorbgidns Areotleany ‘pisiblteotryepmaﬁvcted Slllcon film

(4);2})1 Idgﬁ&e&&glske)g ggcr% gl[%eéje o%)@ea Ifgge&%ﬁrse&ﬁﬁg Qd#:&{bﬁﬁ@@}&ﬁé @0 and 16),

andFitgeimeetaDfiliag thakgroovea (1Hcirarigurart2 a;;pmiah widtie|of Qe feature is -
nm|o ééench was mlled into the sanple (using a
apRrg¥iTeisly BR4M- of gal i umions), revealing the
cross-sectional shape of the sanple. The | ocation of
the trench was sel ected such that the trench runs, ..
t hr BUGRE A P g aRarTe: g Be BF desgis ENERsraBR o dawes 1. 2
and ﬂ@%aﬂff\g gt F tAi6 entbldeinsemiTyl the Bigatioh Irtatidet jn fgurewl} Which shows -
res

b
2 QAR IOTHO Y SeEToEEL WREPEY i (el Bl 7 Hpdogayertype
polﬁht@dﬂleﬁﬁ raURl/er 6f (o}b,-la)'&’er-tﬂr)e spih@nn@dgaad isaapblied to the semiconductor
rec%stalll ed SI|ICO t he

SRS S0, Ui (R A< (2585 P 1aRpeg A En P dag et SUEh that one
S|d§ b&@‘ﬂtd’f #eefirsfliypé yrddve ig f@@h@d?ﬁﬁﬂ theSiengsitk walh ob tHeheidened groove

oped region (16 Iectrlc
so darciect Q100 Sl H8) Biaretinler aRebeEaRsing But e aver @
Alt@iafftly, GRé s&Uﬁb@O&C&tﬁ%nﬁ mdyfb‘eezﬁ @fab sluegemstdadiolc spie-on dopant
fabrication pr ocess. ur.e

vy derPs<lian ST eoB e T Eeg 1 gy TG PoRneglen, o6 ey gy adiacent

sidtNRaIRNAtRE@SI $3 byas nickdioiads fre@Pet @iy Gevetidd edtrespending to
seen that the photoresist (17) conpletely covers the

Figgras &®rP-fi Im (2, 3 and 4) including the raised,
recrystallised doped areas at the sides of the groove
(10 and 16), while the S strate (1) in the .
gr oé'V@thPE‘.ei‘%’f‘%J?Ie;?ntfoFEBe’% 'id’ g’le e€§f'l§‘?°( W?t@u‘fr}sreffe to Figures 14
anéhws ngu'?@ficﬁciﬂ@é”ﬂﬁé@esw%d%aﬂ@lly caim;slbteaogﬂ@rpbmﬂa‘ct am this example
npl et'ed i nterconnect structure i Sti

embe@rwﬂ& @le ig) Bgr foayeign Jngylating ﬁ*ébsﬁfﬁgﬁ g%rcts%e@ r?t%o?f‘ which  the
seichAdAar n o o‘Fl%‘* ) soléﬁbélle(@zr 63, o tidkdrine 8 ATRE BEsk black line (65)

regli ons at ges of groove (10 and 16), an
|nd!qaé‘35nﬂ§@é¢cat|pn |of ng wﬁeurgqtl@av@oteibat the R-TFjugGtien afzthe wat'al solar cell

conigte‘akalw fen beloéalﬂé:goﬁﬁ%Hﬁ ‘Payb% P%ﬁ&'(@@t edey sRBwsMhe loc?]tlon of a

exanpl e I ment now descri bed whi
lasee bearadort iormatipur efsa first et ﬁﬁlae%/vhes@%)f ’tﬁer@%’& pRlaktyin these lines

coﬁ%gp%ﬁggfﬁ?ﬁbpgﬂhe Ip3ttbrGayh (681 le?NisTtRE bbRRIof e ds@HbBard; and (68)
is the melted and re-crystallised bottom-layer-type semiconductor region. The laser used
in the example embodiment to melt through the semiconductor films (62, 63, 64) is chosen
depending on the material from which the various layers are made. For the case of a
crystalline silicon semiconductor solar cell, the laser used in the example embodiment is
frequency-doubled Nd:YAG laser operating at 532 nm. Note that the laser beam power is
adjusted such that it is not sufficient to ablate (i.e., remove) the semiconductor material

