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[ 0002] The present invention relates generally to silicon based thin

filmdeposition for use in phgtevortiie \RMiTRRYi ces and net hods of
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met hods for increasing the efficiency of the dep05|t|on of silicon
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[0001] This application claims the benefit of U.S. Provisional Application No.
61/167,349, filed April 7, 2009, which is hereby incorporated by reference in its

entirety into the present application.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0002] The present invention relates generally to silicon based thin film
deposition for use in photovoltaic (PV) devices and methods of making the same.
More particularly, the invention relates to improved methods for increasing the

efficiency of the deposition of silicon based thin films on photovoltaic substrates.

DISCUSSION OF THE BACKGROUND

[0003] All United States and Foreign Patents and Published Patent
Applications referred to herein are hereby incorporated by reference in their
entireties. In the case of conflict, the present specification, including definitions, will
control.

[0004] Of the aliernative sources, the sun is considered the most abundant



[0004] OF the alternative sources, the sun is considered the nost
abundant natural resource, with an infinite supply of energy
showeri ng tHe2BEA18MS0n a daily basis. Nunerous technol oBCEESWKI/E50199
that are directed to capturing the sun's |ight energy and converting
it into electricity. A photovoltaic (PV) nodul e represents such a
technol ogy and, to date, has found many applications in areas such as

rendte PEWRsl EXGURES with PR MIVREIthBs SMeh&gPSHBREN h GYgh
wi rel ess devi ces. [0005] A phot O\bgﬁt aic me)gul e, gn‘r*?é evigc?zt, ?ﬂ%c%{iﬁ ns

because paist MmOt B &fblddfesebkigf that T8 AR ébe‘t&%%%f’#giagztﬁg;éunﬁg it

devi ces can be realized by gf%e utilization o? sem C

materi a L kS |1} i , 1.um

Sul 1 do o En Rt o O A B A 1Py SRR e e Bkl er
(Cul nSe2, ferred 1 S) . and copper..indiumgalliyum

G set enpdst) WohBaBin B b8, s e By GG ISR ncPedReuicran smmates,
silicon is nns& fre uentlé. sed({gﬁghotovoh&gic devi ces because of:
1) its BVYPY 3FTeySPesRaeDicssan HMEH SFOUCIS, SHA PR WITElsSE e vices.
nateriab§ As, CdS, CdTe, CIS and G GS. However, to date, silicon
based PPWNi ces MaPBokeliaicoinere, b |davicesf fiingtions Or§AUISoeE the
based on GaAs, CdS, CdTe, CS and G GS. [0006] PV nodul es are known to
i ncor poPBeleelevtris eiactal lae pheivsieciic giferiof R aleviseniaan harealizetity. the
Thin filmphotovoltaics further incorporate a transparent front
conduct dtlization &f pgmigosduetinghinaterialsnsuchnas sitein ()ngeliucoadecileVSaits),n
films used are transparent conductive oxides (TCO such as tin oxide,
f 1 uori neadioped sulimeoX(iCdi€)( FEEGMmiural tetiunder do@Be, zioppeoxindiing AZER caid
indiumtin oxide (ITO. The main function of a TCOis two-fold.
First, {GQ@n$e aldoowefdrieghtiot @aspasS)t Adugboded andi@at igaiuhi olibelenide
absorbing materi al beneath it. Second, the TCO serves as an ohmc

cont act (CuinGagss NS raibivédteneIBERLTRas Rt sHiicBMid st fr8flently
absorbing material. Such TCOs are desirable for all types of

phot ovoliséi i gstossieid dEREES BEcadRl@H S [atgsa%rrmht Yakte sl 8hb ke Qist as

phot ovol t ai ¢ nodul es based on silicon. [0007] Photovoltaic thin filns

on gl asgodpsreded fialhatdrlis WHRR Gk FEFPENEIS Ghassids @Q“\grie{?ére%%t ,

and, as such, provides an existing I'nfrastructure for oyfrent 0

one. such el Trsebhu RS HavedheioBhg 1l BREISRE ool Fpf poned R
for progg?‘gngdél eag?’a@sg gr#g;{/s%leass. As a result of this desirability

for thintiinms on t hods exist for producing thin film

coating gl as e, of these existing neth is _known as

"on-1i n@oaglaposi ﬁ’i\émoqkﬁ%sr @f%ﬁﬁo‘%%é‘?i‘ 9%@&( gg/a%“tisérafﬁss YR Pselepr
inatin aéh. f a .Ioagrliﬂe or downstreamof a tin bath of a

f1 oat - | FofEe m‘gdﬁ Ise ANy TIMpRNGIB YR fde st ea pcarnsr ate A Fransaseph front
substrates that include, for exanple, the generic structure:

gl ass- sHEEY isHAK Bt g filnud heToost seneoarepdpriE thin filsglsesisare
substrate with an undercoating of silicon oxycarbide and a TCO | ayer
of f1 uo¥aHPagspeePnduative icdidleswHEr@) audoiel i exigied diucdag-idegedrtih tkide
TCO | ayers are deposited pyrolytically in an on-1line process.

[ 0009] AfftTé), @btrainnimadpd rndudde WBZO) adres irslilch tas okikles@TORSThé egini n
t he precedi ng paragraph, a nyriad of processing steps nust be

under t alkectidroofr@dCirie tvbeok. Fast, B¢ TOGUIRWSRIghe Rspasy BRsughaededadtve
deposition of the sem conducting thin filnms include, but are not

I m t edight ab&drbiHgematdtial BatenashiSegomd, theaTdtY sBRAY! R S4BBHIAEGhtRE B
to deposition of sem -conductor thin filmlayers; B) re-heating and

re- cool farspeft pitfo QEnBRALY Sharfst é\%%fﬂfrﬁ Ctﬁe_tlfa;_hf’%%?&ﬁﬁ%?nétégal. Such

sem conductor thinfilmlayers; and deposi tion of sem conductor
thin filmlayers. After deposition of the sem conducting thin film
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final PV nodule. These steps include, but are not Iimted to: D)

| aser scribing of the silicon layers to formindividual PV cells; E)
fornmi ng a bAOK'WOA$SEt; F) laninating the PV nodul e; © RATAISAYLBIIMhe
PV nmodul e; H) potting of the PV nodule; and I) testing of the PV
nodul e. [0010] The process steps described above with respect to the
deposition of the sem conducting thin filns inpart |arge amounts of

product iTDObi are aBvsiratos tiopssiogjpakedf Whblbvbitgic PaRd uldromaRilidBY and are
nodul es. The anmount of time and cost required by the sem conduct or

thin filégpdennpbbsinibls i?RhotcvoRie niiduldiCodTlin gigdnacl es that hi nder
electricity generated from PV nodul es from being economcally

conpet i tiggg7 t h ehaed bitsittikindBRE" r ' it
costs well o]:I/Mer $3Ppeak-€l\gt t m( p@i% %g%eﬁfse%?r(?%gﬁrt%?legi&ng{r@?%%% ?gﬁmfons.
silicon ' il duyl e [0 il .Qvol tai hav
f ound rra(trallelsgsfgs olﬁt'ﬂ@r%gggfl\%qgoe%s sCha ﬁﬂ"#@eé? 8?' %%%%'ﬁ%l g@%@%ﬁ%tgger 38‘?113
before e | Ci.t erated fromP dul es .can be conpetiti W t h
o ect 1 ATl o PYERT B AdiREhela et itia B fRRE aue el oS
i nes, PV nodyle nuf acturing costs represent_the biggest obstacle
pr event |¢{'§e 3‘1‘%&1"’?@??‘9’“ @Lar?ér 8‘%‘(‘.&’9?‘6“?@ r‘&)g'lﬂ f&at-ﬁ&pg,q?%@«pqi@or producing
conpetitjve with electricity generated fromtraditional fossil fuels.
[ 0012] THO&L ehifle Hasails aarqsliqof thig Hesighility dor tnndms) en ek dnamn
met hods that can overcone the above-noted probl ens of manufacturing
PV nodulregthogs, gxiftt oe lragducinddhia fils goakiegs ion glaes.aPnef of tigenevating
that can be manufactured in a nore cost-efficient nmanner. SUMVARY
OF THE I&BsHs GNKiow1 3§ The-lipeedepnsitiony eviierain epeaatingezppaestns ds disposed
deposition of silicon thin
either in a tin bath of a float-line or downstream of a tin bath of a float-line.
[0008] Typically, PV module manufacturers purchase PV substrates that
include, for example, the generic structure: glass-substrate/undercoating (UCYTCO.
More specifically, a glass substrate with an undercoating of silicon oxycarbide and a
TCO layer of fluorine doped tin oxide, wherein both the undercoating and the TCO
layers are deposited pyrolytically in an on-line process.
[0009] After obtaining PV module substrates such as those described in the
preceding paragraph, a myriad of processing steps must be undertaken to realize
the final PV module. Process steps needed for deposition of the semiconducting thin
flms include, but are not limited to: A) cleaning and washing of the PV module
substrate prior to deposition of semi-conductor thin film layers; B) re-heating and re-
cooling of the PV module substrate prior to deposition of semiconductor thin film

layers; and C) deposition of semiconductor thin film layers. After deposition of the

semiconducting thin film layers, further processing steps are required to arrive at the



films on PV nodul e substrates. [0014]In an aspect of the invention,
there is provided nethods for the pyrolytic deposition of silicon
thin film YWYA2PYLE$ul e substrates. [0015]1n an aspect BET/U$R10/030199

i nvention, there is provided nethods for the on-line pyrolytic
deposition of silicon thin filnm on PV nodul e substrates. [0016]1n an
aspect of the invention, there is provided nethods for the on-line

pyr ol yt iald®pesidui THke agmpP RURIES bhi §r‘érh<5thl'rrﬁteﬁ'tb”9) %’%ﬁlpé/crmﬂ%*bﬁhe

substrates. [0017]In another aspect of the invention, ere
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nodul e yﬁ%tlg\?h_g 0019] I n anot her aspect of the invention, there is
provide% t'ho the on-line pyrolytic deposition of
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the semiconducting thin films impart large amounts of production time and cost
associated with the production of PV modules. The amount of time and cost required
by the semiconductor thin film deposition steps is one of the major obstacles that
hinder electricity generated from PV modules from being economically competitive
with electricity generated from fossil fuels. To date, it costs well over $3/peak-Watt
(pW) for electricity generated from silicon thin film based PV modules.

[0011] While photovoltaics have found many uses, there still exists a number
of obstacles o overcome before electricity generated from PV modules can be
competitive with electricity generated from traditional fossil fuels. Along these lines,
PV module manufacturing costs represent the biggest obstacle preventing electricity
generated from PV modules from being competitive with electricity generated from
traditional fossil fuels.

[0012] Thus, there remains a need in the art for PV module production
methods that can overcome the above-noted problems of manufacturing PV

modules. In particular, there is a need in the art for PV modules that can be

manufactured in a more cost-efficient manner.



[ 0020] I n anot her aspect of the invention, there is provided nethods
for the on-line pyrolytic deposition of negative-type silicon (n-Si)
thin film|¥PPYHEHPY nodul e substrates. [0021] I n anot HEATUSHAEI01LF
the invention, there is provided nethods for the on-line pyrolytic
deposition of single-junction p-n silicon thin filmlayers on PV
nodul e substrates. [0022]1n another aspect of the invention, there is

provi ded nethods for the ogyMvERPYIPIWE eNENPASN | On Of
single-junction n-p silicon thin filmlayers on PV nodul e substrates.

[0023] I n another aspect of the invention, there is provided methods
for the on-line pyrolytic deposition of single-junction p-i-n silicon

thin fi '[Ebﬁgyers e Df egaﬂ%%ﬁghfﬁe&ﬁhg& r?étﬂgg g AURR oPSRER th]

the inve there 1s provi
films on PV module substrates.

[0014] In an aspect of the invention, there is provided methods for the
pyrolytic deposition of silicon thin films on PV module substrates.

[0015] In an aspect of the invention, there is provided methods for the on-iine
pyrolytic deposition of silicon thin films on PV module substrates.

[0016] n an aspect of the invention, there is provided methods for the on-line
pyrolytic deposition of amorphous silicon thin films on PV module substrates.

[0017] In another aspect of the invention, there is provided methods for the
on-line pyrolytic deposition of crystalline silicon thin films on PV module substrates.
[0018] In another aspect of the invention, there is provided methods for the
on-line pyrolytic deposition of positive-type silicon (p-Si) thin film layers on PV
module substrates.

[0019] In another aspect of the invention, there is provided methods for the
on-line pyrolytic deposition of intrinsic-type, or un-doped, silicon (i-8i) thin film layers
on PV module substrates.

