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Despite a high level of research interest, none of them has as yet led to a

_commercially available photovoltaic device. The organisation that has come closest to a_

commercial low-cost thin-film polycrystalline silicon (pG-—Sl) photovoltaic product is
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weakly connected to the polycrystalline layer, without significantly
thinning the ynderlying polycrystalline semiconductor layer.

vi. Removal of the free-standing semiconductor islands from the surface of
the polycrystalline semiconductor layer by a lifi-off process.

As the polycrystalline semiconductor will always be highly doped due to metal

- incotporation, with a doping polarity corresponding to the metal used, a change of the

35

doping polarity of the polycrystalline semiconductor can be induced by suitable process
steps. Examples include heating of the polycrystalline semiconductor in the vicinity of

a doping source or adding Suitable doping impurities in the amorphous semiconductor.
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nm, however thicker films will also allow the process to work albeit possibly at the cost

of longer processing times. The result of a longer exposure time is potentzally a thicker



35 nm however thicker films will also allowthe

ocess to work al beit possibly at the cost of |onger
S’Y%EQ%Q?:W@’U mes. The result of a | onger exposRGI/AURI3/001313
is potentially a thicker WD 2004/ 033769
PCT/ AU2003/ 001313 7 interfacial filmwhich may slow
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to i nclude any conpound or conpl ex between al um ni um
-oxygen and hydrogen, for 35 exanple: boehmte,

youmauesssiam t e, bayerite, or gibbsite. WO 2004/¥E386H03/001313

PCT/ AU2003/ 001313 8 For the Al-Si system the Al and
Al oxi de and/or hydroxide etch is preferably
performed with a phosphoric a¢id solution, using a
100% sol ution of 85% phosphoric acid, at about 130C t

ﬁhZS RAF e AP Sl 3 o ol ACarsdf BTl BEPBLE S A groferably
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saowpls at Adewpatiing dtoorbalewosBl asARChrefddily Rt 88 %Iow 500°C for 2
Hyention consists in a nethod of formng a film of
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amorphous semiconductor aterial by solid phase epitaxy (SPE) to form
the polyerystalline film {“SPE polycrystalline layer”).

My

“Tn preferred embodiments the polycrystalline film formed accordmg to the first



anor phous sem conductor material by solid phase

.t E) to form 35 the polycrystalline film
?‘ﬁéﬁ@ﬁ%@ rystalline laver" In preferred enbodP@BEAT2003/001313
the polycrystalline filmfornmed according to the first
WO 2004/ 033769 PCT/ AU2003/ 001343 9 aspect is used as
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111 immersing the surface for 30 seconds in diluted 6%

— hydrotiotic écid
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hydrogen peroxide and sulfuric acid; ii. rinsing the
surface in de-ionized water; 35 iii, imrersing the

W0 3084835764 30 seconds in dil uted (5% y 0 UONBCEHAU2003/001313
WD 2004/ 033769 PCT/ AU2003/ 001313 10 iv. inmersing the
surface in de-ionized water; ggd v. drying the

surface with gaseous nitrogen. Thi s process attaches
hydrogen atons to dangling bonds at the sem conductor
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60 m nut es. 6Pre era %?‘% e?%t‘nfgp? ga%@& ’rgalll%sferred

to the sechondlﬂérlagﬂtr@pdbﬁftWﬁhg@mﬁmmaeum n 60

m nut %@ﬁro@%@tﬁéﬁc@ 'hy R %t(ﬂl&e BNHRG %gﬁnﬁg 2B B %¥eficonductor

05|t|on uno |ze surface a
St SUrfafe foR, 9B 10a6® mighies.  Preferably the

mu&‘h%teaﬁl tyan’sfem&tl Qdi Iﬂi?d sehft@@uedr 4 t‘idiﬁclﬁﬁﬁbé? within 60 minutes of

