<1~ 7 April 2005 IR 3468 CI P SOLAR CONTROL COATED GLASS David A Russo

‘CdemsS. McKown Christophe Roger Jeffery Lee Stricker Reference to Rel ated

\bpli cation The present application is a continuation-in-part of United
ates Patent Application Serial No. 09/249,761 filed February 16, 1999

which is incorporated herein by referenke. Background of Aprl@0$on This

| hvention relates to coated glass used in residential, architectural and

vehi cl e wi ndows and mi scel | aneous applications where bot h solRaB468CH ol and

low emssivity propertie T g‘aﬁ‘ﬁor sol ar control and
~low em ssivity contain tﬁ%%%@ﬂ?& @‘%@Eb@ The invention
.avoids the need for an anti- iridegssi€¢d. Radey | ayer. The glass articles may
be of any shape but are typically tle?ﬂs MckoWwved. The gl ass conposition
. can very widely but is typically ss produced by the float
process. |t may be anneal ed, heat oFte or tenpered. Description of
Prior Art Solar-control is a tern'iI §% he property of regulating the
- amount of solar heat energy which is aI I ovved to pass through a glass
“article into an enclosed spR&Brade o RG1fted Ad¥icafop’ an autonbile
interior. Low emssivity is™a roperty of an article's

. surface wherein {lhe pessot ppplinatiands elntmmmnatlmi-m -pard -of dAgiced Sfatesr Palent

i he ooy APRYBERSS AL DR0ASLRS, AR RERaRy Moy ISR Whichoh it * "

radi ative hasptierferéiceneat transfer to and fromthe low emssivity
surface (sonetines referred to as Low E). By suppressing solar heat gain,

_- bui I 'di ng and autonobile interiors are kept cooler; allowing a reduction in
~air conditioning requirenents d, costs. FEfficient |ow em ssivity coatings
i nprove confort during both su L 1 I ncreasi ng the thernmal

| f '
i nsul-ating per OTlﬁ&ﬁﬁ&r@ibn&elMdﬁdQ%atear%IZssAEEd bin ?&ﬁ:@nﬂﬁl%tg%%atl @nd

connerC|aIIy accept abl e coated gl ass articles 0SSess

sol ar - cont r'¥shicie #indayy. ds@lsﬂﬁlﬂ%nepua)mltcmsnsawhaembﬂcmlmsenntmd: and lowe
processes fgn | t f s and. d rab It |ntenance of
associ at ed prlgmgr ﬂ%?eg%grﬁegg&&edcﬁ ?%&W& kf'ﬁ %rél WEmisgyiny

clarity anccontiih tigbkiole hatingarmbes d‘t?ﬂnf%e|T(h‘él,1m)»@hbﬁld$mﬁ§ﬂ-fériﬁk@mr%ﬁ aBﬁwe been
enpl oyed ta.qeet the  .requirement for solar-control and | ow emissivity

gl ass, howdtidfFscengs %ﬂ@wﬁ ehroglass asticlevmey be pﬁanyeethaatt butgire tytpe:aﬂgrﬂﬁbr mance
requi r ementet cufyedn ’ﬁﬁ%vel ofios @f?ﬁ% calf Y ﬁr@&irly batispi cﬁﬁ/agcl alime glass' > ©AYSC

i ridescent colors to
produced by the float process It may be annealed, heat strengthened or ternpered

Description of Prior Art

Solar-control 1s a term describing the property of regulating the amount of

solar heat energy which is allowed to pass through a glass article into an enclosed

- space such as a building or an automobile interior. Low emissivity is a term_
describing the property of an article’s surface wherein the absorption and emission of
mid-range infrared radiation is suppressed, making the surface a mid-range infrared
reflector and thereby reducing heat flux throu gh the article by attenuating the radiative

component of heat transfer to and from the low emissivity surface (sometimes refeired '
to as Low E). By suppressing solar heat gain, building and automobile interiors are
kept cooler; allowing a reduction in air conditioning requiremenfs and costs. Efficient
low emissivity coatings improve comfort during both summer and winter by

increasing the thermal insulating performance of a window.