[0020] In another aspect of the invention, there is provided methods for the
on-line pyrolytic deposition of negative-type silicon (n-Si) thin film layers on PV
module substrates.

[0021] In another aspect of the invention, there is provided methods for the

on-line pyrolytic deposition of single-junction p-n silicon thin film layers on PV



on-line pyrolytic deposition of single-junction n-i-p silicon thin
filmlayers on PV nodul e substrates. [0025]1n yet another aspect of
t he i nvent VOAZVIPMBAG | s provi ded net hods for on-1ine thRCHYS0IMBIIEY
deposition of nulti-junction p-n silicon thin filmlayers on PV
nodul e substrates. [0026]1n yet another aspect of the invention,
there is provided nethods for the on-line pyrolytic deposition of
mul ti -] widulosudktites [ 1con thin filmlayers on PV nodul e substrates.
[0027] I n yet another aspect of the invention, there is provided
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filmlayers,on P dul e substrates. [0029]In yet another aspect of
t he invﬁ?ﬂ@%’?@%@&%'i s provided a "value- added"” PV nodul e

bst oduct, made by on-|ine deposition nmethods descri bed
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on-line pyrolytic deposition of single-junction p-i-n silicon thin film layers on PV
module substrates.
[0024] In another aspect of the invention, there is provided methods for the
on-line pyrolytic deposition of single-junction n-i-p silicon thin film layers on PV
module substrates.
[0025] In yet another aspect of the invention, there is provided methods for
on-line the pyrolytic deposition of multi-junction p-n silicon thin film layers on PV
module substrates.
[0026] In yet another aspect of the invention, there is provided methods for
the on-line pyrolytic deposition of multi-junction n-p silicon thin film layers on PV
module substrates.
[0027] in yet another aspect of the invention, there is provided methods for
the on-line pyrolytic deposition of multi-junction p-i-n silicon thin film layers on PV
module substrates.
[0028] In yet another aspect of the invention, there is provided methods for
the on-line pyrolytic deposition of multi-junction n-i-p silicon thin film layers on PV
module substrates.

[0029] n yet another aspect of the invention, there is provided a “value-



[ 0030] Figure 1 shows the coating structure of a prior art PV
substrate: glass/UC TCO [0031] Figure 2 shows the structure of

si ngl e-j unc HBUIBL0R type silicon |ayers di sposed on a POF/UEIHENFUN%

i n accordance with the present invention. [0032]Figure 3 shows the
structure of double-junction p-i-n type silicon |ayers disposed on a
PV substrate in accordance with the present invention. [0033]Figure 4
shows t heddedr wat mbaulefsubsiralegorbiidtirhade By bniink YeBositibrh GRINIAYESstribed
di sposed on a PV substrate in accordance with the present invention.
[ 0034] Figgtep. 5 shows the structure of single-junction n-i-p type
silicon |l ayers disposed on a PV substrate in accordance with the

pr esent

I nvention. [0035]Figure 6 shows the structure of

doubl e-junction n-i-p type silicon |layers disposed on a PV substrate

Uracture of triple:j ARl oRoap TONBETHERAPLGE 7 ="ove e

[0030] Figure 1 shows the coating structure of a prior art PV substrate:
glass/UC/TCO.
[0031] Figure 2 shows the structure of single-junction p-i-n type silicon layers

disposed on a PV substrate in accordance with the present invention.
[0032] Figure 3 shows the structure of double-junction p-i-n type silicon layers
disposed on a PV substrate in accordance with the present invention.
[0033] Figure 4 shows the structure of triple-junction p-i-n type silicon layers
disposed on a PV substrate in accordance with the present invention.
[0034] Figure 5 shows the structure of single-junction n-i-p type silicon layers
disposed on a PV substrate in accordance with the present invention.
[0035] Figure 6 shows the structure of double-junction n-i-p type silicon layers
disposed on a PV substrate in accordance with the present invention.
[0036] Figure 7 shows the structure of triple-junction n-i-p type silicon layers

disposed on a PV substrate in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0037] While the present invention may be embodied in many different forms,

a number of illustrative embodiments are described herein with the understanding



di sposed on a PV substrate in accordance with the present invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0037] Wi | e the present

i nventi on 2B IEMSodied in many different fornms, a nuRGEPSH10/030199
illustrative enbodi nents are described herein with the understandi ng
that the present disclosure is to be considered as providi ng exanpl es
of the principles of the invention and such exanpl es are not intended
to I'im thdthmel pMRhE O r ' ARA@ihG o

illustrated he?ei n. %bgd\%gﬁ gigbeﬁgoﬁﬂr%gﬁr?amfz pd| SCP%S%%H\?\%]%%T the
suffi ci - i1 | j - t e
vent | S OPES R Py ERERL End PG TR AnpleS e Aok M Rl Rl A o
enpl oye t I gi chan be de w t hout
departiﬁb @%@ﬂ? ee®%§¢ﬁ%M§$ %%gﬁgggfaﬁﬁ%"pﬂﬁggﬁédrﬁ%@ﬂpio € various
[0038] T in ardance with t present invention provide PV
rodul e STEREPRTES o aREERRY tHbcehiht el esdibie dhdne sl B8 aitto
substrat e/ Undercoat Layer/T p-type, netal/n-type netal or

gl asssuB&9'5¢ et}jﬁln'ﬂg?@ 'Eé%%/ nelersiped et PIner t gipeodigeaty may, pe
metal . Those of skill in the art will recognize the ordering of
p-type REVEVER. B)Pdhafettaictiialand {aginal pbenges maydee madgl withau) sepadingl
as a single p-n type junction and a single p-i-n type junction,

r espect 08 i€ Spijis oOfBednse’ the persest haaaionsi t h t he present invention
are easily adapted and configured to produce double-, triple- and

mul ti - fﬂ%’qﬁl) n tyPe metbedois acsurdaneel apthathico peesend ioasritiog usratidenBY

w Il be recognized and appreciated by those of skill in the art. The
met hods modulgc c aubainateswi tibcludieg pr é®set bhvethki ogeasml al feemelasi | glass-
adapted and configured to produce double-, triple- and multi- n--)p
type | usetstats/UnOR38] Mot aodsTCO/moper daneelmitype t Neampiapser  glass-

i nvention can al so be adapted to introduce an additional thin film

| ayer, oubst@y®URdeicdho L@B@r/m@yd-@gesmewnwp% %ﬁgwd-@ﬁ;@ AROY e Thase pran
addi tional |ayer(s) may be di sposed above or bel ow the netal |ayers.

hs a nogkill iinMitid BEt WNaERhGhizE M BederhiRdsy SRd RGAIN-Hpbihakl 848 p-HBY

metal/i-type metal/n-type metal as a single p-n type junction and a single p-i-n type
junction, respectively. The methods in accordance with the present invention are
easily adapted and configured to produce double-, triple- and multi- p-(i-)n type
junctions. Such adaptations and configurations will be recognized and appreciated
by those of skill in the art. The methods in accordance with the present invention are
also easily adapted and configured to produce double-, triple- and multi- n-(i-)p type
junctions.

[0039] Methods in accordance with the present invention can also be adapted
to introduce an additional thin film layer, or layers, into the coating structure
described above. Such an additional layer(s) may be disposed above or below the

metal layers. As a non-limiting example, another undercoating thin film layer may be



di sposed above the gI ass substrate and below the netal |ayers (and
bel ow the TCO | ayer) to forma PV nodul e substrate of the general
fornul a: gl ¥9¥ ? at e/ Under coat Layer 1/Undercoat LaydiCT/US2010/030199
2/ TCO p-type netal/i-type nmetal /ntype netal. The choice of the nunber
of undercoatings will be recognized and appreci ated by those of skill
in the art. As another non-limting exanple, another TCOthin film

| ayer nmayispiesedi stRneade ghrvaudsiriel My Bdew fthé fletd P8 driiand béiaw! tB¥ercd o
forma PV nodul e substrate of the general fornula:

gl ass- subgénate/ daer goaty '—@N&ﬂ/lé_cg.lﬂas%‘cﬁé HiTEgR Lﬁkéﬁéra?/ Fbrﬁ%&e Jigss-

metal/i-type netal//n-type netal. The choice of t nunber 0

thin fi |§Uﬂsﬂ'§é%f’@né!\ér%atb a &C‘i’%ﬂdé%aﬁ%y@f)@fﬁﬁbﬂ}gﬂ 8{6{]@%6" ;nleﬁh)nl !

in the art. anot Imting exa ayer

%Lc'haﬁﬁr@%gﬂ?‘?%ﬁaﬂ"? %@éﬁ? ?‘e?ﬂ%ﬁgfs“tgg?be%&? 185 55 Frecnip R Ehe
"hcor pordrier o et Pl & %6 3. & e hpvaidiehener. enater

pr esent can forma PV no e substrate of _the general

or mul a: TGP 86, Bieimey oRedpecset dbw&w%wﬁw Bt T fhe AT ey g
nmet al / n- type nmetal . Such an IFL can inpart nechanical and chem cal
dur abi | it 3 P @eﬁwfﬁra@%raém c R aeeyakipEnbe glesspbsieaip/Undercoat
properties of the PV substrate. Known |FLs are based on oxides of
titani urhaySKiTE&s L@sferﬂMF@OaLrﬂyec 8fmiynatmeial/idype xealei§ndypa metali Tine acice
zinc. [0040] The "undercoat layer,"” or UC, is a thin filmlayer that
provi defttihe nnebes stF GO thitefimaayersfwib oeirecognizedcanbappreiatea by tiiois e rof
and thereby aids in inproving the transmttance of a PVTCO nodul e.

[ 0041] Trekill'inrtae sfaAe et ensttechon-Bmikg dxatnpte, ahClditichahldylr or falybie may
| ayer that is nade froma netal and an oxide. Wth respect to PV

nmodul es,bd kitspbEEd fhenweemrte t TCAI lager langhthet mepasybR ®IEh BA additional
active Ilght absorbing material beneath it and to serve as an ohmc

cont act |agerts)aiieed bRieddT BRTACALISFEraRY B8 matwRMyEFsABKhBRN | dsti inter-
absor bi ng@ng?erl al. [0042]" N-Layergﬂaor a negati vg yS charggd aygrerof

sem congyugihi RgeFRIFEN i g, Wﬁerpﬂf‘co?ﬁﬁételﬂlaﬁ]tcﬁw cRerheal ihys %@Pﬁ%ln’&%dwnth

(i.e., doped) ‘when deposited with a phosphorus, or ot her

el ement,m&hags b@%wéTgFé%rehﬁ n gné‘\ﬁﬁrﬁam%rﬁpgwwﬁm 'sﬁbétfaté]%tfqﬁe yéﬂgral

the n-layer can assivate ydr ogen

& oup v 2 ess fﬁB%‘&%@M%fdﬁ%yOéﬁa%ﬁQOB'ﬁL B 6}8@%@ el °
(e SHRely S QEL@@@"C‘M AIEGR SO A ﬁ@%m@aLfmt?‘Fty & ey

elenent tartin mat er tur S|t |n0aC0n UCt|Ve nater|
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that reddPP Shehiad enpRaee PRICRLPrApefife Oghe Y pe substatenk S
be passwat ed with hydrogen._ For exanple, type silicon, or p-Si, is
a | ayer IGks gt SPPeL 0§|9’ﬁ"gﬁ§n°f[ faniums QxigrRsd &?'t"ﬁ andgesolination ef exigas of
[ 0044] " I-Type Silicon," or i-Si, is si I icon, or a layer of silicon,

t hat ha§'ﬂ5@é’ﬁad‘é’p7fﬂ%qted wi thout combining it wth another chenical.

In other words, i-Si is silicon, or a layer of silicon, that is

un- doped0040]Si i sTh¢ Sondeteal Eyet,b casUCnis ianthim-firypley@'i that qumovitles itse
noted that i-type silicon can be passivated w th hydrogen.
[ 0045] " Aeoegrzoy snoeixl ofcefrattior fa-dlor neutalipativreays tiadreby @iddl inotipeevieg
f or m of

the transmittance of a PVTCO module.