but merely to melt it.
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a groove fornmed by | aser treatnent, whereby both side

wal |'s have a bottomlayer-type pol arlty Next, a |l ayer
wotisopeayer -t ype spin-on dopant is applied t BCT/AE2005/000734

sem conduct or surface (not sHdwn), and a second | aser

groove formed adjacent to the first, such that one

si dén wed Foroitiomef fthe ditsttagp of drotomdayes-typentivasd (68nd diglectric film

oo S SRl gl 5 O 2R e IR LSl ece o
the tap taypr (Bd)eThisdinodifitatimnniat prefeimed foheo@olscehisa heting a bottom-layer
dogé)rﬂad%%g t@ R&rﬁ%'%fé ? gﬁ]%r 'tr{é%ttﬁ?qoé) ﬁid?ﬁ 983e The dielectric

opan ructur'e
filnfringthe enddicationt @illdbam be tcliad t[yfe 0] P%Tl?,vwchdiyaia’relmﬂ nst aldate when the

<ot bbb BB A By P o R R . o st
paaﬂalntpﬂt@nelaberdhynemnewaa) an®Vorined dysoearsed thetldser processing. Then,

the Slsa?:&fg%‘?m i€ rézﬂ'l&?éeteé é% rﬁ&ﬂfléus Rroc%&u rA(?tte#%tl{lélk "l‘l’?’é P%a%sts required

ercon
to ke thenfsittypd §t’n):>e ingaytbeeprbaided gylalgasmtatsong:%ubst rate
(or superstrate), on which the sem conductor n+pp+ (or
p+pn+) solar cell (62, 63, 64) is fornmed. The thick
bl aﬁgdré N8 ilUebjtes e campletadhisteanatctdn thi$ exéraple-embodiment. The

h I
arbleb) BlionteR ol e Bt WREh S Budtled B B i oentre 70 i
sligHly eiffset(ff) trmmén(rGEJ)‘ the(f&@t)lasmmmnt 68). Theafffsetrbatfveen the two laser
oo 55K SRS A FRLAGRE B bk el oB8 hiBunen, oo (o0
mdets twhitat theftoph@/eln{bmeomelltagreamd(&Z)ystaﬁlﬁégi stepe {1 )cé'm1Br jenction (72)

d
velocty it St aibd i | Ay e EyBESednp b Bfuclily, 69 '8 @ wne
redo@gpiation Tia juadtien wBIehI has alhmstemamm bemmmlemeanhED improve the

onfiis beliPvist st Adieh PeeR R iup e Po g B TiopEEdany o deposit a
suitabieé €lus ohtaythe Solir eclinfde instamce tahtitaiamediotide filom ysthel dasaeof silicon

n_sem conduct qr elaeru | n
sofh g B AP VB arT N T Ba0e RGNS 4 R TRt bcombinaton
juricaseby meansibi anisat tr&3Rentand\dten to harhotenideloxskayebeam

power is adjusted such that it is not sufficient to
ablate (i.e., renpove) the sem conductor nmaterial but
mer @ yhet formatidn oftthé nog-heef-gpestripen70Y, at dieletiric dayes ebntaining top-

laygg-h{pgiraﬂlpﬁ te%@t or:’?}gi/l o q%ﬁg%d 8@1&%% lsg ta{:lj%%ﬁ'&-'f solar cell (64). This

mddificktied liy paeferted asi tsetéromu@ lidvings ar fopdayerf dépemt tdie that is not

A (64 atio ref red for | ar

s ST St P Tof B S B 55, B S i rocess, e
dieSd iy ﬂ‘lmamrﬁérycd“rea bgre.d. h:arrP tdueh ttioy-if \am evot dblpenivheo s solar cell is
Iasggﬁggtleg;ﬁlger tlvlgtylpthr[e]slglugﬁtc{glﬁénrﬁg He\l)ol Ileﬁ \Agﬁ{\%qrgﬁadl]ags%r treatment
to tien the top-layer-type stripe (71), the dielectric film is removed in the modified

process.