%&3 lguy l & Scﬂ;g;){] c}leyglg%&qg at ﬁ:@pqulzed surface and
gmtapprefaﬁblymtimﬁamnu&s pl astics and poI ymers. In
f ' SPE |
Uscd. (hE PuRRARL BRIy dpatl ) REICURG R Inel 15 il quants
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deposih%\v&rtle pr.oc ‘and the__anorphous_material for

this Tred erpRqstiarnte iheatPTh pPivcEystlingplayer 13 ysedhionfosm a solar
Reibhad ahf %m&l&iag% 90 thd Riyélfi%oﬁﬂ ﬂieoﬂ%ng@"o? B es!l3d pulﬁe Preferably also
I an n mnimse
AR e X TRPPO g B o o8 SUE S {oh, SRFUPR Iesss and the
gmoyghoeys mdteriat forsthit lb)}ertméeposﬂeﬂ.laﬂm ehaobep ta@diinsin, Preferably
SRR Aud I gl IO EL e i
fdensify c@nainly exysen, pamgen rﬁpﬂowrbﬂn)t ivetter gwiwipg film caused by the

— Eﬁemm l&ﬁﬂhﬁerofmd he édii’ﬁ%&ﬁt@n W the RO B RESE dRRRAmOY of the

h
A koifon, S e o obpiput P50 ELAGup Biods wesh st ot epi n

fabrication of a thin-filmpolycrystalline |ayer

M’ﬁ Pebe l&l?@f‘th@'ﬂxrajvv%? s( SiN) layer is deposited onto
bstrate; 25 Fig. 2 illustrates
t he

SEmbpdimsntsfghe investian will nom rbe(&OOrad) biveayi ofiexample, with

fe%feﬁcatam@lf&e b &l%nﬁgé&} y evaporation) onto
the ﬁ?ﬁ’q‘l% athgglpt he sanple of Fig

af t er 1§h PR %iﬁfﬁtmr Rt ohzithnyidan at)lyrsla(éﬁﬂhne layer
Whapetrahmﬂnanmder(ﬂfmqny’eg 198de§)h$1fbd&hiﬂcﬁfh Rl edf) Sl @1RH SWibRfrate;

T pof JUbRUE i Shmprg P i T SefTR I Th0q ) plljption tever s
‘é@@@ltwomxaalmm@momaom) o tHesSiSl laytras been
depoqug 1lh:isﬂates5 thd L‘éfﬁl@aéfeﬁ gs'% aﬁ@%@ Rl 14yer has been

he anor phous si[1con
1zed at room {emperatore,. producing a thin alunnmm oxide and/or hydroxide

layer over the aluminium layer;

Fig. 4 illustrates the sample of Fig. 3 after a thin film (300 nm) of amorphous
silicon (a-Si) has been deposited;

Fig. 5 illustrates the sample of Fig. 4 after the ammphous silicon has been
crystallized by alominium-induced crystallisation (AIC) at temperatures below 500°C
for 2 hours in a nitrogen-purged atmospheric-pressure furnace, leaving a metal layer

over the crystallised silicon and separated from it by a thin metal oxide andfor

hydroxide layer, with crystalline silicon inclusions in the overlayer;
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}(?‘I%ﬁ at terrperatures bel ow 500C for 2 hours in
®H7%ur ged at nospheri c-pressure furnace, IPEE(AWQ%/“U”“
a netal | ayer 35 over the crystallised silicon and
separated fromit by a thin mptal oxide and/or
hydroxi de layer, with crystalline silicon inclusions
in the overlayer; W 2004/033769 PCT/ AU20031001313 11
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embodiments without departing from the spirit or scope of the invention as broadly
desctibed. The present embodiments are, therefore, to be con31dered in all respects as
illustrative and not restrictive.
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or aluminium oxide or silicon oxide film.

25 1t wll be' appreci ated by persons skilled in the
umerous variations and/or nodificat] A
vﬁdeﬁor‘r%)gg??yo the invention as shown in the spem#‘?ﬂgmoogmnm
enbodi ments wi thout departing fromthe spirit or scope
of the invention as broadly 1described. The present
enbodi nents are, therefore, to be considered in all
respects as illustrative and not restrictive. WO
Q033769 PCT/ AU2003/001313 17 Cdains: 1. A nethod
ff toHEHE SHAUEdRE fﬁ]hf”oﬁ“&@u ortin
guppgﬂgﬁuﬁ%ﬂ 0@01}0 ,%55 ?19 )’dg’%el gn materi al Ort he net ch g
W?Qf%ﬁ@mﬂw%ﬁ%m thod cRRPHFINE] | m ont 0 a target

surfacg hegobRingWRAstARAIR &ﬁo‘éh!u‘gbt dutfce Bf the substrate on which the
pol ycrystalllne sem conduc lmis t or med