coated article. This may be caused by the chem cal conposition of the
- coating, the thickness of an individual |ayer or layers, or an interaction
of the substrate and coatings to incident |ight. Such iridescence can, in
some cases, be ninimized or elininated by placing an anti-iridescence

| ayer between the glass substrate and tt& first coating7 Apmd 208% of an
interference |ayer between the glass and a subsequent functional |ayer or
|l ayers to suppredSportantde cemeereinlly agceptablsicoated ghass artisles whish postesshost r at ed

b | . subi fU_S. 3 i d Feb
Y Toko g RoniiaatiiR SisSk Binerlics art ol iRy fonotti PR o |
solar cont q:gelbdlgmﬁie A%icRY hﬂ@amaimhﬁcﬁﬁm&énﬁn%eagwﬁgcﬁtéi ;grgﬁ%rgaésuéh 480, 149

~(McCurdy el .y, 14, 1998) which applied tw yers tarn solar
control on ftight sansmissinm yisibiligy solontdaritgasd cefléctipnr . The interference | ayer

reprosents adr i aspEEReIRS Sl toRoRigi At beeh SR B mest 5 don
represents a ra u _ on
type under | getirefrenClonblat-comtdlnt sl ealifvit/ HakahoRves; M@T@éﬁteﬁi R4 oses

conposi tions of coatings useful in producing "radiation reflecting
(sol ar - cont Pécpsséillsmet all of g perfompanse aequitgmentsinsnedondmtc maremef.i r st

- coating, adhered t he,.ql ass, supstrate, being.conprised of,tin oxide doped
“with a relati ve&/ﬁm %ﬁ“ﬁ%’\f’éﬁ G Hﬁ%?’fs ?a“ﬁg‘{eéé%ﬁﬁdg‘ﬁsatloidr‘?ﬁelf’g i the,,
conpri sed oOtodi¢dnartidled ThigRdy be caRieaby\hd bhetnit&ll Rirptsition! dTihd &48hg Ofhe

antinony. The two filns may be -superinposed, one on another, or iy be
appl i ed t o Bpgkesss of ap dedivisiual fnyey prdayerss s intesaction of thecsubstate anithese

oropert 1 os TopPREH RS paRL, SO0 Gtqlsl e oA A SoBfioe Bl Bty
absor bi ng gtlimmandbygsiecing ancarivisdéscehdtClag@ Betwekh the)t3ass RLBstReAindEMmer 9y
- that is trapsferred to a working fluid for heat transfer. Accordingly, the
~ coated gl asirshpR¥MBs The yseaef arBusrémendedayasiberwenmibe gings hnd 3 -suliseapent| 2005
072 e S RRTAT TP & byisto ABRRR IR COR PR SARYE Bs BR e
si de faci nglenmmstrate) bg RbytGreGortibnjiadd vas tHeaabjetr R SePateta 1871336 iBdiedl Nsi de

surface of e. gl ass....The coatings, conprise a first coating of mnetal
oxi des depoé‘?q’t%gwga- e Qerdan echinglogy hag beenwhiestate of thesarhfor cogisdselasd from

tin, anti MyMtrol M quﬁg' n : | i
deposi ted on %r ﬁ%a@fq?stjdsg}te coat ﬁg” E%I@gﬂt es%fe?iﬁg% ?ﬁ%&%?ﬁe‘%ﬁ%ﬁ%@@ﬁgg g‘?s’. The
filnms as daty bhd@98) whicheapplied two layersib obhiie sélencmmiot sirotep ofadserdos eachi ng
on the control .ngf refllect edm_%ol or.is % ven, US Patent 4,601,917 teaches

li quid coat PPy BBIREeIRYHs T pleratrar B’YﬁT Eraueady) conpaing silisom dioxidenance,

f1 uor i ne- dcaegridingly Ok BesEtdhycin RprEBRI: BhmYAREak AR L] dilinfle Of the
uses of such coatings Is in the production of energy-e clen W ndows, -
al so known theingeddor a Swederstypewndertayet toveohitred redlevted chlerhods of produci ng

the coated gl as e, al q ribeld. This patent_ does not_teach how to .