It is noted that in such a modified process, the semiconductor region which is left
exposed after the second set of laser processes (i.e. the region above the top-layer-type
stripe (71)) may be metallised by e.g. electroplating to form an ohmic contact between the

p-type stripe (71) and the n-type stripe (68).
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solar cell is laser treated. Alternatively, the

dielectric filmmay be left "wet". Next, the set of
w@arahieB2 bottom | ayer-type |ines (68) are forP€dAD005/000734

means of the laser processingd Then, the dielectric

filmis renmoved in that nodified process.

Al t Atterattivedy) thetdopants pequtiredrte makedite secomgkype $tdpe may be provided

first- e stripe may be provided by a gaseous source.
byﬁ@&%%%@%%?%ﬁﬁ'ustrates the conpleted interconnect in

this exanpl e enbodi nent. The arrow (69) indicates a

i:ﬁﬁf %‘A(@?S{)eerﬁagl%gqn%raﬁ@h@%g# ?hsegt)ljo??%?nm?ﬂ gg ((zjﬁeff]b?%rgiygrﬁo?iﬁeed for solar

celfsi has/ingl aa bettorbdmyer (673Nt dbhe theft fis wery Isiiles do thentoptlayer dopant dose.

o 3 A BNy 50 KRR B M e prov

throur Utdiyieg atggsémmelrsien leaaaddoping (Bt B) systerd ta fabripate (e laser treated

o, B SR AL BFI GBI B R LB AOROS oo coning

reconbi nation p-n junction which has al nost ohm c

behayi To, f N h - - _
tun e $piac 55 HapPHn AREBHSse Mty SHEGRRAIEYL B bsdl Trventon
aredgpially o rectanguitdrestapemwitht a leéryth $ coaresaiding( pwroximately to the

i pstance a ti.tani di. oxi ' i .
engy o2BR e, SRRECIB Y Bc1ad Thaf o2y BRGsEh anc 2 igtn w of
abduiel-Gviand. ayds (hartaw)t Wigth i ckdsenebecdoseatndar puidadri iBumination, it

RS S 8581 T PRS0S8035t i o
dosdd lapers O the, sotardiekd aad paresitialossecassbaiateidngtht thpledge regions of the

t dapant, at ons be deposi t.ed . surfac
solp B BF Scah e s So SR ket PO Brd B aiep g fref there are
300-2006 aldividuztlsbiar kals elgciaichllypinteagaminectep dmisedess dotntiag ai single PV

go% significantly higher than the bottom| ayer dopant
MORY€e. I'n such a nodified process, the dielectric film

is then cured by e.g. RTP, such that it will not

abl at e en the solar .cell is lLaser treated. .

Al t BHRAR INFeRYge RHRPE; oRElar b 1Y Y%taﬁ%ﬁe@‘éeel”e?? tw,gpd terminals
of btRY niddelel @seatadh e@toedl0 Voltd. ahiw danecausp shfeyiehazaygeeand should

v SRP a9 SHOL ol ) ol bl itron

‘empb@iemts of the inedrition bl atiding r“fgdedhlingsi tohthe ssohtekct lines whereby the

._exposed after_the secon et of |laser processes (i.. e. ,
fingR TR e g st P henotany fays e, oRESE RS CTRS s combrice
str@c&ur@ﬁ‘bﬁb%th&ﬂﬁbs&}f atedirodes enteaoplcal,iwrerétny therfimgars afithe dirst comb-
. copntact between the p-=type strjipe (71) and th -t y.pe
“k‘“sFFﬁ“gléfe( ¥8) RF Sl M ‘ﬁetfﬁ‘ e@g%faﬁ“?sger°8a€i°r‘°gﬁ’"ﬁ‘8 Siiggre. The
paitahé€l fgesnst-dagP eomb lard piralbyban intevvorthedtirny“basigars eknesbusbar is the
sidgovldglf%f the contact line with the same polarity as the finger. Interconnection of
neighboring cells is achieved by either the metal in the grooves (whereby the n-type
busbar of one cell is connected with the p-type busbar of the cell across the groove) or, for

the embodiment shown in Figure 15, the tunnel recombination p-n junction.

