TI TLE OF THE | NVENTI ON TRANSPARENTCONDUCTI VE OXI DE

COATI NG FOR THI N FI LM PHOTOVOLTAI C APPLI CATI ONS AND
WORIDBIOESSOF MAKI NG THE SAME CROSS- REFERENCE T(PEEZLSIDEEN12409

APPLI CATI ON [ 0001] This application clains the benefit

of U S. Provisi le &RPTI NVEN 60/ 996, 144, filed
Novenber 2, ZOO?mvl\;ni ch !l-lgqﬁ‘ereby@lmcorporat ed by

reference inits entirety into the present

b ST o U

coatings for use in photovoltaic (PV) devices and
met hods of making the same. Mrre particularly, the

I nvent i oGR@ESLtREFERENQEND IRE LAEED AP RRICATION

el ectrical. propertjes of transparen onducti ve oxi de
[0001] @i?ﬁf&lcaﬁaﬁn@@méh%fb%ﬁé fre. Elpusionabassicaien No.

OF THE BACKGROUND [0003] All United States Patents

60/996, 144 efiledr Navembiee 2ei2004; avhiieh épheretyoinsorparatedpy reference in its
reference in their entireties. In the case of

entirety intoath&lpresenttdpplipatisient speci fi cation, including
definitions, will control. [0004] As the gl obal
popul ati on continues to grow, so does the demand for
energy and energy sources. Fossil fuel consunption has

seen st eadyg’ QWN%H@‘EWQM'OQ\?MUW, as

expected for an énergy Irsty ¢ popul ation. It
was estimated that in 2004, 86% of human- produced

ener came fromthe burning of fossil fuels. Fossil
FIELD OFfIéEgNMES‘IHS}NrenewabI e resources and fossil fuel

reserves are being depleted
[0002] The present invention relates generally to transparent conductive oxide
(TCO) coatings for use in photo’Voltaic (PV) devices and methods of making the same.

More particularly, the invention relates to improving the optical and electrical properties

of transparent conductive oxide thin films and methods of making the same.

DISCUSSION OF THE BACKGROUND

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

[0004] As the global population continues to grow, so does the demand for
energy and energy sources. Fossil fuel consumption has seen steady increases during
the last century, as expected for an energy thirsty global population. It was estimated

that in 2004, 86% of human-produced energy came from the burning of fossil fuels.



qui cker than they can be replaced. As a result, a

nmovenent toward the devel opnent of renewabl e energy
wha®Iosssss undert aken to nmeet i ncreased dermand POF/US2008/012409

energy. Over the last ten to twenty years, there has

Fossil fuéepsg?re HonLeneRabRs rééb‘iHée@%ngefb%ﬂ’%élgrés%%%%%eg@ depleted

iciently harness energy fromalternative sourc

. ro ' et ,th

auicker thiHef S Be¥epiabéct JATH B MEIR M e i piopment of
source the sun s considered the t abyndant

renewable, SnciaY Has.AeRn LBJeTAREN nmes! INereasesl dpmang foneasrgy. Over the
showering the Earth on a daily basis. Numerous

last ten tottwenhvyerfisethaseihas haem aminsrefsestiosystan deysloping dechrology to
sun's light energy and converting it into electricity.

efficiently Agrhesoenétgyi frofPaftermativé soufgyse sach assyolar,ahydrogen and wind
technol ogy and, to date, has found nmany applications

energy to nieétitRaincrea8ed§lobalMBemaRgver systems, space vehicles
and consunmer products such as wirel ess devices. [0006]

PV : I peor.par at i { Las.  Thin
tooos1 P G AHEERGR B8 Muth . B60ALAL bl Bl Bouncant
duct qr, LI hin fil The | nmon ) )
natural eSS HSHo bt A R e b bbb AR . sy basi.
oxi des such as fluorine-doped tin oxide (FTQ),
Numeroug teglinelpgien sxist thatcatsx disectedAo) capturing dhvesunisnlighti erergy and
(1TO. The main function of a TCOis two-fold. First,

converting itenCeleatricitys A phybtovoltaipg&Y)trhodulghrepresenta gluchiea technology
i ght absorbing material beneath it. Second, the TCO

and, to da®y, s RuUNANMNY SpPIRALBAS ih ArbhSNRRA’ &s remote power systems,
phot o- gener at edmcﬁ%?ges away fromthe I?ght a%gor“()ei ngy ms

space veﬂgﬁ%tg%inﬁ'conﬁiﬁ{ér}@wg% %}%@%F&gipé@sg Qbyiakl types of

ovoltalc an , and are especially

100061 2P o RSBl RS R Shcvotaics
require a tlz;gngggrie%? fq'rointn ggrrmgt?crtg;, iug%aill-)?(a) tthllqnI ftlllrr]:,i'lrhrreB most common conductive
thin films used are transparent conductive oxides such as 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 TCOs
are desirable for all types of photovoltaic and solar modules, and are especially
desirable for photovoltaic and solar modules based on amorphous silicon.

[{0007] Improving the efficiency of PV devices incorporating TCO thin films

typically has been limited by a number of factors. One of these factors is the inherent

limitation of the TCO thin film conductivity, whereby it has been found that attempts to



typically has been [imted by a nunber of factors. One

of these factors is the inherent limtation of the TCO
WO R00p/08838In conductivity, whereby it has been fPRCHTS1008012409

attenpts toincrease the conductivities are hanpered by

increase ahé&i BoMhARIRAILS %@éraﬁﬁﬁ)ér@dl b?hé %frﬂtﬁ‘l?éﬂe%ﬂso'ﬂe{ché%@hn light

the TCOthin film ich, Iin turn, ecreases t

: f i Cl P\ devi Th e its of, s l.
vansmiss (OIS TAO TR RO, EErd dEL5bEaE ng Biiency o e
. over the Ljfe_of the nodul e and enhance fi nanci al
PV devic.o] e r'Re"Pﬂtﬁ 80 smal gnﬁfﬁvwengmﬁ Phetoyltalg efficianey| can accrue
properties can add to photovoltaic efficiency. [0008]
over the Iifgiof ¢he mpdie angi eshangeefinanaial retury. inproventents istliCO optical
exi sts a nunber of obstacles to overcone before

and electrjgab proparties can add tbphotoquitaid effieiencyh traditi onal
fossil fuels. Along these |lines, cost and

(00081 | i OWhilepHRItEESIEHiIEE h¥ive FONRE FhdHY @ééé,%&;@&nr @i?i%fsz?nmumber of

two of the obstacles preventing photovoltaics
[ et Liq i il fel 09]. . P\ .
obstaces, 18 AR(EATR eIt HHHGILIEASE bhe WE ool Yt ossi
I s,omi present . and,,. such, . provides an existin
fuels. Along; et fiy st ABH igB1Q s RGHicTy camyerYaR BicicrskTepresent two
approach al ong these |ines has been to adapt _
of the obstaglegpreyrating Phstovsitaiesftaro being eempetitive with dossil fuels.
i ncorporation into a PV nodule. One such gl ass

[0009] prddost iRV meidutes ithat hexistl doday iare babBE@dohokilicon. Glass is
producing float, or flat, glass. [0010] Thin filns on

omnipreseiitagtd, a8€ sUehi prbViBed Un RYBEREURMESRS ,
D T chi fect ur al gfwgslset hat s cgat edgf,?vi ?ﬂ%ff'ggeﬁi@%rﬁ of PV

modules. Sh& Sh¥prodchOiondd ShBELhELn | 15 UiBbt Whtabli
ocie. STAE Sihiool o5k 10 188 58S BE! Ly 07Ul htbished gl

: ' | gl t hat .i ted. . As [t of
procuctor AEELY br Mo B 4 PAGAEY s 53 brShuctior

. et hods exi st for producing gl asses coated with thin
method 'SEF‘P H’E?t"@ﬁ?e"@ﬁh‘?(ﬂ&'é”ﬁﬁﬂﬁﬁgg'oﬁﬁ Pflabiglass cheni cal

vapor deposition, in which a nmetal containing species

[0010] wi t hhipi @msnoanglass arebdésirable for numerous reasons. For example,
architectural glass that is coated with a low emissivity coating possesses better
insulating properties and is more energy efficient than architectural glass that is not
coated. As a result of this desirability for thin films on glass, many methods exist for
producing glasses coated with thin films. One of these methods is pyrolytic chemical
vapor deposition, in which a metal containing species with micron and/or submicron
thicknesses are deposited directly onto the glass surface. Such metal containing
species include, but are not limited to, metals, metal oxides, metal nitrides, metal

oxynitrides and metal oxycarbides.

[0011] There are many methods that exist for manufacturing thin films on glass.



t hi cknesses are deposited directly onto the gl ass

surface. Such netal containing species include, but
wae@Inss3si i mted to, netals, nmetal oxides, netBCT/US2008/012409

nitrides, nmetal oxynitrides and netal oxycarbi des.

One suchl MRIHdd ENRAGWATSS (RRNYnIFRE Hﬁa@ﬁod hadfifed! é nérall lly herejn.as coating

manuf act uri ng th|n fllrrs on gl ass. One

the glass K@%\gﬁa@rlrym | E@ \gﬁlih' &%%pﬁﬁ?ogﬁ?(é%#\ef Ifis 'on glass

incorporatég aﬂso'#’%éaom%f ?tf)gfﬁiéaf gg'?—%ohégfl’é’ for sTpthods  1Bag allow for

for methods that allow for inprovenents in the optical
improvemgnts i1 B pptical andplectricad pseperties of itheses filras dredore, during and
during and after deposition on a glass substrate.

after depdsitdh2dn b.glasPatiesttatélo. 7, 259, 085 di scl oses a net hod of
making a netal oxide thin filmwherein hydrogen

[0012] chlors.draleéritiNo.i 7,280486 HRCRSB8Sa HétRBE & makiigt 4 "}ﬁetal oxide
material s used for deposition of the netal oxi I'n

O T R -

e tor ST o T B BT 8L 585 2 Skt e

rn, Ieads to the ability to manufacture netal oxide
starting n?éﬁ?ﬂa'r gam e6BRMdS tRaplavgnt dhat Btasting unatesials ffram undergoing
t hi cknesses over a wide area and a long tinme at high
chemical feiactipd gpios ito reaching essyrtdreuof 2 §REssubstratarTHis dattarm), leads to
It is disclosed that when netal oxide thin film

the abilitycioatnangfadtace niatalt adashitofitn Coativgs hadiry REEIIR uniform film
i ncorporated into photovoltaic devices, the Iikelihood

thicknessé¥ o@@rf §Wide a?ré ria Wélﬁ"%\%sat & rﬁlrtngr?eaédéf ﬁd PReSabout 4500

such a photovo talc ce 1s r uce
i of GR4RYTA P SRR Fheb e BB LT Bk e by e
methods zgﬁégﬁ gg% dgllietellglggm%craggr |5t§£g}12§)y§tg{c%v?censattﬁe |lk€|3||h00d of
conductivity of the metal oxide thin filmcoating
defects, sugh ap pinholes, over the lifetime of such a photovoltaic device is reduced and
the conversion efficiency of the photovoltaic device can remain high. However, there is
no disclosure as to whether the addition of HCI to the starting material gas stream can
lead to improved electrical conductivity of the metal oxide thin film coating after
deposition of the metal oxide thin film.
[0013] U.S. Patent No. 5,698,262 discloses a method of making a doped tin
oxide film using hydrogen fluoride (HF) as a dopant source in order to obtain low and
uniform sheet resistance of the metal oxide thin film. The metal oxide thin film layer

therein is made from the starting materials: dimethyltin dichloride, oxygen, water,

hydrogen fluoride and helium. It is disclosed in USP 5,698,262 that the fluorine doped

4



deposition of the netal oxide thin film [0013] U. S.

Patent No. 5,698, 262 di scl oses a nethod of making a
waelopedse3sh oxi de filmusing hydrogen fl uori de PERFUS268/612409

dopant source in order to obtain | ow and uniform sheet

tin oxide 6d'é‘iﬂn§§§ﬂ ?rﬁ?r%nfe?ﬁf)ﬂ' W&t SRebilicli ééﬁ(?lé} aﬁa‘?wg‘?&%d uniformity

ayer t erern 1s na

di h d i d ]

in sheet réySBhLL Ry ﬁy% °a%t%8wfré§égﬂr%gﬁsg’ ofieVEE the XU doped tin
in USP 5, 262 that the fluorine dopedtin oxide

oxide coaera&fiﬁ%s erqin stilisufiers: from hezingr Wiltoa thickaess ahthe fluorine

and inproved uniformty in sheet resistance over the
doped tin exigecdoating at enlyf32theny Ithe sizeHofwtheecrystal ggrainsathierain would be
doped tin oxide coating disclosed therein still

limited, thetgbiyeprevénting age ngegWétitiesiof e finesarfate Whichl prevene a high
doped tin oxide coating of only 320 nm the size of

haze ratiolffin Be¥j 4¢hi@iéd.ns therein would be limted, thereby
prevent| ng large irregularities of the film surface

roonar s PP bl P804 o 4P 508 Gl 5 Eohsparen

eet Wi th % thansparent conductive doped tin oxide
Conductw? idopednit exide Hm whereynithe tn pmdﬁslmaﬁceg@@éseﬁ g fiieha way

way that a decrease in the conductivity of the tin
that a deessiage ini the condugtpitysefetheatineoxidenilen is sepprassedoafteha heat
tin oxide film It is disclosed in USP 6,551 ,715 that

treatment cafnthentinooxiliet filams paisedisclosedulrt iUSP 6,664, 7015 ghututorRRshtional
nm t hi cknesses di sposed on gl ass substrates, when

transpareMeGBmduci®é fiftns BEHBSLIY200ARY t@ﬁbl@e@@% H%‘%@QH %nsélﬁﬁé substrates,

resi stance increase. In order to mnimze this's

e v SRR TSE G B BSREEHel bRl  . n rr
o i e S R R g

heat treatnment in air. [0015] Thus there remains a
least aboqﬁé@@ M. it asdiound dhat therigssease iInceheri cesistanegi bieincraasing the

tin oxide film thickness tends not to be affected by heat treatment in air.

[0015] Thus, there remains a need in the art for transparent conductive oxide thin
film layers that can overcome the above-noted problems of prior art films. In particular,
there is a need in the art for TCO thin films having improved electrical and optical

properties and for methods of making them.

SUMMARY OF THE INVENTION
[0016] The present invention provides improvements in the optical and electrical
properties of TCO thin films, as well as methods of making such improved TCO thin

films.



filmlayers that can overcone the above-noted problens
of prior art filnms. In particular, there is a need in

w0 b@ase3ss or TCO thin filns having i nproved el BCT/DE2988/012409
and optical properties and for methods of meking them

[0017] SUMMAER aShedtbf HViRMEh(idh, [ tABAS s Hﬁb@id%cﬁﬁ%@fnodé‘&?ﬁﬁ#n%ing the

provi des I nprovenents in the optical ectrica

; r -1 ; i 4 as well as nethods of
optical a"%&%ﬁ@%@’iﬂ%’ﬁ%@ﬁ?@&ﬁht % i1 ns.[0017] In an
aspect of the inventign, there is provi ded nmethods of .
tooxer - 0RGRn AgpereotaBE itk i, tarreds e liSH S Rethade! SrprRung the
_thin filnps. [0018] In an aspect of the invention,
propertiest ¢fet@O; thirpfilgys theguah iptradietion af @sr exidizing chepicapadditive other
of TCOthin filnms through introduction of an oxidizing
than wateg laimaercaty geddduringevagdrate posionvafttee ;TGO thiarfilrmxygen
during vapor deposition of the TCO thin film [0019]
[0019] !N [AN@hBfHeraaf®sct of théaniemii, | Be. o&i&‘i‘ziﬁ%'&ieﬁhﬁgl introduced

chem cal introduced during the vapor depoSition step

i [ [ . as. hy ki . .
during thef T¥p e aBBoGIL e nél oo AP fEpg oK S &t dplepiase acio
nitri .dof t&e.i nvention, the oxidizing chem cal introduced

C acid &, PPRYIG A8 deposition may be non-acids such as

hydr ogen peroxi de, ozone, pure oxygen, ammoni um )
[0020] |j (lpapBothed asneat ofxthe Aeventiqroothe] oxidizingt chamigep éntroduced

. of the invention, there is provided a nethod of
during vapempdeposition eaprtw eoni-acidefsutECas Hydrédgempebyxide,pozorie pure

of the vapor deposited TCOthin filns to a

oxygen, anmpnorfiimdhitraftdan® btiytesxidikéht | y reduci ng, atnosphere
at elevated tenperatures. [0022] In yet another aspect

(00211 OF [hifhdtR eI of HFIMBRESK  tHedd R BLERIY fethdd offinproving

the properties of TCO thin films by exposure of the vapor deposited TCO thin films to a

non-oxidizing, or even slightly reducing, atmosphere at elevated temperatures.