produce coat.ed M tisF BFFS[EBE’?B@EO%?%O%?%%“}E I RSPAURIRE | ow

eni ssi vi ty radigf feflecting{SolRAtSmiolfg RS AtQ8ast Ao LSHRgs bt vsabWiR ld fikgi sha
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Toyota Chou, describ )
coating, adhered to the glass substrate, being comprised of tin oxide doped with a

relatively high level of antimony. The second coating is also comprised of tin oxide

and is doped with a relatively low level of antimony. The two films may be

superimposed, one on another, or may be applied to opposite sides of the glass

substrate. In either case, these solar-control coatings do not contribute significant low
- emissivity properties to the glass article. |

US Patent 4,287,009 teaches a heat absorbing glass designed to convert

incident sun rays into heat energy that is transferred to a working fluid for heat

transfer. Accordingly, the coated glass absorbs at least 85% of the solar wavelength




gl ass coated with infrared shielding nultilayers conprising a visible Iight
transparent substrate and an overlying conponent | ami nation consisting of
"at least one infrared shield layer and at |east one interferential
reflection layer alternatively lying on each other...." Indium oxi de doped
Wwith Sn is used in the exanples as the indtared shield Famil2868 Ti 02 was
used as the interferential shield layer. In order to reduce iridescence
the infrared 8R§%Tays pag bas aselativelyilowesntissivity charactefisticof less thay@x2.t Thekness

 Govi at’on of piHfesbe SNSHIAoNShe STHE e e SISt silesaeias BrshmAndthens
are di scl osedluidforhbst transer esrabtSihedhsidd fivfkte 8Mfle gﬂﬁs.i mﬁgé@ﬁeﬁgé*ngh%e N

reflection I%_er sych as Sn02, with or w thout dopants,

“lines 12 to 3yt coptingobmetal pxides slepesited omrihe smobtinglass lagepehichivtes kRyer s
of the prese | | ccoppli s solar control, low emssivity
and anti-iri g%lg%:tg%?g}dwa{)’h%@@o qlﬂﬁ’ﬂg"’gﬁ?‘éﬂmﬁ? second icoptingf metal exdeson i s
nei t her di scdepmitedion tigxBrpLodtingtheleotedURRN cSsantd HB56 PRt ?Rel
reflection. US. Patent 4,583 81%1?(1;] SO assi_gr_lesa to%&ﬁagusﬁ?kﬁg' al sﬁgmlagyota
Chou descr i Beusnediuillhaxg venslemeyigiblesrmsmissiensranidstol tearhirig dmtheicodiroloft i n
oxi de aver| aygf.st | piong different amounts of tin. Antireflection

| ayers, above gﬁeggﬁg&vﬁﬁg%ndi um tin oxide layers are al so descri bed. .

QO her fornul at i on¥SdRatenk 4,60 QSET tfadkiestity@id dtfatiak 8smpdsit] g shy.el d
| ayer and the int er.fgﬁrpgn lal reflecti otr?.eal1 ayer -%uchpaé %rﬁ% IJmvvld’%'tgﬁ{ta{u‘Llopant
1

that becomeSalith orrRnce; {orne-dppert Hnofxids coatitigsasy Shemieal Aapor Nb,

Ta, W or "Md&yosi® ' F_which readi | y. becomes a negative ion
with a val _enc?%‘?@‘i’, ® ggzmec‘g#ﬁprﬁg% clolgﬁlgs ‘i—?‘&‘&pﬁ ue ‘%&g?&rﬁfﬂgl%eci fic
conbi nati on winddepedsadndRieinehetradefas IGWHE GHISW B vindOWAN MARods?broducin