ii. Formi nPI¥cTys FeTicP e lﬁffdli’%ip"r‘i‘i'ﬁ‘é’al ,
hydr oxjide oinirdy 5 Gl € eetdl okl anﬂhﬁ‘alhetall tisidroxider 6 fgurdace of the
| ayer of an gﬂorphous sem conductor material over a
surface of™ net al oxi de and/or netal hydroxide
fil m iil0 Aovmirgemtayepfiahemsupisie atmeicondretoranatbrial bvier a surface of

net al oxi dﬁl ?ﬁ@él d%ﬁ)orﬂ?é@[lﬂﬁi&?ldefﬁ]%ﬂn and the

anorphous sem conduct or erature at

whi ch ivhélesing dom aehstrale, theyeetal, shemetal paidle; and@r mpedal hydroxide
metal | ayefngdd @ePA E&moééhﬁcdﬂaﬁofoﬁrrﬁﬁknﬂ%f@Q&nﬁétaMe at

net al - i nduced crystalll atio

pol ycr yst aVhichethe Fpgyico ‘*et%&)'g’f H%ah&ag?‘?i“golt@? foetal lgyer and

Ioverl ayer %@o@ﬁé&d&ﬂtﬂ thel thgetiaptine bydn@@]l-i)adu%eﬁthrstaﬂrmmn MIC)y
ayer, with senicon Lnel usi ons. in.t t

I ay);er and®t ﬁé’%ﬂ%@%‘? PrEnE %rsiﬁﬁ E%nabe&lo nﬁ a§ an O\éerlayer

t he over | agmering piireatdepodipd applycrysialtinet dayeac |vath monductor

oxi de and/ Qb IRk %thla%tﬁ)ﬁﬂ? :Iddltﬂéﬁlﬁ‘!gg[}' V:)Azlhﬁ%mnductor film

senlconductor I NC srons are in
Removi ng s theterierlpyer spparaipd by A Bprogm dnierfecial metal oxide and/or

i nterfaci ahnef®hgtiroRide Elm, 3fitH Whidkethe! sehiletnaxéteeinkivsivos are in
wth an etch which underetches the sem conductor

i ncl usi ons orm freestandi ng i sl ands weakly _
connecte®emevitge thEotnetal yis tthe |avedayeayand, thei inleoiatial metal oxide
signifi Ca”éﬂdyort %é?&i' ﬁ%&ﬁﬁe @ﬁ&?rdvﬂh Ngh he&lf %ﬁﬁ&fﬁﬂgérbﬁﬁes the

seni conductor. %)IC enov| ng t reest an
semi conductesrcondsicton instusiangit, quﬁleﬁ%@é% igjandsiwrakly Chneoted

pol ycryst aid the ﬁoﬁremsﬁnﬁﬂq@ee rw i@ bighificantly fhfmid the underlying
process. 2. The fhod of uogcg? 1 wherein the -

substrate %‘?BW SR ®%n which the
sem conddénaoving ey fredstandinpugpdcdeiietod . "isTands hibinotke ghirface of

laim1
S conduclePt IS HEALEANIE B hﬁ%ﬁe&f?med to
Zssi skhel mgwpdtqfw@mnbwhﬁreemﬂws@mtéﬁﬁ orevidss mpleearibape on which

the semiconductor material is supported.

3. The method of claim 1 or 2 wherein a surface on which the semiconductor
material is supported is textured to assist light trapping in the semiconductor material.
4. The method of claim 1, 2 or 3 wherein the subsirate comprises a sheet of

substrate material over which a preliminary layer is deposited and the target surface is a
sutface of the preliminary layer.
5. The method of claim 4 wherein which the preliminary layer is a silicon nitride
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4 The nmethod of claiml1l, 2 or 3 wherein the substrate
rises a.sheet of substrate material over which a

?flo P43 %Y | ayer is deposited and the target PEFFAEH03/001313
is a surface of the prelimnary layer. 5. The nethod

of claim4 wherein which the ggelimnary layer is a

silicon nitride 35 or alum nium oxide or silicon

oxide film.- ----------- WO 2004/ 033769

RECT] AUZEO M ARGEScladbibdin aB) SRk 00ANEY 6! PhiiBiinl s Bt of the
0 clalgslto wher ei n, resutt” o é ,