[0022] In yet another aspect of the invention, the non-oxidizing atmosphere is an
inert atmosphere.

[0023] In yet another aspect of the invention, exposure of the TCO thin films to
elevated temperatures is carried out at temperatures in the range from about 200° C to
about 800° C.

[0024] In yet another aspect of the invention, there is provided TCO thin films
with improved optical and electrical properties made by methods in accordance with the

present invention.



inert atnosphere. [0023] In yet another aspect of the
i nvention, exposure of the TCOthin filns to el evated
W@ 209pess&sures is carried out at tenperatures iPCT/H82008/012409
range from about 200 C to about 800 C. [0024] In yet
anot her %ﬁﬁiﬁ# Eﬁséﬁﬁ#l Vil ?HF bhﬁ"\ﬂ GgProvided TCO

thin filns rove ptlca and e rical

prqoperti rrade b t hods i ccordanpce with t
[0025] pr3§ & Ara/ NS raRien CorstReR e S6sePlsban et for
[0025] Figure 1 shows transmttance, reflectance and
070808 Sad%@'@ﬁ ﬁr%ﬁé@omqedde starotend, Remprisktraated AFGaA2AaBd t o
standard, non-acid treated AFG 1022 and AFGL 119
AFG11195anmlm.Damatfar 00062, 6aPple Haistalso ¢hownal so shown.
[0026] Figure 2 shows transm ttance, reflectance and

[0026] absFighir@20shdid Rah&hitinE2refRRtEN@Sard 4bS6rptaiteada foP
the Standard, non-acid treated AFGL 119 sarrpl e. Data

070622 erﬁﬁleQ 4018 cg)mrgd%o lie 8} a%?ja? GY8h- quggét ?}1?9 fample

OWS secondary 1 on mass spectronetry pro Ies
tive ste 070622 sarrpl e 4, B) inventive system
Dataforoz%‘gggag\gll&#és? "‘(‘3 standard system 1119. For all
hs shown, the vertical |line at about 400 second

g C ) .
[0027] edl?lssléﬁﬁssh%s segandagy. iornomash spertiopetyerrofiles afiA)inventive
and the foundation. [0028] Figure 4 shows el ectrical

system 07062 ssanyple & 8) finventiversygtam OF0BO8 sanifleil; aadiC) standarid
TCO 070808 sanples 1-3. A) shows resistivity val ues

system 111Qr RdraalisgrapRsshawnd grovérties e é(%&ut%ddn@ﬁe?f’&ents
after nitrogen cooling from375 0C. B) shows el ectron

the mterfaﬁ@@f ki ¥n Y&Idé?ﬁari film 5”8 tﬁé(%tﬁ{aéﬂ@ﬁ deposi ted by vapor

ositron an ter nitrog
[0028] Figure 4 shows electrical property data for nitrogen cooled, nitric-acid

treated TCO 070808 samples 1-3. A) shows resistivity values for the systems as
deposited by vapor deposition and after nitrogen cooling from 375 °C. B) shows electron
mobility values for the systems as deposited by vapor deposition and after nitrogen
cooling from 375 °C. C) shows carrier density values for the systems as déposited by
vapor deposition and after nitrogen cooling from 375 °C.

[0029] Figure 5§ shows electrical property data for nitrogen cooled, nitric-acid
treated TCO 070622 samples 1, 2 and 4. A) shows resistivity values for the systems as
deposited by vapor deposition and after nitrogen cooling from 375 °C. B) shows electron
mobility values for the systems as deposited by vapor deposition'kand after nitrogen
cooling from 375 °C. C) shows carrier density values for the systems as deposited by

vapor deposition and after nitrogen cooling from 375 °C.



cooling from 375 0C. C) shows carrier density val ues

for the systens as deposited by vapor deposition and
W@La0e1058383 r ogen cooling from 375 0C. [0029] FiBQF/ESH08/012409

shows el ectrical property data for nitrogen cool ed,

ouser 1 ES8 50RO T i S o
A@%gf@% SRS SB35 AR SEb T b ot s

ystens as deposited by vapor deposition and after
deposﬂedrhw Yapgs slepgsitionand aftermitogen cepling fram 385 PCeB) shows ejectron
val ues for the systens as deposited by vapor
mobility valugs $or thersyateins s elepoisited g vapootepgsifiorwand diter nitrogen
O0C.[0030] Figure 6 shows electrical Property data for

cooling froth 137601 Yo cagier aehéwcvame@l férftﬁets%te?ﬁ@ég%%p%@ﬁed by

AFGL 119 systenms. A) shows resistivity values for t

vapor depo¥ioRBhParelanesy %ﬁ@ogg%p}g@{ 3§§p(95| tion and after

ni trogen coolingfrom Shows el ectron
ues the syste lted r
100311 G2 Eldrf 7ot eledical Sopd i s f aipmisedlierd Te0
B carrler denS|t values for the systens as
systems 0?( Eﬁ@ $BPley raid @ 1Segplend. dfandr4 af thederesent invention
cooling from375 0OC. [0031] Figure 7 shows electrica

as compagashiguenlingi prpddeed standasds ARG pi H@andd ORQOT: hpsim‘mrﬁtive systems
070808, sanples 1-3 and 070622, sanples 1, 2 and 4 of

were coolédito pfmbentiteimperati® froRs 3PS FDaA echitregen htrRspiaduced
standards AFG 1119 and 1022. The inventive systens

[0032] VerFigere'seshdvis éﬁ@ﬂt%ﬁ%&g%@ﬁ%ﬁga@i@g‘ﬁéﬁ%@ G70808

nitrogen atnosphere
CLH. rative data for T 0808
and 0706%’7%@ﬂéﬁsydétté%@‘%%‘*ﬂﬁ@mgeﬁ Eifinalid BretaedRiR RS 19 and
1022 and &@&119 and 1022 as well as Asahl s VU20
asw@y 20B8Y88M 9 shows open circuit voltage
corE_par ative data for TCO 070808
igure 9 shows open circuit voltage comparative data for TCO 070808

[0033]
and 070622 systems of the present invention as compared to standards AFG 1119 and
1022 as well as Asahi’s VU20 system. |

[0034] Figure 10 shows efficiency comparative data for TCO 070808 and 070622

systems of the present invention as compared to standards AFG 1119 and 1022 as well

as Asahi's VU20 system.

DETAILED DESCRIPTION OF THE INVENTION
[0035] While the present invention may be embodied in many different forms, a
number of illustrative embodiments are described herein with the understanding that the

present disclosure is to be considered as providing examples of the principles of the



and 070622 systens of the present invention as

conpared to standards AFG 1119 and 1022 as well as
WOA@hI058383/U20 system [0034] Figure 10 shows ePET/UBM08§12409

conparative data for TCO 070808 and 070622 systens of

invention aﬁg%gﬁgeg%azrgﬁlaégn% rhcf’lsm @rgqﬁd’ eg\)ﬁﬁ%s{h%n r%q]%Bé$§ peeferred
oI TE AT e

of illustrative enbodi nents are descri bed

disclosed Mgt,heq‘,qff et detad to enable theserkilleddp thearblorrggtice the invention.
di sclosure is to be considered as providing exanpl es

It is to be unhdetstoqr that iotherserobodinenty eray be empdoyed; fanethapstesctural and
are not intended to limt the invention to preferred

logical chamgexlimagrbs nisdc withedt aspétingiftorithe apaft drescdipe: of e present
vari ous errbodl ments are disclosed with sufficient

invention. detail to enabl e those skilled in the art to practice

the invention. isto be underst (r)]od t hat ot her
t { t t and
onser ST n%ff%@ i Pl HFA ool rovice

it or sco t he resent i nvention 0036] The
photovoltdig: hanssamMacERnEtve Wkide (hin phEcrampondrle: oh then general
provi de photovol taic transparent conductive oxide thin
configuratian;: iplasssoibstiate/dndetcoatjeg/&nsd2: Eoffheglneﬂtocbnm &emdance with
substrat e/ Under coati ng/ SnQ2: F. The methods in

the preseat twetdioneaws talso bpplicatiertd conduttivenagess adlsposed on multiple
applicable to conductive layers disposed on multiple

undercoatﬂfgjel | Nghd/Gy ehﬁcl%ﬁ%ﬁ" IQ%%’seatSLR:rﬁ ! Qbf@rrn%tlvé GRulti-layered

al ternatlve mul ti-layered configurations wll

conﬁgurat(o‘?\%% ?%cégglz %r&%c%ggrggm“ éyﬂ’?’ e%gé%@ thegl{ he

[0037] equAs re erredI ?o %etrgln T%Hﬁ% is equwalent to both “TCO1119” and

“1119” and represents the system: Glass Substrate(GS)/Undercoat Layer (UC)/SnO.:F
wherein the fluorine doped tin oxide thin film is deposited by pyrolytic chemical vapor
deposition methods known to those of skill in this art in the absence of an oxidizing
chemical additive, other than the traditionally used steam and oxygen. Such systems
can have a thin film thickness in the range of 550 nm to 1000 nm. For purposes herein,
this system has a thin film thickness of 611 nm.

[0038] “AFG1022" is equivalent to both “TCO1022" and “1022”" and represents
the system: Glass Substrate(GS)/Undercoat Layer(UC)/SnO,:F wherein the fluorine
doped tin oxide thin film is deposited by pyrolytic chemical vapor deposition methods
known to those of skill in this art in the absence of an oxidizing chemical additive other

than the traditionally used steam and oxygen. Such systems can have a thin film



1119" and represents the system @ ass
Substrat e(GS)/ Undercoat Layer (UC)/SnQ2:F wherein the
WO bawo5838s5 doped tin oxide thin filmis deposi tRdI/b§2008/012409
pyrol ytic chem cal vapor deposition nmethods known to

thicknessg§ﬁ§§ Zrlgﬁgéiﬁflfbo' Amt Y ‘FO Brﬁ W(ﬁn{}?urﬁgﬁsg?\t%ﬁ%& tls system has a

chem cal add|

thin film tﬁié@ﬂé“‘ﬁw gmused st eam an_d oxygen. Such systens can

fmthickness in the range of 550 nmto

000 nm _For purposes herein, this systemhas a thin
[0039] f| | rﬁE@PZQ&%sIScﬁq%qunhm 070698] anqkmmzznts the system: Glass
equi valent to both "TCOL022" and "1022" and represents

Substrate{G8)/S}ndeernat dlayes(UELIS nOatfe pG8)dibrttier fuarind_dpped WE) bside thin
g 2: F wherein the fluorine doped tin oxide thin film

film is dep&nﬁemﬁywmlcr@ﬁ|@hWap‘oer¥§iﬂsﬁﬁin MRERIdsHRRAFH tté ﬂlibse of skill

met hods known to those of skill in this art in

in this art"’lﬁstﬁé Qén@of?hddﬁdlgﬂg‘:m%ﬂ adgld ! N\e E%teﬁf"’\ﬂg% was

artiona y used Steam and oXxygen.

i T ;sq@@g@miﬁfg@:ﬁ%ﬁs@f%ae@mrﬁ’ga%sos

n filmthickness of 650 nm [0039] "AFG70808" is
d'sc'osedélﬁi?\'/‘a?%ﬁ%Stt%?mB%S‘bﬁ hayiag thipr gk Hhicknessesyef 299 nm, 650 nm
d ass Substrate(GS)/ Undercoat Layer (UC)/ SnQ2: F wherein
and 613 nnhgeppectivele doped tin oxide thin filmis deposited by
pyrol ytic chem cal vapor deposition nmethods known to

[0040] t hoAF®076622" isieyuivilentatot ‘070622 and eepreenty trﬂznsystem Glass
oxi di zing chem cal additive. In this syst em HNCG3 wa

Substratet@S)/%U@fe’da@Qéé%?@@&%e%%%‘sglgé?emﬁgl sc ose dhége& rHne‘émde thin

Separ at e sanpl are

film is deﬂo%ﬁ%g%%%% t%\fgﬁé%pogpcge ! 'si}{é‘r{;lg\'efrtﬂge SESowdto ?nose of skill

i this artif e Atessnoecsh 8 CxieiB:atiseics) anditye ol this Sysiem, HINO; was

Lay er(UC/Sng 2. F wherein the fluorine doped tin oxide
the oxidizing ghemical additive. Additionally, four separate samples of AFG070622 are

disclosed herein as test samples 1-4 having fluorine doped tin oxide thin film
thicknesses of 504 nm, 539 nm, 563 nm and 601 nm, respectively.

[0041] The “undercoat layer,” or UC, is a silicon oxycarbide layer approximately
750 angstroms thick comprising silicon, oxygen and carbon. The UC provides the
necessary index of refraction for color neutralization and thereby aids in improving the
transmittance of the PVTCO device, and furthermore acts as a barrier to suppress
sodium ion migration from the glass substrate to the TCO thin films and aids in
improving the transmission of the photovoltaic device.

[0042] “Float glass™ or “flat glass” refers to glass produced on a float-line by

floating a continuous stream of molten glass onto a bath of molten tin. The molten glass
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filmis deposited by pyrolytic chem cal vapor
deposition nethods known to those of skill in this art

WO poovjass3pF esence of an oxi di zi ng chem cal addi BCT/ES20081012409
this system HNOG3 was the oxidizing chem cal additive.

spreads oﬁf’@ 'tt‘ié QUAaLY of B me R 3R Sroiﬁf&k%ﬁiﬁ]h é‘ ?335|§fe‘?ltly level

di scl osed herein as test sanples uor i

sheet of ﬁ%@gsé@eﬂﬁ% ﬁ@@% ﬁx]f fh}smgg%bpﬁngls&es[s&m%oé Trng}hods ?or glass

production. 4§ daci auer, 9B pL e edd.ardueis of iskaiasripoat aigss. Unless

silicon, oxygen and carbon. The UC provides the
otherwise speeiiedr whendeferong teglasstheseint dris owant thatiglass iszprodaned by
and thereby aids in inproving the transmttance of the
float-line MdRGEsdevi ce, and furthernore acts as a barrier to
suppress sodiumion mgration fromthe glass substrate

[0043] O “OfinéGhbindds” bi FdMinaMfs &kl %Jgﬂmvéf% 84§?rst?:?d to those

transm ssion of the phot ovol taic

: t odu ed o
in the gladh 85ing%ts gl ] Rgs hEfein Rids BroBREER ABafn during
. gl ntoabth of nolten tin. The nolten
productlorgptai'@g(ig%ag -IiPRe surface of the nmetal and
roduces a high quality, consistently level sheet of

p
[0044] gl a&Xflingtaetiiogs? onterdine) is kiso adetro wvelskndwn sndngrdeistood to
met hod for glass production. In fact, over 90% of the

those in theoglads poating aitsrardf, fér pirpgbes bereinf e tol cdasing \grass after the
ot herwi se specified, when referring to gl ass herein,

glass has bbeh pro@adtd érﬁ@?erﬁb@édifrbﬁ\ arﬂeauﬁﬁéi by float-1Iine
nmet hods. [0043] Online nethods”™ or "online" is a term

[0045] m"'bdéﬁsgﬁq&ﬁgn“%’regéltp %gstt%rénhr%etél@ {6 p%agxsﬁ TCO thin film

oat i ng s and 0oses nerern

it s B PRI AT b B BFBGCUct 100 f the sl ase on
[0046] als “%rg ptrgélmt:lc\)%l lférkgt?r\agsgg %e?er:g ?sr %;k%%dtotr?lean a TCO thin film that
has yet to be pyrolytically vapor deposited on glass.

[0047] “Deposited onto” or “deposited on” as used herein 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 like, it is meant that each successive substance
is directly or indirectly deposited onto the preceding substance.