| ow em ssivity and anti- 1.ridescence |%

acconpl i shes, sol ar, shi el di ng, )
nei t her di sctflﬁg%eq]élﬁsseai%ﬁlﬁgﬁﬁcé@?d-fﬁ@ﬁ patent doss opticanhtlwow forprodicd eodted/ er s
nor any teacdladidGr 1 d ok d i 1 [yl t he .conposi tion of such
ayers, o9 the 2%%?%???5%%%?“&5@“{%ﬁn%@?%g.lgﬁmgm FibEPeehe not ed
~that the teachi ndUS RatentdcF04i09, awizmeil 16 Kabashile IS Toyol ORGD :
(indiumtin, é' g eas | he. .instant patent _appl?yg:at i on,’dg%}g\slés;yer
~ must . cont ai rgq asgl %tFigghtlnﬁwgﬁL‘e&%mﬁgaWh@mP%ﬁ%?V@@IPESMM@MB 880,
assi gned t o skbdtiatdgHdom : i i1 lgh act.to inhibjt
m gration ofs- al kal i rretdglegl ons f r%&r%%gt Igﬁlgl{sdéﬁéﬁbgﬁgt? onfg?folgas&g{]e ﬂ"bﬁ'areéﬂl or
suppr essi ng shigifblayeryaad st fegst @eanteyferegtinineflectionh lapdriatreiriatigel9 lyiag 66 eidhcal | y
conduct i ng |y (LT Sa me of t(&es col gr .suppressing layers are used in .
sol ar-control of" mexdg PF§“@}ﬁ'aggl%%%gmH@t%lﬁple@ssmwmd,slgem 634
. assi gned t oldsleaaad bR, Oy | 1C ' foti oxi de, :
cont ai ni ng a@r?ixt ure 5_f ﬁ&ﬁﬁ%%ﬁ?ﬁﬁ%h@ﬂyﬁ%ﬁg&% c%ﬂaiag%fréﬂ rﬁ?‘é@s and
ilrrIS)ar L ISHI% It Hideseanss the lgg’amdohlaeld [hg(::‘ ﬁm:t: tﬂegnséit’eedm% teflechiee Ié@ér micg)cﬁ&ssrms_t
. 5. a assi gne r or Conpany, describes a
gl azi ng arﬁa%? %’a%gg'lﬁf)%djfgng Sﬂg??fﬂ?‘?’g‘fl? aarflP%ébwtbmpeewslbkgd@mmoﬁ ng an
optically ffront73%aé 130RMahbity/ah ATRuLE olRIEHuIRINS We BlasRudr Nt o)

“and a thinner, anti-iridescence '

infrared shield layer and the interferential reflection layer such as SnO, with or
without dopants, (see column 6 lines 12 to 27), however, the specific combination of
doped SnO; layers of the present invention that accomplishes solar control, low |
;:rnissivity and anti-iridescence .with_out requiriﬁg a lambda/4 thickness limitation is
neither disclosed nor exemplified to suppress iridescence or color feﬂe_ction;

US Patent 4,583,815, also assigned to Kabushiki Kaisha Toyota Chou

describes a heat wave shield laminate consisting of two indium tin oxide overlayérs

containing different amounts of tin. A.ntireﬂecﬁon layers, above or below the indium

tin oxide layers are also described. Other formulations are disclosed for the infrared




‘l'ayer which is a multiple gradient step zone |ayer. Antinony doped tin
oxide is nentioned as a possible alternative or optional conponent of the
exenplified low emissivity layer. US Patent 5,780149, assigned to

‘L'i bbey- Onens- Ford describes solar control coated gl ass wherein at |east
three coating layers are present, first apd second trangppriéd®0xoatings
and an iridescence suppressing |ayer |ying between the glass substrate and

the tr anspar chicld yer abde interkhentiad veéction 1452k saéh MPSAOL Bfin'd ASRARED

l'ayers having, rence in.refractive indices in the hear

regi on greater ?lﬁgﬁ'napcfsﬁévedf’? pdthayalense thﬁsus:bgs Sh, B, 1, NbsTh;IW 619db8fan Thi s

_ difference calegsmt3@Phs | ected j.n the pear ion as
- opposed to being absorbelg%ﬁoﬂlgagkk’ Thes |acfée§ahV\?1’f°8hwm9éfaleﬁﬁ¢@ﬁ1 sdbegi ty

properties, §9@ma%2hnasdr7ltmé3)ddimvbvbtmh le6ific c8fB ril
2005 first t % Met al om?gs sﬁg alsdéﬁﬁlg%pegte{i]gno ¥e(§§a(§gre‘

used as the s “&W °HN333NQQ°W§§IFQ§| sedarcshididing) iow endssivitlessd bfied. EP

0- 546-302- B1 ﬁ@-@é@l@ ahi dass Co. This
pat ent descrllbes cogﬁﬁr%théz%%%(?r%afn %{rﬂ& ﬁ%b%?@l‘sn‘?\ég’cmw@a?@de{awcmper ed

