TI TLE OF THE | NVENTI ON | MPROVED SI LI CON THI N FI LM DEPGCSI TI ON FOR
PHOTOVOLTAI C DEVI CE APPLI CATI ONS CROSS- REFERENCE TO RELATED APPLI CATI ON

[ 0001] Thwe 2appili8wati on clains the benefit of U. S. ProvipsirarsadioAppbe cati on
No. 61/1 67,349, filed April 7, 2009, which is hereby incorporated by
reference inits entirety into the present application. BACKGROUND OF THE
| NVENTI ON FI ELD OF THE | NVENTI ON [ 0002] The present invention rel ates
generally to silicon based thin filmdeposition for use in photovoltaic
(PV) devices and net hods of ki n he me. More particularly, the
invention relates to inpr oViehl '%EEEE H\Bﬂzm-ﬁ@'ﬂasi ng the efficiency of the
deposition of silicon based thin filnms on photovoltaic substrates.

DI SCUSSI ON OF THE BACKGROUND [0003] Al United States and Foreign Patents
and Published Pat MPROMED SALICGON THINSF LM DEPOSITHON BOR her eby

i ncor porated by refePHOTOMOLTARIC DEVMICECAPPEICATIONS case of conflict, the
present specification, including definitions, wll control. [0004] O the
alternative sources, the sun is considered the nost abundant nat ural

resource, with an i BROSCREMERINGE PORBIATEIREPIEATOIFr th on a daily

basis. Nunerous technologlies exist that are directed to capturing the sun's
| i ght

[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 alternative sources, the sun is considered the most abundant



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 sucNOasiwEsw®Se power systens, space vehicles and ®omasaE0/0prioduct s,
such as wirel ess devices. [0005] A photovoltaic nodul e, or device,
functions because of the photoelectric effect. The photoel ectric effect of
PV devi ces can be realized by the utilization of seniconducting materi al s

cadn Qe FeriLeS Wi iR RN T ATk PaafREy ik Tt O 48 o1 e

to as CI'S) and copper indiumgalliumdiselenide (CulnGSe 2, also referred
to as besEs)N UWFQ%EQ?W&{C@HGP%I%'S’[ dhat aem directask to pﬁ@ﬁiﬁ@ﬂt U‘se gdes light

phot ovol tai ¢ devi ces because of: 1) its availability; and 2) its | ower cost
as comgrargdand coheentinget indd sleGiigity. Bds)otadataic (P'%) modiuEe Gpres@vesech t o
date, silicon based PV devices have been found to be less efficient than

t hose sbaspdoyyCanls, toCdate, Gdsefoutti Snang #Pplibatidri¥0POhrdadd stchibesreaicteknown

to incorporate PV substrates, such as gl ass, coated with thin filns. Thin

film Wé?‘ség i%ﬁfagé%ﬁfcle% & ESHQIrﬁe@ded%E%ﬁ%Déﬁ”asfvhﬁé‘ésscﬁé\%'éé or,

usual I'y al e nost common conductive th ms used are
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> Vesutiﬂgat%r;m gfhsn;r%icgggba(i:ntg ;n%terials such as silicon (Si), gallium arsenide (GaAs),
cadmium sulfide (CdS), cadmium telluride (CdTe), copper indium diselenide
(CulnSe,, also referred to as CIS) and copper indium gallium diselenide
(CulnGaSe,, also referred to as CIGS). Of these materials, silicon is most frequently
used in photovoltaic devices because of: 1) its availability; and 2) its lower cost as
compared to the materials GaAs, CdS, CdTe, CIS and CIGS. However, to date,
silicon based PV devices have been found to be less efficient than those based on
GaAs, CdS, CdTe, CIS and CIGS.
[0006] PV modules are known to incorporate PV substrates, such as glass,
coated with thin films. Thin film photovoltaics further incorporate a transparent front
conductor, usually also a thin film. The most common conductive thin films used are
transparent conductive oxides (TCO) such as tin oxide, fluorine-doped tin oxide
(FTO), aluminum-doped zinc oxide (AZO) and indium tin oxide (ITO). The main
function of a TCO is two-fold. First, the TCO allows light to pass through to an active

light absorbing material beneath it. Second, the TCO serves as an ohmic contact to

transport photo-generated charges away from the light absorbing material. Such



transport photo-generated charges away fromthe |ight absorbing material.
SuchTCCs are desirable for all types of photovoltaic and sol ar nodul es, and
are especwal2by/1de®sr abl e for phot ovol t ai ¢ nodul es basedPOm/Gs2010080199 [ 0007]
Photovoltaic thin filnms on glass are desirable for nunerous reasons. d ass
is omi present and, as such, provides an existing infrastructure for

depl oynent of PV thin filns. Additionally, glass producti on net hods are

wel | met hod t he f oat-llne
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desirability for thin filns on glass, many nethods exist for produ0| ng thi n
film (%Q?P'ﬁélé denirgpleder p@{gv@falg ﬁ&%"@(p%@%@n #BICABds i s known as "on-1ine"

deposition, wherein a coating apparatus is disposed either in a tin bath of
a f1040007he or Rimimaltagathioffilzast om giagshars desiraldatfor inueerp0gdehsanyspi cal |y,
PV nmodul e manuf acturers purchase PV substrates that include, for exanple,

the geglass ClsSto"rﬂﬁFtésent gbags-aibsudhat pfaudy cant existidid OnfréStuctivies efor
specifically, ass substrate with an undercoat | ng of silicon oxycarbide

and a dg%gonﬁ’?’rﬁroquv ftr%.anmeeAeamgﬁamyr,gq@g@ %du\e’ﬂ@ﬁ Ehétn88s Iérd& DRIUBRIEoat i ng

and the' T ayers are deposite ytically 1n an on-11ne process.
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reali hef| dul e. roc e r deposition of the
e caabST faL: BRS  ABns PRk el e SKABING Lo 1A US89 5SS B3 ng. and
washi ng of the PV nodul e substrate prior to deposition of sem -conductor

t hi n fethopdayeist; f@) pradueang ithig BlAd qoalines i ey glass. One of these existing

methods is known as “on-line” deposition, wherein a coating apparatus is disposed
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 (UC)/TCO.
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
films 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



of the PV nodul e substrate prior to deposition of sem conductor thin film

| ayers; and C) deposition of sem conductor thin filmlayers. After

deposi ti omoabiwhnelosem conducting thin filmlayers, furtRET/(sSe@omsspng st eps
are required to arrive at thefinal PV nodule. These steps include, but are
not limted to: D) l|aser scribing of the silicon layers to form i ndividual

PV cells; E) form ng a back contact | am nat i ng the PV nodule; G V\,i ring
of th duIe ottin PVm)dIe testln of t
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dep05|t|on of the sem conducting thin filps inpart |arge armunts of

pr odudilicen 1ayers taderne istividdaldey sebs mfpﬁntﬂgea B?‘@'ﬁ@@'ﬂﬁ% Foflamipatpgthes. The
anount of tine and cost required by the sem conductor thin film deposition
st eps R\é motkilesf G) miringapbiheoBYtraotigle; tHhqottimgattheeP¥onodalet gnddntastingd from
PV nodul es from being econom cally conpetitive with electricity generated
from fopstse P\Vfetale. To date, it costs well over $3/peak-Watt (pW for

el ectricity generated fromsilicon thin fil mbased PV nodules. [001 1]
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obstacles to overcone before electricity generate rom P rmdu es can be
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there remains a need in the art for PV nodul e production
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 to 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.



met hods that can overcone the above-noted probl ens of manufacturing PV
nodul es. In particular, there is a need in the art for PV nodul es that can
be manuf awourwdiBwsa nore cost-efficient manner. SUMVARY PCEF/UBRIHO0IOBOMENT| ON

[ 0013] The present invention provides nethods for deposition of silicon
thin films on PV nodul e substrates. [0014] In an aspect of the invention,
there is provided nethods for the pyrolytic deposition of silicon thin
films on PV nodul e substr, I t of the invention, there
is provided nethods for Fﬂ@ﬁ@ﬁyﬁ?gé§h§¢£"®ﬂ%@%@@gosition of silicon thin
films on PV nodul e substrates. [0016] In an aspect of the invention, there
is provided nethods for the on-line pyrolytic deposition of anorphous
silicon thin filnms on PV nodul e substrates. [0017] In another aspect of the
i nvenf0013] t her dhesprasent dantion hrasidesrmeti@dsrifor idepopifiool gft siicarefiusi t i on
of crystalline silicon thin films on PV nodul e substrates. [0018] In

anot heiimaspeeY neddulé@eubstygtiesi on, there is provided nethods for the on-line
pyrol ytic deposition of positive-type silicon (p-Si) thin filmlayers on PV

modul ggg%t rat g§. ah tIdF al; H\ﬁ‘ént%%?ecﬁb fis BB vIdeue MdtRbds LBETtRe! S

prméi thods for the on-line pyrolyti eposition of Lntrlnsmtype or
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[0015] In an aspect of the invention, there is provided methods for the on-line

pyrolytic deposition of silicon thin films on PV module substrates.