[0048] "Haze" is defined herein in accordance with ASTM D 1003 which defines

haze as that percentage of light which in passing through deviates from the incident

beam greater than 2.5 degrees on the average. "Haze" may be measured by methods
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those in the glass coating arts and, for purposes

herein, refers to coating glass after the gl ass has
W(be(mnlomafduced and renmoved froma float-1ine. POOBSI008/012409

" Post - product i on for purposes herein is taken to nean

known to hosedf Killirf tHI P\‘afgat%é?epﬁgréﬁ‘tée' éi?\e\Jvééé %’n%%g[lred by a Byk

deposited on e- producti on

Jour rein is ta thlnfll
Garaner HEPYRFE, G %aﬁraﬁuyﬁﬁegﬁlwa%ﬁﬂeﬁsae%yt%@ o tiaceter and
) % %{ Deposi t ed onto" or "deposited on" as used
are given gg a.p Cﬁﬁm@ ofithe '@ﬂeegum&mslsga@w@@auy or
indirectly applied above the referenced | ayer. If
[0049] appiReftectantier’ eist & ytermnwedr understdadly év dheregyt iamickiis/ assed herein
Furt hernore, unless otherw se indicated, in describing

accordingcteaits ngell dndwre ree&sing! Fonvexinmpie, e uéﬂno'freﬂéﬁtaheé"‘f%ts used
‘[ substance 1]/ [substance 2]/[substance 3]/ .

herein méd?\% ih'ekﬁmohht b? vi Et |ﬁff§?&%ea?ﬂ“uﬁ foieShight tﬁﬂp%t %ted by a

directl rect eposi t ont 0" t he precedi ng

t OO is defined herein in
surface rezéc{@o%rtgqﬁ%g"&& rﬁgéﬁ%tﬂ%éeiﬁos whi ch defines haze as that
per gcent age of ght which in passing through deviates )
[0050] o} eqsl?égt?ﬁﬁﬁdé?lta tramwalk sndersteeeh 19 tbed@'gr% ipsedeherein
average. "Haze" may be neasured by net hodsknown to
accordingt fes #s owedkiknowim maasingr t FoHaexardplea jor &3 ephetdvbltaiei device,
were nmeasured by a Byk Gardner haze nmeter (all haze

absorptancel isethehatioi of solar emesyy ettiking s Absoier ehakischbsdwbed by the
are given as a percentage of the |nC| dent |ight that

absorber k& tﬁ&tabﬁ 8618f)endr§f Aikinged Inpsdi®oag (pefredt LBsGIDME) Lt the same
understood in thgpart aﬁd i's used9 gbel n accoﬁg? am
temperatdrés wel | knovvn meani ng. For exanple, the term

Frefl ectance" as used herein neans the anount of

Vi sj infrar d ultrayvial et t that is

toos11 | iedpfsivit, Bromrrienteli B Ve fo MRESURouM  Sharpcteristic. of
strikes it.

reflectance of light at given wavelengths and is represented by the formula: E=1-

Reflectancesm for infrared wavelengths  The actual accumulation of data for
measurement of such emissivity values is conventional and known to those of skill in
this at and may be done by using, for example, a Beckman Model 4260
spectrophotometer with "VW" attachment (Beckman Scientific Inst. Corp.). This
spectrophotometer measures reflectance versus wavelength and from this, emissivity
can be calculated using standard equations known to those of skill in this art.

[0052] "Transmittance” is a term well understood in the art and is used herein
according to its well known meaning. The term transmittance herein is made up of
visible, infrared and ultraviolet energy transmittance, but may refer to wavelengths

specific to power production of a photovoltaic cell.
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[ 0050] "Absorptance” is a termwell understood in the

art and is used herein according to its well known
WOore@noss3ss For exanple, in a photovoltai c devi CRCT/US2008/012409

absorptance is the ratio of solar energy striking the

[0053] absgﬂé%g rédigfanke” EF?%% %e@fegg(gg% t%?rﬁ%k{ﬁé 4P 8?% ug%d herein

sol ar energy sStri erroct ab

in accoradlige WincE e KRgh at'ﬁ%%{yuﬁoﬂ Srepnard ietpitin bR per sauare

refl ectance of light at given wavelengths and is
units. Ger\ééﬂ%%@ﬁ'%g Hy'sttﬁé'""ff@f@fﬁqa the-resistapee IR @hgIfctor jany, square of a
i nfrared wavel engt hs The actual accurul ati on of data
layer systeor ameasglassesubsifate utohannelestric tyrreal passéd through the layer
conventional and known to those of skill in this art

system. Fengroiitgciuraldnurpobys, ke Rhieet ASsitEAE® isCan indiestiorpof Mowelell the
4260 spectrophotorreter with "VW attachnment (Becknan

layer or | a?}fstém%'r%%ctlﬁ'irﬁréred@* V\gipﬁﬁ(tjr Rnﬂé gif%heﬂse%.along with

res reflect e versus eng omt

ey 3423 RGBS 20, B BIEES sh

ansm ttan a termwell understood iin the art
'eS'StanceaWE"qaée%mﬁjaH@FYePath@c%Qﬁtmgn@ iransies the plegigalrehanges in order
meani ng. The termtransmttance herein is nmade up of
to pick upitheblgenerated aerergyndt umay &e sheasuradr by using a 4-point probe
transm ttance, but may refer to wavel engths specific

ohmmeter} suglvagra pothtatsistivies pt@b@hﬂl@‘aq%égm&rmldsﬂ[@@&% Corp. head,
"Sheet resistance" (Rs) is a well own termin the

Model M-@Ob ﬁ%ﬁdc‘éduﬁwsl'bﬂa%ﬁe'@oﬁfc L@Q’ﬁg Midra '(tléllfwflA geometric

known maanl ng. I S report ed ereln in oh
corton iR 39. T oA 8 P R AR B
SR G WIS R ORI AR T -

pur poses the sheet resistance is an indication of how
sample sizg|shapgeand probe spacings. The sheet resistance measure by the probe is

given by:
Rs = (V/l) * CF

where V is the measured DC voltage across the two voltagé probes and | is the DC
current passing through the two current probes. The value of CF for samples of various
sizes and shapes can usually be found in a reference book.

[0054] “Bulk Resistivity,” or electrical resistivity (p) is a measure of how strongly a
material opposes the flow of electric current and is reported herein in units of 10* x Q*
cm. A low resistivity indicates a material that readily allows the movement of electrical
charge. Conversely, a high resistivity indicates a material that does not readily allow the

movement of electrical charge.
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| ayer or |ayer systemis reflecting infrared energy,

and is thus often used along with emssivity as a
wore@sssssdf this characteristic. For phot ovol t BETUS2008/012409

pur poses, sheet resi st ance indicates the ability of

t he f erg,t
[0055] dgﬁm%?é)é i C{(é’ genera SF edgr?[gpga('n),l Péﬂ%% {He number of
neasur ed @ u3|59 0 n robe oh Ler , sych as a
charge caifiase Pl VPLES and i (P ekl o st urent

Corp. head, Model M800 produced by Sl gnat one Cor

[0056] SanCeham@rcameJamquM e gnebility (lDoas é’@ﬁﬂd’ﬂﬁfﬁ!ibﬂ%lfrqf
is usually required to convert the voltage/current

quantity relating theedsftivetbdity dffehatge camnierpitoltise iapplied ketetric field across a
resi stance. This correction factor accounts for the

material aPeforfdd n FNRP B AMP/VFODR HRRTaRESef e ﬁt‘@ebf the present
resi stance neasure the probe is given by:

by
mvnion (4 oL b R Vg

- through the two current probes. The value of CF for
mobility. ganples of various sizes and shapes can usual ly be
found in a reference book. [0054] "Bul k Resistivity,"
[0057] or ‘Ehetevaligis enesgytqonversion)effigencyeprusinply effigiency (n), i
strongly a material opposes the flow of electric
defined ascthe perceatage of paper tenvertsde(from mbsaorkiex lifht 16 electrivédl energy)
cm Alowresistivity indicates a material that

and colletRddi Wiie! & PotbPSItATEVESTE UnnelcR tbCah &Bafridal circuit. The
Conver sel y, a high resistivity indicates a materi al

efficiency |j E%SGHFQ Olgsﬁ)ef@gér%e %hbﬂé’eéﬁgum&f rU%'ngoQﬁ% Zr'raﬁﬁtéf* Rlximum

power <P$e$"%‘w.sﬁar$>e ! fp@ﬁ&%ﬁgh?ﬁ@?\ﬁ?%%ﬂ% H%‘gg&%‘fd"c*% %‘c&r“in%s (€. in
N (L "Charge carrier mpbility, " or npbility f(

W/m?) an g'&jsu.ﬁgaqg a{ea,gftagfslo}ﬁg(pegs{Aamm) according to the ormula n = Pm/(

E* A).

as a

[0058] “Short circuit current” (Jsc) is defined herein as the current flowing freely
through an external circuit that has no load or resistance and is reported in milliamps
per square centimeter, mA/cm?.

[0059] “Open circuit voltage” (Vo) is defined herein as the difference in potential
between the terminals of a cell; i.e. the voltage when the circuit is open (no-load
condition). In the case of a photovoltaic cell, the open-circuit voltage is the maximum
possible voltage across the cell; i.e., the voltage across the cell in sunlight when no
current is flowing. Open circuit voltages are reported in volts, V.

[0060] Asahi's “VU20" is a transparent conductive oxide that is the industry

reference as the best fluorine doped tin oxide TCO available for thin film silicon
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quantity relating the drift velocity of charge

carriers to the applied electric field across a
wWorea0e/058B85 and reported in units of cnRL/*s. | nPETESWASE12409

of the TCO of the present invention, the charge

photovortarzamoueresnmlahr § WU2D has e Qﬁi@;%ed&bPért?qw vt @IHduchvity'&an be
el ectron nobility. [0057] Phot ovol t ai ¢ ener gy

improved ?B}Y?"r%ﬂhggﬁo f Wioe®CY: si ﬂfﬁ hiPiNa ef ify f@ﬁénﬁ@rlon \U20 is

percent a OV\EI‘ onve

dli to el.ectric nd collecte
produced fip 3Rt &tky Sepes e |°°f=%fc§/£f?’éﬁ¥%aa%ga/ﬁ"emqﬁ?ﬂ@gps'tron
circuit. The efficiency is re orted in percentages and
treatment pkingg Qruedueing gasat amelevatad e@mpefamrﬁaﬁabmrtsommsemf cant
di vided by the input light irradiance under "standard"
improvemendsin electfoni raobiliffEwithnviklially nendhamge snirtfaaseniasien. he VU20
the solar cell (Ain nR), according to the fornmula: h

TCO is comprised &¥a fiania/slit8F10./SIBY) turdetsatttwith luBARe dopedtin oxide
is defined herein as the current flowing freely

as the conHt]EtW@E gp external circuit that has no |oad or
resi star¥ce and is reported in mIIrarrps per square

centi nmet er n cirguit volta
S Tertplhad Rie csubledt emalteh of efidhcrésant SFusntion have
ween the termnals of a cell; i.e. the voltage when
prevrouslymf@nantf-‘d @nfine J (B dilm(deposition mmrgetaqt) postrproductiofsiacreases

of a photovoltaic cell, the open-circuit voltage is
in electricalh eondwgctivityn miopse\bmeslydtrto&ge TCOotn tfmsc dHesel meethods were
the voltage across the cell in sunlight when no

analogousC 4br efiéthods lugetindor CBfiheC ﬁ@éﬂﬂro&@bﬁcﬂg emcréSsdsS AT tetétrical
in volts, V. [0060] Asahi's "VU20" is a transparent

conductivr@?%%\}e‘fetr@g §tter“6gs Werd '?\ e'f%% 356{ ?%Jrﬁbap&ﬁlfsl\ne&%ds of

uofr 1 ne doped t1n oOxi

improving ue{e%féé{):pggrg r{tlrgtsloﬁp l'ltié(lt)c gtﬂgﬁ ypﬁ?? S Ugioon glatsg post-
production, has not been realized until the present invention.

[0062] The inventors of the subject matter disclosed herein have surprisingly
found that using oxidizing chemical additives, other than water, air or oxygen, while
pyrolytically depositing a TCO thin film on glass can lead to an increased electrical
conductivity of the TCO thin film after the TCO thin film has been vapor deposited, i.e.,
post-production. Thus, a TCO thin film with this property is desirable for incorporation
into PV modules. Non-limiting examples of TCO thin fims that may be made by
methods in accordance with the present invention are indium tin oxide, tin oxide,
fluorine doped tin oxide, aluminum doped zinc oxide and zinc tin oxide. Non-limiting
examples of systems described herein utilize fluorine doped tin oxide as the TCO thin

film.
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I mproved post-production wi thout a significant change

in transm ssion. VU20 is produced in an offline vapor
wWaelepossassdNn coater. VU20 can be given a post- de@DEB1008012409

treatnment of inert or reducing gas at an el evated

[0063] tenMoratspeeifically, thesliveatdrs avel Windl thattadditisrP be @RNbXidizing
in electron nobility with virtually no change in

chemica SIS, SONGH St TGP 3 EATREI A by vy deposivr
pocess RBE DS BRURE, 1B ARCHELL v 3B5s, B35 How o = post.

. invention have previously attenpted online TCO film
productiog ijrgease Bhthgrrlectiicgkeendystivity pf beuteOdhin ler. Metbods disclosed
) el ectrical conductivity of previously known TCO thin
herein forfastproduction impronaisenicofcl GOdhigfims o glassteard alssapplicable to
for offline post-production increases in electrical

offline pracueddcTCO thin fillaveie blassh SuehaddaptaiicnsVes offité rhempds will be
to be reproduci ble. Methods of inproving electrical

recognizeBPROEE ®F sl il & kR n films vapor deposited on gl ass,
post production, has not been realized until the

pregent: L.aventijon,. [0062]. The inventors of the bj ect
[0064) | @gﬁ'l'm'g§§o%’{aa3‘nw8%e?nsh%@esﬁ’f'é'rzf'ﬁ COEPIER %‘%ﬁ\ﬁéﬁt may be
usi ng, oxi di zi ng chem cal additives, other than water,
oxygen, ozppeqhydrogenpergiidecang oghsr: perex|desd 8iES iadithgammunium nitrate
thin filmon glass can lead to an increased electrical
and otheg gitratesi vititrifesf nitreusT@ideni sulfirion adid e sutfatesT@Adt pensulfates;,
fil mhas been vapor deposited, i.e., post-production.

hypochlorithasid, ehldiated, lpen-dhidratey, blomates amdberdtys.i s desirabl e
for incorporation into PV nodules. Non-limting

[0065] exampherurther Hapekhioh the! preskheinvaYioR®e a”B%%sbé’uH;ﬁttlﬁanﬂﬁn film

i n accordance with the present invention~are in

R T N —
conductivi't\gl/ondfI {hrg tdieggsited TCO thin film with substantially no decrease in the
transmittance of the TCO thin film is provided.
[0066] In a preferred aspect of the invention, an oxidizing chemical other than
water, air or oxygen, is added during the pyrolytic vapor depositibn and results in a TCO
thin fiim coating that is susceptible to post-production electrical conductivity
improvement by improving the electron mobility with virtually no measurable change in
light transmission. The change in light transmission is in the range of measurement
accuracy ~0.2%. By vapor depositing a TCO thin film in the presence of an oxidizing
chemical additive, the optical properties of the tin oxide thin film may also be improved.

[0067] Moreover, the oxidizing chemical additive allows for post-production

improvement in the electrical conductivity of the TCO when exposed to a non-oxidizing,
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exanpl es of systens described herein utilize fluorine
doped tin oxide as the TCOthin film[0063] More

wap@eiosdssal |y, the inventors have found that aRci/UB2908/012409
of an oxidizing chem cal additive, other than water,

or slightly dédudifig, Catitissphete at Blévatéooie‘(ﬁpéfaﬂﬁé%fndjﬁlmd td%?ool to ambient

process when produ0| ng online TCOthin filns ont

temperatu9+ %ﬁi% abéﬁ Eln ¢§i{tﬁé§8 %B?fhhﬁ?peﬁﬁsmb&%gg suitable

d hereln for S roduction i nent Q
non-oxicizRigy o SHORYY EUHNG, 95%'0 pBEER. 5o SAPOER G AIaNe) e alky.
produced TCO thin films on glass. Such adaptations to
carbon m@mcwdﬂehmlzrm@as nifregemn; chelisen gangead keyptonoseoof xeRom, vacuum,
in the art. [0064] Non-limting exanples of suitable
reducing pdasriag iand comebinatibnsithdireofves nmay be oxygen, ozone,
hydr ogen peroxi de and ot her peroxides, nitric acid,

[0068] anTRuy the Niranspadtenn Codidaetivei dxidé esf tﬂétbrés%ﬁt iRVERRBES it is
oxi de, sulfuric acid, sulfates and per-sul fates,

rtrse AR U SO o g i o

e v 34 S B 5 2 v

ovenment in the electrical conduct ivity of the :

Conductlveaewtﬁ thin ffmo Amiundereoating: flne waet seiveanuyereusipurpases. The
in the transmttance of the TCOthin filmis provided.

undercoat[n(gOt&ﬁj sefvedoprevent anl aﬂaﬁeetcwﬂpddmtlmmne@m adsubstrate, i.e.,
oxi di zing chem cal other than water, air or oxygen, is

glass, fronatiskarehallyrdifigsing entpyd ey Fiirg d&’eﬁ\i&édml theUhd@iébating. Also an
results in a TCO thin filmcoating that is. susceptible

undercoatFn@ @éﬁtseﬁfé)%‘%%rbﬁg HelreHe bﬁﬁ% q‘? Qﬂg ‘é‘ifb’ Er‘a{é/ tct WW ?\lﬂﬁ Wt such

by |nprOV|ng t ectron

stcint SFGRAFC PO BRobb RS, T S 00 B AT droce
Furthermore, an undercoating can also serve to provide a desired index of refraction,
acting as a color suppression layer such that interference colors originating from a thin
film or a substrate can be reduced.