21?@8 e funtal AtOMS agg lefl By the ipy Mcﬂéﬂtﬁé]élll%/@b’?rswélth avb as dopants and

| sfiee thwﬁﬁt—@ff 136¢es83he PO olystaBie serd{coBliudidi8aPdrfis aQell with a dopant

%]%%@3" er% {?é(#fé/ tal I'i ne e condyctor” | ayer. Is

do V\?rlc U Rt ¥ Ataes Jefdn thsokygrystalline

damead’tebyhet MIChetep) thetebyealidihy mmpélha;@t@uwrsseﬁ@inuua@r layer fo

ﬁloﬁcr ys?gapl | RHége %%ﬁ% lgt gSé"i}e% t%ﬁal{SI n@bwgﬁld oceur due to the

dﬂ@tﬁ]@fﬁmﬁé}ﬂﬂﬁg polarity which is opposite to that

h
ﬁ:}'@; ne’fg&ﬁ o‘ﬂa&l&?@ ?95:}%‘.196 g%f!gff rt]hérﬁéﬁgt %tVQJ{EBm%L:ﬁ)ﬁSOn {s achieved by

Y8 FEEr o Aopant film; %%ﬂlvugnlymdbn@ isergicandystor-fdm, heating
af e ¥andpld, mn@ﬁér@mtdn@fﬂﬁlsyﬁtm@ahﬂmﬁl sem conduct or

f I m .Reat i sam and renoval .of the
Spl n- o]ﬁJ @%{i q%ocfl %ﬁ%‘lﬂfé‘? Aerpnb overcamprasatipe iscaghieved by

ﬂhﬁn@apﬁrﬁhe @olyrcctaiiins adniondustorday@viada his fRiheE SSntaining

t}dﬁgsr ystal li ne sem conductor |ayer in a gas
ere contai ning dopant atons. 9. The nethod as
e imethodd asoelainedd il ayrane oftarimsvinter Biwheredis, 2 a result of the

n\mlété Qﬁetm&omé BrdeR is HRD \A#Ui‘%s%nlﬁé RE: A2 a6 45 dof ioBants and the

t he talllnelayer dopants an
FFB‘HH% ndBetan é?%?ﬂ%ﬁ tapgdl dusingoie dommationgwith satoms  that
poodunt lanrmppbﬁlﬁ -ilais dopitle wikinOebagr&Dt ﬂi@%’lérﬁy of doping caused
TR e e v s
efavbr Japing béing Suﬁtmnt tf vvercanipenddiCimt th@ presece i fasinerl atoms -
Mbﬁbytaﬂegﬂﬁ' ac Qﬁééﬂﬁe ﬁ@t]f dd Eﬂ&ﬁ%toggg%\z% %?J}R‘f 05 ffa fﬁ%ncrh would

of t met a ter

% 3h eqpatal fInHaons opposite in polarltyto
mat ’Wlm ﬂi&thmtdscblmhﬁ:dﬂﬁ qﬂr o886 ob)ﬂahh@ I%tsalwlf&éiﬂ%e substrate is a
one of

d
PR ol SIS, e, R el fou

gh@ﬁab@fﬁ@ﬂglﬂmglassmlﬂmtherrmss ayel), meetalg gewphite, gdraifes, plastics and
lefédl ng float glass, borosilicate glass and ot her

gt types), rret al , graphl te,-ceramcs, plastics and
gibiod a3 claiped iweanlione o8 cleims rsel 10.whansin Sheepadycrystalline

sénﬁbomubtdr §ildhQs o%%éﬁid&n&ﬁ&orﬁﬁﬁt&ﬁél)’sa&téd'ﬁ’@m the group comprising
%@%ﬁ conductor fiJmi 8@ sem conduct or material

Lo BLIPAIIER, 309 o andd gRgmagiup. c o, -
Hear nélﬂlwmetlmdda&anlaahé(bm afiy $hé iofaslaiadzdl ger 1eRbef#in the metal is

selected such that the metal forms a eutectic solution with the selected semiconductor. _
13.  The method of claim 12 wherein the metal is selected from the group of metals
comprising Be, Al, Zn, Ga, Ag, Cd, In, Sn, Sb and Au.