[0041] The “transparent conductive oxide,” or TCO, is a thin film layer that is



silicon. In a-Si, there is no long range crystalline ordering and the
atons forma continuous randomnetwork. If desired, the material can
be passi vat¥e@2BY1¥yefr ogen, whi ch reduces interlayer difPOBUSN10/0301900
2010/ 118105PCT/ U82010/ 030199 [0046] There are several types of
"Crystalline silicon," or c-Si. Each is characterized by crystal size
such as nanocrystalline silicon (nc-Si), mcrocr ystal line silicon

(PC-Si') me PO ECHER "éh!:l'a’heoxscﬂé)%zzl% 'Fé%%gi gﬂsc ules0 rth%‘f@d fﬂﬁﬁﬁégg‘m

refers to a junction, cont act i ni g type an

N-type SgalGRRAHS1LAg ttljﬂjoﬂ?lf] 't% N Qé’tﬁfesl r%;th?%%tsgr%ﬁr}éeﬂ}a\f&r af b%n%% %r?]ttdat@t '

Thetermjun@tlon rerers WO reglio

anct ?2%3%0 b IS B Aol o¥nSirera s foht "

sandwi ch created, with a mddle intrinsic (i-type or undoped)

| ayer bé& P QH‘ am tr?r?&rpe layer and a p-type layer. Similarly, "N1I-P
juncti o? 28 junction, refers to the basic scenario as

fol | ows! 0% hr ee i VL AR eGR Ve shasgRe AR PhSeM iFPRRHGING moateFial; s
(i-type or undoped) |ayer between a p-type |layer and an n-type | ayer.

For eitRBf $@biasi geen hﬁ@r@fé@mbtcﬂmbg@ﬁﬂer(la@ eslopadp|vdwry idepesitacentith a

bet ween the p-and n-type regions. For exanple, in a p-i-n anorphous
si | i conplesmsioyus airlotherh@rauppy ledgreenti staptingypetesiabio make intattiustiveyleis
is intrinsic silicon, and the bottomlayer is n-type a-Si.
[ 0049] " Bbtegl toaf mao"t~iagaz" carebe passivatad RxithnmdinbgeiFon exasiptey Inetype gilioon,of
pranstt Ior(')rq-Si, is a layer of metallic silicon that is doped with a Group V element.
[0043] “P-Layer,” or a positively charged layer of semiconducting material, is
one that has been chemically combined (i.e., doped) when deposited with a boron,
or other Group Il element, starting material, which turns it into a conductive material
that readily accepts electrons. It is noted that p-type silicon can be passivated with
hydrogen. For example, p-type silicon, or p-Si, is a layer of metallic silicon that is
doped with a Group [l element.
[0044] “I-Type Silicon,” or i-8i, is silicon, or a layer of silicon, that has been
deposited without combining it with another chemical. In other words, i-Si is silicon,
or a layer of silicon, that is un-doped. I-Si is also referred to as intrinsic-type silicon.
It is noted that i-type silicon can be passivated with hydrogen.
[0045] “Amorphous silicon,” or a-Si, is a non-crystalline allotropic form of
silicon. In a-8i, there is no long range crystalline ordering and the atoms form a

continuous random network. If desired, the material can be passivated by hydrogen,

which reduces interlayer diffusion.
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bet ween sem conductor |ayers, such as a p-n junction, which goes from
a region that has a high concentration of electron acceptors -type)
to one thatWRELEHYh concentration of el ectron donorsP(:ﬁ’-Utsffég’)’?M 9
[0050] "Mul ti-junction” refers to a PV device containing two or nore
cell junctions, each of which is optimzed for a particular part of
the sol ar spectrum to achieve greater overall efficiency. This type

of strud0046] al so Thefeerare dsdveraistypet aotléOrysesiine sfiabnAchi evsi. HEgdreris
total conversion efficiency by capturing a | arger portion of the

sol ar  spgeEddunizdd0fbdlystal ok sBcRSS natocr/stalinedsimes' &n"cféiﬁrrﬁicﬁdérﬁs’t@%
produced on a float-line by floating a continuous stream of nolten

gl ass onjiRon (REISN, BF pADEAERIIHEN. The nolten glass spreads onto the
surface of the metal and’ produces a high quality, consistently |evel

sheet ofjoghpps | A9SPLinkS! oy BlARRCIGH, oRAS LELIEARIASS coh el e

gl ass produced by casting d coftinuous 'stream of 'm _ ass 't hr ough

[ o0s3] » e tha i sRe e RS B M b8 Atierersfosslnd fi§efy cose

noroi n, P0isT< TH8 o hglar gBis SBoHen e e dueT Pl rvE HEBase die o

gl ass manuf act urit nq I i'Pr% This i npl udes but is 'r'10t I | mted to"f! oat

gl ass am@ USROG R SIM fay§EeEf - | | ne et hods” or "of f-line" is

al'so a t[&rﬁn vel | _!fg—?-\lﬁlﬂjt?n%ctiion," or p-i-n junction, refers to the basic scenario as
follows: A three-layer sandwich is created, with a middle intrinsic (i-type or undoped)
layer between an n-type layer and a p-type layer. Similarly, “N-i-P junction,” or n-i-p
junction, refers to the basic scenario as follows: A three-layer sandwich is created,
with a middle infrinsic (i-type or undoped) layer between a p-type layer and an n-type
layer. For either scenario, this geometry generates an electric current between the p-
and n-type regions. For example, in a p-i-n amorphous silicon (a-Si) cell, the top
layer is p-type a-Si, the middle layer is infrinsic silicon, and the bottom layer is n-type
a-Si.
[0049] “Single-junction” refers to a PV module with a single region of transition
between semiconductor layers, such as a p-n junction, which goes from a region that
has a high concentration of electron acceptors (p-type) to one that has a high
concentration of electron donors (n-type).
[0050] “Multi-junction” refers to a PV device containing two or more cell

junctions, each of which is optimized for a particular part of the solar spectrum, to

achieve greater overall efficiency. This type of structure also referred to as a tandem
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understood to those in the glass coating arts and, for purposes
herein, refers to coating glass after the glass has been produced and
renoved fr oW &PPHIY manufacturing |ine. [0055] " Deposi t BET/EFRIGNOIBYY
"deposited on" nmeans that the substance is directly or indirectly
appl i ed above the referenced layer. If applied indirectly, one or
nore |layers may intervene. Furthernore, unless otherw se indicated,
in descrcehi i agadidaRhef WhIecEVRPEEN eRIRIRY BNCAMUMREa YhrgePBoftRInEH

"[substance 1] / [substance 2] / [substance” 3]! or "t he fornmat

“a firstnd solhssangamt] layer; a first [substance 2] layer; a second
[ substance 1] layer; a second [substance 2] layer; . . .", or the

i ke, i IS me t »€AG ! i i re, . On

i ndi recg?g/m(]eposi 'ﬂgda t 0 ?ﬁeﬁ%tfggée:sgisr%e\{g6@?%%%328%@5% 'aﬁgéaa{?{'v\%tbty, "
or pW i ! ut, 1S ften,used j.n relation to
phot OV0:H§%.I chg gcﬁ’gg'ﬁ%ogj r%ﬁ%\?fﬁ(&e%ﬁﬁssa&@% aeﬁ@@t ?f@OB%@Paﬁﬁgﬂo'ge”
device, jts power in tts:peak.is defined as the peak output of the
dovi ce. Sl snre Ao Rt dRR B e oAy SraHesR A Mar Shake orRATIB:

i deal conditions, Specifically, pWw of a cell is the DC power out put
in watt V&LS%%E}@g%nder an industry standardi zed |ight test before
the PV npdul e | eaves the manufacturer's facility. The standard |ight
test tefd@2he oulGRsteddirs Wneattepd glasat eafersriaaliasstpindagat by casting
conditions of 1000 watts of light intensity per square neter, 25 C
ambi ent at edfpEvat streamdoh mofeot glass girouglarcasing uells ghbyt dlevitgasnolten
passed through the atnosphere. [0057] The inventors of the subject
mat t er glassltoseitifyén eimoldave surprisingly found that known PV
substrates can be subjected to further on-line pyrolytic deposition

processEOFBHr pr dduetineometifodshion “dri-lima”l igpeteam hasiechown shd ue@erstood to
Furthernore, such a surprising finding allows for production of a PV

subst r atisthiatthe Yadseceningi stey add afor vakpieadisding PsE/URE cdRhgP igidsase
by PV nodul e manufacturers. Figure 1 depicts such a known PV

subst r aigring\bR¥BLibrRoMEe diassesn & 3Mssi RaklifaBRRtE iRy eThig RS HRAH h&td
| ayer (20) that is disposed over a glass substrate (10). [O0058]A

nunber  grhitdd &R IgPadsUndM4siRpyihes manuf act urers who purchase PV

substrates can occur with depoSition of the necessary sem -conducting

e [T ORIk BRRE, heiits, 36 2ghled SOALTlbbl ond

ST A R M IR
coating glass after the glass has been produced and removed from a glass
manufacturing line.
J0055] “Deposited onto” or “deposited on” means that the substance is
directly or indirectly applied above the referenced layer. If applied indirectly, one or
more layers may intervene. Furthermore, unless otherwise indicated, in describing
coatings of the present invention by use of the format “[substance 1]/ [substance 2] /

[substance 3] / . . .” or the format “a first [substance 1] layer; a first [substance 2]

layer; a second [substance 1] layer; a second [substance 2] tayer: . . .*, or the like, it
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about four hours (fromstart to finish) for the deposition of the
sem - conductin Ia ers. The production tinme of about two to about
four hours Y@ 05hyt is not linmited to, the process P&TEF30181030199

| oadi ng of the purchased PV substrate onto a conveyor; washi ng and

cl eaning of the PV substrate while on the conveyor; reheating and
re-cooling of the PV substrate while on the conveyor to create

opti mal isonekirtitieatsedodr suwestsive sdbtnde fshdirecki lomindyeey d@?_@éitefdl &Ho tigerd
deposition of the sem conductor thin filmlayers. [0059] The inventors
of the sptBt&dihg BBbSteRcedi scl osed herein have surprisingly found that
the semi-conducting thin filmlayers can be deposited during the

on-line [@ SS. T}h@al@ﬁ&iﬂoeoroﬁws HORGHE b B&Néﬁ%@gb@m%ﬁ o@@ﬁ used

partlcular limted as 16ng as’t erraterla e03|

on-line., 'altﬂoﬁ@%ﬂbﬁ%ltt c Qbiak gﬁ?rg;&eifeﬁﬁbtes' BYERENPD etk dgglﬁ ﬁf ecfﬁé/%ghut%

t hat neta IC Srlircon e use € necessary sen

;::alnmp:rgy\ﬁ ﬁe*’d'ﬁe%@ed% @%fé;n 4AS i G C§lﬂf¥3“§{</?“§" éeﬁkgsﬁ@aa'apﬁﬁ?ﬁf“"a%
A
e ol ﬁié@g@ﬁﬁ@t 5P mﬁ&p@rﬁgr eaLpttignn SepRiicay RV of a

(p-1-n doyble junction and C) gl ass

subst r at®/'u L@tﬁ%@%ﬁpmer QWFHHS]" 5 2§ MugsHLeg ppdes; gn ingushy standsrdized
triple junction) i's notedthat t he smg doubl e and triple

j unct i orligpt teshbe@y%i@ dV Jeedide tpavep dhe many acéwleés éarility i The ondard light
present invention. Those of skill in the art wll know how to adapt

t he net Heeldesladios pbiput pewei wheémillutriratpd oddet stamdarf! cBNditfods b&1000 watts
substrates that conprise nore than three p-i-n junctions. [0061] The
met hods dfrigl¢ dotedsaitc @enisiiateh engier sZntC i amleishi tempematiab sand apspadtden
on-1ine produced PV nodul e substrates of the general formula: A

gl ass sudialiarad alXghtGAtmaSipass&l (HpoSgh (He-atrpsphéel e j unction); B)

gl ass substrate/UC/ TCO nSi/i-Si/p-Si/n-Si/i-Si/p-Si (n-i-p double

junctiomposAnd C) Tekasntors of the subject matter disclosed herein have surpr:smg!y
substrate/Ud TCO nSi/i-Si/p-Si/n-Si/i-Si/p-Si/n-Si/i-Si/p-Si (n-i-p

triple jrned 'tﬁé'c) knbvnl Pvngétﬂréé@tcahhﬁesélﬁlﬂé&ed d@ullreheRNén i]ﬁé p@golytic

junction n-i-p layers discussed herein are’representative of

Phe: ot (SSREEH0h BRocel e for Braduiekibh of fhif Affn Rivkrd bacec AMIGR Finefifre.
Ry e
L T
conduct MRS SeBiERsHeR T ot BRA Ut ot M aBr L A0 FyeT SbS SfopoRes

present invention, while not ?artlcularl limted, it is preferable
to use SVP BRHNEKICARINGIAVELER) Hiabis dieposdd ovasm Glasy suhsiraig (1Qon
oxynitrid silicon carbide, silicon oxycarbide and conbi nati ons