[0016] In 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-Si) 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 negative-type silicon (n-Si) thin film

| ayers on PV nodul e substrates. [0021] In another aspect of the invention,
t here i s woaviodasioset hods for the on-line pyrolytic dep®€irttiseeonso199
single-junction p-n silicon thin filmlayers on PVnodul e substrates. [0022]
I n anot her aspect of the invention, there is provided nethods for the
on-line pyrolytic deposition of single-junction n-p silicon thin film

| ayers on PV Eogutl e substrates. [0023] In another aspect of the invention,
t her e TAYE GYPEEECTet hods for the on-1ine pyrol ytic deposition of
single-junction p-i-n silicon thin filmlayers on PV nodul e substrates.
[0024][0b2?hn0t hén anoieert agredt 18 thaveyrntion, thersris provisiedvingErpdseiandhe f or
the on-line pyrolytic deposition of single-junction n-i-p silicon thin film
| ayer ©nainePpynatid elepaisiionadésinglefaitionn nyetsilioot Heén fopdayersfon RV
invention, there is provided nethods for on-line the pyrolytic deposition
of mulmédylerobseateg-n silicon thin filmlayers on PV nodul e substrates.
[0026] In yet another aspect of the invention, there is provided nethods

O DO Ot S RRes ke W fgihde bR Botids (A,
i nventoingﬁhe tpk}%l?tici %e%gi\fibﬂegf gﬁ]tgﬁbqﬂj%cti% 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 fiim 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 fiim layers on PV
module substrates.

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



the on-line pyrolytic deposition of multi-junction p-i-n silicon thin film
| ayers on PV nodul e substrates. [0028] In yet another aspect of the

i nventi orlwvotzheyesios provi ded net hods for the on-1ine pyPOIYUS2E008(0%i ti on
of multi-junction n-i-p silicon thin filmlayers on PV nodul e substrates.
[0029] In yet another aspect of the invention, there is provided a

"val ueadded"

PV nodul e substrate product made by on-line deposition nethods

described h in., BRI EF SCRI PTI ON THE DRAW NGS. [ 003 igure 1 shows
e clarrg Y Toup s e BRI S4daky DR Hres s Derods dH4<TpRe3 1)
Figure 2 shows the structure of single-junction p-i-n type silicon |ayers
dispoiﬁﬁe@n a PV substrate in accordance with the present invention. [0032]
Figure 3 shows the structure of double-junction p-i-n type silicon |ayers
di sposed on a PV substrate in accordance with the present invention. [0033]
Figure 4 shows the structure of triple-junction p-i-n type silicon |ayers
di sposed on a PV sub8RIBEFEDESCRIPDION TR THME DRAWINGSsent i nvention. [0034]
Figure 5 shows the structure of single-junction n-i-p type silicon |ayers
di sposed on a PV substrate in accordance with the present invention. [0035]
Figure 6 shows the structure of double-junction n-i-p type silicon |ayers

di spogga@ 2 PYighRS U 3hEws" iR CBAART Erlthdd 5P RHEPHM PV 'RRshM:

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.

[0037]

DETAILED DESCRIPTION OF THE INVENTION

While the present invention may be embodied in many different forms,

a number of illustrative embodiments are described herein with the understanding



[ 0036] Figure 7 shows the structure of triple-junction n-i-p type silicon

| ayers di sposed on a PV substrate in accordance with the present invention.
DETAI LED WBSCR/IRFI0ON OF THE | NVENTI ON [ 0037] Wil e t he pcEdsae10i0soaent i on
may be enbodied in many different forns, a nunber of illustrative

enbodi nents are described herein wth the understandi ngthat the present

di sclosure is to be considered as providing exanples of the principles of
the invention and such examp e not nded to mt the in tion to
or of i i sarsin ESUeBE ol BeaeBRtippRE BRapatyibeptemife BhiNbue
enbodi nents are disclosed with sufficient detail to enable those skilled in
t he amincpigs attheciBveniion A@ sHCBeXanPles afe npkintgnriadsiodinit thainventen

enbodi ments nay be enpl oyed, and that structural and | ogical changes nay be
made Wbt poeferrédpammboedjmfentsn tdescrineidr i anddor sitlopisatet! thereipr eJéat vianweat i on.

[ 0038] The nethods in accordance with the present invention provide PV

nmodul enstdiineateare diselogdd gttt boficieat debel earedtaé theserskited ¢ ersanhst r at e/
Under coat Layer/ TCO p-type netal /n-type netal or gl asssubstrate/ Undercoat

Layer PTQS%% tyP SNV Ry, |1t Li¥ P, BBt BhddrstoRe tr'i@ct B{herT@%%Pﬁer%E' ||n|ay' Bet he art

wi |l recognize the ordering of p-type netal/n-type netal and p-type
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pr eseg ﬂbeentl Fn are e h y adapt ed nd configured to produce double-,
tripl dOMNE BRI PL SERRE Ot St pee tdrr‘l\@ri ¥Rs. Such adaptations and

confiqurations will be recogni zed and appreci at ed
0038 The methods in accordance with the present invention provide PV

module substrates, including those of the general formula: glass-
substrate/Undercoat Layer/TCO/p-type metal/n-type metal or glass-
substrate/Undercoat Layer/TCO/p-type metal/i-type metal/n-type metal. Those of
skill in the art will recognize the ordering of p-type metal/n-type metal and p-type
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



by those of skill in the art. The nethods in accordance with the present
I nvention are al so easily adapted and configured to produce double-,
triple- awo200/t1805N-(i-)p type junctions. [0039] Met ho@€Tius2@omdrdance
with the present invention can also be adapted to introduce an additional
thin filmlayer, or layers, into the coating structure described above.
Such an additional |ayer(s) nmay be di sposed above or bel ow the netal

| ayers, As on-ljimtin X | e not her undeyrcoat i thin fjl yer may
bor 5 SR he drdoa iR Poe Bty Hertial A8 R figurhe fad” ber o
the TCO | ayer) to forma PV nodul e substrate of the general fornula:

gl assdMeAl r 0 eforohdér cBMt Madele 13ubrd@tecs! thgergepeT@o formylse @asa-/i -t ype
netal / ntype netal. The choice of the nunber of undercoatings will be

r ecogsiubstiateddnegeoetiLayed ldyndérssat dfayskid/TCOMptyre ametal/idypeanimehadmn-
non-limting exanple, another TCO thin filmlayer may be di sposed above or

bel OWt*;b@ rhétast THERHIde of i then hayieer tof liderteatigsadlibe sadeginiziceandl t he
general formula: gl ass-substrate/ Undercoat Layer/ TCO Layer 1/ TCO Layer

2/ p-t ya?)%ré(ﬁét%kll by ttbfﬁﬁ’fe ggtsﬁhl/ inntey BR. TR §hothghﬁo%h%ﬁiﬁgOéxatnlﬁ‘ﬁe,”%ﬁgﬁfero‘c TCO

thin friimlayers w recogni zed and appreci ated by those of skill in

t he ar Y -1 1 g iy o) . | ayers
my bd Gl GUBLERlY 08 Berabh Ry e fu AR BRCTEO0AM rlgfiiero

addi tional | ayer(s), di sposed between the TCO | ayer and the al] layers is
nown TG o Pt GORUS SUDREGE Of 1tRE) Saiela VPR A s P g
substrates_in accordance with nethods of the present invention, can forma
PV nod@yer/$GissLtayerel/dCQ hayeed/ertype metal/i-type metal//n-type metal. The choice

of the number of TCO thin film layers will be recognized and appreciated by those of
skill in the art. As yet another non-limiting example, an additional layer or layers may
be disposed between the TCO layer and the metal layers. Such an additional
layer(s) disposed between the TCO layer and the metal layers is known as an inter-
facial layer (IFL) and, when incorporated into PV substrates in accordance with
methods of the present invention, can form a PV module substrate of the general
formula: glass-substrate/Undercoat Layer/TCO/IFL/p-type metal/i-type metal/n-type
metal. Such an IFL(s) can impart mechanical and chemical durability to PV
substrates and can also enhance the optical properties of the PV substrate. Known
IFLs are based on oxides of titanium, oxides of zinc and combination of oxides of
titanium and zinc.

[0040] The “undercoat layer,” or UC, is a thin film layer that provides the
necessary index of refraction for color neutralization and thereby aids in improving
the transmittance of a PVTCO module.

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



formul a: gl ass-substrate/ Undercoat Layer/ TCO | FL/ p-type netal/i-type

netal /n-type netal. Such an I FL(s) can inpart nmechanical and chem cal

dur abi | i twyot2e10AY8®abst rat es and can al so enhance t he opPCTAIS200pEr?i es of
the PV substrate. Known | FLs are based on oxides of titanium oxides of
zinc and conbi nation of oxides of titaniumand zinc. [0040] The "undercoat
| ayer, " UC, is a thin filmlayer that provides the necessary index of

refracti n for color n utrallz n and .t i ds |n roving t.he
transmqo 8 s teBhonea s M gediscr s B ol A B B 00 e,
or TCO is a thin filmlayer that isnmde froma netal and an OX|de Wth
res pe@ﬂ'OWO“Q*\P tﬁor@@ﬁseﬁﬁroyg.fé te@d pahe figdksabsorRinomateridtbencapadisandigugh to
an active |light absorbing material beneath it and to serve as an ohnic

cont asenteas raarcﬂrmicthnﬂmtdogmpattemmr@ege@tad\mafgasmwayefrb'rrgt’fte lighdor bi ng
material. [0042] "N Layer," or a negatively charged Iayer of sem conducti ng

naterla@Isorm.sgmmemmat has been chem cally conbined (i.e., doped) when
deposited with a phosphorus, or other Goup V elenent, starting nmaterial to

meke gb o&gnduct i “{\?Lagér 'ér é‘?lb@gtl\;’éh?bhértbﬁ‘edqék/@iygf S,é"rf‘}i'&olz’léu(E’cﬁfr"‘gsr'n‘él?érﬁ’:ﬁi |§" t h