[0069] For the undercoating layer of the present invention, it is preferred to use a
thin film that contains silicon. More preferably, the undercoating thin film contains silicon
and oxygen. Preferred undercoating layers can be, but are not limited to, silicon oxide,
silicon dioxide, silicon nitride, silicon oxynitride, silicon carbide, silicon oxycarbide and
combinations thereof. An undercoating of the present invention illustrated herein is a
silicon oxycarbide thin film. Without wishing to be bound by any theory, it is believed
that undercoatings containing silicon lead to an optimal crystal growth of transparent

conductive layers based on tin oxide, i.e., columnar crystal growth. To reach the color
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accuracy ~0.2% By vapor depositing a TCOthin filmin
the presence of an oxidizing chem cal additive, the
W@ pino3838Ppr operties of the tin oxide thin fil nPEEYSHDE012409
be i nproved. [0067] Moreover, the oxidizing chem cal
suppressigfldite SPO2IdyakcdrObe w‘an@q&% | QbiNHN R hig|
PP I Vi he E?IICO when Ce%pose%llgt‘ gnggf layer,

el ectrical conductivity of

1Sz Id, Gt Ly T ' at nosphere at
top roduc%%&d&{ﬂé%hf\ éﬁ%@%&?ﬁﬁ%%@a $rgu§&i$92'cool to anbi ent
tenperat yre unpder the non-oxidizj ng atnosphere. .
100701 5 VApg: 5?%8' RpPlSOROXYERRLIYR layRenisowp KAPWg, inghe thin film
] slightly reducing, atnospheres are vapors of al cohol,
coating arty. A sdlidoyt oxycarbide unstessdating ttjflinedgiertherpresenteinyvention can be
hel i um argon, krypton, neon, xenon, vacuum reducing
pyrolytically aapas depbsitedbfroal istarting hevatafals [UehS8 ks Fitarleh€SiH,), carbon
transparent conductive oxlide of the present invention,

dioxide (GO o .
ioxide (CO,), Setﬁ{/léf\ér(@zm)u Caﬂos Qﬁg%‘i’sgue?{arkl&dg???na% L%l%v%’lﬁgfi’%rﬁﬁe@ratures,

transparent co hin

02} 1~Ad ~k S shtio t supstrate, an
prferabn %68 Bk80ol SRRSCLLOBRG 35! VAP Mfersbly 64 ctBtha giass
ndercoating filmcan serve nu ous purposes. The

substratetlﬁmg?r wes e dathe mange 8P ev&H° @n al kal i ne
corr_Fonen_t contained in a substrate, i.e., glass, from
[0071] { heFhathigkngss okthegundgrreoating thin ffilmnefdheqresentinvention is not
t he undercoating. Al so, an undercoating can serve to

particularly fimétegt Bepreféveed thidkrdsst isea thikiaiosstie the randébN400 | Ac1000 A
such sufficient strengths that the characteristics of

thick. Morehgreféviably, ithe' tHRKREEs RAthé YurfiRBEGHHRg fiH: tHl fi%(gy IAﬁ ) 900 A

undercoating can also serve to provide a desire
st prfEath 85hIcRRced 80 HRgTe g i il 32 T0EDA 18, A, Sicon
onycartiof Rt 9 B SRt BT i Bdens oS above can
referred to use a thin filmthat contains silicon.

lead to co%& ,sepaqe@'sprnagﬂ ti)ge qoler Qrigieatingafromgtin ﬁxidefiliiqk;ﬁoeoneai ns

[0072] >! ltl')fh%r: silicon containing starting materials are also usable within the scope
of the present invention. Other well-known silicon containing starting materials include,
but are not limited to, disilane, trisilane, monochlorosilane, dichloro-silane, 1,2-
dimethylsilane, 1,1,2-trimethyldisilane and 1,1,2,2-tetramethyldisilane. When using
silanes as starting materials, it is common to include oxidizing materials in the gaseous
stream. The oxidizing materials can be oxygen, water vapor, air, carbon dioxide, carbon
monoxide, nitrogen dioxide, and ozone. When silane is used as a starting material, an
unsaturated hydrocarbon gas, such as ethylene, acetylene, or toluene, may be added to

the gaseous stream to prevent the silane starting material from reacting before reaching

the substrate surface.
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and oxygen. Preferred undercoating |ayers can be, but
are not limted to, silicon oxide, silicon dioxide,
W@ R000O3I8Hi tri de, silicon oxynitride, silicon PEF/bB206§/012409
silicon oxycarbide and conbi nati ons thereof. An
un ' -Dr [P [,0. | rat.
(00731 | CPPRE MO BpbdCtid RS Lraf BRI Podductipt BABE fim of the
Wi shing to,be bound by any theory, it is beljeved that
present infeBibRocAT kS AR Byl feepeienanetiods iwidp Mose of
. C[P/St al growmh of transparent conductive |ayers based
ordinary ski{l' {n H"Q)%i"ﬂef,"m ags, This prerasscean eanplgy awivmbes efewelt-known
the col orsuppression, the SiQ2 |ayer can be
starting matkriais agpdopreicyrsorstio rerdvenidt itha fimag thinrfilex traagearent @onductive
produce a doubl e undercoat as SnQ2/Si Q2 or Tiq 2/ Si Q2.
oxide produd®.70] Vapor deposition of silicon oxycarbide |ayers
is well-known in the thin filmcoating arts. A silicon
0X r reapPagHi g [ [ e . s
L0041 B T Vi 45, BnadE BB Ehytc, geposition
startin tials such as silane (SiH4) , carbon
processes;bf thi 5teRBRE hBinEnf ik SPpdamPhah e Weduiowrdh thera. An
.. gas) at elevated tenperatures, preferably in the range
especially §utable i remisser isvpenobubiti kishlprider dicklosdar Stiisgubstance is
substrate tenperatures are in the range 650 C - 750 C.
well-knowp 09nd | rerislilyt availabds,s antl ishecommdenlyoassedgashantifi pracufsor for
the present invention is not particularly limted. A

depositionpsfafrecdrtdininy tHim kas catndd o HB??I?S&“OIHB? tfn%‘r@%u%‘or?gge also

A to 1000 A thick. Mire preferab the thickness o

usable witfi§ thad §E<9;S@tc%1fnﬂ1et 'E)irfbéd't' iﬁ\/%ﬁ&icﬂg Othdéro \A%ngm%wrfﬁﬁ] precursors

preferably, the thickness o € under coat ng
: fd 1 S . . Silicon .Di . .
octute, o 4 16 8t A, B, BRI 5 g, erametrytn

1 hi,ckness ,ranges above can |lead to col or suppression
tetrabutyly dfae S Ol Gy HAIYIG chacsitate #ncbiin dirachi G once.

[0072] Other silicon containing starting materials are
[0075] g3 dJupdns|doping efntin hexide dhin dilms his plseseell-knowento cthose of

' O her well-known silicon containing starting materials

ordinary skilcirudiee thin film coating arts. To accomplish this, a fluorine containing
starting material may be added to the gas stream with the tin containing starting
material. Non-limiting examples of the fluorine containing starting materials include
fluorine gas, hydrogen fluoride, nitrogen trifluoride, trifluoroacetic acid, bromo-
trifluoromethane, difiuoroethane and chlorodifluoromethane.
[0076] A fluorine doped tin oxide transparent conductive oxide coating of the
present invention may be pyrolytically vapor deposited from such starting materials as
monobutyl tin trichloride (C4HeSNCl3), trifluoroacetic acid (CF3CO,H), air, steam and an

additional oxidizing chemical additive other than water, air or oxygen at elevated

temperatures. Preferably, the elevated temperatures for the pyrolytically vapor
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but are not limted to, disilane, trisilane,
nmonochl orosi | ane, dichloro-silane, 1, 2-

wWaelRewensssssi | ane, 1,1 ,2-trinmethyldisilane and PCT/US2008/012409
1,1,2,2-tetranmet hyl di silane. Wien using silanes as

depositionS‘Efergfr hFé[g |f?’i‘ﬁ§r hﬁbé of 4005 C2BHEP N/IB&{ gfjej‘e%)lf fle"dlevated

eY¥gaseous stream e OX

erials can b ter vapor, air, carbon
temperatuaesb%qjlé\ tﬁ@é?ﬂ%‘?t%ﬁ@ggg—géo ‘trogen di oxi de, and ozone.
en silane is used as a starting material, an
[0077] unsHtQJ thieknessyefr healraospasant canductive: axidg Ithindilm coating of the
acetyl ene, or toluene, my be added to the gaseous
present ingentiamist preferablyn300 hen & 130@ net thick. Morepferibly, thenthickness
reacti ng before reaching the substrate surface.[0073]

of the trambgarieht YondectivPskide hipxfie ddaling PR 800 mantmmenm Most
oxi de film of the present invention can be nmade by

preferanyPtH hYéIdn‘ésE aﬁﬁggﬁﬁt%@ﬁdﬁwﬁlee#ﬁﬂsﬁm %oatln§ is 500 nm

Inary s I's proces

to 1000 n nploy a nunber of well-known starting materials and

recursors to arrive at the final thin film
nsparent conducti ve oxi de product. {0074] Tin

[0078] prZ"EttéJsfet@Nmsr des¢niptian mrevides ngsgenaral ethedopftproviding an
deposition processes of the present invention are

undercoatingnard ttianspharent ccomeluctive amide thin Himaot theApreseme dhwearition. The
suitable tin precursor is nonobutyltin-trichloride

following désthiption de int€hided 1uliss avagimiingeind: Kivafitaibds fé?ﬂﬂVéb{atlons of
avail able, and is commonly used as a tin precursor

the generéif?lfdés}chbeﬂ rﬁéthbbrba(hoﬂé %ng&j 444 Ehéhééﬁa fc?roéaaé%'if?éd ﬁﬂal product

I"at gl ass. tin precursors are

he esent inven . . b
by those °Wﬁ‘$‘h5%m“f’"° ﬁpepthi@dt B s s Shates ST Fiing wihin the
to, di |n di chl oride, dibutyltin dichloride,
scope Ofﬂ?%P eagﬁﬁm)%f‘ N. tetrabutyltin, dioctyltin dichloride,
di butyltin di acetate and tin tetrachl ori de. [0075]
[0079] [ wRAdarbmeopilier) alass imadsxifigen twelkkhownsglass dladch compositions

~wel | -known to those of
can be melted by heating in a glass melting furnace. The temperatures required for
such glass batch melting is typically from about 1500° C to 1600° C. After melting to
create a rholten glass, the molten glass is poured into a float bath of molten tin, from
which the glass is rolled out to form a glass ribbon. The glass ribbon typically has a
temperature of about 600° C to 1100° C in the float bath of molten tin. The glass ribbon
cools as it is moved away from the glass melting furnace. In the area on the float-line
where the undercoating and transparent conductive oxide thin films of the present

invention are pyrolytically deposited, the temperature of the glass ribbon is typically

about 500° C to 800° C.
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ordinary skill in the thin filmcoating arts. To

acconplish this, a fluorine containing starting
WOorai0e05sB8s nay be added to the gas stream w t h PEEUS1008/012409

containing starting material. Non-limting exanpl es of

the-fluori i i tartin ials include.
tooso] ¢ 'ciannd 7 ERIGP ssrC aofoRf bl dnR, e iigating, of the
.tri{.luoro cetic aci ﬂ brompt ri f1 uor gnet hane, o .
present inyention RIS AWClRaty dspasited. . mixed igasestrearn aontaining silane
) fluorine doped tin oxide transparent conductive oxide
(SiH4), caghes dinyidef(CGO, ethileset (Ghvkand aitrogen (arpenr gas)tdarabé directed
vapor deposited fromsuch starting nmaterials as
to a heatemhshrfagé of thé rglasd aiblm (6 kg&adrd)and deposition of a silicon
trifluoroacetic acid (CF3CO2H), air, steam and an

oxycarbidé@lﬁﬁhtﬂlﬂn@hdé?ébéiﬁr?d.%é?§€%§6f tlﬁdﬁlii}éd’gaé’%ﬁéén{ @Rided in each

water, alr or oxygen a evated t enp .Fat ur ﬁs.
of the aforghfedioistalinG iRl tan BERUERIEA 3 ¢ foibing raigaapges: 1
silane (Sitlgp, - ¢te/Tined) ralep Siange 658 GL0 75300 q/mimg) ethylene

The thickness of the transparent conductive oxide thin
(C2H4) 0.9 H #1@.8a8imig; @ndt Menjtiagesnfcarnieregaspn.q s PO@Deg/atiny Preferred
300 nmto 1300 nmthick. Mre preferably, the
ranges fot thecHelassy aff stémtingrrmatpialsate:consilatid (SIHXH8® LH510 g/min; 2)
filmcoating is 400 nmto 1100 nm Most preferably,

i ' of ] { & e @xi i
catbon aile (OCRK 180 200 AT SBMnE ki ¥, 06 001 Bna 4

; TN SC&h Bt{/QR, Provi des a general nethod of
nitrogen ‘%@bé?ﬁ?ﬂ?‘gﬁ u%%grq{fg@t"i ng and transparent conductive
oxide thin filmof the present .invention, The
tooe11 {57 % Sagend i GRAISh, ROSTREGERATEBeHD oM /i At erpter, the
and nodifications and variations of the generally _
transparenfc gendystiyenaxidg dthin filme of dapt R@sant irventigadcanrbey pyrolytically

_ desired final product by those of ordinary skill in
depositedt e mired fgasmstream rapntaining swamobuttpindias tridhloridd al04He8NCls),
within the

trifluoroacetic acid (CF3COH), air, steam, oxygen and nitric acid (HNO; - oxidizing
chemical additive) can be directed to a surface of the undercoating for creation and
deposition of a fluorine doped tin oxide transparent conductive oxide thin film. As will be
recognized by those of ordinary skill in the art, it will sometimes be necessary to employ
a solvent to aid in keeping the tin containing starting material in solution to help control
volatility of the tin containing starting material as well as to prevent the starting materials
of the gas mixture from reacting with each other. Well known solvents for accomplishing
this are lower (C1-Cs) dialkyl ketones, such as acetone, diethyl ketone, methyl isobutyl
ketone and methyl ethyl ketone. A preferred lower dialkyl ketone of the present

invention is methyl isobutyl ketone. In the case where the gases are delivered
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scope of the present invention. [0079] Soda-Iline
silica glass nmade fromwel |l -known gl ass batch

W@ 209p0si383 ons can be nelted by heating in a gl BEEUS2008/012409
mel ting furnace. The tenperatures required for such

nviduat, 55 ScB0NT o Plalt BYRAGEIL ! BT BEPRefibiay

Iten.glass is poured into a float bath of nolten
can been}rﬁ?we%f%ﬁwdeh the glass is rolled out to forma
gl ass ribbon. The glass ribbon typically has a
[0082] t enbhe inttaductibnafa@n ogidizing cbemicd othémthainewatesaair lweitdxygen,
of nolten tin. The glass ribbon cools as it is noved

can be caselyolt pymridtRrodd kRASWIELIthoge i BKiHdR the Art. Rendn-fimitily example
the float-line where the undercoating and transparent

of introdugiAg e oz iRy Ry GalisanbEip Blq, LABar e ARIbKRNR thGhical with
' i i.cal Q 0] 0 800.C.[ 0080

the pyrolyfl; $5Bof pABCTb eRabdMer.s M a1t Al AR g Example of

. .undercoati.ng of the present inventjon can be .