Uher eof T0G38] t he Gritsneerset dgwibagls Tost PY Heogirie seanufactuesis ivdie, purchpse
nost preferable to use a thin filmof silicon oxycarbide as the
under codtM sigpstrates can occur with deposition of the necessary semi-conducting thin film

layers. Two of those drawbacks are the length of time needed to deposit the semi-
conducting layers and the cost of depositing the semi-conducting layers. Regarding

the length of time needed, PV module manufacturers typically take about fwo to
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[ 0064] For the TCO | ayer of the present invention, while not
particularly limted, it is preferable to use tin oxide,

f1 uori ne- dopea@WilEB1¥xi de (FTO, al um num doped zi nc oxi BETUARD)HIY
indiumtin oxide (I TO. For the TCO | ayer of the present invention,
it is nost preferable to use fluorine-doped tin oxide. [0065]For the
sem -conducting layers of the present invention, the choice of

seni - conghdat ae Hars (frdhn starD® fiRdh :lesmwa 'd)épbéiﬂé()jﬁ %g tBe ééﬁﬂﬂ:o‘ﬁau&tﬂﬁg

material is able to be pyrolytically deposited. Sem -conductli ng

netal s thaks afigs b@g&riéﬁ.t% ?p lr?go&tot\ﬂ’? tnﬂéEBhty fduf Holu¥s gﬁﬁ%{%}s@ﬂt ¥ fot

silicon, ‘cadm um urium 1 ndium gallium -arsenic, ny,

D T S O Sy L o RS R TR
Py oLV el b S5ROSh il R LR PP L bl e A Syt

startin terial wth si]ane | eads to a positively charged p-type
sili con%f‘:‘%@%@ ?n&(S?'CHQF%@l | TY SN FE@/@‘@?'%W%F EYOp K&} 895’“31
cont ai ni ng starting material with silane |eads to a negativel _
char ged CRNENIRRS fariseadondy@er thinfilm lavep despsitiens mndndenssiion ca‘rtémsgmu-
starting material is necessary outside of silane, as it is an

un- dope§oBiyGterdhin flpdayerept i onal |y, if desired, the i-Si layer can be
passi vated wi th hydrogen. This can be acconplished by conbining the
si | ane \WAFPIhydr ofes inyastors 006 Jhkkedtonbiben digeldssct hertn bavesonridieglya
general nethod of providing a PV substrate in accordance with the

pr esent foungethit 6re sarhiecdrulucting tign dirmdayers ican besdépdsitadetilirihg the on-line
non-limting and nodifications and variations of the generally
descri betbawss itk clgicdef setapt@divatity alaarae ks hetrpaatidesdy Ieditdd &along\as

substrate by those of ordinary skill in the thin filmcoating arts,
such changestdid Isl adi@td badepbditeidron-Mf. $¢ eRBoimdME oPIHRSRBScrt MRRIMIbAN-
[ 0068] Soda-lime silica glass can be made from wel | -known gl ass batch

it is preferred that metallic silicon be used for the necessary semi-conducting thin
film layers.

[0060] Methods in accordance with the present invention can provide on-line
produced PV module substrates of the general formula: A) glass
substrate/UC/TCO/p-Sifi-Si/n-Si (p-i-n single junction); B) glass substrate/UC/TCO/p-
Sifi-Siln-Sifp-Sifi-Siin-Si (p-i-n double junction); and C) glass substrate/UC/TCO/p-
Sifi-Siin-Sifp-Sifi-Siin-Sifp-Sifi-Siln-S8i {p-i-n triple junction). It is noted that the single,
double and triple junction p-i-n layers discussed herein are representative of the
present invention. Those of skill in the art will know how to adapt the methods
described herein for the production of PV module substrates that comprise more
than three p-i-n junctions.

[0061] The methods in accordance with the present invention can also
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conpositions. The gl ass batch conposition can be nelted by heating in
a gl ass nel i rnace and then directed to a tin bath of a
float-line &déj{]%ﬂ)@ﬂﬁwat he case of casted gl ass, the nelt&dTgyewopys
directed to either casting roller(s) or to casting nold(s). Froma
first coater positioned in the tin bath of a float-1ine, the
undercoating |ayer can be deposited. In the case of casted gl ass,

t he coat provide podne ippodictedoRistnodaln $ubsiratast biethet Yenerab farnuia:oh) gracs)
or the casting nold(s). Froma second coater positioned downstream
from t hesdbstrate/0CATCD/n-SNESilp-8N@INaT singleqomstiont;i B)eyi8sd $ldstratalUEITan/n-

| ayer can be deposited. [0069] Froma third coater positioned

downst Fe@mSiImm/ﬁ-Eﬁ?i—SW@n-?‘-ﬁ&icﬁjblevﬁﬁcﬁbrﬁi aRf & @a%:s étﬁié%te?@@/m!m
the PV s an

pyrol ytically deposited onto ubstrate contai ni ng

under C06\@?[@@/@9%-@i/F—S%‘%@ﬁfﬁ‘i‘%ilgﬁlglég-%)irt)gﬁl]eﬁﬁﬁ&%n?.qy%rnot gﬁ?ﬁgﬂwém s,

n-Si layer 1s desired to be pro e third coa

gas L SBLAORE ALRSIAHIANG AL, B0 S PRl D Bedufer et ge
S LB Bl RSB TSRS L BALSRL RSE Ate A EBS

of phosphar aus, cont.aini starti.n rm;?ria for doping of n-Si

| ayers i%%ﬁ%‘%, hep fpgﬂ%bprqc{q# rg(‘}’ tro’ WQ‘J@%F‘H pir E%é'gﬂavaﬂd%q BIORS |
phosphate, tripropyl phosphate, tributyl phosphate, tri-t-butyl
phosphattga%&megl’?d@r%mng@”sl-t is preferred to use phosphine for doping
of the n-Si _layers of the present invention. The gases of the m xed
gas strd@ffZhcl ud&er fthn Péavbsiptestiessfibed by inetbadsl of the piasgniaventionl s
can be supplied at the following rate ranges: 1) silane (Si1-14) 0.0
- 50. 0 gwinien;noandecBssptyosibhisnergigiagle (o 0dispase Oary/uridercaatisfebelod the
ranges for starting material delivery is: 1) silane (Sil1l-14) 0.5 -
30. 0 g/ nransparet 2ondboyehionige( PiHB)fid. Such tatOthg/ ohderdbeimgdésipoeiioned
such n-Si layers in accordance with the present invention can be
passi vatdween hehgubrstrgenariy thiertcdnspbemt obndyudive geidleghs film. t he ni xed
gas streamof starting materials. The hydrogen gas can be supplied at

t he rat goo63ige of For Othe Z@d@rc@‘aﬂﬂ@-la?eiprcﬁf &d egtebamI envitintiby dragRN @S
can be supplied at the rate range of 0.5- 10 g/mn. [0071]If a p-Si

layer i agsiladirhRed)qt iBipefertfe td 088 tMeort BkitE, SrEioxiBeNsiN&sh SifRie,

stream contai ning silane (SiH4) and a dopant can be directed to a

heat ed %ilTcBﬁC&yﬁftri&é‘,esil_ill_:'ﬁgs%rbiidgbgmcérﬁ)'bf(?éa‘?‘ﬁfd.b oaegmgfﬁ?g?ﬁ% glﬁé;?e&ff. For

p-Si thin filmlayer. opant “nost equently use Ication

D b St shevifeerchanfy (YOG the brEle Tyl s 3o A ABeaold' f GOk 6 B

boron containing starting materials ftor dopi

i ncl Ude’ofggi;coﬁ 8}(%%9‘@%1%%3%% hge%?%%}?@{jane, boron tribrom de, boron

trichlorl bor Uor i ron triiodide. It is preferred

to use @ ane far dopi of the p-Si |layers of .the present )

i nvent i gh&&{ﬂhe gagggq%$ ﬂﬁ@ VRe T e B‘ierséﬁtm”?vﬁ@p%e I8 N aRertigtlatye
af or enent i.oBec% St arTI }?g)q material s can_be supplied at the follow ng
rate rafgii€d. ¥yis Qrefermbie & jusein gxige. flugging-donadntin gxigle T6)p lugrisim-
(B2H6) 0.0 - 25.0 g/mn. Preferred ranges for starting materi al

del i ver oped ziNC axidey(fel@)gpnghindiyns tin 03@%(1‘5@}115@!” then §CP) lageorthaeresent
(B2H6) 0.5 - 15.0 g/mn. Wen desired, such p-Si |ayers in accordance
wi t h t héngndernt isimostmreleradeto uee fleeraievdensd tiv oxidéydr ogen by

i nclusi on of hydrogen gas in the m xed gas streamof starting

mat er i al[@065fhe hyHeoothensaaiscarainctiey fyprd dEtheaprestigt inadrtionatige clodic® ob
- 20.0 g/mn. A preferred range of hydrogen gas can be supplied at

t he rat eemingedudting.rbateti@l ig/not particABfy] IRt gs fodr ddtheoabairial is able to
positi oned downstream fromthe third coater, an n-Si or a p-Si |ayer
can be pyrolytically deposited onto the PV substrate. The choi ce of
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the third coater, an n-Si |ayer can be produced fromthe fourth

coater as described above. [0073]Wen i-Si sem -conductor thin film

| ayers are WREBYIHIL t o i ncorporate between the n-Si anBCHUBIWIYEY s,

as is the case for anorphous and crystalline silicon based PV

nodul es, another coater can be positioned in between the third and

fourth coaters for the deposition for producing such i-Si |layers. If

an i -Si peayedlyticallderbbsittd Sh-dohadeiRtmetld &t $hé RAGIVA LRI dHE% be

silane (SiH4) can be directed to a heated surface of the glass ribbon

for cr e@%dﬂﬂi_c@%ﬂ JPBSRId iR BlcoRN cagi@liurh Nitéliubin i}'\@bﬁ%,- %\ﬁliﬂrﬁ”%ré’@ﬁ
50.0 g/ mn.

can be supplied at the rate range of 0.0 - preferred

o AR RS LS T8 WD 0 T
cccom) s . IERATRCARS TP PR FETDRREE A bAB TR o
pr o e SEhATEN O cSEO0ED 0RS. 605 PUPRLR Akt el daFS

coaters that can b Iposi tioned on the float-line downstream of a

f1 oat baﬁt"PEe"aty“F%ngoa?‘éfﬁ%r%hq% RV § ¢ FERPING s e DEFPT IFNTaINYAG - $tRriag

for disposition of such coaters. Simlarly, there is no limt on the
nunber BRREAVERS Slaig legdh tBea positivelyndwrass rHepe Sdicen lgvers Forimeype

downstream of the casting roll er&s) or casting nold(s), as long as

t her e i 8iligQT figusirancorspase opheRphpEyls: comabing starting ataiegal wWihesiene

the nunber of coaters that can be potentially positioned downstream
wi || beleladsi toed bggativelyl emayghd ofi-typee sllicor lagerd Faor i-iypedsiidong richether

nol ten gl ass ri bbon. Those of skill in the art will recognize howto
bui | d anhkernielostpdingtreatehiel is oetessprappide ofssiland, &sltiigpar nih-dipelesiicon

inside of atin bath or downstreamof a tin bath or downstream of

t he caslayeg @mtohelly, 3) dedired athiel i) [aar &b )oe pYshatdd@ite ihedigeBNThigfcahhe
present invention of the above general description enconpasses the

coat i ngb@bbmM_rsehe@fbya:oﬁimhgtwafanie%trpm(drogéh fype PV substrate,
those of skill in the art will also recoghize howto build and

i ncor pofoylee] addi tiHRNBlIow PRI prvid Qabier{é‘?glqﬁ tod cﬁg)%w&iﬁg a PV
doubl e-, triple- and nulti- junction p-(i-)n type PV substrates.
Si mi | ar fyhsylaho$e a%Eor%ﬁérEé WEQ‘OE‘E‘?‘: ﬁ,ééetn‘rﬁf: Eh{er{tﬁgggwﬁﬁﬁllp{%ﬁ]gﬁgggélrg)ﬁ]ibﬁ”i§

needed to produce single-,

ot ORI i PTG AR 06 BB P e
somCOBHTHRSLRLF 8y B ALY A0S o B T BB
e T b aP AP Bl e e

sem -conducting | ayers. Incorporation of deposition techniques for
on-1i nescﬂp(?cﬂjé*%? BiFSERt BE¥PRLOPonduct i ng netal |ayers elininates the
need for PV nodul e manufacturers to produce such |ayers. Thus, costs
i ncurr l§068§] t he Bededig silisgnateget carelbs wdeb&ony avalltinosin glassdoatet.
Mor eover, the inventors have found that it is possible to deposit
seni - covRaditapst dyer glabsh batanacomposifiomicant lss mélfednby heetiomds.a ptasss
preferable for the deposition steps described herein to be pyrolytic
deposi tmeling tiepsice [DA7TBER Witdetrhtar & tint teth iof\eefidatrimecfetthenphesest of
i nvention have found that on-
casted glass, the melted glass is directed to either casting roller(s) or to casting