It will be appreciated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly



I n anot her exanpl e enbodi nent, the process may be
differently nodified for solar cells having a
whoisomBayer dopant dose that is very sim | arP€DAUL®S/000734
t op-l ayer dopant dose. In sucl® an exanpl e enbodi nment,
the extra dopant species required can be provided
desdribedghhaipidsesi egbedimastsiateetheiefie] tadwer cansjsierayl inGlILBSpect to be
- i cate the |laser treated regions, the gas
”“g%%@ggﬁﬁﬁﬁﬁa 6#%géspecies whi ch produce either n-type
or p-type doping. The solar cells created in
accordance with enbodi nents of the present invention
are typically of rectangular shape, with a length /
correspondi ng approximately to the I ength of the gl ass
substrate (typically 50-120 cmin the PV industry) and
a wdth w of about 1-3 mm This (narrow) width is
chosen because, under outdoor illumnation, it
represents the optinumtrade-off between resistive
| osses due to lateral current flowin the doped |ayers
of the solar cells and parasitic | osses associ ated
with the edge regions of the solar cells. For a
| ar ge-area gl ass substrate (wdth -100 cn), this neans
that there are 300-1000 individual solar cells
electrically interconnected in series, formng a
single PV nodule. Due to the | arge nunber of solar
cells, the voltage between the two end term nals of
the PV nodul e can reach up to 1000 Volts. This can
cause safety hazards and shoul d be avoi ded for
particul ar applications. This can easily be
acconplished in different enbodi nents of the
i nvention, by adding "finger" lines to the contact
lines whereby the finger |ines branch off
perpendi cularly fromthe contact |lines. The result is
a conmb-like structure for both types of el ectrodes on
each cell, whereby the fingers of the first conblike
structure are interdigitated with the fingers of the |
second conb-like structure. The parallel fingers of
each conb are joined by an interconnecting "busbar”.
The busbar is the side wall of the contact line with
the sane polarity as the finger. Interconnection of
nei ghboring cells is achieved by either the netal in
the grooves (whereby the n-type busbar of one cell is
connected with the p-type busbar of the cell across
the groove) or, for the enbodi nent shown in Figure 15,
the tunnel reconbination p-n junction. It will be
appreci ated by a person skilled in the art that
numer ous variations and/or nodifications may be nmade
to the present invention as shown in the specific
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enbodi nents wi thout departing fromthe spirit or scope

of the invention as broadl ydescri bed. The present
weedysdigtent s are, therefore, to be consi dered P@I/AUR005/000734

respect to be illustrative add not restrictive. CLAI MBS

1. A nethod of interconnecting thin-filmsolar cells
CLiAdMBed on a foreign insulating substrate or

superstrate, the top and bottom | ayers of the

tlgi O]E)i | Sﬁ*@tﬁr&d ‘6?'&% c%ﬂﬁé&ﬁﬁ ﬁ'ﬁrﬁ-ﬂn{ %%laﬁt@'\g%rrﬁ% N a foreign

SI ng
institating rsqbatraﬂeu cpr-sunaﬁstsaieathed@w an@‘,bpﬂm daseer% @fﬁgb\eu tginfmegolar cells

ha\flrg(fgﬁee?rr] talllé/egeoe S 56 Pg(??%%é gﬁ'&gl Mrlégﬁ%{%est%s of

strate Supé€ rm ng
el efrtrmlmga\b tbmFﬁlmcstcﬂar ealcsttrweammmalnggableaab@m naftypeHayer and

t. rate/ superstrate
a gxy%e {8){ Wrb gr%lpﬁgkgél%{e%[xgcen I%Pl on of the

subﬁimm’igabaapcmmbreate&:ctndaécenhactsaelacblQemltaotdmlng:@atvmn an n’-

forned, at a ctiv [

’cyp(f)ef Iatyﬁ% Qan, OPﬁpBO’% 5 ?f Qheo sphstre(tégpbégﬂggeytetér) % fﬂn—%ﬁqgé lgyé' on an
adjapet pdrtign 6b’thnsfmhbstrlamfsupelré.tr$e ructure; and wherein the

mat er ial.s of th e t I

f or Mi ﬁﬁe"&techagt CE'C? { %8%&18@3; ?orﬁ’ﬂe%t rgl?gggs conp gg’t %ﬁ{ respective
malberizlg lof thentnd-tgpd layer cindhtas ep dyple $aumemmbatlhylallynf®mmd solar cell
Strlé(gl | d@ﬁgase during the formation of the electrical