'ntrOdUCt'oﬁWdf&F’ﬁt‘?’%%lF'l dissaisat cAPPIYiRg the oidiziag chgmiedarrRiimfont of
silane (SiH4) , carbon dioxide (CQ2) , ethylene (C H4)

a TCO coatgs nitrogen (carrier gas) can be directed to a heated
surface of the glass ribbon for creation and

[0083] dephw t gasef oft #hd i aixedxygasr Bitrdant hintliddddn in each of the
under coati ng. The gases of the m xed gas stream

aforementidheldustating maesriale fcahhte 8figpIRNESL ih‘énﬁ)ﬂo@h? ﬁdg?ﬂ 1) 0.20 - 2.00

mat eri al s can be supplied at the follown
: r irel koSt j, H4) 0 . [yng ;e bep
komin of £ 858 kol oK Woeke ot rihay by W ilopdbose - 20
. 0.0 -.110 ! oLp, d it ri.er s) 0.0 -
itoroacdi e o0 Tole Tl Aous 5 (00T, Tl o waer
starting materials are: 1) silane (SiH4) 15.0 - 25.0
vapor; 3) ;0Rim2.0p) kg/min @i air @addd (.20 1.680kgimin pf@ncaqyesius; sadytion of
ethylene (C2H4) 6.8 - 88.0 g/mn; and 4) nitrogen
60% - 80% witriciacid freferted angedOfod the delivery of starting materials are: 1) 0.20
— 2.00 kg/min of a mixture containing 88% - 92% of monobutyl tin trichloride, 8% - 12%
trifluoroacetic acid and 0% - 15% methyl isobutyl ketone; 2) 0.00 — 2.5 kg/min of water
vapor; 3) 0.00 — 2.00 kg/min of air; and 4) 0.60 — 0.80 kg/min of an aqueous solution of
60% - 80% nitric acid.
[0084] After deposition of the undercoating and transparent conductive oxide thin
film of the present invention on glass ribbon, the glass/undercoating/TCO system is then
cooled to ambient temperature in a non-oxidizing, or slightly reducing, atmosphere from
elevated temperatures. Non-limiting examples of suitable non-oxidizing, or slightly

reducing, atmospheres for cooling to ambient temperature are vapors of alcohols, C;-Cg

alkyl, carbon monoxide, hydrogen, nitrogen, helium, argon, krypton, neon, xenon,
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[0081] From a second coater positioned downstream from
a first coater, the transparent conductive oxide thin

WO dos0s383 he present invention can be pyrol ytiRel/D§2008/012409
dep05| ted. A m xed gas stream containing nonobutyl tin

hlor| A trif agetic aci
vacuum, r(ee gr%gss A@ gcﬁnq;wée equ Ep{ fhe. rré%tﬁad? ﬁ(&e present
oxi di zi ng cheni cal additi ve) can be directed to a
invention, @, niteegenoptraogphaie Ve amplgyedr Hepeat tf@qgaﬁa/undercoatmgff Cco
deposition of a fluorine doped tin oxide transparent
system desndbed i herayni ie cdoledf itd nambsenti [temiperatasgundend ay nitrogen
those of ordinary skill in the art, it will sonetines

atmospheke wiksrebyahg gost-piddwition ineteaset oft Slediridal aoh@@dstivitg dfhet least
tin containing starting material in solution to help

2% of theCtF‘éH P%F?M%&qulcfl\tlé( oXlde! tHin Filrk |§ 12l %hhid be'Ybte Lhat the
as wel to prevent esartlng rraterla
romr act th t her

electiical Eﬂ%éaﬁc?yﬂ?daw@?”%?néeean% 4163 %Wﬂ GE5%ed ffer dia sheet
5) dial kyl ketones, such as acetone, dieth ket one,

resnstanchggﬁrﬁasqasQ{b@% An electipn rgﬁglhtyetquasg hihe @éﬁ 2% increase in
preferred | ower dial kyl ketone of the present

electrical condudtivity is sbsenvied| wian comparée to giassiundereoatingfT GRE systems
the gases are deliveredindividually, or separately, to

that are eithBeabedapor depesited @b tise IpresdicerbE anobxidigires shemicad Edditive
can be enployed, if desired. [0082] The introduction

(other thafff walterOdifiof! 5/ g%h?'BrC%fte?t r?rnotab{)ol% to ambient

oxygen can be i ed out fown to

temperatf Féte b bAE %Z*W'gﬁsﬁué'gﬁgaﬁﬁweﬁa"?ns glion of 2

h th th |y

non- omduzmg oqr §I@hgx prélgg tggt g{pgggmv}ng(jgf gpghr%fliﬁ)%g ss/un(fércoatmg/T CO
non-1imting exanple of introduction of the oxidizin

system ot therintasentsinygption g ambienti iemnergtutaewilicbe kngysm tonthose of
front of a TCO coater. [0083] The gases of the m xed

ordinary sgildn she tamfilmcbatiegl arts. each of the

[0085] Elevated temperatures for carrying out the non-oxidizing treatment from
which the inventive coated systems are cooled to ambient temperature are typically
between about 200° C and about 600° C. A preferred temperature range is between
about 275° C and about 450° C. A most preferred temperature range is between about
350° C and about 400° C. Cooling can be carried out in a belt furnace or other
equipment recognized by those of ordinary skill the art. Inventive systems are passed
through a belt furnace at a conveyance speed of preferably about 1 meter/minute
(m/min) to about 35 m/min. A more preferable conveyance speed is about 5 m/min to
about 25 m/min. A most preferred conveyance speed is about 10 m/min to about 15

m/min. The cooling time can be anywhere from, preferably, a minute to ten minutes.
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af orenentioned starting materials can be supplied at

the following rates: 1) 0.20 - 2.00 kg/mn of a
wWorRoov0ssssTont ai ni ng 70% - 95% of nonobutyl ti NPCT/US2008/012409

trichloride, 5% - 20%trifluoroacetic acid and 0% -

159 hyl i I ope,. . - b ' f

More prefﬁaélﬁbgﬁgphﬁgWﬁ)é(ﬁahel}ezgggmﬁ& ﬁq ﬁ&’%{mgp&% %ﬂ)?ef%r%y, the

0 kg/mn of ueous sol utjon of 60% - 80%

cooling tirpg {5 tfﬁeadnwumse%ﬁ%dgm Detgrminghiog @f.qmrypaf@meters of the
starting materials are: 1) 0.20 - 2.00 kg/mn of a

cooling protesudesaribedahereirywiBbe recagnizgd and clpprediatedrby those of skill in
trichloride, 8% - 12%trifluoroacetic acid and 0% -

the art. 15% net hyl isobutyl ketone; 2) 0.00 - 2.5 kg/ mn of
wat er vapor; 3) 0.00 - 2.00 kg/mn of air; and 4) 0.60

-0 PRSI
[0086] iy t/?d?(grnggf/ﬁy [rg%é@%nﬁ?:@%gngzgﬂgﬁté?gﬁwgpugﬁ%ave %6 found that

the glasslﬁﬁ(?e%g?ﬁﬁé@ @:F())?ggstﬁ{rﬁré‘{@g%ﬁﬂ%%&gﬁ&yﬂiobeqq ﬁggﬁeéﬁgnly have to

ss/ undercoatin emis then cooled to
be coolecg {eéﬁpgqrg?% uren qs%nao)goglr%lwémg@r OE| §I@“tl|yy reducing,
redum ng, atnosphere from el evated tenperatures.
atmospher«bﬂnmadiateiygafée(a\rﬁmésiaﬂosmm efthe HoQ- layedinthegpresence of an
slightly reduci ng, atnospheres for cooling to anbient

oxidizing tlesmicabhtdditiverte reafize @ pdstaprodbction eféctiidal adnductivity increase
car bon nonoxi de, hydrogen, nitrogen, helium argon,

of at leaskRYPI PG eXAAPle, 1RE GAverREUsYstéRd 4fteP YapbA dEp S sHoH of the TCO
conbi nati ons t hereof. For the methods of the present

layer, canflE501E8 p dinfich Ao BT REr Sl EE{S%@Sﬁ%r@Wg@%“ doing
this will ngf FeSilhaf 4R atcPesy PIETBYst oob g‘fﬁrpﬁaﬁ iPhagagsep electrical

el ectrical conductivity of at |east 2%of the )
conductivity ghdhpa @ laperula realizexthecat igast 2% mast-predustiasdincrease in
shoul d be noted that the electrical conductivity

electrical i coprductivibynt teanirientivaasystehy that eRas ebeen ebbleelr tby ambient
sheet resistance decrease or as an electron mobility
temperatur@ Girgies @mbiBat 8dndifeas cafobefé-paared fo elevated temperatures and
then cooled to ambient temperature under a non-oxidizing, or slightly reducing,
atmosphere. Methods of carrying out such an alternative treatment will be known and

recognized to those of ordinary skill in the art.

Example 1

[0085] From a first coater positioned inside a float bath, a mixed gas stream
containing silane (SiH,), carbon dioxide (CO,), ethylene (C;H4) and nitrogen (N, -
carrier gas) was directed to a heated surface of the glass ribbon. The gases of the

mixed gas stream included the starting materials supplied at the following rate ranges:
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el ectrical conductivity is observed when conpared to
gl ass/ undercoati ng/ TCO systens that are either not

wa 2possieposited in the presence of an oxi di zi PGI/US2008/012409
chem cal additive (other than water, air or oxygen)

Y st (gL R PRt o0 SRR S ot
6.0 a4 R o RN oo T

gl ass/ undercoatl ng/ TCO system of the present_ invention
[0086] {, Kigm aseqandpeqatepasitipned downstigant tromadisstgoater, a mixed
ordinary skill in the thin filmcoating arts.. [ 0085]
gas streamecantaining npeorthutys tihortrichlorige n{CddySnQig), trifluoroacetic acid
non- oxi di zing treatment from which the inventive

(CFsCOzH)QatresiteamIaﬁdﬁntﬁb%dl‘@GHN@gt-OO)aﬂ”EIr@f%hérﬁimBé@@MVé) WwhS§ directed
typi cally between about 200 C and about 600 C

to a surfé}!eef)?rtﬁé% ti Ur’Fhé fiel WRedY “Etrggr'i:\. ﬁcﬂﬂ)‘éd the

about 450 A nosSt pre rre tenmperature range is

s HHSE B ACO AR e 19 DA 7 oo

.. recogni zed by .those of ordinary skill the art
containing §3émoveb§ it'eﬁacmped&aé%e@ﬂpﬂmﬁsﬂc aciband 2% methykisobutyl
a conveyance speed of preferably about 1 neter/m nute
ketone; 2) 8185 kg/min afbwater 38par;n3)n0.88 kgimin of efire raaidl 4) 0.78 kg/min of an
conveyance speed is about 5 mmn to about 25 mmn. A

aqueous sulstiorpob2Peditdoaridyance speed is about 10 mfmn to
about 15 mmn. The cooling tinme can be anywhere from

[0087] IOreAﬂéﬁ@éﬂosn@oﬁrbf‘tﬂeeuﬁ@ergﬁﬁ]tl%%HHQ% ! ‘?elﬁ_rc‘bfn?fu%m%gxide thin

he cooling tinme can be te to firve mnutes

i, e G584 GA0ILaph At R el 5, TS ol ot on
clevated ERRL AL B i Hbal e ke E53Rhg 0 st

. Alternatively, the inventors of the present invention
is about 3% e Camdhens gotgdinghatbelt furnace. The glass/undercoating/TCO system

passes through the belt furnace for four minutes at a conveyance speed of about 10
m/min to about 15 m/min. The glass/undercoating/TCO system is cooled to ambient
temperature under a nitrogen atmosphere, thereby producing a transparent conductive

oxide with improved electrical and optical properties.

Example 2

[0088] From a first coater positioned inside a float bath, a mixed gas stream
containing silane (SiH,), carbon dioxide (CO,), ethylene (C,Hi) and nitrogen (Np —
carrier gas) was directed to a heated surface of the glass ribbon. The gases of the

mixed gas stream included the starting materials supplied at the following rate ranges:
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t he gl ass/undercoati ng/ TCO systens of the present

i nvention do not necessarily have to be cooled to
W@i9oesa383 enper at ure under a non- oxi di zi ng, orPGI/U§IW$/§12409

reduci ng, atnosphere immedi ately after vapor

 sore G, 250 e L TIERRI Bhvne o

ost - productl on electrical conductivity increase of at
5.0 gm/m'f‘eﬁ@ﬁ 4)oitrqoen (EHIRSIGAS) BB gMMiNti ve system after
vapor deposition of the TCO | ayer, can be cooled to
[0089] anbfrem atsaqoadataater pmitionedrﬂbwnstreandfromasﬁrsthmmela, mixed
doing this will not result in the at |east preferred

gas streaZfYo @@ﬁ&ﬂh@dmnmylnﬁhemlbﬂd@ G@}Hg'S?@b)COﬁHUQFdéHeW acid
of the TCO | ayer o realize the at |east

crsc0n g SEHSHLTALABKE A S SRS i3y oo
t0 & surtde§ B 198 Uil e ot b B R o S SR iied e
t enperature under a non-oxidizing, or sli

ht |
starting matefials RyPpietuatpthe follondngsate sangas: ri v %ot )r/@;incw anmixture

~_alternative treatment will be known and recognized to
containing $tibemonobutyltindrighlokide| 15% trilaoraceti®&eaaithard 3% aadbyl isobutyl
Froma first coater positioned inside a float bath, a

ketone; 2)0 80dkg/atin frvedter vapodri3)i 0163 Hd/ire of Sirtiahd, 4)C@|9|Gq{glm|n of an
di oxide (CO) , ethylene (2 and nltrogen (N2

aqueous %tfdr?éf%?é?% H@‘ﬁ:egéﬂe‘:t ed to a heated surface of the

lass ri gases of the m xed gas stream

roosor | EAYS el L AR "i‘iénééf’%‘bzf offtisaiftive ogpe tin

ar bon di oxi.de COZ 15 0O gm mn; therne(C2H4

film, the Q‘iawbam’%cea ting/d %t%ggrﬁmﬁﬂ.@r agagrpgge Imosphere at an
[ 0086] From a second coater positioned downstream from

elevated tamperature cthecelevatad tesaperaturetaf daenglansiunderogating/TCO system
nmonobutyl tin trichloride (C4HgSnCla) trifluoroacetic

is about 3£3°dC when entering a belt furnace. The glass/undercoating/TCO system

passes through the belt furnace for four minutes at a conveyance speed of about 10
m/min to about 15 m/min. The glass/undercoating/TCO system is cooled to ambient
temperature under a nitrogen atmosphere, thereby producing a transparent conductive

oxide with improved electrical and optical properties.

Example 3

[0091] From a first coater positioned inside a float bath, a mixed gas stream
containing silane (SiHs), carbon dioxide (CO,), ethylene (C;Hi4) and nitrogen (N, —
carrier gas) was directed to a heated surface of the glass ribbon. The gases of the

mixed gas stream included the starting materials supplied at the following rate ranges:
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(CF3CO2H), air, steamand nitric acid (HNG3 -

oxi di zing chem cal additive) was directed to a surface
w@Roovlss3ghder coati ng. The gases of the m xed gBSI/E$20080m2409

i ncluded the starting naterials supplied at the

: i | Oned e ; : ] it

1) sitane (319 8. 0Gei/Eg, 206BEN e XEEIRB0M Gl 3 ethftene (C2Hy
trifl oacetic acid an % et hyl i sobutyl ketone; 2)

13.3 g §) ARHOE (oaer 35355 SV Bes ko m o of air: ant
4) 0.78 kg/ mn of an aqueous solution of 67.2%nitric

[0092] ,cifgon aseepndraaateriepytipned downstraamyfierar & Hiesticagtema mixed
transparent conductive oxide thin film the

gas streagl aestfaimidgrmoavbutyl TEOtkstdomade i(€HxPCkY dand &ifhidroacgtic acid
at nosphere at an el evated tenperature. The el evated

(CF3CO.H) evgrerdifedtet & atdipfateastaht NHRIePEsHINGI FUHReiNEFE Mil, Steam and
about 375 C when entering a belt furnace. The

nitric acid I-ﬁ@éégn%g{i&m &:ﬂ@[’nT&Q é‘d’cﬁﬁ\?ég‘ REGSE Sl b td qﬁ? Reld stream

furna m nut es at conveyance speed
about 10 m m 0 about. 15 m.n. The .. . .
above. Trf Gafes MeBeBly R PeBIgricsoadh Billiorgafatie aeid pprecnypPlied as a
) t enperature _under. a nitrogen atnosphere, thereby.
mixture atptheqiate Rf 8t kIAUPLaskainiEn 8l &% vaoabutylti; trighlasidecarnd 8.1%
el ectrical and optical properties. Exanple 2 [0088]
trifluoroacetioacid. Ain; stearoatret nitric acidower: addedito the gases bhtignabutyl tin
m xed gas stream containing silane (SiH4) , carbon

trichloride dinaixirifleofdadRYic, acid Hut fitifd 2 F: 8RO, Nidnsparsht (d¥hductive oxide
carrier gas) was directed to a heated surface of the

thin film a@haSenswi %tes-.rhlﬁtzlg.%‘g% /fin $MGatdk %Sg?l?;?g 3;% R?ﬁg?n of air; and 3)

I ncl uded the sta terirals sup

056 kb oL ABRT o2, BAERRLS B (15 Pl T 0D
(00931 oMY desiibriet i edaitentin and tGsBocIcONALEN Peide thi
film, the gellaési/trjr?éergggttir?g;f’r CaO rgy)é?edm is exposed to a nitrogen atmosphere at an
elevated temperature. The elevated temperature of the glass/undercoating/TCO system
is about 375° C when entering a belt furnace. The glass/undercoating/TCO system
passes through the belt furnace for four minutes at a conveyance speed of about 10
m/min to about 15 m/min. The glass/undercoating/TCO system is cooled to ambient
temperature under a nitrogen atmosphere, thereby producing a.transparént conductive
oxide with improved electrical and optical properties.