¥

mold(s). From a first coater positioned in the tin bath of a float-line, the undercoating
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| i ne deposition of sem -conducting |ayers offers the advantage of
depositing the Ia¥ers on a continuous ribbon of glass. This, in turn

| eads to a WOGREIH3 ity film because the semi conduct i RGTIUSHUEPEsIEY

not suffer fromedge effects. The nethods of the present invention
al so allow for a reduced cost for starting materials and inproved
coating efficiency when conpared to off-line sputtering processes

of ten utlayerzesh e B¥posithd. nnmeutasd Wf ed:sted Qfb&E] The dRtdrods positidie
present invention inpart features that are attractive to PV nodul e

nmanuf actdgviistreuiofrinSditie ! Eatagero RS UbrSthE ala8fingd ama(gmwegga skBénd
e

i nventive net hods descri bed herei'n. Such features nmake

sem - conglaedri RYitlAYE UBWHEREAR IR B st Yadide t@iﬁg;gs:ﬁa%ﬂ%ﬁpu&% oxide

include: 1) the elimnation of the need for P e manufacturers

to wash G Cl P rate prior to silicon |ayer deposition;
tﬁiﬁ%ﬁ |§@é§ nctahe‘oe %g%%ﬁé&

2) the el mnatt of 't need for PV nodul e manufacturers to re-heat
and re- the P S t r..sen - d i | ayer deposition;
and 5 RO ' nhraTbke cheleR ead TP BOVHEATE ol e SBRa cbeED an
deposit, Qr sputter, the sem -caondycing l.ayers. .Th | i m nation of
Lhese prbebese Brapaver cein POy itelly Setosb o g FEaueRE e Septer i
PV nodul e mapufacturers. Exanple 1 a00_78] The foll ow ng exanpl e
descri bé¥ YIHEERIINE ENet FaPRsenharNHCles¥idelB¥erate with a p-i-n
coating in accordance with the present invention and as enbodi ed by
Fig 2, MPOEH repr Ex8r1-Si laypr is-desipd ite bA Pspdiped fam e Birdpeataibe nrixgd.
[0079] From a first coater positioned inside a float bath, a m xed gas
st r eam igasdstrearn eepntainiaghgi@ned(Silds)f ace 2otioptt girade dirgtied toubdtaated
10 to formthe undercoating |ayer 20. [0080] From a second coat er
posi t i orsedadewhiiter glass fibloon forforeationcaret @egosiion of an n-Si thin film layer. The
dopant most frequently used for fabrication of n-Si layers is a Group V element, such
as phosphorous. The choice of phosphorous containing starting materials for doping
of n-Si layers includes, but is not limited to, trimethyl phosphate, triethyl phosphate,
tripropyl phosphate, tributyl phosphate, tri-t-butyl phosphate and phosphine. It is
preferred to use phosphine for doping of the n-Si layers of the present invention. The
gases of the mixed gas stream included for each of the aforementioned starting
materials can be supplied at the following rate ranges: 1) silane (SiHs} 0.0 - 50.0
g/min; and 2) phosphine (PHs) 0.0 - 25.0 g/min. Preferred ranges for starting
material delivery is: 1) silane (SiH4) 0.5 - 30.0 g/min; and 2) phosphine (PHz) 0.5 -
15.0 g/min.When desired, such n-Si layers in accordance with the present invention
can be passivated with hydrogen by inclusion of hydrogen gas in the mixed gas

stream of starting materials. The hydrogen gas can be supplied at the rate range of

0.0 - 20.0 g/min. A preferred range of hydrogen gas can be supplied at the rate
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m xed gas streamis directed to a surface of the undercoating |ayer
20 to formTCO |ayer 30. [0081l]Froma third coater positioned
downst r eam¥Y Pt H-S econd coater, a mixed gas stream i ECHUBWEYEHI o
a surface of TCO layer 30 to formn-Si |ayer 40. [0082] Froma fourth
coater positioned dowmnstreamfromthe third coater, a m xed gas
streamis directed to a surface of n-Si layer 40 to formi-Si |ayer
50. [0083hdy oio.8 10 gMmigoat er positioned downstream f romt he fourth
coater, a mxed gas streamis directed to a surface of i-Si layer 50

to formiged] | ayef H0si BRMA GestretiQ084] JB8uER] O RE tRXAERASBY, a mixed

describes an on-line nethod of meking a PV substrate in accordance

A1, ol A drphacDRe oA IR SR Rk Sl iR

coater RAshid 8RR LiBSL ABbSh HABLaldt bha geﬁgs)gt?oqw 85 p%irtﬁ%rqil}nsiayer. The
dopant most frequently used for fabrication of p-Si layers is a Group Il element,
such as boron. The choice of boron containing starting materials for doping of p-Si
layers include, but is not limited to, diborane, boron tribromide, boron trichloride,
boron trifluoride and boron triiodide. It is preferred to use diborane for doping of the
p-Si layers of the present invention. The gases of the mixed gas stream included for
each of the aforementioned starting materials can be supplied at the following rate
ranges: 1) silane (SiHg) 0.0 - 50.0 g/min; and 2) diborane (BzHe) 0.0 - 25.0 g/min.
Preferred ranges for starting material delivery is: 1) silane (SiH4) 0.5 - 30.0 g/min;
and 2) diborane (BzHg) 0.5 - 15.0 g/min. When desired, such p-Si layers in
accordance with the present invention can be passivated with hydrogen by inclusion
of hydrogen gas in the mixed gas stream of starting materials. The hydrogen gas
can be supplied at the rate range of 0.0 - 20.0 g/min. A preferred range of hydrogen
gas can be supplied at the rate range of 0.5 — 10 g/min.
[0072] From a fourth coater positioned downstream from the third coater, an
n-Si or a p-Si layer can be pyrolytically deposited onto the PV substrate. The choice
of either an n-Si layer or a p-Si layer being produced from the fourth coater will
depend upon which type of silicon layer was deposited on the PV substrate from the
third coater. If an n-Si layer was produced at the third coater, a p-Si layer can be

produced from the fourth coater as described above. If a p-Si layer was produced at

-18 -



directed to a heated surface of the glass ribbon substrate 10 to form
t he undercoat.i ﬁﬁ' | ayer 20. [0086] From a second coater positioned
downst r eam %P& éu?]l)('?st coater, a mixed gas streamis diffddfeyoPYIy
surface of the undercoating layer 20 to form TCO | ayer 30. [0087] From
a third coater positioned downstream fromthe second coater, a m xed
gas streamof is directed to a surface of TCO layer 30 to formn-Si

| ayer 4QGhe[t0ieB8b&beomran{Silaten candieepropased fronethediounis tcoeemalr desctibed
third coater, a mxed gas streamis directed to a surface of n-Si

| ayer 40sdoweformi-Si |ayer 50. [0089]Froma fifth coater positioned
downstream fromthe fourth coater, a mxed gas streamis directed to

a surfaqeops] i - S Waeter-sb&rhiedn@liBloP tith ,fi%rﬁ%@)’er@@re hEQRAL K BMhéorpbrstd

coat er positioned dowmnstreamfromthe fifth 'coater, a m Xed gas

o TR S0 R S R o0 Phnd R4S 0PI Pl

coater, dicon based PV modules, another coater can be positioned in between the third
and fourth coaters for the deposition for producing such i-Si layers. If an i-Si layer is
desired to be produced, a gas stream containing silane (SiH4) can be directed to a
heated surface of the glass ribbon for creation and deposition of an i-Si thin fim
layer. Silane gas can be supplied at the rate range of 0.0 - 50.0 g/min. A preferred
range of silane gas can be supplied at a rate range of 0.5 — 30.0 g/min. If desired,
the i-Si layer can be passivated with hydrogen. To accomplish this, hydrogen gas
can be combined with the silane starting material at the following rate range: 0.0 -
20.0 g/min. A preferred range of hydrogen gas can be supplied at the rate range of
0.5-10 g/min.
[0074] Generally, there is no limit on the number of coaters that can be
positioned on the float-line downstream of a float bath, as long as there is sufficient
space on the float-line for disposition of such coaters. Similarly, there is no limit on
the number of coaters that can be positioned on the casted glass line downstream of
the casting roller(s) or casting mold(s), as long as there is sufficient space for
disposition of such coaters. However, the number of coaters that can be potentially
positioned downstream will be limited by the length of the line used for producing the

molten glass ribbon. Those of skill in the art will recognize how to build and

incorporate the coating apparatus and equipment either inside of a tin bath or
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m xed gas streamdirected to a surface of n-Si layer 40° to formi-Si
| ayer 50'. é%0092 From an ei ghth coater positioned downstreamfromthe
seventh codY@MIVAIBSed gas streamis directed to a surPEEESHIVG301GP
layer 50" to formp-Si layer 60'. Exanple 3 [0093] The follow ng
exanpl e descri bes an on-line nmethod of making a PV substrate in _
accordance with the present invention and as enbodi ed by Fig 4, which

I epr esenbwnatr@arn-di stih ibadnot 8o Whrdawn et tenciMing UBRH AL cdsBRgMdfBEM a
first coater positioned inside a float bath, a m xed gas streamis

di rect egviie teheabedintat ftcfe Grebdi® Bl é&%on bPBRN 28RS LEALS %@sérﬁatfaﬂr m

t he undercoating | ayer 20. [0095] From a second coater “positione

Lonn Lo b Shiiasfions g SASREIATIY PV SR

LSRR PR BT ESUESE LS SR, SRR gl

Payer 400 EAORTL BIG Bo'R4ELD 1§ WS IocP BRI 05 SN R AL B 410
type PV substrates. Similarly, those of skill in the art will recognize the adaptations
needed to produce single-, double-, triple- and multi- junction n-{i-)p type PV
substrates.
[0075] The inventors of the present invention have surprisingly found that it is
possible to deposit the semi-conducting layers in vastly shorter amounts of time
when compared to that of PV module manufacturers. This is attributed to performing
the deposition step on-line. Typically, it may take PV module manufacturers
anywhere from two to four hours to produce semi-conducting layers. Incorporation of
deposition techniques for on-line production of semi-conducting metal layers
eliminates the need for PV module manufacturers to produce such layers. Thus,
costs incurred by the PV module manufacturers can be dramatically reduced.
Moreover, the inventors have found that it is possible to deposit semi-conducting
layers in a matter of minutes, if not seconds. It is preferable for the deposition steps
described herein to be pyrolytic deposition steps.
[0076] Furthermore, the inventors of the present invention have found that on-
line deposition of semi-conducting layers offers the advantage of depositing the
layers on a continuous ribbon of glass. This, in tumn, leads to a higher quality film

because the semiconducting layers do not suffer from edge effects. The methods of
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m xed gas streamis directed to a surface of n-Si layer 40 to f]?rm

I -Si layer 50. [0098]Froma fifth coater positioned downstream from
t he fou?/th @8&’5;",1{1813 m xed gas streami spdi rected to a EUYYS3eL/ 084190
i-Si layer 50 to formp-Si |layer 60. [0099] From a si xth coater

posi ti oned downstreamfromthe fifth coater, a m xed gas streamis
directed to a surface of p-Si layer 60 to formn-Si |ayer 40'.

[ 0100] Fribem presenkiirventoataso poisivt fenedredovestdosanof rstartibdiematexials and
coater, a mxed gas streamis directed to a surface of n-Si |ayer 40

t o for mimpBovddayestingOefiiclehdP WHenosdapaedobt G- ARatsplutONT] bidReses often
downstream fromthe seventh coater, a mxed gas streamis directed to

a_surf acgiligéd by PV mduble menufh&ufgsm p-Si layer 60'. [0102] From a
ninth coater positioned downstreamfromthe eighth coater, a m xed

gas str 8[%.5‘7"[?%1di r %befﬁe%%@oﬁﬁﬁ%gﬂggerﬁ inRnibn lirﬁ%%‘i e%%re%?hét%{r?‘oafrﬁfﬁge

f
f
| ayer 40" 03] From a tent ater positironed downstream

ninth cogt@y “?@@r ﬁ%gu_%ﬁurg!ss Bhé SaLe bGrcRasd! PlAG R sRhtdd mbritlE rby%%

to formi-Si
inventive methods described herein. Such features make the PV semi-conducting

layers desirable as a “value added” product and include: 1) the elimination of the
need for PV module manufacturers to wash and clean the PV substrate prior to
silicon layer deposition; 2) the elimination of the need for PV module manufacturers
to re-heat and re-cool the PV substrate for semi-conducting layer deposition; and 3)
the elimination of the need for PV module manufacturers to deposit, or sputter, the
semi-conducing layers. The elimination of these process steps translates into a

dramatically reduced cost for PV module manufacturers.