hydr oge For exanpl type~silicon, , I's a ayer of met al

[Sjl)ls: 'f ?)\?]gfy chgéaeg‘gﬁgyge}qretrﬁ?gls@rﬁ%%gﬁgtﬁ%g’ #199 %8? 4’% dé(?%éﬁ%ﬂa\fvﬁhag been
& oup APPESRAeAT Ot ingY e B SRR teiPhS Make  GORNGul ve.
et er Inolted that the n-layer can be passivated with hydrogen. For example, n-type silicon,
or n-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 lll 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 Il element.
[0044] “I-Type Silicon,” or i-Si, 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. |-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-Si, 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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that readily accepts electrons. It is noted that p-type silicon can be

passi vated wi th hydrogen. For exanple, p-type silicon, or p-Si, is a |layer
of netal IWO28i0/i18W8 that is doped with a Goup Il el emPAT/USR@OAA]199 | - Type
Silicon,” or i-Si, is silicon, or a layer of silicon, that has been

deposited without conmbining it wth another chemcal. In other words, i-Si
Is silicon, or a |layer of silicon that is un-doped. I-Si is alsoreferred

to asj |nS|c e silicon, i s t, e, SI|IC n ca

pase VOSAET 51 n TEEE otsh SSTBtmlsiypeRndl phovalhe | sl oo S 3G 38
non-crystalline allotropic formof si Ilcon In_a-Si, there |s no | ong range
cryst &Nerafderizaskpy by shalSize suah eeENanecRSialioe §ilieaB UBCTSih doikTacsYstaliRe | f

desired, the material can be passivated by hydrogen, which reduces
i nter Iséi'ycen (peASipor polyooystdlinghere are several types of "Crystalline
silicon,” or c-Si. Each is characterized by crystal size such as

nanocr[usml i ne “piNlij@egtioniicorSpin jumctib@Creférisatol & fienctiohi eproltEEt,Joymedr
pol ycrystalline. [0047] "P-N junction,”™ or p-n j unction, refers to a

j unct 'U?/rborﬁéln e aﬁ@rWB%e%n‘?@HPleEtBBthpn ﬁh‘rﬁ’Pay%Pé’tdﬁ‘ettB(é}‘%n SR epeduct or

thin f|ImIay s toget he very close contact. "The termjunction refers

meet | CPOBRY pfh%‘”Férﬁﬂ Jﬁﬁ%ti%ﬁéﬁ% 8o godfnc efE WEF b BidPcol e e

scenario asJ WS ree- Ia};er sandvm ch is created, with a mddle
i ntri PEMCER -Lt%et &f'lﬂh@dﬁﬁjﬁneﬁ yer between an n-type | ayer and a p-type
layer. Simlarly, "N-I1-P junction,” or n-i-p

[0048] “P-I-N junction,” 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 intrinsic (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 intrinsic 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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junction, refers to the basic scenario as follows: A three-layer sandw ch
is created, with a mddle intrinsic (i-type or undoped) |ayer between a
p-type | ayorowvids®a n-type | ayer. For either scenario, PRTASQEOMBIIPY
generates an electric current between the pand n-type regions. For exanple,
in a p-i-n anorphous silicon (a-Si) cell, the top layer is p-type a-Si, the
mddle layer is intrinsic silicon, and the bottomlayer is n-type a-Si.

[ 0049] "Single:junctipn” refers to a PV .nmodule with.a single region of

i r ansicElloRP BRSNS WERPG IidEo T '89&@/9'9@9693’61%393“%’19131' IBFRTi RTIOWA ch goes
froma region that has a high concentration of electron acceptors (p-type)
t o ondh¢ gaker 8RSCEUM; gh concentration of el ectron donors (n-type). [0050]
"Multi-junction" refers to a PV device containing two or nore cell

j unct i[0081] each “bloahgiads” ios “Opt gleisse tcefers taaglass tprodlicad para float-liree byol ar
spectrum to achieve greater overall efficiency. This type of structure

al so riehtng edcottiramus dtesxthe 1 ehbltert glass arite eebhtihgbemolten aln. Ctieveoitean
efficiency by capturing a larger portion of the solar spectrum [0051]

" Fl oalg|sH<A§sreals onld e QlrBiRe offtké ‘?’r:iétaF é’nc?b%c@é%dhﬁﬁﬁg{l%ﬂg?c%ﬁ@fe‘n‘tlwe by

floati"ng a continuous stream of nolten glass onto a ten tin. The

nol ten onto the surface of the netal and produces a high
qual i tl?/\%ll%ﬁ%gf@'@ﬁgfy | evel sheet of glass. [0052] "Casted gl ass" or
stream

GRS BRSO R N
a continuous stream of molten glass through casting rolls or by allowing molten
glass to solidify in a mold.

[0053] “‘On-line methods” or “on-line” is a term well-known and understood to
those in the glass coating arts and, for purposes herein, refers to coating a glass
during production of the glass on a glass manufacturing line. This includes but is not
limited to float glass and casted glass.

[0054] “‘Off-line methods” or “off-line” is also a term well-known and
understood to those in the glass coating arts and, for purposes herein, refers to
coating glass after the glass has been produced and removed from a glass
manufacturing line.

[0055] “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] layer; . . .”, or the like, it
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glass to solidify in a nold. [0053] "On-line nethods" or "on-line" is a
termwel | -known and understood to those in the glass coating arts and, for
pur poses Woereimi18réfers to coating a glass during produ®Cirams2eb/08d1e9 gl ass
on a glass manufacturing line. This includes but is not limted to fl oat
gl ass and casted glass. [0054] "Of-line nethods" or "off-line"” is also a
termwel | -known and understood to those in the glass coati ng arts and, for

ey T I AN R E L o e R e

"deposited on" neans that the substance is directly or indirectly applied
above Areeeding eplasiaBee] ayer. I1f applied indirectly, one or nore |layers may
i ntervene. Furthernore, unless otherw se indicated, in describing coatings
of thd0@s@sent i“HeehtWairh,”loy pW¥ eiscd measuf® oipbwef sul@itamost often Usedbist ance
2] / [substance 3] / . . ." or the format "a first [substance 1] |ayer; a
first relsubstepbetdiolthrysdlar ensrggeidesubst arRe eldctli@yenerating efeaivd, its

[ substance 2] |ayer; . .", or the like, itis neant that each successive

subst apmRriis m%tfseﬁéél%scﬂeﬂn'é@' ésefﬁe' %&l@@@?u? Bf tHRN&ViES EmBRSGREI RdyadSt ance.

[ 0056] ™ Peak Wat t measur e power output, nost often used in

e cd g 353’&@%94@ 8%@%%‘? v fef %%@?h?ﬁ@“ﬁﬁg%ﬁ%ﬁ@f blfo B = ' "

Th w I
gg\r/,:jfteqegdg Bﬁi&,éqr\]/&%%@t%ubwl\fv%ﬁsaas Pn ¥ St un er an |n ggtcrf s%an\garglczjga | dea

light test before the PV module leaves the manufacturer's facility. The standard light
test tests the output power when illuminated under standard conditions of 1000 watts
of light intensity per square meter, 25 °C ambient temperature and a spectrum
similar to sunlight that has passed through the atmosphere.

[0057] The inventors of the subject matter disclosed herein have surprisingly
found that known PV substrates can be subjected to further on-line pyrolytic
deposition processes for production of thin film layers based on silicon. Furthermore,
such a surprising finding allows for production of a PV substrate that can be
considered a “value-added” product for purchase by PV module manufacturers.
Figure 1 depicts such a known PV substrate, wherein a TCO layer (30) is disposed
over an undercoating layer (20) that is disposed over a glass substrate (10).

[0058] A number of drawbacks for PV module manufacturers who purchase
PV substrates 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 two to
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cell is the DC power output in watts as nmeasured under an industry
standardi zed |ight test before the PV nodul e | eaves the manufacturer's
facility.wohelstisredard | i ght test tests the output powePCRAUSR0I0/0BAIAY nat ed
under standard conditions of 1000 watts of light intensity per square
meter, 25 0C anbient tenperature and a spectrumsimlar to sunlight that
has passed through the atnosphere. [0057] The inventors of the subject

matter_ di scl osed herein have, syrprisin f ound. t ha nown PV substrates
can bebo el Buft (o R TPt o) b, eRsSligso & B e Spbarkllilhg
production of thin film/layers based on silicon. Furthernore, such a

sur prilayafs fhadregualiondisns of appyt e itenakaut fopk/heyrs inciudes, Hutt ig diPtbe
consi dered a "val ue-added" product for purchase by PV nodul e manufacturers.
Fi gur dimitedefo,cthe pradesa #teparofPNoadibgtofathe, puhehased BVTO@bsteateroritd0a i s

di sposed over an undercoating |layer (20) that is disposed over a glass

subst rheeyorl WasHiP B Alearnmzeof die d\avhidslratd anilBVontts! eorieyof;aed-ur er s
who purchase PV substrates can occur with deposition of the necessary

sem - q@éﬂHgtdtrf&gr Bodling' ik erstibshde Rhilk *H?ﬁﬁmedéé’rw%?%t‘% %Fé’at{a rt%ftiln?feﬂ‘élt h of

ti me neede 0 deposit the sem conducting |layers an he cos

o modaarshn PG S ERRETR B P Fader ARRRIT Sr e el e (7 om

start to finigh) for the deposition of the sem -conducting |ayers. The
pr odu&PngCtPf?m%(SJmé@éﬁﬁ- two to about four hours includes, but is not
limted to, the process steps of: |oading of the purchased PV substrate

ont o 4082%veyor ;ThealsNERiPraed the sebiest matter Kisqases, betaimhaversurrisingly he

conve)]/cgl:r,]d rtheat the semi-conducting thin film layers can be deposited during the on-line
process. The choice of semi-conducting material is not particularly limited as long as
the material is able to be deposited on-line. In embodiments of the present invention,
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-Si/i-Si/n-Si (p-i-n single junction); B) glass substrate/UC/TCO/p-
Si/i-Si/n-Si/p-Si/i-Si/n-Si (p-i-n double junction); and C) glass substrate/UC/TCO/p-
Si/i-Si/n-Si/p-Si/i-Si/n-Si/p-Si/i-Si/n-Si (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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heating and re-cooling of the PV substrate while on the conveyor to create
optimal conditions for sem -conductor thin filmlayer deposition; and
deposi ti omoabiwhneglosem conductor thin filmlayers. [0059CTseo10/08Em? or s of

t he subject matter disclosed herein have surprisingly found that the

sem -conducting thin filmlayers can be deposited during the on-line
process. The choice of sem -conducting material is not particularly limted