[0094] The transparent conductive oxide thin fiims made by methods of the
present invention produce thin films that demonstrate an increased electrical

conductivity when compared to transparent conductive oxide thin films that are

pyrolytically deposited in the absence of an oxidizing chemical additive, such as nitric
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gas stream cont ai ni ng nonobutyl tin trichloride
(C4HgSnCb), trifluoroacetic acid (CF3CO2H), air, steam

w@e@nse3sd ¢ acid (HNO3 - oxidi zi ng cheni cal adeCT/USP8/012409
was directed to a surface of the undercoating. The

acid. Thegé‘\ga?icg( ah§% pdﬂé?gr%?&% %{; rcﬁaiﬁﬂé\bgrgrqteg ﬁ&\?ctﬁ’/lea&lagg made by

errals su e ranges.

et gy 90 ) PoaBic L LB ST e, i

i sobutyl ketone; 2) 0.80 kg/mn of water vapor; 3)
reference doGQ'nq(dilgw@soanq| Fablgnd. 4% sd)og[gi log/ nptedofthgtn ttm‘ugg@entatlve
solution of 67.2%nitric acid. [0090] After deposition
inventive shmpies Uisted aieivenguting ar geserl emethoah dfi ctniakimgo thel d@nventive
thin film the glass/undercoating/ TCO systemis

samples diduesed befovd ni trogen at nosphere at an el evat ed
tenperature. The el evated tenperature of the

I t ;
[0095] gnfﬁ W?%ﬁ%tl‘%}%ﬁ ﬁQnéé( e%aﬁc@%ﬁﬁﬁrcog@ e for online

Ing a belt nace. ass

agses thr. h the furnac
produced HEE LRSS ol ine Sedtdancs "Wl e’ Bramsi invention (e.g.,
about 15 nmm n. The gl ass/undercoating/ TCO systemis
070808 samples 13)anbi compaeathde astandaghdapn:oxidativeliertreated samples
at nosphere, thereby producing a transparent conductive

referred twas - Gi 022 ang ARG 11 19.08% caodie seeh ot thed graphyse transmiittance
Exanple 3 [0091] Froma first coater positioned inside

increasedarid stsdorpinge decréasd foathe inveative eampled 1B as b@ﬁ@ared to the
(SiH4) , carbon dioxide (COZ) , ethyl ene (CZH4

standards! 'Atlécp 8B88cAbE was @frfdé?lfyl 'g%on é@ﬁaglbr aﬁrﬁg% H‘i‘n '?ﬁé‘ta%‘éuracy of

surface of the glass e gases

measurenﬁ'g 3@11 /g\';\\]wﬁigg ecq?rg%gfg?i%r bZﬁggﬁgaﬁékﬁl) 3?@@ ggh%%reé to the
non-acid tg?"ﬁ?fjgﬂze&i or b‘?%if%%ﬂoﬁ%d r%g%%dzgg) gl ?m)g]eﬂ (carrier

as')'_, 33.3 gm mn. ) ]
[0096] igure 2 shows transmittance, reflectance and absorptance data for online

produced TCO thin films provided in accordance with another aspect of the present
invention (e.g., 070622 samples 1-4) as compared to the standard, non-oxidatively
treated sample referred to as AFG1119. As can be seen from the graphs, transmittance
increased and absorptance decreased for the inventive samples 1-3 as compared to the
standards. Also observed was virtually no measurable change, within the accuracy of
measurement, ~0.1%, in the reflectance for the inventive samples 1-3 as compared to
the standards.

[0097] Table 1 lists optical and electrical property data for online produced TCO's
070808, samples 1-3, 070622 samples 1-4 and for standards 1119 and 1022 before the

discovered post-production cooling treatment. As can be seen, the oxidatively treated
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[0092] From a second coater positioned downstream from
a first coater, a m xed gas stream contai ni ng
WOorRwolsasgs tin trichloride (C4HOSnClI 3) and PCT/US2008/012409
trifluoroacetic acid (CF3COH) were directed to a
) he qu ' e r e
TCO's OTRORTRBrfied 3. 082 AatBIsS S T S 4 esdirBdfed haze
added a ed.to,t ream abov ,
percentagR RRAGH B oSt dTdy nEB XHATEN FoRPa-LEY et aP32 TCO's. i
were supplied as a mxture at the rate of 1.8 kg/mn
is believedothiali thisds onestiy,dusnde ilin thigkressc instead ofapdative,chemical
trifluoroacetic acid. Air, steamand nitric acid were
addition. Ihi:hdemeddhahthegamesnisﬁianmmbes described ini Eiguces tland2iare made
trifluoroacetic acid for form ng the F: SnQ2

by mmerstms@mﬁbegtwm@mécﬁaﬂﬁn%d#\evélmgnétbbnh Ftabld'¢ are obtalned with
fol l owi ng rates: .31 kg/min of water vapor; 2) 3.

s vz el s e S 308 BB PRl ofones
e anslpdSF, BIRRSET, R L HICEE Bl BPLE O Tasurn

exposed to a nitrogen atnosphere at an el evated
tfansmlss'pan\t?év%ﬁ aeeewefrheownetoam%ﬁ 9@%’@?%@#@ ipfthe jget.
gl ass/ undercoati ng/ TCO systemis about 375 C when
entering a belt furnace. The gl ass/undercoating/ TCO
Samplkeyst embezesicRt t hSadgh t heRbel [ pf urnacd i or foym
m nut gs at |a contiegkmess Speed| of about] 10 mmjn to
-nitric abidut {®5 ni|réen. | Ake gl assﬂttnd=kcm‘é{t*bmd/xﬁ@€9c6\ystc&ﬁr\i§
test cooled to ambi ept tenperpature|under a |rfitroger
at nosphere,| thefeby produci ng| a transpgarent conductiye
oxide {with |inprpved el ectrical and optfical prgpertie
0708088094]| 1iihe [tgzanspaoent cpmslgct 76e oxi de2.6hi n fidsmes
(1022yrade hy netlhods|of the pfesent inventilon prodyce thip
07080BkR s [t12a0 |@INDNEE0at e ah13.8cfgased ellexysicall 255
(1022pondudti vi tly whén conpargd to|transparient conductive

Y

070808%8de [tf3.1 [fa1.m66iBat arf14.3 | 8.8 2.64 271
1022)

070622#1 12.3 | 80.7 | 504 10.8 | 5.4 3.66 31.5
(1119)

070622#2 11.6 [81.2]539 104 |56 3.70 30.3
(1119)

070622#3 10.0 | 81.3 | 563 91 |[5.1 3.78 32.2
(1119)

070622#4 10.9 |81.4 601 92 |55 3.71 30.5
1119)

PVTCO1119 | 13.8 [ 78.2 [ 611 10.3 | 6.3 3.42 29.2
PVTCO1022 | 16.2 [ 78.5 | 650 13.1 [ 8.5 2.31 316
As defined in | 10.8 | 79.9 | 937 89 |84 2.79 26.7
Example 3

Table 1. Optical and Electrical Properties for systems 070808
(samples 1-3), 060622 (samples 1-4) and standards 1119 and 1022.
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pyrolytically deposited in the absence of an oxidi zing
chem cal additive, such as nitricacid. The el ectri cal

waeaof3sTal properties of transparent conductP@BEUS2008/012409
oxi des nade by nethods of the present invention wll

toose1 TR 3684 16, el oot 28 5 e o
e ot frﬁa{ef@%gtv;qua@sr?gz%ée@% 531 el veated
| es di scussed bel ow. [0095] Figure 1 shows

Standadet ltawﬁi'ﬂ%ﬂ‘@t the incseass rclight drasssvsgioarferthesexidatively treated
online produced TCOthin films provided in accordance

inventive sampleshis gue ¢e @ nimbenof dactoes. YVith6uO&ahirsg tp besbdurdd by any
as conpared to standard, non-oxidatively treated

theory, it isasaNeed ftﬁéteméqﬁebénéé OAE%Q%%I@Q@SAE%‘XI&&QIQ aﬁ*?y GﬁBx@&ed tin

seen fromthe graphs transm ttance i ncreaséd

atoms froMPHRTiRitaN Sép?ﬁﬁ&’?% if %Salgﬁl Sé(l)u@\é @ttﬁé(teth§@gggﬁc‘% f@c acid

conpar e e staridar served

ur. abl thin, the accurac .
may help RE%’? BE7 Blibfive frobT Do tbaet Pt inicain BoSRdates, Fusthasmpre. itis
nples 1-3 as conpared to the non-acid treated
believed t%ﬁdb@ﬂeaﬂm%pbmltriqgc@awﬁs % forming eplumpar ystais efithe fluorine
transmittance, reflectance and absorptance data for

doped tinopkidee layend mlamebvcammg'ing f fhempafurev bfldHei tin aoxide dlagee crystal
wi th anot her aspect of the present invention (e.g.,

orientatiord) HAte}? conipdred fbr 4) flasrifeiePeR! tin okidle Ty diat, r&s not been

non-oxi datively treated sanple referred to as

deposited it the 6‘%3 ﬂeegﬁ gﬁ@récfcf omthe graphs, transmttance

|ncrease sorptance decreased for the inventive

t00ss) ;fsﬁzam%éw%a“& o eblEal AR ag e o, ot were
C asurenent, ~0.1% in the reflectance

oxidatively Eﬁa@ﬂe 9Tev engrpnaled yndena nispgen atmesphere, do not show
any trend %tr ?:ggglra?ign with oxidative treatment. For example, the 070808 system (all 3
samples) shows an increase in carrier density, n, and a decrease in electron mobility, p,
when compared to TCO 1022 whereas the 070622 system (all 4 samples) show an
increase in carrier density, n, and electron mobility, 4, when compared to TCO 1119.
Vapor deposition of the TCO thin films in the presence of an oxidizing chemical additive
alone may not be sufficient to achieve the desired improvements in all cases.

[0100] Certain embodiments of the present invention include two aspects, with
the first being the addition of an oxidizing chemical to the pyrolytic vapor deposition step
during online production of the TCO thin film coating, thereby incorporating the oxidizing

chemical into the TCO thin film. This aspect may increase the desired optical properties

of the TCO thin film, as described above.
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[0097] Table 1 lists optical and electrical property

data for online produced TCO s 070808, sanples 1-3,
wQ7I8a3s38aNpl es 1-4 and for standards 1119 andPdDE2008/012409

bef ore the di scovered post- production cool i ng

[0101] Hg@@tg@%ﬁﬁ%@ggggfbémb é}ﬁl @éh {?rg%éaz Apgllca ts believe

that the oy@m?%a S P JBRG Por g o Tegt R o T o

Is believed that this is nostly due to film
film and that then exidlizing chemnieal exidiresi atleast @ partiondef thesurface of the
is noted that the transm ssion curves described in
undercoatHager. ddguread shdwsr Seoanttaryyion iviass Spectretriedys(SIMS)I results for
the transm ssion values |listed in Table 1 are obtained

inventive \ézétbrr% MDSZHeﬁﬁhpRﬁdl ahd 0PO8OB reafhple ¢ OSBApaRIE 16 Ostandard
e transm ssion val ues obtai ned by the transm ssi on

system 1119, %258 systeHHE Grerd @ﬂ%siﬁ dt?hftﬁs c]-:ﬁ@t%(gf’ﬂﬁr@fac d. As can be

nmeasuri ng transm ssi UES ar nown

seen, inveityd ?#%gr%pﬁiﬁé#%@&"e &8 drd b70508 srasble nms%&ss a higher

1-3), 060622 (sanples i and standards 1119 an
nitrogen CQOQ@t[@imqhannthierﬁtﬁ@aer@m 19nthis ﬂ%ﬁ@ﬁﬁilﬁtea\w\@trbﬁpahcants belief

| east about 2% is al so observed for the oxidatively
that the oxidizgimgechemicahadditive isnipterponated iotonther ECOtthint filen.
non- oxi datively treated standards. It is believed that

[0102] theTheweednd agpedtoit at eadlg sepooffthe §ResRICATO Vial ¥ non-
treated inventive sanples is due to a nunber of

oxidizing, _B?%E@tﬁf re ékh@;%t%syﬁerﬂ@ i‘r&nbéle?é’téaqeﬁ%)e?é%rég‘qg{déienéftskill in

I'eve presence of nitr acid

e s i B4 Aﬁ‘é\yg%”% b4 P Ll BT Bl OF it b e
glass cooffie,SlsirSHAIHE'GPH b BOAMBAIES, T dAS: FBPUIS @ Adhealing, is
bel i eved that t he presence of nltrlc acid aids in

not to ber geriusgdcwithniter invepdival sodlingt Biert deselibed dwgsein, twhereby the
oxi de layer, thereby changing the nature of the tin

glass/UC/o€iQl systeyerurcieygoed coolirgttat ambienh dempenptare dn ta ron-oxidizing
fluorine doped tin oxide |ayer that has not been

atmosphere from elevated temperature. The desired changes in electrical properties of
the TCO thin film are observed when the cooling of the TCO thin films have been vapor
deposited in the presence of an oxidizing chemical. |

[0103] Without wishing to be bound by any particular theory, Applicants believe
that this observed increase in TCO thin film electrical conductivity with substantially no
change in light transmission is due to an increase in the electron mobility brought about
by cooling the oxidatively treated, vapor deposited TCO thin film in a non-oxidizing

atmosphere. Furthermore, increased electron mobility permits the use of a reduced

carrier density with substantially the same level of electrical conductivity. Thus, a
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deposited in the presence of nitric acid. [0099] It is
al so observed that the electrical properties of the
waaoweseskat were oxidatively treated, and bef oPE&I/b81008/012409
cool ed under a nitrogen atnosphere, do not show any
i el aty | [ ' r &a E c o
reduced cohAEE AghTp Uil SunaBntialy Ui shte, Yeuet obeica) Bhguctvity is
. [ he e.n rrier density, n a decrease in
believed 1 REABICAR £ HbyiEe Atiimiahos dind HficBptien 1022
whereas the 070622 system (all 4 sanpl es) show an )
(01041 | nJPERGUt Wishing (o Hle tiawad by, any PaRiURCheoRn isblsor believed
m when conpared to TCO 1119. Vapor deposition of the
that the mettodshofrmakingsthe TG O dhjmr flesnineaariordanaewith zha gresent invention
chem cal additive alone may not be sufficient to
leads to aahlngedn shfade MdrpHology sTRERRINSIMS (dbta Aesetfowd)dAlvay that
Certai n enbodi ments of the present invention include

that facilithi¥a I?g?ﬂelﬁrcﬁhm?é"éﬁ)h tlrli‘got%f Word8! @ Efsnquldid Eﬁﬁaé’% ing(g}phology

i
oxi di'zing chem cal 't e pyrolytic vapor deposi

' onkine.pr tjon.of t TCO thin film .
brought ading et B kil 155 bt Rts, o fie Bresenl hueatipe are ideal
into the TCOthin film This aspect may increase the
for photovgltair deyicgsi i cal properties of the TOO thin film as
descri bed above.[0101] Wthout w shing to be bound by
[0105] anyFigune 4 shows theeeffect ofgpblingirt a nom-oxidizinghatmaosphere on the
oxi di zing chem cal additive is incorporated into the

electrical gropertiasrdf arflinehsrodGeed MG 0710808 Sainpids 113 Foxitils Zy8tem, the
chem cal oxidizes at | east a portion of the surface of

_ . e t 1 ‘
non-oxidizie ate§perd v(vlas?lée rdﬂeﬁftégn Op?rfé?%r%ﬂ%‘@@?ﬁndjﬁ%a%éﬁt was

hit
Spectronetry M5) res I nventive syst

: 0 I ocoppared to e
caried ouf (3322 3Gy 1eBHksSAARLH SRR, 15l oC REGE o Reep. reisy
t he presen of nitrjc acjd. can be seen, inyventive .
values de%fﬁé?éﬁ?%?@Z@fes%?mpl?wfgﬁ@ @%%Qﬁgsx%iﬁm aftet peclingsto gmbient
hi gher nitrogen concentration than the standard 1119.
temperatune, igdersa pirpgesn atmosphere.Aphile carmies depsities and electron mobilities

increased for all three samples. Thus, the nitrogen cooling effect on the electrical
properties of the TCO thin film was confirmed for this system.