. or bent) g &@fsanodnqﬂurg inghaspecification €ddsenbé tHRASRMBoSNoR oF Bl | fér%” de. The
' ' ers. are _used:to overcoat the solar- conffar Igayer o

protection |

(to prevent ?‘%%tf ?ﬁ'%ﬂaé‘i i Wd”‘d@ﬁ'l Kghould aisedte notedathatethe Jeaclfing Zeadotcrthe
control | ayeise ofelysafheRI%p ing, tin oxide doped with .
ant i nony o)r/ fsieuorl ne. Howehl\?zurl% Qﬂ&ﬁnt ’Hﬂ%@eﬁrmﬁ igthe ] ’88%@391102

| ayers of tI‘?é’PbFanm l@yemnustmontmi aﬁﬁ@fmld opRAShaPhAbLIRRMYep! . oW

em ssivity and a e wi thout follow ng Gordon s teachi ngs is

s ¢ |
nei t her discl ose @ssignedytorBitkipgton ALG, s:lescr[hrsénmazpn}ers:at i on
that was pubthishast tb IithBxbhH 13 aré G' ass' Co.
This patent application des%?llﬁges?glk i téﬁoﬁ%@ﬁ as@s rﬁ’&Wsng a

mul tilayer C8&Fi ‘F@P&?ngl Blildﬂglauexgl ﬁxrsov.d dfiffare t
layer is a kg gg? e basegorgrqh%r}ﬂ%ﬁ J%EW

gﬁ%ﬁ met al
or Cu, . the secon 33% F°?18¥1"‘5’€qu§1@8|141@€8>@1¢usamlbamaelcmtroborrret aI
oxi de such Itasemussm»ylgjgs c@ﬁmtlbﬁ ers and | ow eni'ssivity or N R absorbing

conbi nati ons are di scl osed. WD 98/11031 This patent application was
publ i shed in Mar mmgswdtaﬁlawmﬂdi@ﬂmfbﬁoimcg ﬁgdfiﬂﬁs a
- high perforpggee ri,sing a glass substr

_ coatings conpri sf)ﬁfgahgﬁ qﬁ&hﬁsgggﬁ‘?@m?é‘?gp Eﬁ’&nﬁdopémﬁém@@pmglgsslaa@er of a.
met al oxi deimpamting past eralxsivithiang alspxafic ARYENS t Thi s
| ayer may be dop g ungst en, cobalt 1chr om S%Ct@rtgﬁopéﬁﬂgﬁoesﬁgrﬂe ni obi um or
vanadi um oxi de oﬁuéﬂéﬁim é&ﬁgﬂeﬂﬁe Fbtd/MbltorsGompztny, Jie%ﬁﬁbes”ﬂf’giaﬂﬁg doped

tin oxide. of th I'nventi on, :
iri descence@ﬁ%&?@%ﬁ Emfﬁ?/gﬁf %Fnﬁpé"i? §°ﬁ"§‘&°ﬁ€l§ﬂ|§’<§l|géﬂ@@ngaibeﬁunc&mzaboat| ng -

conpri si ng layérduhichixaay be dgw lemiei I Thi s
appl i catloqg)g s}{ugrgt g:rscl osg or \gs}ggtesgartc%g&rgggggfa‘{m%eé ﬁﬂ’aﬁlﬁ%ﬂ"%f doped

Shn2 | ayer Ih A &awtiple gradient step zhae layer ovpitinsdagsddpelian oxide is

mentioned as a possible altemnative or optional component of the exemphﬁed low
emlssmty layer.

- US Patent 5,780,149, assigned to Libbey-O\#ens-Ford describes solar control
coated glass wherein at least three coating layers are present

first and second
transparent coatings and an iridescence suppressmg layer lying between the Blaks

substrate and the transparent upper layers. The invention relies upon the transparent
layers having a difference in reﬁactlve indices in the near infrared region greater than

the difference of indices in the visible region. This difference causes solar heat to be

reflected in the near IR region as opposed to being absorbed. Doped metal oxides

which have low emissivity properties, such as fluorine doped tin oxide, are used as the




control, low emssivity and anti-iridescence w thout requiring a "Gordon"
type underlayer to suppress iridescence or color reflection. Canadi an
‘Patent 2,193 158 di scl oses an antinony doped tin oxide |ayer on glass with
atinto antinmony nolar ratio o 1:0.2 to 1:0.5 that reduces the light -6 7
April 2005 transm ssion of the gl ass. Dopant Effects in Bppay2dsTi n Oxi de
Films, by E _Shanthi, A Banerjee and K L. Chopra, Thin Solid Filns, Vol
88, 1981 pagd¥st&Fansparems dayer.sMetad exidessuchias undopedfin axide arensed # theosetag, and