14, The method of claim 13 wherein the semiconductor is silicon and the metal is
aluminium.
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12. The nmethod as clained in any one of clains 1 to 11
%%}r@/@st he nmetal is 30 selected such that the netal

Wt ectic solution with the sel ected PCT/AU2003/001313
sem conductor. 13. The nethod of claim 12 wherein the
metal is selected fromthe greagp of netals conprising
Be, Al, Zn, Ga, Ag, Cd, In, Sn, Sb and An. 14. The
met hod of claim 13 wherein the sem conductor is
96! | cohe ansthdd of rhiial 14 wheiiph laluﬂmmw)h?&aﬁde:ﬁﬁﬁﬁ formed by

PCT/ AU2003/ 001313, 19.15. .Th

R DS AR et 10 B s OB Bl g 1 forh etative humidity

e&kmm egpietaturs| (221 hil ot m;marthaml hnulaat rl aanm;ﬂ;lpieq:rrasure

nt a Z‘ tﬂ(@cp(gf [u%t M’?r Etléur 1} at m)gg okﬁgpﬁﬁﬂs%)ﬁned by
c

or nor e
;@Km

ahgniniye layer toan ait abn@ﬁphﬁ?monm@g ﬂao%% relative humidity
2 18k e Hirgefh\ﬁﬂ{a%zodfl | fofhti1Sast 9411%&?9&/1 atthoSPRLS hfdgkuld1©

aI umnju a| r at nos e cont a S 100%
Aé| at Foe Iﬁ@tﬁ?@q fy el fw@r welzszxu.ii }1111 d¢ fggmed by
leR@ssin ﬂadﬁﬂl%ﬁﬁm@ba lay@f ﬂ@ apheT Sr F&&ﬁﬁ@ﬂi&% a.k7 coﬂfﬁﬁmg 0% relative

PO By ottt o T B V) ek )

@remaﬁﬂhere (i.e. containing 0% relative humdity)" at

i-ﬁer e ﬁ% pr feaééu?e%irfg&r ﬁgfﬁhﬁﬁp hgt?lja i Sﬁl&lli Yormed by
\mmsmgwﬂmamm tayeh el rody dadr Rirhespheref @ﬁn@@ntwbpmg 0% relative
ﬁﬁﬂﬁﬁty'? 9t fodf Rl ioay 1 f&oat @e&f 2’4 Héafrs A TRERERHeR pressure. |

ontaln %relatlve ), .at room
t%nrpe C(dzglg %1!}1 Fowhgiein éa’éim sqm g agpixure of alutinivm
aydmsialheme amhﬂﬁﬁmae;mdeha foriie@ byaixposing theCdlahiBivd Iayer to a semi-

HVEHEfolirg o S RaBaty B oo o 07 8 g than 100%
atreonl tempeiature (23t 1T)cfo:aneerﬂ13n thureat i akhospbpdegressure.
?@”t > 1 tlgocf Bf i1 Wik X f . g&%@}ﬁff{@% %&9% aluminjum

ess at roomte er at or nore
'h}ﬁ%rﬁmﬂew&d @ltaﬁmamamgﬁ &r@eé by sxpedng thy, alypiniy dayegto a semi-

afy &it Ms@ﬂeﬁ%@ﬁ@iﬂn@a Eélllt[ﬂe%ﬁﬁ&itﬁ bighofk: Mk DY £hddkss than 100%

Al e T b DR Y S Pt

at .nosPhemethod s slafined)insanyainatoif \zlauhm intcdm whekimtbe erctah amd metal

pﬁﬁ@ Qﬂd/l){sﬁl%tatl Qg&h H?i%"sé}ch% 5Pl %ﬁﬁfﬁ ﬁ'ﬁc}éé orit:ze?clé ?il]t)()ﬂ

or at | eas at nos ssur

$he r%h%@&thaé of k] Wherein ﬁwcni@snhorm agichputionds 200% solution

vhes%iphobiRridRcR, afd theBidhak ped¥int&l ANGOT +MRLHbr 20 minutes + 30
g% (?XI de etch is perfornmed with a phosphoric acid

Bt5on. 22. The method of claim21 wherein the
mlos pher methadiad chaiined inmy enecof s 0k BRI valrereiR Fheolift-8H%rocess

% ﬁ:&n%ﬁé grfgg%gmégglﬁgtaﬁ%%h?%efa&ﬁ th ngﬂlaﬁgncb brush

m nut es od as ¢
sm@nggnme@somby@r@ Winapic P prosessei n the |ift-of f

P4 OCePle miefhod 8k REAiREd i AP SROIUIRHR 1%9%%%&1& tReift-off process
aco sti.c treatnent in a solution bath, a brush
brﬁ“ﬂ?%b‘&?e%‘?ce%r a hydrodynamic jet process.