[0106] Figure 5 shows the effect of nitrogen cooling on the electrical properties of
online produced TCO 070622, samples 1, 2 and 4. Also shown is data from system
070517, sample #2, which has been included. The cooling step was carried out from a
beginning temperature of about 375 °C. Nitrogen cooling data for this system was
carried out at 375 °C in a belt furnace with a conveyance speed of about 10 m/minute.
The cooling time was several minutes and a remaining oxygen concentration was

estimated at less than 10 ppm.
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that the oxidizing chem cal additive is incorporated
into the TCOthin film [0102] The second aspect is a
W@ owhoss3sst ep of the glass/UC TCO i n a nonoxi dP@I/OgR008/012409

slightly reduci ng atnosphere, from el evated

te I h [ j I I e
(01071 | PR EBh e Beel "RRRiln Tolss ¢foreafof for H ek CEaRpletcor the

a al ass .coql ing.s uspal | eferr. d to

070622 sigfRL el Olig G dubikhsclemtngratife pdel A 0088 Afnosphere,

be confused with the inventive cooling step described )
while eleqione mpbilifnerauss inegsed JpualiTieee ysanapies g@w the carrier

cooling to anbient tenperature in a non-oxidizing
densities far thus siyetem showed| @ slighd diecsequre. dthuse the hitraglesi caaling effect on
changes in electrical properties of the TCOthin film

the electriedipropeics s theFTO tren i WatocsHfintied f6EMi$ E?ﬁeﬁh | s
have been vapor deposited in the presence o

[0108] OX' F*gﬁfé“@ sﬁBW@ tﬁ@' el S Akr Xﬁéf\%‘img"o@gﬁh@gelé&ng %ﬁﬁﬂles of

y particular t eory, cant eve t

ot e R B AR, B g o s

tr m. ssi ue to an increase in the electron
070320 a%ﬁ’ﬂﬂ? ?‘&Ebh?v%%éf‘ ipgluged) Nitgrgensceqiingadatrefaf this system

treated, vapor deposited TCOthin filmin a
was carrigthoubdtd3 75 7§ it @obelt fuenaceuwithea neonyeyance espeed of about 10
el ectron nobility permts the use of a reduced carrier

m/minute. dEives cogling timeswas tseveral rinutée and e rérRg@ing@bxygen density was
el ectrical conductivity. Thus, areduced carrier

estlmated%‘FI@dstt)ﬁandlp&erSt antially the sane |evel of
el ectri cal conduct|V|ty is believed to lead to better

PV n W t
[0109] Sﬂ?%ﬁ%@% ' iR d‘ége)&g%l %Fgéb«%h@a of: th[eotgﬁytmp flidcdtandards
were subsi‘@ntwglkv’ﬁ';ﬁci%ﬁaea}%@étq%&m”geﬁr?%"%véé%r%ﬂ hePolt B np&.eH@ved that
a change in surface norphology of the thin filns

this is beceua@ she #hin dilrosef theseatwrptandards were nat subjeatesktd thghoventive

~ transmission. In other words, the changes in surface
oxidative tneatpreritabyying the vapor deposition process. This data further supports the

advantageous use of an oxidizing chemical treatment during the vapor deposition step
for online produced TCO thin films on glass because the oxidizing treatment during
deposition allows for post-production improvement in electrical conductivity by cooling in
the presence of a non-oxidizing atmosphere at suitable temperatures. This post-
production improvement in electrical conductivity can be realized when TCO thin films of
the present invention have been subjected to an oxidizing chemic;al additive during the
vapor deposition step.

[0110] Figure 7 shows electrical conductivity data for online produced TCO

systems 070808, samples 1-3 and 070622, samples 1, 2 and 4 of the present invention
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brought about by methods of making TCO thin filns of
the present invention are ideal for photovoltaic
w@lewnosssss [ 0105] Figure 4 shows the effect of PODUB20G8/012409
in a non-oxidizing atnosphere on the el ectrical
rddpi ' T - 3
as compaR5PRF driRE fHodled RaRitdL 7 1S A0 0222 ABG Sholin'ls data
ni t er he cpol i ng treatnent was
from systeld DPBE20 HARERTSas 0205 11, WiyeR B betemiacBedbou: 375
0C. As can be seen, resistivity values decreased for )
[0111] 5 | AssaBde saENe8lestriaah condadnity fsendineaprodiced JIG@gnventive
to anbi ent tenperature under a nitrogen atnosphere,
systems 0/0808, samplesr 1-3eared 07@822 rwdingpbles t1r; rambdiincreased at least about
increased for all three sanples. Thus, the nitrogen

a 12% aftéoeboling tofdrasienferhperathredtdrh Elévaled kb iuds d9'8ormpsted to
thin filmwas confirmed for this system [0106] Figure

online pro%ué@&‘ﬁﬁaﬁc{b‘?dgfﬁﬁti 19 Ql.?& ggg?.ﬂFSP%é Y4t r}.l?%g,%(?yagﬂas carried

el'ectrical properties o he produced

. samples 1. 2 and 4. Also shown is data from system
out lnan%?ggq??mgg%?rg. #2, whi ch has been included. The

cooling step was carried out froma begi nning )
[0112]  ophe subject atigroeh thezpresent lpventige fepasentsy faathe figst time,
this systemwas carried out at 375 0C in a belt
an onlinef pratiecedwl OO dhitofilrey ancglaspewith ofleatticat ptOperties ntitaé. can be
The cooling tinme was several mnutes and a renmaini ng

improved pasggrodestioent rati on was estimated at | ess than 10
ppm [ 0107] As can be seen, resistivity val ues

(01131 deCRaRE dAhcapordtHEPCEAAM ffndintd Bﬁo%&ﬁé%ﬂ?{@%ﬁé&re well-

after cooling to anbi'ent tenperature un _

ko to FIBERE it e RERTREPIAN o 8 HBSp!BRE Ao e
incorporatgfl e Fholp iy AAMGE: BRSE HBIEPURHAIS cviesto pave: aeiciencies
approachigg tﬁgsee ;)rfcl(\)s;#i!snoffflgnlen;])r\g%icgg r\]/fdzrorrsefst;r?lr. this system

[0114] Figure 8 shows short circuit current data for online produced TCO 070808
and 070622 systems of the present invention as compared to online produced
standards AFG 1119 and 1022 as well as Asahi’s offline produced VU20 system. In this
figure, the Jsc for Asahi's VU20 system is normalized to a value of unity and all other
data is interpreted as a percentage of the VU20 value. Also shown is data for system
AFG 070320 samples 2 and 4.

[0115] With Asahi’'s VU20 system normalized to unity, the AFG standards 1119
and 1022 show short circuit current data that are approximately 91% and 95% that of

the VU20 system, respectively. TCO systems 070622, samples 1-4 show an increased

short circuit current when compared to standard AFG 1119. When compared to
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[0108] Figure 6 shows the effect of nitrogen cooling
on the electrical properties of online produced

WG @nesa38s AFGL022 and AFG 1119. Al so shown i SPCEUS2008/012409
fromsystens 070320 and 070413, which have been

standard %\g@ H@gﬂ ohly! 0?%%88%5’!%\?[&% g::%rt?d ;38§h6\ni a Qipﬁf gr%ré%e in short

rried out "at rnace w

. conveyangce eed. of abouyt, 1 mnute.. T in

circuit cur{q%?ﬁﬁss%ggégf%flt wrﬁ%?teaatgng)rgﬂ\? éﬁmwlﬂgf@?@gnsar%ple 1 does
density was estinated at |ess than 10 ppm [Ol%%bAs

not show & majked daereasge ifepkally Mhan gedpared da siandard t1§28. The
filmstandards were substantially unchanged after

increases doashary cirouib cuirmentsy ewhesn mixseineed: . cdrt besatiibutedetd inicagases in
this is because the thin filns of these two standards

transmittal€é fonfhesedyseerhe dTCO Ehste 0F0BDB sl 2Véhd 3 display short
treatment during the vapor deposition process. This

circuit cur@atStHat ot SR@W?@I? Qé%t@QT%%QQSPRﬁaM%eV 020&Ystem.

oxi di zing chemcal treafnent during the vapor

deposi ti step..for .onlin roduc TCO thin, fil

tor161 oGS 3B ne el iiter el o PidpcedFcBozosos
deposition allows for pqgst-production inprovenent in

and 07067 syptems QoS IRyertion iasy comratedpieiite produced
a non-oxi di zi ng atnosphere at suitable tenperatures.

standards AR G 1139t andh 3022 asrwelhps Ssahis vffline preduaadcU20 system. In this
conductivity can be realized when TCOthin filns of

figure, thet W for gssami’'s VY20 sysienndy @obalized by aclsidetof wiity and all other
oxi di zi ng chem cal additive during the vapor

data is intéfiefdd k8" 9&@%{\?#%%@%%{ ;’V%}eﬂoels}%lal%h%‘l‘@o %1)8\9/ ik (Rlta for system

conductivit uced TCO systens

Q. 1-3 and 070622, sanples 1, 2 and 4 of
AFG 070 t Besgag'?%lgén@'ikqﬁé‘enti onas conpared to online produced

o111 3, RSO ASRsi o 00" i A5 bl 1110

i ncluded. [0111] As can be seen, electrical
and 1022 shew OPeR gitculf veltadendats talcare. abbeshvaperioximately 99.0% and

97.6% that of the VU20 system, respectively. TCO system 070622, samples 1-4, show
an increased open circuit voltage when compared to standard system AFG 1119. TCO
systém 070808, samples 1-3, show a distinct increase in open circuit voltage when
compared to standard system AFG 1022. The increases in open circuit voltages can be
attributed to morphological changes of the surface of the TCO thin films (data not
shown). TCO system 070622, samples 1-3, display open circuit voltages that are
approximately 99.6% that of Asahi’'s VU20 system.

[o118] Figure 10 shows PV device efficiencies for PV devices incorporating
online produced 070808 and 070622 systems of the present invention as compared to

online produced standards AFG 1119 and 1022 as well as Asahi's offline produced
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systens 070808, sanples 1-3 and 070622, sanples 1, 2

and 4 increased at |east about a 12% after cooling to
W@ri9oesa383 enperature from el evat ed t enper at ur eBCEES2008/012409

conpared to online produced standards AFG 1119 and

VU20 systeidAn thi fi ciﬁth'bs trﬁ‘bﬁmlérﬁiléofﬂr' AShRS/99H ' ng@% Pbﬁﬂé‘iized to

nitrogen moSpher e Th;e subjhecg t
t
avalue Of@hﬁ?%’é‘%é@%@%hgg%%‘?ﬁ%‘é?mﬁed%sﬁgadarq ineME9 flue. Also
snown is ARt 5B hEE B D520 Bt S Bt oS et ot b
phot ovol tai ¢ devices are wel |l known to those of skill

discussediin detail grein.\Wien TCO thin filnms of the present
i nvention are incorporated into photovoltaic devices,

{0119] the\slahmsnm*sovuamsyﬂmnmmedabfumﬁyem AFG standards 1119
approachi ng those of Asahi's offline produced VU20

e
o 1022 BRI VS of (S0 Bl S0 230t of e

V0 sy DEsBERRN SRTAS Bl FRBAISE | BBl ana o70a0s,

s offline progduced VU20 system In this figure,
samples ﬁesq‘ﬁé% arnom%aa%ﬁp §g"9@mys\y§erérﬁq@%¢rta| bqtédstaagard systems
lue of unity and all other data is interpreted as a
AFG 1119p@m¢éﬁeagEObsystam VO£H 0vab22. saxnple 4ksbawedshddiest bffrcuency at
system AFG 070320 sanples 2 and 4. [0115] Wth Asahi’

approximail (965% sthatnofi dxsahi's AHJ20 aysteintyFot BEstéRrCTOGTa8dS8, sample 2
1119 and 1022 show short circuit current data that are

showed theltids®eFiodfdyy. at réfthatefedgvaith el off Aga YE’%?U iS5,

respectively systens 070622, sanp es 1-4 ow an

01201 ;r;f@%mi%weﬁmnnvc%@z%gréeca«% SHERR, ng, 30 onie
produced gﬁqf 70 08on Slngs ?ﬁatzdgrrﬁ%ngtra e%wa a})osslt nggcsucltlr(])(r:\r |%%fse%slenm the
electrical conductivity without a decrease in transmittance. The increases in electrical
conductivity brought about by making TCO thin films of the present invention have been
observed at about 9% to as much as 57%, which can be attributed to the decrease in
the barrier height at grain boundaries for electron transport by reducing the grain
boundary with post-production cooling.

[0121] Vapor deposition of tin oxide thin fims in the presence of oxidizing
chemical additive is the first step realized towards achieving this post-production
increase while simultaneously preserving the optical properties, such as transmittance,
in the pre-production stages. After the TCO film has been deposited on a glass

substrate, exposure to non-oxidizing or reducing conditions at elevated temperatures
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circuit current. The short circuit current data for

the remai ning 070808 sanple 1 does not show a marked
wopwpessse; if at all, when conpared to standarRCHESR008/012409

1022. The increases in short circuit currents, when

b ' : Co
allows for fingravartents B0 oRE SRtk bPbetfs BEIGFINC0 Min fimshat, when
. sanmpl es_2 and 3 display short_.ci r?w currents that
incorporated inta @ 7 ¥ mogile 'ﬁaég%’ adnemelfigient FV devee- s vuzo

system [0116] Figure 9 shows open circuit voltage )
[0122] dataoductiamimethodsooficRY mwﬁmsogoraﬁeatmméfﬁosgyneﬂlms in
of the present invention as conpared to online

accordancerwitihvahd presantaindentd® viil ke secbgriz] by thesé afsskill in the art.
Asahi's offline produced VU20 system In this figure,

iti eh¥8find O hedScald20rea¥biee s theonitial i e 0P BV module
Tradltlonalwl Uggg?é u?}?ﬁaaﬁgagll grt her data is interprgt ed as a

productiongj'r gﬁgﬁitﬁ%ilg%%agﬁ% r\égbgﬁéﬁ ?n}oa?@%%té W?ﬁ&%séﬁﬂng step

dsclossd Heradh S48 SR B ASRAR o e e b By oSSR iap ence.
at best, approximately 99.0% and 97.6% that of the .

the inventarsof thessubjgct maattercefi t%@ presewonygatiehave demonstied that it is

1-4, show an increased open circuit voltage when

possible t6 cagupteskistings iglasdaprbductivaniedholbgy or Peadagtireof PV module
070808, sanples 1-3, show a distinct increase in open

componerfig f Cui t vol tage when conpared to standard system AFG
1022. The increases in open circuit voltages can be

ror231 2% TSRy Y BROGROIEAT e (gt G AR ToP'a post-
procucion, fasrageith e HanchioakRsH e £Eh 1¥E gghrosents an
avenue fo? é;f:g;su{g%f&eg i EL@%LE@%& ,S\Aﬁhémmﬁwaﬁgfa%(tegriirgzgeoﬁlfirﬁei QI'IC%] (t:riliﬁ Sﬁlms as
compared to TCO thin films manufactured offline. Hence, the subject matter of the
present invention represents a viable method of allowing PV devices incorporating TCO
thin films disclosed herein to become more competitive with traditional fossil fuel
energies.