Example 1

[0078] The following example describes an on-line method of making a PV
substrate with a p-i-n coating in accordance with the present invention and as
embodied by Fig 2, which represents a p-i-n silicon single junction PV substrate.
[0079] From a first coater positioned inside a float bath, a mixed gas stream is
directed to a heated surface of the glass ribbon substrate 10 to form the
undercoating layer 20.

[0080] From a second coater positioned downstream from a first coater, a

mixed gas stream is directed to a surface of the undercoating layer 20 to form TCO
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[0104] From an el eventh coater positioned dowmstream fromthe tenth
coater, a mxed gas streamis directed to a surface of i-Si |ayer 50"
to form p- 3YOPHYEBIE0" . Exanpl e 4 [0105] The fol | owi ng eREREPW10/030199
descri bes an on-line nethod of meking a PV substrate in accordance
with the present invention and as enbodied by Fig 5 which represents
a p-i-n silicon single junction PV substrate. [0106] Froma first
coater mgrBooned inside a float bath, a mxed gas streamis directed
to a heated surface of the glass ri bbon substrate 10 to form the

under coggodrg | ayerroaPa t[wpé%la@r%%ﬁoﬁ@&%@n%t‘?@érﬁrfro?ﬁ’%é 50ARH | coater, a

downstreamfroma first coater, a mxed gas streamis direct

surface pked §os HAGEH SORTAS [y 81122 5Prd 8T8l S0 1o fornPH i 13%r 40.

[0082] From a fourth coater positioned downstream from the third coater, a
mixed gas stream is directed to a surface of n-Si layer 40 to form i-Si layer 50.
[0083] From a fifth coater positioned downstream from the fourth coater, a

mixed gas stream is directed to a surface of i-Si layer 50 to form p-Si layer 60.

Example 2

[0084] The following example describes an on-line method of making a PV
substrate in accordance with the present invention and as embodied by Fig 3, which
represents a p-i-n silicon double junction PV substrate.

[0085] From a first coater positioned inside a float bath, a mixed gas stream is
directed to a heated surface of the glass ribbon substrate 10 to form the
undercoating layer 20.

[0086] From a second coater positioned downstream from a first coater, a
mixed gas stream is directed to a surface of the undercoating layer 20 to form TCO
layer 30.

[0087] From a third coater positioned downstream from the second coater, a
mixed gas stream of is directed to a surface of TCO layer 30 to form n-Si layer 40.
[0088] From a fourth coater positioned downstream from the third coater, a
mixed gas stream is directed to a surface of n-Si layer 40 to form i-Si layer 50.

[0089] From a fifth coater positioned downstream from the fourth coater, a
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[0108] From a third coater positioned downstreamfromthe second

coater, a mxed gas streamis directed to a surface of TOO | ayer 30
to formp-S 239’2198]6’6. [0109] From a fourth coater posit inﬁélﬁigz'}/l”’“S(’l"’”
downstream fromthe third coater, a m xed gas streamis directed to a
surface of p-Si layer 60 to formi-Si layer 50. [0110]Froma fifth
coater positioned dowmmstreamfromthe fourth coater, a m xed gas

st ream i mi@digaststr@atisaireutetido @ wififace SF i-Galpeer SOt forrh o-Bh layssi 60. ayer
40. Exanple 5 [0111] The fol |l ow ng exanpl e descri bes an on-line nethod

of maki NPOLOPV sulFsdmag esitth @R BedIGehatl tBwh&fedph GRfMtthe Tr@NEb&Br,and
as enbodied by Fig 6, which represents a p-i-n silicon double

j unct i onnRdqgubstreakeis diBbalbLaick of plsitaRk 60 1©95H heiRG .l 0t de a

float bath, a m xed gas streamis directed to a heated surface of the

gl ass rifpofy SUbSHGHhS d/dnth EQABE Egﬁti G50t 'fr@hh%f?sq)xth coater, a

[0113] From a second coater positio ownstreamtroma Tirst coater,
a m xed 1S e g ' asr, Inng | ayer
20"t o 1 of Rt e TR UG P ek Y R A P AT ey
downstr %Bbif om t rl}?or‘%ezsl(%ogightﬁ(%:‘ffl.wtalgarr’po%i‘cioned downstream from the seventh coater,

a mixed gas stream is directed to a surface of i-Si layer 50" to form p-Si layer 60".

Example 3

[0093] The following example describes an on-line method of making a PV
substrate in accordance with the present invention and as embodied by Fig 4, which
represents a p-i-n silicon triple junction PV substrate.

[0094] From a first coater positioned inside a float bath, a mixed gas stream is
directed to a heated surface of the glass ribbon substrate 10 to form the
undercoating layer 20.

[0095] From a second coater positioned downstream from a first coater, a
mixed gas stream is directed to a surface of the undercoating layer 20 to form TCO
layer 30.

[0096] From a third coater positioned downstream from the second coater, a
mixed gas stream is directed to a surface of TCO layer 30 to form n-Si layer 40.
[0097] From a fourth coater positioned downstream from the third coater, a
mixed gas stream is directed to a surface of n-Si layer 40 to form i-Si layer 50.

[0098] From a fifth coater positioned downstream from the fourth coater, a
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m xed gas streamis directed to a surface of TCO |layer 30 to form
p-Si | ayer 60, |')0115 Froma fourth coater positioned downstream from
the third cHAtBI805 xed gas streamis directed to a sBFVHEEIWBLY S|
| ayer 60 to formi-Si |ayer 50. [0116]Froma fifth coater positioned
downstream fromthe fourth coater, a m xed gas streamis directed
to a surface of i-Sl layer 50 to formn-Si |ayer 40. [0117] From a

si xth co#kef ggostirddronediratovntt 4 eamady Mgi g/ ek 5D faraay-Si layar pbxed gas
streamis directed to a surface of n-Si layer 40 to formp-Si |ayer

60" . [ Ofdd¥Igfr om aF Ry @NLRiHCes4EF HRARbhE® RN ReWaS fr@ﬁﬂ]['}ﬁer 21 [R8tet! ég,h

coater, a mxed gas streamis directed to a surface of p-Si |ayer

to for Mz gh¥ifdar? @ dire[ct@%ldl@iog%gr@c%;bﬁ-gQ%Pe@ﬁﬁfo%rrﬂﬂ%itlégé}?fg)& ed 1o

downstream ffomt he seven gas streamis

a surfagegpf i-Sl Frjoﬁ"ygrsewﬁthtc%a{eqrp@sl?ib%d bB%REd from the sixth coater, a

mixed gas stream is directed to a surface of n-Si layer 40" to form i-Si layer 50'.
[0101] From an eighth coater positioned downstream from the seventh coater,
a mixed gas stream is directed to a surface of i-Si layer 50' to form p-Si layer 60".
[0102] From a ninth coater positioned downstream from the eighth coater, a
mixed gas stream is directed to a surface of p-Si layer 60’ to form n-Si layer 40".
[0103] From a tenth coater positioned downstream from the ninth coater, a
mixed gas is directed to a surface of n-Si layer 40" to form i-Si layer 50".

[0104] From an eleventh coater positioned downstream from the tenth coater,

a mixed gas stream is directed to a surface of i-Si layer 50" to form p-Si layer 60"

Example 4

[0105] The following example describes an on-line method of making a PV
substrate in accordance with the present invention and as embodied by Fig 5, which
represents a p-i-n silicon single junction PV substrate.

[0106] From a first coater positioned inside a float bath, a mixed gas stream is
directed to a heated surface of the glass ribbon substrate 10 to form the
undercoating layer 20.

[0107] From a second coater positioned downstream from a first coater, a

mixed gas stream is directed to a surface of the undercoating layer 20 to form TCO
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Exanpl e 6 [0120] The fol |l owi ng exanpl e descri bes an on-line nethod of
making a PV substrate in accordance with the present invention and
enbodiged by }éfuf B®Ri ch represents a p-i-n silicon tri p‘f%”?sﬁﬂjé’f“?‘&ﬁ)
PV substrate. Froma first coater positioned inside a float bath, a
m xed gas streamis directed to a heated surface of the glass ri bbon
substrate 10 to formthe undercoating |ayer 20. [0121] From a second
coat er plaget3bned downstreamfroma first coater, a m xed gas stream
is directed to a surface of the undercoating layer 20 to form TCO

| ayer 30[01P8]L22] Frresmaa tHiid coatenpeditigiesi doventtadOwost heasscoh@mobit?, a
second coater, a mxed gas streamis directed to a surface of TCO

| ayer 30mt>@dfgérsf§tr@aﬁl isldeefedt8 a i&fb%@]o‘?rr% RyEPYO tdrPR-Sf 1apesed | oned
downstream fromthe third coater, a mxed gas streamis dirécted to a

surface @hodr S | a¥sh S%drth & ét%} oo toh@d’ﬂbwﬁgtreérﬂ%ﬁﬁé’%@d bgfe'f‘ a

coater positioned downstream romt fourth coater, a mxed g

Z Br eam | 5l l@dahPisirtiiebas & erface%lf p|-§3f§§er%% tB?orHj 8 Igyé" 5d_ayer

[0110] From a fifth coater positioned downstream from the fourth coater, a

mixed gas stream is directed to a surface of i-Sl layer 50 to form n-Si layer 40.

Example 5

[0111] The following example describes an on-line method of making a PV
substrate in accordance with the present invention and as embodied by Fig 6, which
represents a p-i-n silicon double junction PV substrate.

[0112] From a first coater positioned inside a float bath, a mixed gas stream is
directed to a heated surface of the glass ribbon substrate 10 to form the
undercoating layer 20.

[0113] From a second coater positioned downstream from a first coater, a
mixed gas siream is directed to a surface of the undercoating layer 20 to form TCO
layer 30.

[0114] From a third coater positioned downstream from the second coater, a
mixed gas stream is directed to a surface of TCO layer 30 to form p-Si layer 60.
[0115] From a fourth coater positioned downstream from the third coater, a
mixed gas stream is directed to a surface of p-Si tayer 60 to form i-Si layer 50.

[0116] From a fifth coater positioned downstream from the fourth coater, a

-25-



WO 2010/ 118105PCT/ US2010/ 030199 [0125] From a si xth coater positioned
downstream fromthe fifth coater, a m xed gas streamof is directed
to a surfad¥INUKBYS | gyer 40 to formp-Si |ayer 60' . [BEDESRIGHIEY
sevent h coater positioned downstream fromthe sixth coater, a m xed
gas streamof is directed to a surface of p-Si layer 60" to formi-Si
| ayer 50'. [0127] From an eighth coater positioned downstreamfromthe

sevent hnfigad g4s stPed iedirdtAsd tsa dufasd 6d-310aykrBorth aeen Afsiiayel abayer
50" to formn-Si layer 40'. [0128] From a ninth coater positioned

downst r gmggr om tnfia0Bikth %@éfb]?rposﬁioﬁééfed%mﬁ%%eﬁ%r{ ﬁ@fﬂoir% ﬁhﬁ €kt O

a surface n-Si layer 40' to formp-S layer 6 129] From ad

L oY . ed gas
oo TSl pEOSLIITIG SOTEIA SR QR b0, 40D ERNEES o o
50" [OWSa eﬁrom afﬂroﬂl g\é%%rpthcc%%e?rpogﬁ%hgﬁ %%%598%%}&% P fsi&f?‘n”(‘:gaqgr, a

tenth c
mixed gas stream is directed to a surface of p-Si layer 60 to form i-Si layer 50",

[0119] From an eighth coater positioned downstream from the seventh coater,

a mixed gas stream is directed to a surface of i-Sl layer 50' to form n-Si layer 40",

Example 6

[0120] The following example describes an on-line method of making a PV
substrate in accordance with the present invention and as embodied by Fig 7, which
represents a p-i-n silicon triple junction PV substrate. From a first coater positioned
inside a float bath, a mixed gas stream is directed to a heated surface of the glass
ribbon substrate 10 to form the undercoating layer 20.

[0121] From a second coater positioned downsiream from a first coater, a
mixed gas stream is directed to a surface of the undercoating layer 20 to form TCO
layer 30.