25 The method as claimed in any one of claims 1 to 24 wherein the method further
includes the step of, upon completion of the lift-off process, performing a uniform
surface treatment fo improve the surface finish of the sample prior to subsequent use of
the semlconductor ﬁlm
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30 24. The nethod as clained in any one of claims 1 to

23 wherein the lift-off process is an brush scrubbing
WPAREB37605  The nethod as clainmed in any one @®CI/AU2003/601313
claims 1 to 24 wherein the nethod further includes

the step of, upon conpletion gf the lift-off process,
performng a uniform surface treatnent to inprove the
surface finish of the sanple prior to subsequent use

39He | 7 .
gig_l_ / AUZO%%\’;’} O%fi%ﬂﬂg% %wfé%;lﬁ He fﬁ%&%@e 19%1?[ b,  siep comprising one
Vi dPeieretelivs selected cromt tbp gr@umﬁomp@ﬁng@elﬁoéb ntwh; o NOH eich, a

Qmadm{ ﬁfEPdg@ﬁ:hfa?hﬁﬁtafg&nf &maté@al ?r gup corrpr| sing
c et c

tch
et Lo raﬁgm?ﬁ“aﬁfgwye?w IS 1 260¢ i e metal layer has
mlthlchmismﬂlamngem‘mf-ﬂﬂoamﬂs 1 to 26 wherein the netal

yer |ck ss in the,r of 500 mu
787 TR agod, Syl Rty R cpHEs $ftoFhphere g smomhous
mrcendmmrdammsqzﬂmuhe netakindwedd ciystalisaty@r prosed hada tHidkness in
W9%§ stallisation process has a thickness
: e rang 30 - 750 .um 29. The nethod.of claim
@@ m@h@m@thpﬁ@f wheirn 28 wlyaseinHbe mstad Hiyek hasssthidkneG®I200 nm = 10

”f‘%“&@m%ﬁﬂf‘“’%ﬁ%@%&&Wqﬁﬁﬁb&@“@aﬁgﬁr0§3@§?‘5}- 23R,
gﬁ 68 & oy Wi‘?e?fe? pimsnbtodst whereingibe anptal-induced

| mw&ﬂazhhmﬁﬁtpeffbrmﬁ Wﬁ%ﬂéﬁclﬁ?;grithlb gﬁgﬁﬁ@%@h t@%&h&mb ©C or less.
87 TETRENBE def1edn SRRl o 5 -%5’%@ iflleepign i gorformed

b prwaaling thelsgmplerat altémperttoee s&001°€ atless foedrheurst ur e of ,
0 t

5@ Crgy Irlkﬁgﬁ §§ gfgg&%t?ﬁ% onk %F %%.ung T?o \%ﬁ \pﬁeq‘ %‘Reepolycxystallme

%’d E%‘é ¢ &y metal-indugedy wﬁﬂhé@%wmtf@lﬂgﬂrmﬁbme is used as a seed

Dayystfot |the afoRic) of hORRIHRP SoIP&EaliBe fylSeiedfethod further
g%_]g Iayer for the formation of a further

talllne | ayer, the nethod further conprising:
CI earﬂllnglm@ eheusifrfice of thdesesd ddydraye rein@ve CARY @x@BY or other
a@k; other 20 contam nants; Forming a second _
am) phous’ | ayer of a semi conductor material over the
cl earféwming & Jogerd gnotpheuslaper dfasemicanductprugatetiel over the cleaned
gwﬁs&bﬁmesegdh@y@eed | ayer and the second armrphous

Iaye stallise _the sem condyctor nateri al
sol | dissing Jhg “?5‘%%}6»( é}fEfeEdzg Yo, and e gaoh ﬂa@,orphous layer to
@y stalirealibie semicandocidr minerialiby dolid pheve epitagy(Sr®), mat eri al

t nd .a hous er
o ! e AERA hRVGEANS L SESORGGRTRL RS DY gl o o
sgrd %@p%and tHoproagd agwrplivhelayet dre of #e i snmd:onducqtbxanatanal with
ﬁgsmbﬂlﬁe&f@dﬁﬁﬁ% conductor material of the seed

454‘3 yer &gg:ﬁfgingf > ol Qngch}%sng;l%] gg valle?glg r‘rhé31 geemlggxic{uec{o? rgatenal of the
seed layer and the second amorphous layer are different semiconductor materials.