2. The nmethod as clained in claim1, wherein
t hevwhietehmdzlqe:mabasriasesf thei n’fg’y;m@ldyier and ;ﬁmp’i -typs layertforming at least

thin-fil olar ¢ u
paty 3 Sathaerir ot hofis! el o InBHERGsPaP supegmonty ino o
solaf pmayead Urathk fordagtiot dfithes eletirival q:mitaa:ti ty regions

extendi ng across the entire thickness of the solar

cell structure, bringing second portions of the

thia-fil Frhscvh@thodealslclélm’ed uaclaquUi Whprfmsmeanr@thod comprises

sub uent |nt a s
- REPRRCt i 7o MU R SRR R Rl pppse anc
sulﬁs@(ﬁladtlﬁnﬁ@s&sdllb@m%; nheréﬂyl fokmegwrxefortmereskndaamlycdebbd first-type
uct ure | ocat ed .adj ace to the
popalbEals g boRss e Fl SRS ing PobP Falsimyeture,
V\hebﬂnging&sewatil pertipas ro tbé thimeflladjsalaerdellrletcsal lighidl | gchse and
|on d e regions are a nent
subtect bl riF o g CiasEaineLaiit o bectee B ede SRAER! figpeo secona-
typeQdadritg @edidns that extend across the entire thickness of the solar cell structure
and that are located adjacent to the respective heavily doped first-type polarity
regions; D
wherein respective pairs of the adjacent re-solidified p'-type regions and n’-
type regions are a component of the ohmic electrical contact between neighboring

solar cells.

3. The method as claimed in claim 2, wherein the re-solidified n*-type and
p’-type regions are in intimate physical contact with one another, and electrical
contact between neighboring solar cells is established by a tunnel recombination p-n

junction thus formed.
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3. The method as clainmed in claim2, wherein the
re-solidified nt-type and p+-type regions are in

WO niosiret762 physi cal contact with one anot her, aP@I/AU2005/000734
el ectrical contact between ndiBghboring solar cells is
establ i shed by a tunnel reconbination p-n junction
t hud. f or Tad. Methtdeasrekaimed ars ctHimi 3rewhéneire bai ete@rically conducting

oSl RO RE b RAEptd TR Erdbrdfied BEHnY ana o

typetreiope. and p+- type regions. 5. The nethod as cl ai ned
in claim3, conprising the steps of form ng an
overl ayer on the solar cell and locally diffusing
el egents Theamethbd aswlamedye claimt3o comerisingrile¢ steps of forming an

conbi atl nct| on ans, of
OB Bt s el by TR R0 Rile T b A i SRR Rl the
tuninel r@bambmalon/\;hectmnrbyt rhearssesfiad asal drebtmentparet ieadovingrthe ngerlayer.
the solar cell is silicon and the overlayer filmon

the solar cell is titaniumdioxide. 7. The nethod as
cl abnmed [The elethad 25 clalverddh elairh &, @keressthd spanidondtictosmaterial

o S o e U BB 5 P Bl G ar o

nei ghbori ng solar cells are provided by a spin on

wneroi o SHe ML HapiRin arbRe. Fofi Oe ReSsrdpraoms
o o e ae o cpa P Eo P T are
Do iieB 0 AR e oU s 0gy BEs o oAt FeiSes

claimed in claim3, wherein the excess dopant atons

d ke, th +- d n+-t

forfh ng The TEER 71 el ee B Rt puEb i el b gpray atoms

recﬁmb@_tl_ohm@ké ﬁheq:i* &y@é @r?’d d’e@pb)/egbmsﬁbnﬁm@ pea Dﬁfﬁe aﬁmm contact
e ai ned ein e

10.
vefuipn S8 BRI SOl LS RiSIPHEEC P B8R 2oPHE BBy pe- and
n+-type regions formng the electrical cont act betvveen
nei ghbor | solar cells are praqvigded. b
soufce. .E[Eg "Wegféoc{fﬁ ﬁg@eégnglagp%swﬁ?rﬁlnc%gle esf’ Qpatoms
requfrBp td S]bn@tﬁé‘tf-tﬁﬁeaﬁd n*f.tybe lrég'mm formeing thenale étrical @ouiast batween
struc e such t at |east a surface

nellgEBﬁ: %Far&ﬁ AR QREOViESY Dr SB'Q&H‘ BBV an n+-type

polarity and at |least a surface region of the ot her

si de_wal | t he groo a p+- olarit

For el et P GRS 2t B b R s gl etoms
recRited td ke tHep ti@sPaRd hL§pe regions forming the electrical contact between
neighboring solar cells are provided by a gas dopant source.