I th t I b to b ' t f
the prtedile TRUSRTRIRed %@'%ﬁl@ag?%%f Bﬁﬁ?emgﬁﬁsrﬂefprre TRl o °
t he necessary sem - conduct thin filmlayers. [0060] Methods in

accor &éﬁhé@aw/lﬂﬁﬂ(ﬁ@/rb%b%%@ i rWé-ﬁtS'@@iedlarﬁptmwwaéﬁSubﬁféatﬁflégﬂ@e@/ﬂav

nodul e substrates of the general formula: A) gl ass

subst Siti-&i/0EBITCOl/ pSHp/Si-(8ii#m deublgpunctioryi agteC) wgless substrae/GCASO/n-
substrate/UC/ TCO p- Si/i-Si/n-Si/p-Si/i-Si/n-Si {p-i-n double junction);

and CO)SifHS¥psSiavByI-6ab FiMCBTICEY B Si Hi-i-Ho-tBplenubttiam)Sit/is nBiddthSit e Singie, Si / n- Si

(p-i-n triple junction). It is noted that the single, double and triple

j unct igibRs lng t'rlﬁ)éejﬁdﬁbﬁch@%ﬁ% BRY %|§&u?fé‘dkrh‘“e|?élﬁsé’r‘ét AlpréSerRbtifd@f Rhgsent

I nvention. Those of "skill in th now how t o adapt the nethods
mor e Fhgrergeie Tﬁ(f%‘?e e E*S%‘éafﬁ i S ol B ReBE N dABUBRRT e
ek TS0 L PR e SR R Sl
et throk n%'.,?fusnc?.gﬁét ratetaTOa

[0062] For the PV substrates described by methods of the present invention,

while not necessary, it is preferable to dispose an undercoating below the

transparent conductive oxide thin film such that the undercoating is positioned

between the substrate and the transparent conductive oxide thin film.

[0063] For the undercoating layer of the present invention, while not

particularly limited, it is preferable to use silicon oxide, silicon dioxide, silicon nitride,

silicon oxynitride, silicon carbide, silicon oxycarbide and combinations thereof. For

the undercoating layer of the present invention, it is most preferable to use a thin film

of silicon oxycarbide as the undercoating.

[0064] For the TCO layer of the present invention, while not particularly

limited, it is preferable to use tin oxide, fluorine-doped tin oxide (FTO), aluminum-

doped zinc oxide (AZO) and indium tin oxide (ITO). For the TCO layer of the present

invention, it is most preferable to use fluorine-doped tin oxide.

[0065] For the semi-conducting layers of the present invention, the choice of

semi-conducting material is not particularly limited as long as the material is able to
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Si/i-Si/p-Si/n-Si/i-Si/p-Si {n-i-p double junction); and C) gl ass
substrate/UC TCO n- Si/i-Si/p-Si/n-Si/i-Si/p-Si/n-Si/i-Si/p-Si (n-i-p
triple juwotomis1ost is noted that the single, double amdTtus@om3jlancti on
n-i-p layers discussed herein are representative of the present invention.
Those of skill in the art will know how to adapt the nethods descri bed
herein for the production of PV nodul e substrates that conprise nore than

three n-i-p, j.unctions.. 2]. For, the PV substrates described t hods of
t e prE-RAPI R, HRBRs e et iel e e 18 Tt S SrEiarape % i Bpoce an
under coati ng bel ow the transparent conductive oxide thin fil msuch that the
under ®YERIViiggllysdpeesitado @6l PR cFRAMEINsutRliVFigfe BN H &3t uahs pERESIR
conductive oxide thin film [0063] For the undercoating |ayer of the
pr ese@ntimongnaiumnumhizine anst cgrabinatiohdinérgof.i mited, it is preferable to use
silicon oxide, silicon dioxide, silicon nitride, silicon oxynitride,

si li cqoo&ey bi de,In £inbatirhenitychthii stesamdineentdm at isqprefdraieaofusersilicdre
undercoating | ayer of the present invention, it is nost preferable to use a

thin fdilidBrotasidd BpRdIRIEARA g%@nﬁf'ifﬁdﬂﬁ tHEAR4%A8! akbrial QA& dfoaemeglco

| ayer of the pres I nvent i e not particularly Irmted, It

oA A GBS RS ATREALY, FHR ATt YRR
(006568, RENSBIANS: 700 AGPTSYEE CHPdde PavRs Hica AR B! NeWBSChol ce
of silicon layers, combining a phosphorous containing starting material with silane
leads to a negatively charged n-type silicon layer. For i-type silicon, no other
chemical starting material is necessary outside of silane, as it is an un-doped silicon
layer. Optionally, if desired, the i-Si layer can be passivated with hydrogen. This can
be accomplished by combining the silane with hydrogen gas.
[0067] The following description provides a general method of providing a PV
substrate in accordance with the present invention. The following description is
intended to be non-limiting and modifications and variations of the generally
described method can be adapted and changed for a desired final PV substrate by
those of ordinary skill in the thin film coating arts, such changes still falling within the
scope of the present invention.
[0068] Soda-lime silica glass can be made from well-known glass batch
compositions. The glass batch composition can be melted by heating in a glass
melting furnace and then directed to a tin bath of a float-line setup. In the case of

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

-16 -



sem -conducting material is not particularly limted as |long as the
material is able tobe pyrolytically deposited. Sem -conducting netal s that
are knowwoaotyer1stese to be pyrol ytically deposited are PCIiUSRLY/08@EdN um
tellurium indium gallium arsenic, antinony, alum num zinc and

conbi nati on thereof. [0066] In enbodi nents of the present invention, it is
preferable to use silicon. Silicon can be pyrolytically deposited fromthe
starting material silan t elevated. tenperatures, For p-type silicgn

| ayer SV MG LOSERIn L dE afar @ s St ng ot G 404l ¥ SoRLRES eads to
a positively charged p-type silicon layer. For n-type silicon |ayers,

conbi FoMEISHeaAbIPRLEBIRS n@%t'ﬁgr@”@rt(%)y@'i e eesting Aold(pt Hrem arfecredds to a
negatively charged n-type silicon layer. For i-type silicon, no other

chem cohtestpositiongdravenstedan sronethestirst goater sthadrasfsparérdroondastivet oxigdean
un-doped silicon layer. Optionally, if desired, the i-S |ayer can be

passi \thiheiimiayédr dardbedepositéd.s can be acconplished by conbining the silane
wi th hydrogen gas. [0067] The followi ng description provides a general

met hogqp@éajPr ovi Cﬁr?& &1 egdek bakBohdd @%%%%Qﬁﬁfréi‘ﬁnttgetéé%oﬁ o2k, an

I nvention.” The follow ng description 1s intended to be non-limting and

nodi ficat | n riat f.. |y, descpi e
adapt SHoLaaTam il o o Baihvice Y RERSER ot AREPY B R SRR IPE nar
skill in tcr?g thin filmcoating arts, such. h?n es still falling within the
scope HFUNGRECOR UG A {RnsPAE CP@%B@]VGSB?Hé@Iq silica glass can be nade
fromwel | -known gl ass_batch conpositions. The glass batch conposition can
be nell0@Wlby hedfq amg-Piragergpgesired to be produced ﬁ’om the third coater, a mixed

gas stream containing silane (SiH4) and a dopant can be directed to a heated
surface of the glass ribbon for creation and deposition 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 (SiH4) 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 (PHs) 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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melting furnace and then directed to a tin bath of a float-line setup. In
the case of casted glass, the nelted glass is directed to either casting
rol | er (s)wonroto1gwsti ng nol d(s). Froma first coater po®CTiusAEd/080192he tin
bath of a float-line, the undercoatingl ayer can be deposited. In the case
of casted glass, the coater is positioned dowmstream fromeither the
casting roller(s) or the casting nold(s). Froma second coater positioned
downst r eam ig?ﬁm t Be first coater, the transparent conductive oxide thin
fil'm I'a)es OL» pdUMsLit ed. [0069] Froma third coater positioned
downstream from the second coater, an n-Si or a p-Si |ayer can be

pyrol OOEH | y ddbad-Pe@yshiscdesieedrio ke psequped f&@ﬁttaﬁﬁhﬁ‘é ceatainadPiXgdt i ng
and a transparent conductive oxide layer. [0070] If an n-Si layer is

desi r @ast stré@mpeantatat fsilenet (véHi)hand & cpan! aannbredirecisd stor eaneatedt ai ni ng
silane (SiH4) and a dopant can be directed to a heated surface of the gl ass