35.  The method as claimed in claim 32 or 34 wherein the semiconductor material of
the second amorphous layer is germanium or an alloy of silicon and germanium.

36. The method of claim 35 wherein the substrate, the seed layef and the second
atnorphous layer are heated to a temperature in the range of 200 — 650 °C to crystallise
the semiconductor material by SPE.

37.  The method as claimed in claun 32 or 33 Wherem the second amorphous layer i is
SﬂlCDIl ‘ '



30 35. The nethod as clained in claim32 or 34 wherein
the sem conductor material of the second anorphous

| ayer is germaniumor an alloy of silicon and
germani um 36. The nmethod of claim 35 wherein the
substrate, the seed | ayer and the second anorphous

| ayer are heated to a tenperakdre in the range of 200
- 650 Cto crystallise the sem conductor material by
SPE. 35 37. The nethod as clained in claim32 or 33

rei the Seco us | ayer. is licon. 21
ng fhod cqenh"??nv@rf QR RS FubsirRle: @f\? 73 davgr apg,ghe second
semdeyeiaymmetﬁeet@leowémmﬁ@ruﬂmd AYEC faf @ ﬁmﬁ&cf 17 + 0.1

tﬁo@rs cr S?[qgsgméc%ﬁﬁ%cﬁcw%tg% @ period of 17 0.1

hours 1 fductor material. 5 39.
5 TB\% neﬂhﬂ)med@dcasaplﬁmed m any coneofoflainisadrgo 3B whes®1 the second

' d.Si nul t aneously
daneiriul Feng SRlifan g RRRiE & ﬂyﬁeﬁfﬂa‘%f clai m 37 or
é vvheT]%ﬁ methed o e atforphilsvheagiar thessecond amorphous layer is
S bimtlltaBaRelySind pidgrdasiosl el ekith GanREh Whd Rh&abhdsplid it
ﬁgd tgen pﬁgsphor us als ?{te&fijs for %gd 10 41. Th splfbrus as It s
as clainmed in any one of clains 32 to 40
10 vvhlar ei Tha hetledcandainastip irp lamju smse]ﬁ daindus? oo 4IOawhere1ns the second
?@ ovs’sy s&h%ﬁﬂ&c?&hiﬂa&‘éﬁ QS Ef ﬁﬁﬁa‘{' renhgl? 4 'nﬁgal vapour
spu erin t

apour resi S
héqlomoevap@tﬁeng,oqhenncal e439@llrr dﬁpos;@am @slapmlmhe@md ewaporatlon or

Thectio deash Aapsa@ded in any one of claims 32 to 40
wher ei the S cong 15 anor phous seni conductaor | ayer

821 or TheameHiod WataHATeMERY SR BEANE apbi@rloRherein the second

15 pﬁrﬁ@@h&uﬁﬁeﬂcbﬁiﬁﬁﬁﬁ dbyisreis Oforrd€d in 40PactumA lectidie bemh NRdporation
of cl ai E’l t42 wh Ezghg Qegond anor phous sem conduct or
I%r)% SSaka 1P 8 m el ectron beam evaporati on
pdbce s’&eatlethodl efrp]annt-’il rvehepéin IhdséCon® Bmofphans sabicanductor layer is
S t o
o oﬁﬁﬁdjfnea 94,;;: \l'/'\lh% e?%&%ﬁ{i])ﬁ%ﬁseérg o?atq-cg‘f u;?:rt)cgsg fela gagn}@?ag%@ ol%qgo C+20
prlodiksd apsessans g dgss thand>d 8¢ da- anor phous seni conduct or
20 |494V er T RRfolr fdiafth 48 RFRPSHRe %fenﬁ&ﬁﬁuct&hﬂ@péslﬂbn process to
.7 Tarr. 45 The nethod of , clains42, 4 44
Peit et Sreond aBARPhAYLFFHELRIMICKE 15 AtD Weﬁaat@rprﬁeure of less
fthamree] 0 7rTr(ah-eI ectron beam evaporation process with a :

deposiqtion 2 m
BT drkatstfo o GistEe 16 e tnoigin, B oFeRoR gamorphous
wnmmhduann}apms, forgrediin o ebbutrom bedna yeaporaiod gparest with atdeposition

25 {qu oy mn or nore. 47. The nethod of claim
ge Pe(lgn e second anor phous semi conductor |ayer is

45 ne&hﬁﬁnathOélaéchalm@dbr@ameon@@f aldion 43 e 48 swhirein the sccond
AR phdus QBmIRhSuddr 18RL is d&bosidl W Hie'df 100 nm/min or more.