11.  The method as claimed in claims 1 or 2, comprising the steps of

forming one or more grooves in the solar cell structure such that at least a
surface region of one side wall of each groove has an n*-type polarity and at least a
surface region of the other side wall of the groove has a p*-type polarity; and

forming an electrical contact layer in each groove such that the respective

surface regions of the side walls are in electrical contact with one another.
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surface regions of the side walls are in electrical

contact with one another.12. The nethod as clained in
w@b@bm9r82 wherein the substrate/superstrate iBCT/AU2005/000734

transparent and the step of fl®mng the electrical

contact |ayer over each groove conprises; depositing a

posiiRi ve Totetiesd as camedtihelzmol vadedreinsthe isuibsirate/superstrate

ncl udi ng o L PSP

is r %%gnitgﬂ%d/ &e g%% el lo?r%\{'lﬁu@? g&% h@g%orﬁeétquerb each groove
comparsgar ent subst r at e/ super str at e such t hat

subst ant.i.al | f ' . :

depoePPalitsa niainG RECLEIS: Bror e IR 8L Bbue dnotuding over
eagi goome®; ar e exposed to the |light beam renoving the

portions of .t eXPOSE h 1 gh

Gepdpeig® OB REB BAERIShers B, ilctdB bl HETansparent
sthrmeﬁsuperseatélsudmathaas;uHmrallp onlyl pmtnomsf oftthe photoresist deposited

eac roove are i

el Ee 'Sifs Rofie Rt adion SRt HER Ve edbfand ot Spilidm

and rérhevmgrummdmtlngs of e photoresist expogeddd dne Bglsttheah.

The met hod as din claiml12  wherein

o SPEReIBRe o s fad SRl dRh Sfirtirp quyipat at teast
pohiogbtof ltiee nes pectives sidkerallsnoftdeehsgrbave aed In slectricalcantact with one

The, method as clainmed in claim 13, wherein the

angtglp&r rlcgjel | structure is silicon based, and the |ight

bearerneviag thé phgtbtedistzmd tAS cor'fdnmtnrfgtdvedayser arl themdtoresist.

claim 11, wherein the excess dopant atons required for

the formati on of the n+-type and p+-type portions of

t he 18| ecthhieaakthodrdsaclhinmed irpclaim ded wherein spivavelength of the light

h hod | ai. mpd laim1
beias ennseheldi b beddhs FEa 5 a8se B in e e (elethutture.
formati on of the n+ type and p+-type portions of the
o eOh oAk BATHEAETH 85T ArRn Bl et potore

siliddn stécﬁ,andQl‘i@thtl Begnt yea SVt beamforming a first
dielectric layer containing n+-type or p+-type dopant
atons oh the solar cell structure; form ng one or nore

firgs. gr gagenethby cisgtlainterl i ¢hiectin] wheyjre theasgeddsedopant atoms
req%ri]rteldrfgr the formation of the n*-type and p*-type portions of the electrical contact

are provided by a spin-on dopant source.

16. The method as claimed in claim 11, wherein the excess dopant atoms
required for the formation of the n*-type and p*-type portions of the electrical contact

are provided by a gas dopant source.

17. The method as claimed in any one of claims 11 to 16, comprising the
steps of;

forming a first dielectric layer containing n*-type or p*-type dopant atoms on
the solar cell structure;

forming one or more first grooves through the dielectric layer and the entire
thickness of the solar cell structure such that side walls of each groove exhibit n*-type
or p*-type doping based on the type of the dopant atoms of the first dielectric layer;