ri bbosutfate ofeht iglassarisosie fgrséreation ahdatepasBiont o & ptSi min dyenayerh®hdopant
nost frequently used for fabrication of n-Si layers is a Goup V el enent,

ch r EGe Pt g ianj tr@rd d
such 2R pRRO SRR RGuenl] euns_vég?rclfr faBF.cmla? suﬁae/gf@ﬁ@'a ga't?&llélﬁ‘ diément,

materials for doping of ayers I ncludes, isn Imted to,
et ROSBIR el et cBRGPBA Rnd S8 M BRI BRSPS
of & ndPYFrS dBOSS: BUF st der ety 1 Gboien toroi HEDRYGR BRI HENIdE | ng
materials can be supplied at the follow ng rate ranges: 1) silane (Si H4)
0.0 - beoom triflueride ansbononpiidctite.né i Predgrred ¢o usgsliorgnaifar depiageafrted ranges
ror Stpa-léit Ilaggrs 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 (SiH4) 0.0 - 50.0 g/min; and 2) diborane (B,Hg) 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 (ByHg) 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
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material delivery is: 1) silane (SiH4) 0.5 - 30.0 g/mn; and 2) phosphine
(PH3) 0.5 - 15.0 g/ m n.Wien desired, such n-Si layers in accordance with
t he presewd 20rvigstoson can be passivated with hydrogen byCraskusiosnIvf
hydrogen gas in the m xed gas streamof starting materials. The hydrogen
gas can be supplied at the rate range of 0.0 - 20.0 g/mn. A preferred
range of hydrogen gas can be supplied at the raterange of 0.5 - 10 g/ mn.

0071 desi b d d.f h hird
L eatna it BoSter BN Flst BueT Bhh B HoeEad RS ri RO A8 SR F BRIl & 4

heat ed surface of the glass ribbon for creation and deposition of a p-Si

t hin f3DONE| ayer. The dopant nost frequently used for fabrication of p-Si

|l ayers is a Goup Il elenment, such as boron. The choi ce of boron

cont ai[0073] st ar tWhen & eeimadcondioctod dpin rigmdayers Sirelregessariyriolincerpotaie i s not
limted to, diborane, boron tribrom de, boron trichloride, boron thfluoride

and bayeowetmithdifiSi drid pSiprgtey, r&d is ehalsasei fopranerpghousdand rgystéllinhbe p- Si
| ayers of the present invention. The gases of the m xed gas stream i ncl uded

for eagfoAfl pddiR) P’f\/oﬁﬁo@% é%%%ért étbf‘%aﬁeéé?bb@?t@né&ﬂnttf‘et@@@ﬁ'th@%ﬁfgot he

foll owi ng rate ranges: | ane (SI H4 . g/ mn rane
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/ d, | d th th t
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the m xed gas streamof starting materials. The hydrogen gas can be

suppl |h@@t%€? stiface &ifdheagiges dibbongfor cpeatngand repesgiosf et pBd-Fialfge fign

hdr O?ae;er. 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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gas can be supplied at the rate range of 0.5 - 10 g/mn. [0072] Froma
fourth coater positioned downstreamfromthe third coater, an n-Si or a
p-Si | ayewocary/tiglopyrol ytically deposited onto the PV skb3tusaee/030ibe choice
of either an n-Si layer or a p-Si |ayer being produced fromthe fourth
coater will depend upon which type of silicon |layer was deposited on the PV
substrate fromthe third coater. If an n-Si |ayer was produced at the third

coater, a p-Si | r can be produced fromthe fourth coater.as descyibed
cbove dophelreamspPhaln, Bl o aBhARHET 0t R daarrh ToleRer S EES R aRESE Ponn
be produced fromthe fourth coater as described above. [0073] Wen i-Si

sem - (URtR dhererabediment (Af| thgepresent ifventies pfy thep abave gshiesalcderariplien t he
n-Si and p-Si layers, as is the case for anorphous and crystalline silicon
based ePvompaéisses thammatiog stoutaere oha diaglessintiiamed(i)n tppe viRérsubistratehi rd and
fourth coaters for the deposition for producing such i-Si layers. If an

| - Si ltiey®s of skifleini thedart avilbelsy estopize Aoga® Buildeamdcinbbmpiorategaddiliemed ( Si H4)
can be directed to a heated surface of the glass ribbon for creation and

POl s shplufy et D LeL sodbanmy s e push, L
SupP! 5k B 8,581 ek 280ARL, ke PSR i MBS0l Mebiiopk et
230, Besinto rarEe taalor e er R 0der TRCkIHRReURhIN aoar Y he rai o
range Scl)Jbe%I)"a%S? 10 g/ m n.

[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 turn, leads to a higher quality film

because the semiconducting layers do not suffer from edge effects. The methods of
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[0074] Cenerally, there is nolimt on the nunber of coaters that can be
positioned on the float-line downstream of a float bath, as long as there
is sufficveorniegpsméd on the float-line for disposition ofPCIUSR0I0OXNI10Y S.
Simlarly, there is no limt on the nunber of coaters that can be
positioned on the casted glass |ine dowstream of the casting roller(s) or
casting nold(s), as long as there is sufficient space for disposition of
such coaters. However, the nunber of coaters that can be potenti all

oot t {8 ceBUh L RERNPRD BUSW! for v o) B eodsbnor R ien g EHels gatl  or
produci ng the nolten glass ribbon. Those of skill in the art will recognize
how t dMBIRVES aeRtinch ebicisIcat WheR cararRaer gloaplhdingt SRV HLRARIGCERERR OB her
inside of a tin bath ordownstreamof a tin bath or downstream of the

cast i ngilized bgR\sinodulecaanufaptunersi(s). Wil e the enbodi nent of the present
i nvention of the above general description enconpasses the coating

structfoor7jof a siheghetrod’adfitee ppeddnt invenyipe ifdarubstured that heagraativeki | | in
the art will also recognize howto build and I ncorporate additional coaters

that woypd n%dﬂ@ﬁ%fé&u%r@%m@“ﬁ Barchhsé FPi\fSu%?ﬁalt@y 'féBr‘ru]ceitékﬁlt%mﬁgl

p-(i-)n type PV substrates. Simlarly, those of s In the ar

recogni 1 he at e t S| upl e- ' - and
mal ¢ - Ve R R oo Ra e, Sl e herhe B9 SlreadcBiS .2
present inventi have syrprisingly found that it jis possible to osit
Phe® cemers GanTebl 88 1y et ud rsiehl Y odatdind: ekt b SnBr S tion & EBrpar ed
to that of PV _nodule manufacturers. This is attributed to performng the
deposingednfostRY roadulensmanyigategrs yo washrapdt elran ple nidd usubsiraiteifoaier deer s

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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anywhere fromtwo to four hours to produce sem -conducting | ayers.

I ncorporation of deposition techniques for on-line production of

sem - condwonirglig®sal | ayers elim nates the need for PVPEDASR@0/030199

manuf acturers to produce such layers. Thus, costs incurred by the PV nodul e
manuf acturers can be dramatically reduced. Moreover, the inventors have
found that it is possible to deposit sem -conducting |layers in a natter of
ninut? ify not seconds. It is preferable for the deposition steps

descri erein to be pyrolytic deposition steps. [0076] Furthernore, the
|nventors of the present invention have found that o n |ine deposition of
seni - d88@MUkct i ng Hrgmaa§ 69 cepterinositiaediuyestrara dinss iihe §gCOTe CPalRErd on a
continuous ribbon of glass. This, in turn, leads to a higher quality film
becauserixet gas sticaon suditeated tcagx@us‘ade oh3CG l#yee B0fto donne def@ laydredl.s. The

met hods ofthe present invention also allow for a reduced cost for starting

mat er i[a082Jand i oV edoaahtdomercpbsitionsd Yownetreannpranethe tief tohtenea
sputtering processes often utilized by PV nodul e manufacturers. [0077] The

et hoqiﬁ.xea %a@%tr%ra?@%rﬂlrédﬂé/&ﬂi é%ﬂrf'a&@%’fh 498yt APtd oRh i Wiga@rigeact i ve to PV

nodul e mandfacturers who w sh to purchase substrates fabricated by the

i nven nmet ho esc, r

sem - ggqg:ﬂctl ngclt_lsrgl% ? MJP gg?&% ﬁdsqlon%ldcgg\{\/ﬁgﬁ'g%ﬁ frg%produgir{:r)waﬁga nc?ude 1)
the elimnation of for PV no e, man urers.to h and cl ean
L he PynEeHOBs e2t [SATESLIq fEHHEPApLSHIaYBE D A6 o mop StV Bt ma i on of
the need for PV npdul e manufacturers to re- heat and re-cool the PV
substrate for sem -conducting | ayer deposition; and 3)

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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the elimnation of the need for PV nodul e manufacturers to deposit, or
sputter, the sem -conducing |ayers. The elimnation of these process steps
transl at egoi2ntoa1810dr anat i cal | y reduced cost for PV nodulP€TRspu0m84109 er s.
Exanple 1 [0078] The foll ow ng exanpl e descri bes an on-1line nmethod of
maki ng a PV substrate with a p-i-n coating in accordance with the present

i nvention and as enbodied by Fig 2, which represents a p-i-n silicon single

ot RS R a0 N LA A of L STy BBR 50 T IR o 1 o

ri bbon substrate 10 to formthe undercoating |ayer 20. [0080] From a second
coat edl08;i t i onddodoAnsixite gRAtEr PRStiGNads dowpgtream Hom )Ué%i f@@scg@tﬁéaﬁ] is
directed to a surface of the undercoating layer 20 to form TCO ayer 30.