[0122] From a third coater positioned downstream from the second coater, a
mixed gas stream is directed to a surface of TCO layer 30 to form p-Si layer 60.
[0123] From a fourth coater positioned downstream from the third coater, a
mixed gas stream is directed to a surface of p-Si layer 60 to form i-Si layer 50.
[0124] From a fifth coater positioned downstream from the fourth coater, a

mixed gas stream is directed to a surface of i-Sl layer 50 to form n-Si layer 40.
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a m xed gas streamof is directed to a surface of i-SlI |layer 50" to
formn-Si layer 40". [0131] Wile the present invention has been
descri bed MBSt 't o specific enbodiments, it is ndiCTASRIONIN% o
the specific details set forth, but includes various changes and

nodi fications that may suggest thenselves to those skilled in the
art, all falling within the scope of the invention as defined by the

fol | owi nN@125Rhi ms. FroMHAT diGh GloaltdvERDdifonell) dowrsthasn dforpribduihngoster, a
coated gl ass substrate on either a float-line or a casted glass line

Wi th onemiXedrgeseastieant 6fis drestet it@ acdriabe bf RS EBPED 36 ftQ‘m p-Si zayeﬁbo'
mel ti ng batch materlals in a furnace to formnolten gl ass; b)

sel ecting196p of : Flomfd Qékﬁénﬁgcéat@%bé@éﬁébsdékﬁﬁ?éﬁn?ﬁo HoehdlcBskr, %)

onto a bath of m)lten tin of afloat line to forma glass sheet or

Caoting MuEaYashitedh ofis BRGHSH 18 sl AoPbD S 1dEPBINoTATH 1-30ial g 66 O

casting nolds o casting glass |1 ne orm’a

Lt S P ARSI D P .
L SO AT LS AP USRS L
e L

sem -conducting netal layer is silic
mixed gas stream is directed to a surface of n-Si layer 40" to form p-Si layer 60".

[0129] From a tenth coater positioned downstream from the ninth coater, a
mixed gas stream is directed to a surface of p-Si layer 60" to form i-Si layer 50".

[0130] From an eleventh coater positioned downstream from the tenth coater,
a mixed gas stream of is directed to a surface of i-Sl layer 50" to form n-Si layer 40™.
[0131] While the present invention has been described with respect to specific
embodiments, it is not confined to the specific details set forth, but includes various
changes and modifications that may suggest themselves to those skilled in the art,

all falling within the scope of the invention as defined by the following claims.
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4) The net hod according to claim3, wherein the silicon is p-type
silicon. 5)The nethod according to claim4, wherein the p-type
silicon is doped with a Goup Ill elenent and, optionally, passivated
wi th hydrogen. 6)The nmethod according to claimb5, wherein the G oup
1l elenment is boron. 7)The nmethod according to claim3, wherein the
silicon is n-type silicon. 8)The nethod according to claim?7, wherein

the n-t id § i oped with a G oup V elenent and, optionally,
passi vat e Aaféﬁgﬁggggé%n. 9) The net hod according to claimS8,
wherein the Group V elenent is phosphorous. 10) The nethod accordi ng
to claim3, wherein the silicon is i-type silicon that is optionally
passi vatkd whthethydiplgeducing a joatiseslpsshlrdrataotitieny fleas-lisk o Axdsted glass
wherei n.t he. %assrsggﬁ£r%29 iS. at.a kenEerature of between about 200C
and about*® 800 “& U hg™F éIﬁgg%@?q?%'n%‘x?W$m¥%ni-conducting net a
layer. 12) ZhRelnRE baech Aa&ehEiNG rl:fakel t8idinlholtd\@i&l N t he gl ass
substrate is at a tenperature of between about 400C and about 780 C

13) The net hbdekciong aiend: 1) foatirgy anobfinfieustshream obmpites glags aepebathiofigholten
froma secpgﬂﬁégater posi ti oned on-line and upstream fromthe first

coat er, "AR" LHEAREB LR IOHY 4 &lfPe FRSE IR ERPIRA CONEEIUS BT gt aolgislpsidhrough
sem - COH‘gHﬁé kg oirgatsﬁhg hRY& of a casting glass line to form a sheet of glass; and |

¢) depositing, from a first coater positioned on-line, a semi-conducting metal layer on a

portion of the sheet of glass.

2) The method according to claim 1, wherein the semi-conducting metal layer is selected
from the group consisting of silicon, cadmium, tellurium, indium, gallium, arsenic, antimony,
aluminum, zinc and combinations thereof.

3) The method according to claim 1, wherein the semi-conducting metal layer is silicon.

4) The method according to claim 3, wherein the silicon is p-type silicon.

5) The method according to claim 4, wherein the p-type silicon is doped with a Group III

element and, optionally, passivated with hydrogen.
6) The method according to claim 5, wherein the Group IIl element is boron.
7) The method according to claim 3, wherein the silicon is n-type silicon.

8) The method according to claim 7, wherein the n-type silicon is doped with a Group V

element and, optionally, passivated with hydrogen.
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14) The method according to claim1, further conprising depositing,
froma second coater positioned on-line and upstreamfromthe first
coater, a transparent conductive oxide |ayer between the gl ass
substrate and the sem -conducting netal layer. 15) The net hod
according to claim3, wherein the sem -conducting netal |ayer is
conprised of anorphous silicon or crystalline silicon. 16) The

met hod 92‘300'%&1& i@ LLFh %(?cla‘{\é?é%@ﬂe?ei%*ﬁ% é{o@tva&%&% i?éﬂqsﬁf?&ohs?

sel ected fromthe group c5n3|s{|ng of nano-crystalline siltcon,

m cro-crystalline silicon, poly-crystalline silicon, nono-crystalline
silicon and conbi nations thereof. 17) The nethod according to claim
1, wherdgl n The gdpdsicedraggthelaim 3 veesein thesiliveniicidpdesiti¢anghatds eptidnalker
on the glas u rate conprises pyrolytically depositing the at

| east 5%§“V %ﬁvﬁﬁhﬁ 8t''ng metal layer on the glass substrate. 18)
The met hod according to claim 13, wherein the undercoating is

sel ected fromthe group consisting of silicon oxide, silicon dioxide,
si | i coilni t Theleetiidl acoadingty clainn 1,dehersn thecglass calydtiatks's alsd feinperature of
oxycar bi de and cqonbi natjons thereof. 19) The nethod according to

cl ai m PAwaRR&PtR0Y {eantd ahouptile htduein g dirtapoaiiak Pifbe pesionfuctig mgitled
fron1tmﬁ$group consisting of tin oxide, fluorine-doped tin oxide,

al um num'doped zinc oxide and indiumtin oxide. 20) A method of
produci ng a coated gl ass substrate on either a float-line or a casted
glass line with one or nore coaters positioned on-line, conprising:
a) mel lithg Bae ewthedtasearding to glain 11, mhgeedn the glase pbsthtednatgl tepsperature of

b) selectin n o~ 1), fl oatj.ng a continuous stream of nolten gl ass
onto a% %éhfeﬁgggouﬁréiﬁ(ﬁ ecna (%arﬁjobl?’}ég gl oat line to forma sheet of glass or
2) casting a continuous streamof nolten glass through casting rolls
or casting nolds of a casting glass line to forma sheet of gl ass;

c) depds) t i Abe meHwrhagcdrdingtto daim brfuprgicbingrisidg dapdsitite, fram a second coater
sem -condycting nmetal, |ayer on a portion of the sheet of glass,

wher e ROTHENSU INe RS rrg FEEE FER) 975 o ars S8t loges Hoec g e ploss
CoNSi St @ arfithy Renithhb GORe AR yPe si |icon:. d) optionally,
depositing, froma second cogter positioned on-1ine and downstream
fromthe first coater of step c), a sem -conducting netal |ayer
conpriigﬁg i-type silicon on the netal |ayer of step c);

The method according to claim 1, further comprising depositing, ?rom a second coater
positioned on-line and upstream from the first coater, a transparent conductive oxide layer

between the glass substrate and the semi-conducting metal layer.

15)  The method according to claim 3, wherein the semi-conducting metal layer is comprised

of amorphous silicon or ¢rystalline silicon.

16)  The method according to claim 15, wherein the crystalline silicon is selected from the
group consisting of nano-crystalline silicon, micro-crystalline silicon, poly-crystalline silicon,

mono-crystalline silicon and combinations thereof.

17)  The method according to claim 1, wherein the depositing the at least one semi-

conducting metal layer on the glass substrate comprises pyrolytically depositing the at least one
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e) depositing, froma third coater positioned on-line and downstream
fromthe first coater of step c) and/or the second coater of step d),
a sem -conducting netal |layer on the nmetal |ayer of step c) or d),
wherein the metal |ayer conprising silicon is selected fromthe group
consisting of n-type silicon and p-type silicon; and f)
optionally, repeating steps c) - e) to formadditional p-(i-)n or
n-(l-)Pséhi&ﬁﬁﬁdh@%ﬁ&ﬁﬁ&ﬂukﬂ@h 1A3SubdRsd rate. 21) The et hod
according to claim 20, erein the p-type silicon is doped with a

Goup Il element and, optionally, passivated with hydrogen. 22) The
met hod aﬁgorggggﬁto claim?2l, wherein the Goup Il] elenment is boron.
23) Thelfeth B arengding teslairhd S yhetpieihg Rdesen thgtis srected) fromp Hhejsgoup

doped wi . ] . . . o Sji Vv o, .
v ogen. 5o AR R Ron ARG a SR AN nde SHESIRAAL ikt cutigen,
el enent silisorphgspbiteausd comBmptididehsbhod according to claim 20,

wherein the i-type silicon is optionally passivated wi th hydrogen.

26) The nmethod according to claim 20, wherein the glass substrate is
at a tenper re of .between ahbout. 200C an bout 800 C during,the .
eposi ¢ 190 of VReflod aoHAER S 143t fe FAiiu gtV P g i
wher ei nsé[&@ecgﬂr&ﬁ%ezg{)@ﬁﬁ E@ﬁs%tih% ofdin 8xiHEMREFiAL-HE S Oin DEENBRMMIARAUopEQ dinc
C and about 780 C during the deposition of steps c) - e). 28) The

met hod exideantl imglitro tinloaidn 20, further conprising depositing, froma
fourth coater positioned on-line and upstreamfromthe first coater,
an undercoating | ayer between the gl ass substrate and the netal |ayer

of st epz@)- %ﬁ?@ﬂdﬂgﬁ%&%ﬁ%@ 109 s&@stﬁ%fadﬁi%?rah%tgﬂlg%rggﬁﬁ %ﬁsgag

deposi ti froma ater sitione ne and upstreamYrom
t he firBhe withbs¢ or Mmotercanid paiositionedmtilind, icv@paxhge | ayer between the

gl ass substrate and the netal |ayer of step c). 30) The nethod
accor di ng t o*)anelfing bach waterialsin f Benegede faBanPirn §lasssel ected from t he

group ¢ Ogiiyﬁgg.)itsggggg GeldeS ﬁo@grirggaled@& &R dh A dRen Shld $0a Bhho 3 ten
tin of a float line to form a sheet of glass or 2) casting a continuous stream of molten glass
through casting rolls or casting molds of a casting glass line to form a sheet of glass;

c) depositing, from a first coater positioned on-line, a semi-conducting metal layer on a
portion of the sheet of glass, wherein the semi-conducting metal layer is selected from the group
consisting of n-type silicon and p-type silicon;

d) optionally, depositing, from a second coater positioned on-line and downstream from
the first coater of step c), a semi-conducting metal layer comprising i-type silicon on the metal
layer of step c);

e) depositing, from a third coater positioned on-line and downstream from the first
coater of step c} and/or the second coater of step d), a semi-conducting metal layer on the metal
layer of step c) or d), wherein the metal layer comprising silicon is selected from the group
consisting of n-type silicon and p-type silicon; and

f) optionally, repeating steps ¢) —e) to form additional p-(i-)n or n-(i-)p silicon layers on

the glass substrate.
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silicon oxycarbi de and conbi nations thereof. 31) The nethod
according to claim?29, wherein the transparent conductive oxide |ayer
is selected fromthe group consisting of tin oxide, fluorine-doped
tin oxide, alum num doped zinc oxide and indiumtin oxide. 32) The
met hod according to claim20, wherein step f) is repeated once to
produce a double-junction p-(i-)n or n-(i-)p type silicon

phot OVQ!l)t al g8 HRelaak&rding 33 cldRe20T SRR %%?Céﬁrg-é 89cdrQs Qb%édmri%@a Group II

wherein step f) Is repeated tw ce to produ triple-junction

p- (i -) eleafenhar(d, epiportalipepassitdtedwithhotioygeht ai ¢ substrate. 34) The
met hod according to claim20, wherein step f) is repeated nultiple
times to produce a multi-junction type p-(i-)n or n-(i-)p type

silico ho | .t,ai I . he I cl ai m
o enrEr Y Bl n MR i B TP TR SERE OB £
| ayers produced by steps c) - f). 36) The nmethod according to claim
20, wherein the p-(i-)n or n-(i-)p type silicon |ayers are conprised
of ampEphoudheireilodrcondingystlain 2 whsidin them-typ@d)icontie depsdreith a Group V

accordi to C ain13§, wher ei tE%_ rystalline silicon is selected
Fr om ¢ FBTET Ot BRRLr G Ere b S RRERRT 1§ no s 1§ con
m cro-crystalline silicon, poly-crystalline silicon, nono-crystalline
silicon and conbi nations thereof. 38) A nethod of producing a coated
gl ass gd#pbst Tht methedeaiktdnéing o flhinal3, Whamirothe &roas Vetbngindsphlospieraust h
one or nore coaters positioned on-line, conprising:

25)  The method according to claim 20, wherein the i-type silicon is optionally passivated

with hydrogen.