removing the first dielectric layer;
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thi ckness of the solar cell structure such that side
wal | s of each groove exhibit n+-type or p+-type doping
whamedios2 t he type of the dopant atons of the PCT/AU2005/000734
dielectric |layer; renoving tHe first dielectric |ayer;
depositing a second dielectric |ayer that does not
condegiasitingt § pEecond pditlepicdapanthaitdaes; ndlocontam origPeoOr p-type
not e, second grooves through the second dielectric '
doqag@g;on‘:ﬁ‘d the entire thickness of the solar cell
st rfoohingeorsslpaoene secomne gpepesbraughsthe gesone dligleetric layer and
that one side 1 of ' . '
tne s, FlRo6. 1 114 odhorl Finehirk Sttt oot BT A rables sucn
thatlopk ngldatwaleas ieash st grevedgi remavedeach anpewsside wigll is made
wth a.polarity gpposite to the type of the dopant
forming,gsW nFﬁé’r?%{\fGSt dielectric layer; renoving the
secdopingliatleast aisurfhay eegionof ehch mewgsidd wvad|vatit aipedrity opposite
ont act..] ayer_over e k. oQve..such that at
to tﬁ%&éﬁe ‘Hotb?i gREMH OE"ﬁg&gﬁgggﬁfee"gf%'%ﬁ%f the side
wal fesnadiing the seicded elitleptoolayegrandi n el ectri cal cont act

Wi t ther. 18. Th [ [

ot S Pt SopdpL L DO Bk By By 00 e o
leastopgrtibAs of die badste sediond ofitteagide vaalls of thepvideped grbove are in
eleg@ggﬁiot g\lliﬁé}tey?r?‘or%}g?g he bottom | ayer exhibits a

| east two tinmes higher than the
dopant dose of the top |ayer, the nethod conprising

the steps.of farmn ne aqr. e fjrgt 0 t ;
t he1€n.t i frget W@Hﬁegg Cg 'mfeﬁe'ng%ﬁyapnéeq?lCI%F%UX?EPe%S}gﬁ&em the
solahagll strdetuneldompribes aat Hegstoa wotexhidyier and aytpp layer of opposite

- dopi n. _ .
ool 2 6 R LR7 BB B AR B3 18 AR R s iher
thahali€topaatdasees timotopdaydrathe methpdeconmprisirigyihe stepoft

par IS SR PP R 1178 SBr epanRoR e SRR kB8Rt Wesotar ool

© strifctlide Sichupbtisige adlisad iach@ro@spexhibiv a’-typesonp’-type doping based

on e Se Y B st et BLoBIR BB | L P 1o,
f or seposMirde aediectrizy arridopayer tiat | dxeest nat somthic e-type or p-type

dorgaen%ia g]mg;f each new side wall with a polarity opposite

forming one or more second grooves through the barrier layer and the entire
thickness of the solar cell structure adjacent to respective ones of the first grooves
such that one side wall of each first groove is removed and a new side wall is formed
to form a widened groove;

doping at least a surface region of each new side wall with a polarity opposite
to the type of the dopant atoms of the bottom layer;

removing the dielectric barrier layer; and

forming the electrical contact layer over each widened groove such that at
least portions of the surface regions of the side walls of the widened groove are in

electrical contact with one another.

19. A thin-film solar cell module having top and bottom layers with sheet

resistances below 10,000 Q/sq, the module comprising
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to the type of the dopant atons of the bottom | ayer;

renmoving the dielectric barrier layer; and formng the
web®@siity78al contact | ayer over each w dened grpOI/auU96/00734

that at |east portions of thélsurface regions of the

side walls of the wi dened groove are in electrical

con4 atbin-filirt Isokmnec@nsihhﬂure f®med ohi a- ff)ré.lgn smuaatlrtgelsubstrate or

ot ol enibeioRly 0cataiul S S e allh b S0 tover, and,

t hi oné ot mcsrelemctmedl Icogtacts; taach dom\rtzmtdbemg aeﬂi/\lﬂeéll gnn -tYPe layer
on PRESH" %gﬁésrt?%/s?ﬁ%%ﬁ%r%?‘ B P4 S8aporion o
themmbetreiemiplerstaite contacts, each contact being between

sub‘é’{t?'geﬁ('g P%Bygf?t?§?|08<§nt8&f fs' R)'Fm%]:j tatt“;feast |n part from respective

p+-ty
matatjatcefithe postypeoiay ef andw’dnesm*ldspe tetye/rsamier st r at e, wherein

h, el ' .
FronnFrelEie FolerRly ofE L tur € HTEP anditnd B*nel BvEbiming part of
eadht- etl@fcpieic?lay:entacanwvmendeugonlaeanurtaesmahsinbcb ahkquid phase and
+- t ) er
st SR £ oo St YR Teh i SRR bt

into a liquid phase and subsequently into a solid
phase during the formation of the electrical contact.