[ 0081]miked gaa strieiantliscdiegcted faistifane of pevigyerdithiof foom rt-Belayecd0d coater, a
m xed gas streamis directed to a surface of TCO | ayer 30 to form n-Si

| ayer [6091] 0082]Frbmoansavémr ddateopdsitiontsts Howasedartavaratthe ainth icoatgrhg t hird
coater, a mxed gas streamis directed to a surface of n-Si |ayer 40 to

form 'm&éﬂ'g%lé%rtre%?n 08683 ko B QIPeeldrir b (698 80" B48Irh i GNRegoNSt ream from

the fourth coater amxe gas streamis directed to surface of i-Si

2Yer 80930 1 O BB Shn RKE offer FREHRNE ggh%%ﬁélamTﬁsmi%'s%%Hﬁh E&REp! ©

descri an on-

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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substrate in accordance with the present invention and as enbodied by Fig
3, which represents a p-i-n silicon double junction PV substrate. [0085]
From a fiwetowaasws positioned inside a float bath, a mPKkedSQ@Ee/03G1eeLam i s
directed to a heated surface of the glass ribbon substrate 10 to formthe
undercoating | ayer 20. [0086] From a second coater positioned downstream
froma first coater, a m'xed gas streamis directed to a surface of the
undercoatin

oot ToRel Wit Bttt T Ottt ki el 9@%9{5&%3 S Cort o

directed to a surface of TCOIayer 30 to formn-Si |ayer 40. [0088] From a
fourt HOBk er pEIPRY én@dth:I@Q/ﬁ@trr%ﬁ'QWPW@SFﬁﬁmdfr@Hhﬂ@ fifth gpel gas
streamis directed to a surface of n-Si layer 40 to formi-Si |ayer 50.

[ 0089]miked gas stiekbihiscdicacied fgistifane of pevingyerdhiof foom n-Belayeuddh coat er,
am xed gas streamis directed to a surface of i-Si layer 50 to formp-Si

| ayer [6900] 0090]Frbfroasaventkt dbatoapssitionsd Hownswegiovinshriramsidih edatdreafi ft h
coater, a mxed gas streamis directed to a surface of p-Si |ayer 60 to

form rl‘m§éd 2% &tredfh is difTed td:é QA cS BY A iNaFad®io RO F—SPIE\??r ggwnstream

fromthe si'xth coater, a mxed gas streamdirected to a s ace of n-Si
aver b8t 0, 2R SR Enal ppREREH SBELBBLTY A o SRRE Al ARhL L o
surf a%em?;edl giassI stlrea rﬁ r|s glrecteg tct) %rsmur%ce of |a§/i?arye?’%0‘ toE%(oarmp Fl)%l ?ayer 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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[ 0093] The foll owi ng exanpl e describes an on-1line nmethod of making a PV
substrate in accordance with the present invention and as enbodied by Fig
4, which wepresastos a p-i-n silicon triple junction PV 2008Se@wm301p0094]
Froma first coater positioned inside a float bath, a m xed gas streamis
directed to a heated surface of the glass ribbon substrate 10 to formthe
undercoating | ayer 20. [0095] From a second coater positioned downstream
froma first coater, a mxed gas streamis directed to a surface of the
under cd4t'iHrg | ayer 20 to form TCO layer 30. [0096] Froma third coater
positioned downstream fromthe second coater, a nixed gas streamis

di rectl8308b a sdreace tard toafear pasitioned dowrstiram gon é%lseﬂgnd [COB®T] @Fr om a
fourth coater positioned dowmstreamfromthe third coater, a m xed gas

st r earmixed giasestcadh isadicecied faas sudhca oSTAQilayer 30 to cﬁorfna)prﬁiilaﬁr 6Gyer 50.
[0098] Froma fifth coater positioned dowstreamfromthe fourth coater,

am xeq09e9] St r edrpinsadbuhtsrhtéropositofidheewrktrea froay eie Bird eohter map- Si
| ayer 60. [0099] From a sixth coater positioned downst ream fromthe fifth

coat er, i ! t f; I 60 to
mixéd @'aé%‘i‘re%ﬁ?ussc%fé‘c%éq tea QUFBEE 8 piS 18yS 80 RFEBATI-R1er %)éwns

formn-S [Fayer 40 From a sevent h coat er p05| t1 oned tream

| ayer W58k o' opohCs; fifh, Sl NG ?g“wbétn?%@e@ e IBEPOREE, B onea

downstrea fromthe venth coat e stream dir cted to a
Gor T acbkeq as Gleriy is iapieq 16 suriege &f MBhfFue” BB6 ot n Sifayer

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 stream 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 layer 60 to form i-Si layer 50.

[0116] From a fifth coater positioned downstream from the fourth coater, a
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[0102] Froma ninth coater positioned downstreamfromthe eighth coater, a
m xed gas streamis directed to a surface of p-Si layer 60' to formn-Si
| ayer 40"WO[2003310Fr om a tenth coater positioned downst PERMSRO10/BGIBL ni nt h
coater, a mxed gas is directed to a surface of n-Si layer 40" to formi-Si
| ayer 50". [0104] From an el eventh coater positioned downstreamfromthe
tenth coater, a mxed gas streamis directed to a surface of i-Si |ayer 50"

Lo B ol g T Syleb PO B B SRR SR st e =

I nvention and as enbodied by Fig 5, mhlch represents a p-i-n silicon single
j unct i@ AV subdirear a. S'M‘l@@?teltrmﬁ't&’rfqdr dowpseam feg theddd ceeeteaa 1 oat
bath, a m xed gas streamis directed to a heated surface of the glass

ri bbomnixadgtasatr@amistdireomedrta asudade of otiilayer 40, er fopd. p-BOEYET 66f.om a second
coater positioned downstreamfroma first coater, a m xed gas streamis

di rectfet18lo a sWroace selehthecasngepssiidnadbayistredt fiomftoe wixtiCQoaterr a30.
[0108] Froma third coater positioned downstream fromthe second coater, a

m xed rgiggd F;rars%@r@aﬁlsddﬁ&ﬁé&fb ﬁ%uﬁ‘aéé‘bﬁ‘ BAS: |9 r 6@°tb ANAT - §p|§§4]8r 5@rm p-Si

| ayer 60. [[0109] Froma fourth coater p05|t|oned downstream fromthe third

t d f t
Form 1041 Lyer B FbEEER) oRaEhraskBrel oluptp Bt e R s3vab B & ¥hm fr om
the f Ourrntlxredcéjaa}s strearﬁ 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 downstream 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.

- 26 -



m xed gas streamis directed to a surface of i-Sl layer 50 to formn-Si

| ayer 40. Exanple 5 [01 11] The foll owi ng exanpl e descri bes an on-1line

nmet hod ofwoekioig8®wsPV substrate in accordance with the pCeasnae10j08048nt i on
and as enbodied by Fig 6, which represents a p-i-n silicon double junction
PV substrate. [01 12] Froma first coater positioned inside a float bath, a
m xed gas streamis directed to a heated surface of the glass ribbon

substr 10 to ormthe, undercoatin 20. [01 13], From a second

coat elOHEER (1 onddSBonnarbanakr sl Bopalant om s B SofBEar | <
directed to a surface of the undercoating layer 20 to form TCO | ayer 30.

[01 14)ixed g@sstieqm af isclitestedhiosd sUdAERIOlidwHdaYesAB torfermihei |§¥%ﬁ@f coater, a
m xed gas streamis directed to a surface of TCO |layer 30 to form p-Si

| ayer [B026] 01 1Fjrofr @seuchibucaatercpegitongmbdownsineamdoamdhe sixih fcoetart &e t hird
coater, a mxed gas streamis directed to a surface of p-Si layer 60 to

f or m imisd lgagestreath of Rldifkeledtooaserfacd bhpSiadyrsr 00 fdroniedi Idpens0'r eam from
the fourth coater, am xed gas streamis directed to a surface of i-Sl |ayer

50 tog 21’21‘]‘ n-Si F'rébheén é&htrﬂ Qéatle?gogﬁleﬂbéd%mﬂeﬁﬁﬁﬁéﬁ] REH/bAIEEOAGMNST I eam

fromthe fifth coater, m xed streamis directed to a surface of n- Si
sorneet DRl B of 04, Ml SO ST L e e
surfa(t81£)§] p-Si IJrg1 a nlnth coatfePE)g']slltlogled d%xv%rstr%arri from the eighth coater, a
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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[01 19] From an eighth coater positioned dowmstreamfromthe seventh
coater, a mxed gas streamis directed to a surface of i-SI layer 50" to
form n- Siwbayayv1140s. Exanple 6 [0120] The fol |l ow ng exarpraSd&Esmsi1bes an
on-line nethod of making a PV substrate in accordance with the present

i nvention and as enbodied by Fig 7, which represents a p-i-n silicon triple
junction PV substrate. Froma first coater positioned inside a float bath,

a mxs)gﬁg\aq@s{;[ﬁﬂg}:hshsﬁl rected to a heated surface of the glass ribbon

subst e undercoating layer 20. [0121] From a second coater
positi oned downstreamfroma first coater, a m xed gas streamis directed
to a surface of the undercoating layer 20 to form TCO | ayer 30. [0122] From
a third coater positioned downstream fromthe second coater, a m xed gas
strearh)i s di methed afgradedinfag ecatedr g@ssagulrstdte tam eivhen p-feiatliageor 80.
[0123] Froma fourth coater positioned downstreamfromthe third coater, a

m xed cggtedsglasanne with orsloptndre coatrsf BesticHeddorFiink aneldetdr dowihstrearn- Si
| ayer 50. [0124] Froma fifth coater positioned downstreamfromthe fourth