[0124] 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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onl i ne produced 070808 and 070622 systens of the
present invention as conpared to online produced

WG @nMsa38s AFG 1119 and 1022 as wel | as Asahi ' BCDUS10081¢12409
producedVU20 system In this figure, the efficiency,

WHAT IS CLAIMEDAR&hi ' s VU20 systemis normalized to a val ue of

1)

2)

3)

4)

o)

unity and all other data is interpreted as a
per cent age of the VU20 val ue. Al so shown is data for
system AFG 070320 sanples 2 and 4. This systemw ||

n e di scussed. in detail herein. [0119] Wth Asahi's
A'Qﬁ%begﬂté'? %8§ﬁ‘&fﬂ%ﬁom8"ﬂﬂ9ty, t he AFG standards

1119 and 1022 show efficiencies that are, at best, :
a) pIppidng awubstiate)os and 92% that of the VU20 system

respectively. Both TCO systens 070622, sanples 1-4 and

b) defasittg a fimtllaper brdatsbast apoitivnr sfahedubbfratd; ency when
conpared to both standard systens AFG 1119 and 1022.

c) dePostiy & Fetbhdt ©h/eh 2 atiBEM § phrt fiat h i
) effi ciu?ncy at approxi mately Qgg}) m#g\fé'&saﬁh’y@gt\?&coompnses

g . T Le. 2 .
an BHEELTT 61 af TR L, YRR 1P P 4RI e gresence
VU2Q t 120], The TCO of th t i ti
of L RHARY S9% A0 FpraR ERPRral G Ao pr oduced TOO
thin filmon glass that denonstrates a post-production

d) icrelingsthej gubsisate, clber ficd! layendard i thet peapdolayen to ambient
decrease in transmittance. The increases in electrical

tempenatuce iunidey obecafg noabmdidizing oreteduginiCatrabdsphdre) whendby the
the present invention have been observed at about 9%

elebtﬁcalscdﬁﬂlmiﬂ% o7 the ¥éuiond 1698r Ranérelhsbd Byast 1IEQst dbbut 2% when

decrease in the barrier height at grain’boundaries for

corﬁ&&%ﬁigﬁg‘, gﬁg?ﬂé’ Ebb%l?‘%t%?ﬁ'tégf}irgﬂaty%? aflf E“aé‘ s@%ﬁts ga{ 6?@) Hhbient

ost - pr u on coo apor eposli

ost product Pon “coor 1ng: T desssitr
tempiekafi, BRctint ipict athospfele St op 1 0al 1 zed t owar ds

achi eving this post-production

The method of claim 1, wherein the substrate is a glass substrate.

The method of claim 1, wherein the second layer comprises tin oxide, indium tin
oxide, fluorine doped tin oxide, aluminum doped zinc oxide or zinc tin oxide, or

combinations thereof.

The method of claim 1, wherein the second layer comprises fluorine doped tin

oxide.

The method of claim 1, wherein the first layer comprises silicon."
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6)

7)

8)

9)

10)

11)

12)

i ncrease while simultaneously preserving the optical
properties, such as transmttance, in the
WEe@pssssiict i on stages. After the TCO fil m hasP@EES2008/012409
deposited on a glass substrate, exposure to
[
Th%1 %tgéﬂé ?)E Fz“'eds}gl f H‘F{Hégﬁr‘;sgv r?g r(]:teﬂg)fr@efs]%llﬁi fiqhe form of an
rties o theT hat when
oxi %-éﬁﬁ}gﬁr%ft% 98, <P @erﬁa ¥ads to a nore
efficient PV device. [0122] Producti on net hods of PV
nodul es i ncorporating TCOthin filnms in accordance
with the present invention will be recogni zed by those
Thefmaetkod| ofi clainhel,awherein dbié tfirsh llyey congarisesgsilicate oxide, silicon
reduced pressure is the initial step of PV nodul e

diogided élico@MitridBOSRiIcBh ciyhittidé Nsiliéén dhibide Idr diR@POBkycarbide or
and appreciate that the cooling step disclosed herein

corfiBinali6ndflapbsd to be the initial step of PV nodule
proguctl on. Hence, the inventors of the subject matter

of the present invention have denonstrated that it is

possi bl e to adapt existing glass production t echnol ogy

for production of PV npdul e conr'ponents [0123] The
Theymathiod pfc'@fmén veiereindbe fices layer campHeas sifieon axycarpids:

a postproduction inprovenent in the electrical

properties of the TCOthin filmrepresents an avenue

for decreasing the tinme associated wth manufacturing
Themhethed T6PRlaim 1, WwHereinathec oxidizieyl agentl isCsélattedk frobthe group

manuf act ur ed offl i ne. Hence, the subject matter of the

corpsﬁ 6f PUEE , '02BhES QFo‘i(uﬁesV 'rﬂhj%%c{ifﬁitﬂﬁgtle%%nntes, nitrous

ng PV I cés |nco porating T

o za.%ﬁma. S T ST, chorts,

sent nventl n has been escrlbe with respect to
perghEaies bNRIg: Reres 2N COEBRIRTIEIRAL o 1 he

specific det ai I s set forth, but includes various

The method of claim 1, wherein the oxidizing agent is selected from the group
consisting of nitric acid, nitrous oxide, hypochloric acid and sulfuric acid and
combinations thereof.

The method of claim 1, wherein the oxidizing agent is nitric acid.

The method of claim 1, wherein the elevated temperature is a temperature in the

range of 200° C to 800° C.
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13)

14)

15)

16)

17)

18)

19)

20)

21)

changes and nodifications that may suggest thensel ves
to those skilled in the art, all falling within the

W@ ewpesssss t he i nvention as defined by the fol | B&U/H§R008/012409
claims. WHAT IS CLAIMED I'S: 1) A nethod of making a

Thé H’léih&% P LRRAPT | 'ﬁﬁé}ﬁm fhe é’lé%{{eﬁ' t@gf?t%réﬂ}ri; Qttgm(g%)r?t#re in the

depositing a fi'rst er on a

sub tr epositing a second |layer on at |east a
rangg ﬁsg}tcﬁ%&f(ﬁrst | ayer that conprises an oxide of

tin or an oxide of zinc, wherein the |layer is

deposited in the presence of an oxidizing agent at an

el evated tenperature; and d) cooling the substrate,
The neethod <if dlaiprer!, avivbreinethecnomaxidizieg atmosphesnis selected from

tenperature under one of a non-oxidizing or reducing

theatgrmgphﬁmenstmgebﬁmcémsel@@@gIaﬂayl cetBoAt monoxidd, hitfrogen,

second layer is increased by at |east about 2% when

nﬂrSﬁgﬂ?aﬁéﬂJ Ofa%)cmr l%}gpttoiﬁe neoRS eAbR: v %E@urfn' rrg&rxélg%‘i{laéﬂgs and

e secon anbi ent ' tenpetrature un

aﬁb g ﬁFgDsPhere 2) The nethod of claiml1, wherein

conpiRatonzNeie® i s a gl ass substrate. 3) The nethod of
claim1, wherein the second | ayer conprises tin oxide,
indiumtin oxide, fluorine doped tin oxide, alum num
doped zinc oxide or zinc tin oxide, or conbinations

The metbod .of glaihd, mdtereinh thie pomioxidizinglatmeisphere iss selested from
| ayer conprises fluorine doped tin oxide. 5) The

the@bhpdoﬁﬁlsmh%bﬁhitrog&heéfgd”n ahe cohbinatiotisethefautpr i ses
silicon. 6) e nethod of claim1, wherein the first

| ayer conprises silicon in the formof an oxide,
nitride or carbide or conbinations thereof.

The method of claim 1, wherein the non-oxidizing atmosphere is nitrogen.

The method of claim 1, wherein the first layer has a thickness of 400 A to 1000 A.
The method of claim 1, wherein the first layer has a thickness of 600 A to 900 A.
The method of claim 1, wherein the first layer has a thickness of 700 Ato 800 A.

The method of claim 1, wherein the second layer has a thickness of 300 nm to

1200 nm.

The method of claim 1, wherein the second layer has a thickness of 500 nm to

1000 nm.
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22)

23)

24)

25)

7) The method of claim1, wherein the first |ayer

conprises silicon oxide, silicon dioxide, silicon
WoRaopI0s8385 si | i con oxynitride, silicon carbide BECT/US2008/012409

silicon oxycarbide or conbinations thereof. 8) The

nmet hod of claim1l1, wherein the first |ayer conprises

silicon oxycarbide. 9) The nethod of claim1, wherein

t he I di zi.n nt is.selected fro he grqu

The. BiREAEd BhElaR fiersby gB% ebsfiisioR at It @it st aver and
acid, nitrates, nitrites, nitrous oxjde, sulfuric .

secoRddayer s icerasesk by atrlaasisabentdénvBen compared to cooling the
chl orates, perchlorates, bromate, borates and

substrate, rthei fost layee apdf thelsBconidelayer toodmbient] tampetature under an
wherein the oxidizing agent is selected fromthe group

ambiems afrhosishere. nitric acid, nitrous oxide, hypochloric
acid and sulfuric acid and conbi nati ons thereof. 11)
The nethod of claim1, wherein the oxidizing agent is
nitric acid. 12) The nethod of claim1, wherein the

t > rature s a.tenperature in the range of
An%gxgo?gnz@@@)%tﬁ&uﬁlpfh%orﬁgflﬂag. of claim1, wherein the
el evat ed tenperature is a tenperature in the range of
a) providing @ sybstrate; 14) The method of claim 1, wherein the
non- oxi di zi ng at nosphere is selected fromthe group
b) depesiting a§radfaygrcrnal leasica godionl ¢fithe sebstsate; nonoxi de,
hydr ogen, nitrogen, helium argon, krypton, neon,

c) ™epositing aa ussgonde tayarngverl as rieastaadportion whtthenfirst layer that
thereof. 15) The nethod of claim 1, wherein the

corpfiséBoil &f B oXdBPSPIEbEah DxRIY S Wh&®ld he group

consi sting of nitrogen, argon and conbi nati ons
the! Q&E&fg layer is deposited in the presence of an oxidizing agent at an
elevated temperature,
whereby deposition of the second layer in the presence of an oxidizing agent
lead to an increase in the electrical conductivity of the second layer

of at least about 2% when compared to the second layer deposited in the

absence of an oxidizing agent.
The method of claim 23, wherein the substrate is a glass substrate.
The method of claim 23, wherein the second layer comprises tin oxide, indium tin

oxide, fluorine doped tin oxide, aluminum doped zinc oxide or zinc tin oxide or

combinations thereof.
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26)

27)

28)

29) -

30)

31)

32)

33)

16) The nmethod of claim 1, wherein the non-oxidizing

at nosphere is nitrogen. 17) The nethod of claim1,
wob@pe58383 he first [ayer has a thickness of 40PCHUS2908/012409

1000 A. 18) The nethod of claim1, wherein the first
The BXTHOBZ T 20 WRSTRIR tnd ey fa i edinpss, Aline doped ti
oxicigi ckness of 700 A to 800 A. 20) The nethod of claim

;" wherein the second | ayer has a thickness of 300 nm

to 1200 nm 21) The nethod of claim1, wherein the

second | ayer has a thickness of 500 nmto 1000 nm 22)

The nethod of claim1, whereby the transm ssion of the
The oisthedioéclaim 23, wheyein the dirstdayerdcdragrises silicorcr eased

by at | east about 2% when conpared to cooling the

substrate, the first |layer and the second |layer to

anbi ent tenperature under an anbi ent atnosphere. 23) A

[ [ ‘< &)

ThéRiciREy of c%ﬁh%ﬁ? g\g'lérginrlhfe flr &t I???ﬂ;ct%rﬁgﬁges Silic ﬂi’fh@ fBﬂ'g of an

a substrate; positing a yer on at | east

oGS ED FlsaBR AR ERRELL 19, 2, Sopore v

conprises one of an oxide of tin or an oxide of zinc,

wherein the second layer is deposited in the presence

of an oxidi zi ng agent at an el evated tenperature,
Thevmetbog afeglaim 230 whsreinhthes fitsd tayaragampiises siicon exdéde; ssilicon

of an oxidizing agent lead to an increase in the

diogile¢ silicoalnittided siticowi dxynitfidé hsiliser eatbitleys' sitdorfbxycarbide or
| east about 2% when conpared to the second | ayer

corfSinatibh& thdr8of e

The method of claim 23, wherein the first layer comprises at least silicon

oxycarbide.

The method of claim 23, wherein the oxidizing agent is selected from the group
consisting of oxygen, ozone, peroxides, nitric acid, nitrates, nitrites, nitrous oxide,
sulfuric acid, sulfates, persulfates, hypochloric acid, chlorates, perchlorates,

bromate, borates and combinations thereof.

The method of claim 23, wherein the oxidizing agent is selected from the group

consisting of nitric acid, nitrous oxide, hypochloric acid and sulfuric acid.

The method of claim 23, wherein the oxidizing agent is nitric acid.
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34)

35)

36)

37)

38)

39)

40)

41)

absence of an oxidizing agent. 24) The nethod of claim

23, wherein the substrate is a glass substrate. 25)
wab@oneskod of claim 23, wherein the second | ap&r/US2008/012409

conprises tin oxide, indiumtin oxide, fluorine doped

tin oxide, alum num doped zinc oxide or zinc tin oxide

or conbi nati ons t hereof. 26) The nethod of claim 23,

wher nd Ia er.conprises fluorjne .do
The) atBod o Taife 20 WL Bt e SBieea. tapRarel S il fampgfature in
| ayer conprises silicon. 28) The nethod of claim 23,
thewneg@pﬁZBBeCftme °lGyer conprises silicon in the form
of an oxide, nitride or carbide or conbinations
thereof. 29) The nethod of claim 23, wherein the first
| ayer conprises silicon oxide, silicon dioxide,

Thé Inhe-tﬁ@a ofi dlaihtl 3, WHéréWtr@Xdlébéfédd%mﬁérlatLﬁéﬂsCélltélhﬁérature in
or silicon oxycarbide or conbinations thereof. 30)

the'FFBQQ%f%o@{:%“?s’o% cWwherein the first layer conpri ses

ast silicon oxycarbide. 31) The nethod of claim
23, wherein the oxidizing agent is selected fromthe
group consi sting of oxygen, ozone, peroxides nitric
nitrates, nitrites, nitrous oxide, su

Thgme&hogmfplﬁlr@séB peherein thetirst layes hasa tmclg@sg "of 400 A to 1000

chl orates, perchlorates, bromate, borates and

A. combi nati ons t her eof . 32) The nethod of claim 23,
wherein the oxidizing agent is selected fromthe group
consisting of nitric acid, nitrous oxide, hypochloric
acid and sul furic acid. 33) The nethod of claim 23,

Thef tﬁba‘ of EI?lirgi)QSd %ieﬁ‘@ nAtBE Hirst 1By tlﬁéé 5 tﬁgkﬁeé’s‘%f 88FA to 900 A.

od o erel nt evated tenperature
IS a tenperature in

The method of claim 23, wherein the first layer has a thickness of 700 A to 800 A.

The method of claim 23, wherein the second layer has a thickness of 300 nm to

1200 nm.

The method of claim 23, wherein the second layer has a thickness of 500 nm to

1000 nm.
The method of claim 23, whereby the transmission of the substrate, first layer

and second layer is increased by at least about 2% when compared to when the

second layer is deposited in the absence of an oxidizing agent.
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42)

43)

44)

45)

the range of 200 Cto 800 C. 35) The nethod of claim
23, wherein the elevated tenperature is a tenperature
w0 poovfass3sange of 450 C to 750 C. 36) The net hoRCD1S2008/012409
claim 23, wherein the first |layer has a thickness of
thod of claim 23, wherein
Aﬂﬂﬁ@"ﬁi"ﬁ%{épg&r (gt?sgq?%lldg@ngss of 600 A to 900 A 38)
The nethod of claim 23, wherein the first |ayer has a
t hi ckness of 700 Ato 800 A 39) The nethod of claim
23, wherein the second | ayer has a thickness of 300 nm
A thig fimaoaderby g processef IfdiMo23.cl ai m 23, wherein t he
second | ayer has a thickness of 500 nmto 1000 nm 41)
The nethod of claim 23, whereby the transni ssion of
the substrate, first layer and second |ayer is
A phafdv@ﬂaﬁoaéiuc@éoﬂngﬁ%gamm it rvdRNb ¢ e aictitod 6f BERA 1.
the second layer Is deposited in the absence of an
oxi di zing agent.42) Athin filmnmde by the process of
claiml. 43) Athin filmmade by the process of claim
3, .44). A phot ovaol t.ai ¢ dev S af hi fllm
A pigipyolipic Yo SoBiaiSing 4 i i FABE b IS B g
device conprising a thin filmmde by the nmethod of
cl ai m 23.
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