26)  The method according to claim 20, wherein the glass substrate is at a temperature of

between about 200° C and about 800° C during the deposition of steps ¢} —e).

27)  The method according to claim 26, wherein the glass substrate is at a temperature of

between about 4002 C and about 780° C during the deposition of steps c) —e).

28) The method according to claim 20, further comprising depositing, from a fourth coater
positioned on-line and upstream from the first coater, an undercoating layer between the glass

substrate and the metal layer of step c).

29)  The method according to claim 20, further comprising depositing, from a fourth coater
positioned on-line and upstream from the first coater, a transparent conductive oxide layer

between the glass substrate and the metal layer of step c).

30)  The method according to claim 28, wherein the undercoating is selected from the group

consisting of silicon oxide, silicon dioxide, silicon nitride, silicon oxynitride, silicon carbide,

-3%-



a) nelting batch materials in a furnace to formnolten gl ass; b)
selecting one of: 1) floating a continuous stream of nolten gl ass
onto a bath of nolten tin to forma sheet of glass or 2) casting a
continuous stream of nolten glass through casting rolls or casting
nol ds of a casting glass line to forma sheet of glass; c)
depositing, froma first coater positioned on-line, an undercoating
di sposed; %@ : d) depositing, froma second
coat er glé@?‘%? nae%kcgers@ldi%gg%gﬁgb%o%??fr'eam of the first coater of step
c), a transparent conductive oxide |ayer on the undercoating;

e) depositin froma third coater positioned on-line and downstream
from t héls ec%h@jﬂ@ﬁé’@@ﬁc%ﬂingtﬂéﬁiﬂi@) 29, wherain thedradeparenigonducsive beigelayeris

the tran r ent nductive.oxide .|l ayer,. wherein the sem -conducting .
motal | 35 eoed ARy cPRimine Loy PYGE EREr SoPer M PR e R e sinc
and p-t yResh @ tin oxide. f) optionally, depositing, froma fourth
coater positioned on-line and downstreamfromthe third coater of

step e), a sem -conducting netal |ayer conprising i-type silicon on

t he net | ayer of step ¢); . ) .depositing, froma coater

pPOSi t | oﬁ@d o}yﬁﬁ? mRdo ﬁapoaé%ﬁ & ?1@%(?? WhRTehECR Rilt rediad encedp prrdase ayloge-
the fou : 1€ 5 s .- i netal |ayer on the

nmet al Ig%g?&g?t(@glggke(f}pg&p%%l,hcg\“erelvr? gﬁgﬂ%te&r#e?conducti ng netal |ayer
is selected fromthe group consisting of n-type silicon and p-type

silicon;_and h) optionally, repeating steps e) - g) to form
addi ti oAl pThe mypthogdacgerding yoxlaim 3% whetedyder f)éhvepkried ivass toqurbduge atteple-

39) The, nethod . ing to.claim 38 wh the p-t ilicon i
doped wEER S AR b M bl R NS Ry "Palei Vhed wiih

hydrogen. 40) The nethod according to claim 39, wherein the G oup
11 elenment is boron. 41) The nethod according to claim 38, wherein
the n-t§pe sThdmehoil scadoiog tadizim 20, Ghexgpn Ateef) énepéatechohultggé timaatol produce

passi vaged Wi t h .hﬁl

dr oge
multi-junctior type %—(?-)n or n-(i-)p type silicon photovoltaic substrate.

35)  The method according to claim 20, wherein steps c) - f) comprise pyrolytically

depositing the layers produced by steps c) - f).

36) The method according to claim 20, wherein the p-(i-)n or n-(i-)p type silicon layers are

comprised of amorphous silicon or crystalline silicon.

37)  The method according to claim 36, wherein the crystalline silicon is selected from the
group consisting of nano-crystalline silicon, micro-crystalline silicon, poly-crystalline silicon,

mono-crystalline silicon and combinations thereof.

38) A method of producing a coated glass substrate on either a float-line or a casted glass
line with one or more coaters positioned on-line, comprising:
a) melting batch materials in a furnace to form molten glass;

b) selecting one of: 1) floating a continuous stream of molten glass onto a bath of molten
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42) The nmet hod according to claim4l, wherein the Goup V elenment is
phosphorous. 43) The nethod according to claim 38, wherein the
i-type silicon is optionally passivated with hydrogen. 44) The net hod
according to claim 38, wherein the glass substrate is at a
tenperature of between about 200C and about 800 C during the
deposition of steps c) - h). 45) The nethod according to claim44,

wher ei rt]mttg %8‘! ag‘:s%—%ets o ?as% ﬁtﬁ 8as%1nata Bk IRE g LRt Oglt %%ig\sgifgr agl’ﬁtlflatstlé 00C

and about ari epo tron o eps c

net hod r@lﬁ‘scdircﬁiétﬂgIﬁcﬂd§$@cﬁht§%gﬁ(§§%@td¥ohﬂ%sHéh@@fﬁ»lQ@st' ng is selected
fromthe group consisting of silicon oxide, silicon dioxide, silicon

nitride, SI k] degrasibirg e b Hest caitdri positioned di- “Hee, a8 mhd@gmtmgmosﬁd(ml thed
conbi nat i thereof 47) The nethod according to claim38, wherein
the tra& H? tonductive oxide layer is selected fromthe group

consi st | ng 95 ddpdieR¥] ©l8n a fsédéga'cgﬁe%%%%ng& B 9%k 881 o B HITBHDr dQIEG:

zinc oxide and i nditimtin oxi de The nmet hod according to claim
38, wheo#enpistep) fa)trmsParraﬁeahMtiomcﬂdé taypr @diie @nderdeatple- j uncti on
p-(i-)n or n-(i-)p type silicon photovoltaic substrate. 49) The

rret hod accoPbfapgs agfé{oam Arftded copfes pesifionadgs-line and doppeteasy frof) thesgegnd
pr OdUC% eLIJf sgh%g Rt cbr?cgﬁgné_hle}aﬁlialyﬁr L(hI tgags a¥(pn% cgnciﬁcﬁscf)@mg%e layer,

photovo aic's accor di I'ng to
wher ei mvietep tHe)sein$ crRRealSehe illaliéflb Sldckd@EiSorh GhelirO@ Edhsisting of n-type silicon
and p-type silicon;
f) optionally, depositing, from a fourth coater positioned on-line and downstream from
the third coater of step e), a semi-conducting metal layer comprising i-type silicon on the metal
layer of step c);
g) depositing, from a coater positioned on-line and downstream from the third coater of
step e) or the fourth coater of step f), a semi-conducting metal layer on the metal layer of step e)
or f}), wherein the semi-conducting metal layer is selected from the group consisting of n-type
silicon and p-type silicon; and
h) optionally, repeating steps e) — g) to form additional p-(i-)n or n-(i-)p silicon layers on

the glass substrate.

39)  The method according to claim 38, wherein the p-type silicon is doped with a Group III

element and, optionally, passivated with hydrogen.
40)  The method according to claim 39, wherein the Group Il element is boron.

41)  The method according to claim 38, wherein the n-type silicon is doped with a Group V

element and, optionally, passivated with hydrogen.

42)  The method according to claim 41, wherein the Group V element is phosphorous.
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a multi-junction p-(i-)n or n-(i-)p type silicon photovoltaic
substrate. 51) The method according to claim 38, wherein the
depositing of steps c) - h) conprises pyrolytically depositing the

| ayers produced by steps c) - h). 52) The nethod according to claim
38, wherein the p-(i-)n or n-(i-)p silicon layers are conprised of
anor phous silicon or crystalline silicon. 53) The nmethod according
to claim52, wherein the crystalline silicon is selected fromthe
group consi sting of nano-crystalline silicon, mcro-crystalline

si | i con43)pol Yhemydivdhtdonding id digiorss, whaeircthy styglelsiliten &idpiicedllygiadsivated
conbi nations thereof. 54) The nmethod according to claim214, further
conpri sih§ "WER$ENt i ng, froma fifth coater positioned on-1ine and
downstream fromthe second coater and upstreamfromthe first coater,
an interfacial layer on a portion of the transparent conductive oxide

| ayer. 445) Thems®blactodtif tokilaith 380wabRInIE Blasd sHbERNSE i ARSrhSdri@ire of
depositing, froma fifth coater positioned on-line and downstream

f r om t heetivaen abiput YUY Erandndow o0 e dmifg tmdehesifigr oftstepoat€l), an
interfacial |ayer on a portion of the transparent conductive oxide
| ayer. 56) The nethod according to claim 38, further conprising

deposi t «113391 TROR:Bofl hébiik &;&ﬁn@?@vﬂe@ﬂﬁﬁe gﬁ'sA é:u%gtreﬂgﬁ aqgwg%ffr%@ of

fromthe second coater and upstreamfromthe third coater

i nt er f aledterker] @pat 4@ CangdabbatdBOCE duting thealkppaiiendf sepaduch) ve oxi de

| ayer. 57) The nethod according to claimb54, wherein the interfacial
| ayer conprises oxides of titanium oxides of zinc, and conbi nations

j[ her eof 46) S heTIngthg&\ E&ggﬂlﬁg%ocﬁzggn%, tsvﬁer(él %Méercgﬁ?i%r % g%let Qg from the group
interfacral layer conprises oxides o trtanium oxi 8es of zinc, "ang
conbi natdneleng bisilioh oxideHlichh didteN e RGEOTdE] Bcch@xGhidiids, BificonMaeyigd, n
the interfacial |ayer conprises oxides of titanium oxides of zinc,
and conBiiteatPpersbidpandegmbinations thereof.

47)  The method according to claim 38, wherein the transparent conductive oxide layer is
selected from the group consisting of tin oxide, fluorine-doped tin oxide, aluminum-doped zinc

oxide and indium tin oxide.

48)  The method according to claim 38, wherein step f) is repeated once to produce a double-

junction p-(i-)n or n-(i-)p type silicon photovoltaic substrate.

49)  The method according to claim 38, wherein step f} is repeated twice to produce a triple-

junction p-(i-)n or n-(i-)p type silicon photovoltaic substrate.

50)  The method according to claim 38, wherein step f) is repeated multiple times to produce

a multi-junction p-(i-)n or n-(i-)p type silicon photovoltaic substrate.

51} The method according to claim 38, wherein the depositing of steps c) - h) comprises
pyrolytically depositing the layers produced by steps ¢) — h).
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60) The nethod according to claim1l, wherein the deposition of the
sem -conducting netal layer in step e) is conpleted in less than two
hours. 61) The nethod according to claim20, wherein the deposition
of the sem -conducting netal layers in steps e) - h) is conpleted in
| ess than two hours. 62) The nethod according to claim 38, wherein
t he deposition of the sem -conducting netal |layers in steps f) - i)
Is conpleted in less than two hours.

52)  The method according to claim 38, wherein the p-(i-)n or n-(i-)p silicon layers are

comprised of amorphous silicon or crystalline silicon.

53)  The method according to claim 52, wherein the crystalline silicon is selected from the
group consisting of nano-crystalline silicon, micro-crystalline silicon, poly-crystalline silicon,

mono-crystalline silicon and combinations thereof.

54)  The method according to claim 14, further comprising depositing, from a fifth coater
positioned on-line and downstream from the second coater and upstream from the first coater,

an interfacial layer on a portion of the transparent conductive oxide layer.

55)  The method according to claim 29, further comprising depositing, from a fifth coater
positioned on-line and downstream from the fourth coater and upstream from the first coater,

an interfacial layer on a portion of the transparent conductive oxide layer.
56)  The method according to claim 38, further comprising depositing, from a fifth coater
positioned on-line and downstream from the second coater and upstream from the third coater,

an interfacial layer on a portion of the transparent conductive oxide layer.

57) The method according to claim 54, wherein the interfacial layer comprises oxides of

titanium, oxides of zinc, and combinations thereof.

58)  The method according to claim 55, wherein the interfacial layer comprises oxides of

titanium, oxides of zinc, and combinations thereof.

59)  The method according to claim 56, wherein the interfacial layer comprises oxides of

titanium, oxides of zinc, and combinations thereof.
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60)  The method according to claim 1, wherein the deposition of the semi-conducting metal

layer in step e) is completed in less than two hours.

61)  The method according to claim 20, wherein the deposition of the semi-conducting metal

layers in steps e) - h) is completed in less than two hours.

62)  The method according to claim 38, wherein the deposition of the semi~conducting metal

layers in steps f) - i) is completed in less than two hours.
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