coat erfﬁon*'?lar\flo‘(é%aﬁh"I F%ﬂrﬁ %ﬂs‘&rc‘%‘sﬁﬁ?hﬁ‘tﬂd&%f@g?é%l@r?@c% risiplg: ! ayer 50 to

formn-Si |ayer Froma s coater positioned downstreamfrom

| ayer 40 1 86‘3?5$f'ﬂ%3§{9h|xf§§teei’%ﬁﬁt5 (3158 ] mBEe gl %ﬁ% oater posi i oned

dovvnstreamfromthe SIXt? ﬁb ter, a m xed gjas strea irected to a

surface of ba legt mepn%@ P%‘i‘rﬂﬁ i @nt,r%p g s{fpam o molten glass onto a

bath of molten tin of a float line to form a glass sheet 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 one of the coaters 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.
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[0127] From an eighth coater positioned downstream fromthe seventh coater,
a mxed gas is directed to a surface of i-SlI layer 50' to formn-Si |ayer
40' . [ 01280 2proai8®sSni nt h coat er positioned downstream f PORUSRE0B3QhL h
coater, a mxed gas streamis directed to a surface of n-Si layer 40" to
formp-Si layer 60". [0129] Froma tenth coater positioned downstreamfrom
the ninth coater, a m xed gas strean1is directed to a surface of p-Si |ayer
60" for Si .|l ayer 5Q". F m nth oater ositi.on
downs S eam HEmE BReatHiNcote) BRI & RN Be E R AR 1% oBPRLVBESL o
surface of i-SI layer 50" to forn1n Si layer 40". [0131] While the present
i nvent@r@HpHH@Q{B@"r\t s antipeallyainagsivataskwith hydeqeedi f i ¢ embodi ments, it is
not confined to the specific details set forth, but includes various
changes and nodifications that may suggest thenselves to those skilled in
the art, all falling within the scope of the invention as defined by the
fol I 0\@)ng dihal methddAdcdordil Ab Ml 5. wHerei tivet Grdipol | gdepentisigbrancoat ed
gl ass substrate on either a float-line or a casted glass line with one or
nore coaters positioned on-line, inside or dowmstreamfroma fl oat bath,
casting rolls or casting nolds of a glass line, conprising: a) nelting

Fioat i & WBrmeipsCRCr R o Sy BT e SRRy s PABR BRBREP en 1 o a

float line to forma glass sheet or 2) castl ng a continuous stream of
nol ten gl ass through casting rolls or casting nolds of a casting glass |line

to forma sheet of dgl ass;
The method according to claim 7, wherein the n-type silicon is doped with a

Group V element and, optionally, passivated with hydrogen.

9) The method according to claim 8, wherein the Group V element is

phosphorous.

10) The method according to claim 3, wherein the silicon is i-type silicon that is

optionally passivated with hydrogen.
11) The method according to claim 1, wherein the glass substrate is at a
temperature of between about 200° C and about 800° C during the deposition of the

semi-conducting metal layer.

12) The method according to claim 11, wherein the glass substrate is at a

temperature of between about 400° C and about 780° C.
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c) depositing, fromone of the coaters positioned on-line, a

sem -conducting netal |ayer on a portion of the sheet of glass. 2) The

met hod acwordiongstos cl aim 1, wherein the sem -conduct i n@CRAIS2010/030489 i S
selected fromthe group consisting of silicon, cadmum tellurium indium
gal lium arsenic, antinony, alumnum zinc and conbi nations thereof. 3) The
met hod according to claim1, wherein the sem -conducting netal |ayer is

SI|ICO 4 t hod accordin aim 3 con is_p-type
211 co)s) T THERRG cResBEana o gl@B“cl’al e i Breifod dSgfes, sB%risEstn 12
doped with a Goup Il el ement and ptional |y, passivated with hydrogen.

6) Th&lepestipg. 9'&15'8?dii'hg'nfjgrqgaﬁﬂgn@/erﬁ%\ﬂ’@?'h”ﬂ%@a@s&ljbsirﬁﬁe NEHEeMEs bor on.
7) The nethod according to claim3, wherein the silicon is n-type silicon.
8) Theondubling metajiayerg to claim 7, wherein the n-type silicon is doped
with a Goup V elenent and, optionally, passivated with hydrogen. 9) The
nmet hod according to claim8, wherein the Goup V elenent is phosphorous.
10) The method according to claim 3, wherein the silicon is i-type silicon

that ig)optiHRnaldil @aé&bvahgdto%mnhydm%in vy m@iﬁo@&hhﬁgr RBRRYrAERY tO

claim1l1, wherein t e glass Substrate is at tenperature of between about

200 Coae%sﬁ]%%nf?ﬂg, EvANEbARNt BEnEFRRE! i@l 9kr bBRvSH e HRSY Ehb k8Bt &

| ayer.

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 crystalline 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 semi-conducting metal layer on the glass substrate.
18) The method according to claim 13, wherein the undercoating is selected from

the group consisting of silicon oxide, silicon dioxide, silicon nitride, silicon oxynitride,

silicon carbide, silicon oxycarbide and combinations thereof.
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12) The met hod according to claim 11, wherein the glass substrate is at a

t enperature of between about 400 C and about 780 C.13) The nethod according
to cl ai mwO 2otvereion t he nmet hod further conprises deposi PCRgiS2a0/0B018%, an
undercoating | ayer between the glass substrate and the sem conducting
nmetal |ayer. 14) The nethod according to claim1, wherein the nethod
further conprises depositing, on-line, a transparent conductive oxide |ayer

bet we th | as bstr te an .th sem -conductin The
et hod Accdith Rt greariirg, BusiahLii4: WerSane Siantetih gonuldie ofidh |«
conprised of anorphous silicon or cr stalline silicon. 16) The net hod

accor YRy isoselealem flam eeBEquUP Pﬁ@s'ée{%toéltlrl R¥ids; If||U@6ﬂe1d§’p§§l @ toxifE,r om t he
group consi sting of nano-crystalline silicon, mcro-crystalline silicon,

pol ycrayniluin-deped zincooxiderand-ndiyist tii bkide. si licon and combinations thereof.
17) The met hod according to claim1, wherein the depositing the at |east
one sem -conducting netal |ayer on the glass substrate conprises
pyrolytically depositing the at | east one sem -conducting netal |ayer on

the glygys SUbsdthad Sof ér%liu%rﬂgmérfdﬁg?%ﬂr gfa%%réhwratté’ di éltrﬁ'érlﬁ fIdMﬂ‘ﬁﬁ@'& he

undercoating is selected up consisting of i con oxid

i 11 consfRiarsiing s MG oot ARBieE HhE 'ns?*ﬁl)ﬁcco%#nﬁet 0
the. o aﬁ’ﬁmﬁgﬂl e ?&%p%%%%éngmcﬂagtphéiaé’%%ﬁ% SMB57B8; a1 um num doped
zinc oxide and i nd| um tin oxide.

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 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 one of the coaters 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 coater positioned on-line and downstream
from the coater of step ¢), a semi-conducting metal layer comprising i-type silicon on
the metal layer of step c¢);

e) depositing, from a coater positioned on-line and downstream from the
coater of step ¢) and/or d), a semi-conducting metal layer on the metal layer of step

c) and/or d), wherein the metal layer comprising silicon is selected from the group

consisting of n-type silicon and p-type silicon; and
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20) A nethod of producing a coated gl ass substrate on either a float-1line
or a casted glass line with one or nore coaters positioned on-line, inside
or downstweamomsrsa fl oat bath, casting rolls or casti RGTASRAUS/08F19% gl ass
|l ine conprising: 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 of a float line to forma sheet of glass or 2)

casting a contjinuous stream of mplte l.ass through casting rolls. or

cast ng morGePHEe rHeagOmerd B ra) BBFE AdlseHler®y ofPuldd STipsh
depositing, fromone of the coaters positioned on-line, a sem -conducting
net al 13¥gfeONdRe HI3ss sURSHa- t he sheet of gl ass, wherein the seni-conducting
netal layer is selected fromthe group consisting of n-type silicon and
p-type silicon; d) optionally, depositing, froma coater positioned on-line
and downstream fromthe coater of step c), a sem -conducting netal |ayer
conpr izling Thet eehckl Ja(bmdingrtotdflaimeD,athmmIth@b-t?peI@il'@bh i€ )dogedasitt ang,
froma coater positioned on-line and downstreamtromthe coater of step c)

and/ OrGrg%Jp Iﬁe?éfﬂbntcé’rmj%i?ﬁ?ll%%ivh?é@%jtﬁ%xﬁ?d’géﬁ?t al layer of step c)

and/ or wherein the r conprising stlicon is selected fromthe
group consisting of n-type silicon and p-type silicon; andf) optionally,
repeating steps c) - e) to formadditional p-(i-)n or n-(i-)p silicon

et e SRR TS cibkr M RGN el P 20

23) The method according to claim 20, wherein the n-type silicon is doped with a

Group V element and, optionally, passivated with hydrogen.

24) The method according to claim 23, wherein the Group V element is

phosphorous.