47..  The method of claim 46 wherein the second amorphous semiconductor layer is

- formed in an electron beam evaporation process with a deposition rate of 250 + 20
30 nm/min.
48.  The method as claimed in any one of claims 32 to 47 wherein the amorphous
semiconductor material of the second amorphous semiconductor layer is doped to a
predetermined doping profile during an electron beam evaporation deposition process
using resistively heated p-type and n-type dopant effusion cells in the vacuum electron-
35. beam evaporation chamber while the deposition process takes place.



48. The nethod as clainmed in any one of clainms 32 to
47 wherein the anorphous sem conductor material of

t he second anor phous sem conductor |ayer is doped to a
predet erm ned doping profile during an el ectron beam
evaporation deposition process using resistively

heat ed p-type and n-type dopa2 effusion cells in the
vacuum el ectron- 35 beam evaporation chanber while the

deosi The helodGR Thihal & al) &&Cof ddims%d. to HR&WIEREN L Abstrate, the
cl ai yepd n(f\% one of clains 32.t0.48 erein the

i
s (B%t AXFleand ffie SRy a us Fgmiadudeio e Atsr PRftRdsin 2 vacuum
sdwinagnduct or | ayer are heated in a vacuum furnace.

5 Th t >l akred in a one af clains .32, to

28 %uner B TetRE & SRl FEny fis o188 5% 8 VERRes i bstrate, the
5 s geagridyaarand theogsorsleariarpholscienricdndyeor aye drebheatet]l inranaatmospheric
atppmseheric furnace. 51. The nethod as clainmed in any

one of _clains 32 to 50 wherein the substrate, the

seéd | Bhemetied ap slumed Bhanyaonsr ¢firbaims 3@ e S8rvdireein the substrate, the

| 36l lagére alte e Sbcbid raattirplidud Ssenhi@idueer 18Rr 2de heMBd by radiative
\l;:ﬁtlgod as clainmed in any one of clains 37 to 38, or 40
®n the step of cleaning the seed | ayer surface
10 c6Bpr i Flesmathpd as ekmedircinyoneatfetias BY do 68,00r-40 wherein the step of
t 1:nat L c e ratgq i
¢ Febig RE Sb41EA0 SUELE St ' g llh Fastsgep hydrogen-
wietRingtego sikicon t wefaed apdnfhiee substratef ist fransfereethitegths t ggmiconductor

5@epoliten TREABE withif bo nthwds W&fnﬁﬂﬁ%&m thd &Qarﬁﬁffr %tgp.

clLeani the seed . |ayer surface conpri ses

{83 he esfﬂég@do@rf: clpim S wherpinhe stepsefr flsaning dhe 3epd layer surface
15 Nidriprises e farthéresdps bl mi xture of  hydrogen peroxi de

and sul fur.ic acid :

TS " foce i '
de- i oni zed" wat éP’:mefr‘f’Ilflé q"?r'r;sﬂgr?l régfﬁr ﬁﬁel%ﬁ{w%gﬁela %fﬁh Jgl mixture of
seconds in di | ttydohgeh feroxidbrantllsuidubiicaci®d aci d; iv.
| i ng ;i h | 1 G . and v,
| er sing ;f he ?&é}{gfé@\%ﬁ? hﬁgéaig i Qélioﬁ]ali’%d%&[ and_ v

drying the_surf \ eous rogen’ 54. The )

met hod as 18] ai AgendgryngHie snecofor30zepends in ddeed (4%) hgdrofluoric
20 or 53 wherein affger the step of crystallisation by

solid phase epitaxy, a_further hjgh-tepperature anneal
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the step of crystallisation by solid phase epitaxy, a further high-temperature anneal is
25 performed at a temperature in the range 700 - 1000 °C for a period of less than five

minutes to increase the fraction of electrically active dopant atoms in the crystalline

semiconductor material.