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 c)—e).
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Goup Il element and, optionally, passivated with hydrogen. 22) The net hod
according to claim2 1, wherein the Goup IIl elenent is boron. 23) The

met hod acwordiongstos cl ai m 20, wherein the n-type silicomRCraSdapmssowsth a

G oup V elenment and, optionally, passivated with hydrogen. 24) The net hod
according to claim 23, wherein the Goup V elenent is phosphorous. 25) The
nmet hod according to claim20, wherein the i-type silicon is optionally

passi edwith drogen. .26). The .net,hod according to clai 0, erein the
O 2o Zansiis sd A raRglic, Ml b Dbt tb e S Belafi s iiur oo
duri\rll\g t he deposition of stegs c) - e).27) The method according to claim
26, @Meeratuife of Pgbueen 39epRAE0T & ahdaahAHpd®t Grdursly Hia deepsiien’f 400 C
and about 780 C during the deposition of steps c¢c) - e). 28) The nethod
accor ditegp ¢jo-e).ai m 20, wherein the method further conprises depositing,
on-line, an undercoating | ayer between the gl ass substrate and the netal

| ayer of step c). 29) The nethod according to claim 20, wherein the nethod
further conprises depositing, on-line, a transparent conductive oxide |ayer

bet We%r)lt herqd aRinsdiRREbaiifg ﬁBch%iPr? AR LFherbRY Ble %et%ﬁpfu%er %B)nr%Tﬁﬁs met hod
according to claim 28, wherein the undercoating is selected fro
depositing, on-line, an undercoating layer between the glass substrate and the metal

layer of step c).

29) The method according to claim 20, wherein the method further comprises
depositing, on-line, 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, silicon oxycarbide and combinations thereof.
31)  The method according to claim 28, 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.

32) The method according to claim 20, wherein step f) is repeated once to

produce a double-junction p-(i-)n or n-(i-)p type silicon photovoltaic substrate.
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the group consisting of silicon oxide, silicon dioxide, silicon nitride,
silicon oxynitride, silicon carbide, silicon oxycarbide and conbi nations

t her eof . WO2p10Tine108et hod according to cl ai m 28, wherei nPChAISRe18/0389 ent
conductive oxide layer is selected fromthe group consisting of tin oxide,
fluorine-doped tin oxide, alum numdoped zinc oxide and indiumtin oxide.
32) The method according to claim20, wherein step f) is repeated once to

pr odu ubl e- unctlon or -n-(i-)p type silicon tovol taic
Dlbst Ee. 33F wihid atsaraBasiost BBCM%@&% 5 ﬁe%%%s (I Bopeat ed
twice to produce a triple-junction p-( %n or n-(i-) %pe silicon

phot oWPE G2 &iMEYWRALON B4Y)N - (‘rﬁpﬁﬂbe aiieon Hhﬁtﬁ’VPBa'@ISéc' §ir8t®. wherein step
f) is repeated nultiple tines to produce a nulti-junction type p-(i-)n or
n-(i-)p type silicon photovoltaic substrate. 35) The nethod according to
claim 20, wherein steps c) - f) conprise pyrolytically depositing the

| ayer 84pr odueetheodsaegsding to dlaim 20) wheeeineitdipe) iscepeateagntivip &rines 20,
wherein the p-(i-)n or n-(i-)p type silicon |layers are conprised of

armr p*ﬂ&kb??dﬂde' &%I@L rﬁﬁlbﬁtt%é bRR)Sbt hR tyée)sngﬁﬁ PRAGRAtaRCSBHAg Lo claim

n the crystalline silicon is e ected fromthe group consisting
of nano-crystalline si I icon, mcro-crystalline silicon, polycrystalline
silicon, nono- crystal line silicon and conbi nati ons t her eof . 38) A nethod of
pr oducgj_ng coat | ass substrate.on either | o ne or a casted gl ass
P e violh e e s aciainans dr 28 ouseresn i) 2heotarss PARWER Kam 1+ om
a float bath, casting rolls or casting nolds of a glass |ine, conprising:

deposmng the layers produced by steps c) — ).

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, inside or downstream
from a float bath, casting rolls or casting molds of a glass 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 tin to form a sheet of glass or 2) casting a continuous stream of
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a) nelting batch materials in a furnace to formnolten glass; b) selecting
one of: 1) floating a continuous streamof nolten glass onto a bath of

nol t en tiwotol0faswsa sheet of glass or 2) casting a conPCROBSAEI0H80IeAM

of nol ten gl ass through casting rolls or casting nolds of a casting glass
line to forma sheet of glass; c) depositing, froma coater positioned
on-line or inside a float bath, an undercoating di sposed on the gl ass

substrate: d) depositing, froma coater itioned.on-line.or. ipside a
Float il GthsS §8toh ingrfR, 2 £33 nBieE pLA ERIRY deduR L RS
conducti ve oxi de |ayer disposed on the undercoating; e) depositing, froma
coat ershg65Pt9I8A%d on-1ine and downstream fromthe coater of step d), a

sem -conducting netal |ayer on the transparent conductive oxide |ayer,

wher ei n t he) sdepositingducerinng casttat positionedsordhecoreihsidera tfbat datupan
consisting of n-type silicon and p-type silicon; f) optionally, depositing,
from @n@@mwtingqﬁggdmash e glase sabstrateynst ream from t he coater of step e),
a sem -conducting nmetal layer conprising i-type silicon on the netal |ayer

of step c¢); i t4 , af ; ikd Qhye - i a d stream
p c) dggde&?s?(ﬁwq, frdld: a 6%@?)9:%6& RAslihé Bremhspi bi fisat B?th ana

fromlthe coater of step e) an f a sem -conducting netal layer Ion t he
?‘;’Lie#g@%‘;%reﬁhﬁi S BESH Slonitr a bEhGTah R P RBRE RyER o sRed Y Con:
an

on the undercoating;

e) depositing, from a coater positioned on-line and downstream from the
coater of step d), a semi-conducting metal layer on the transparent conductive oxide
layer, wherein the semi-conducting metal layer is selected from the group consisting
of n-type silicon and p-type silicon;

f) optionally, depositing, from a coater positioned on-line and downstream
from the 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
coater of step e) and/or f), a semi-conducting metal layer on the metal layer of step
e) and/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 Ill element and, optionally, passivated with hydrogen.
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h) optionally, repeating steps e) - g) to formadditional p-(i-)n or
n-(i-)p silicon layers on the glass substrate. 39) The nethod according to
cl ai m 38, watrerogitgioshe p-type silicon is doped with a G @ap/uske10sB@sent and,
optionally, passivated with hydrogen.40) The nethod according to claim 39,
wherein the Goup Il elenent is boron. 4 1) The nethod according to claim
38, wherein the n-type silicon is doped with a Goup V el enent and,
optionally, passivated with hydrogen. 42) The method according to claim4
1, wherein the G oup V elenent is phosphorous. 43) The nethod according to
claim 38, wherein the i-type silicon is optionally passivated with

hydr odéh. 4he "Fﬁ@%’e@‘l?%’dd'&66@IC!ﬁ”'rﬁ‘g39,d"hﬁrélnnm%@r%@éﬁéi'@mﬁﬂb'sd}%{%- substrate
is at a tenperature of between about 200 C and about 800 C during the
deposition of steps c) - h). 45) The nethod according to claim44, wherein
the glass substrate is at a tenperature of between about 400 C and about

780 C4dyri Mhet imetrirpasidriiog tof claiheBs, whereifithe A&y pd Riticorti®@dpadarttdang to
claim 38, wherein the undercoating is selected fromthe group consisting of
i | T CQsyoRi\ABlentrti R ofiOMAINE pastiVAERNwil hydgensi | i con oxyni tri de,
silicon cgr bide, sill (’:oﬁ ony%?%?d‘e and Icorr%dlj ngti ons thereof.47) The met hod
according to claim 38, wherein the transparent conductive oxide |ayer is
selected fromthe group consisting of tin oxide, fluorine-doped tin oxide,

42) The method according to claim 41, wherein the Group V element is

phosphorous.

43) The method according to claim 38, wherein the i-type silicon is optionally

passivated with hydrogen.

44) The method according to claim 38, wherein the glass substrate is at a
temperature of between about 200° C and about 800° C during the deposition of

steps ¢) — h).

45) The method according to claim 44, wherein the glass substrate is at a
temperature of between about 400° C and about 780° C during the deposition of

steps ¢) — h).
46) The method according to claim 38, wherein the undercoating is selected from

the group consisting of silicon oxide, silicon dioxide, silicon nitride, silicon oxynitride,

silicon carbide, silicon oxycarbide and combinations thereof.
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al um num doped zinc oxide and indiumtin oxide. 48) The nethod according to
claim38, wherein step f) is repeated once to produce a doubl e-junction
p-(i-)n ovore(o/H3¥st ype silicon photovoltaic substrate. PEB)USTHS/OBEPHOI
according to claim 38, wherein step f) is repeated twi ce to produce a
triple-junction p-(i-)n or n-(i-)p type silicon photovoltaic substrate. 50)
The nmet hod according to claim 38, wherein step f) is repeated nultiple
times to produce a nulti-junction p-(i-)n or n-(i-)p type silicon
phot ovol tai c substrate 5 1) The net hod according to claim38, wherein the
deposi ting _of steps conprises pyralytically depositing the |ayers
produddd by h&x @G&hc@) aCCQW'nQStQ)dQWé3%%@69'666%@%83(%“&0&[3%@@ OXifier ei n
the p-(i-)n or n-(i-)p silicon layers are conprised of anorphous silicon or
cryst ddydrnie selectednfrom3iheTeoupe thnsistng @f dimgxide, dluarines@pedhiit eixide, he
crystalline silicon is selected fromthe group consisting of
nano- ailyrainin-doped izincceXide and rigdiarytiri ekidene silicon, pol ycrystalline
silicon, nmono-crystalline silicon and conbi nati ons thereof.

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 ¢) - h)

comprises pyrolytically depositing the layers produced by steps ¢) — h).

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.
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