antinmony-fl ugii.pe . ctrical properties of tin oxide filns.
- The article g‘{eg ng?cpgi sc?ﬁc%’gléglggflgljgg?ﬁégﬂsuaﬁ?ocfég'l' %8s of the antinony
fluorine films noER 04546302cB1 @3usd Allg 6t 1997 Bid {sgéskigﬁ&f?o mhﬁfqla.@‘cé’at ent
escCri

Application , 22302, 101 A assigned to d aver bel es a glass article
coated with afSRAtRhdsFETbescoatingisystamsfonsolacontak heat Gated(tempertdbrbent) an

- Sb/ Sn nol ar I 0 . ith-a visible.tragsmttance of | ess
t han 35% _Théﬁgé‘cﬁlﬁr@%@éa gppt)%c?lgg 1%;;1‘ g%ﬁfgc?ll}s“g W“’(fi?ﬁ)aﬂ’r?d’ra‘ieé“?%la&ﬁdﬁd for
privacy gl asbyerapmdisedto Wco&ﬂk@ofaﬁdbﬁt?&lgaﬁ@@%{pﬁ;&%ﬁ?itﬁroﬁl éﬂH&ﬂ{gcﬂ;ﬁn el | as

thick | ayer Sthw'tag |l ow Sb/Sn ratios which have I'ow em ssivity properties as
wel | as hi ghtI€8R34iregimenthehe § solpr congtol kayen adnysexamplesiare povipiedindlliding 0
provi de one L J: 1.0, at i layers to chieve certain desirable |
optical ,proper?@éﬁoﬁgﬁ,ﬁ%’f érlqeloglg’ %r@%ﬂl W&"Ffer‘%fﬁaﬁﬂ gfgm&ag{agon of |
ment i oned. Toped$hiO;dayérsroftthe phessnniivbhtich &0 YkcdhhInes sbl%i/%ﬁtﬂgf Flﬁv use of
more than one dopant, or. the control of filmcolor. UK Patent pliication
GB. 22302, 10F™HSHYLy, apd antinisidescenes axithopk follnywing Gerdon's tgkehingssisbsdithat e
coated Wi th BscRi¥edRoPE YEer containing tin and antinony in anolar
ratio of from 0.81 ?oé%é.i%,’ﬂfge?fd | ayer having been deposited by CVD ,

whereby the coatER0si355009aA ¢ iswesatent sp;bl&mﬁbaﬂi@%ﬁhﬁfshb&ﬁﬁ%ﬂ% 5996
coefficient) gf. | ess tcran . /. The coatings are intended for w nhdow
appl i cat i on&PGAY FNgRe fﬂnCT%BG@l 1385 <rh-t (T patent applisetion Glesaribes 50hentd

t hi cknesses réfdeein g &l1d : : . ' kN ndercoats are
claimed and. | ow e?n%sgﬁéﬂliﬂggﬁggéggﬁp%{ (é%?{ng ‘{Oﬁ‘gnlf‘%@:ftg? ﬁléésB geaanqsﬁ"d’i ci ous
choi ce of t fyesh/The firsitlayer is 4 kightéfeactive itidex sneaslioidedias@lon CHMA, FRCOHNT Of

¥

provi di ng oRg. re additional coating,|layers_ to achieve certain
desirabl e op ngf‘%ﬁr"?ﬁﬁ@&hﬁ%&‘%@%ﬁﬁhﬁ&%.lﬂ%ﬁ}mbﬁﬁﬁ@mametalpyidbams of

fluorine dopetin bxide.OPped E3BrsRBd 166 BAN Layers or -
fluorine conponents czgr% be "added to t gfvgl%/og%‘ﬁf{raégcg?@%{cg b(’ﬁ’é?%”?ﬁ% _
em ssivity fisFlesedahi ch contain F, Sb and Sn. The last two nethods were not

f avored because toe added. ti nd cost of adding a.third |layer and the
fact that the er q?‘FFeP”%B‘%FﬂPPfIF%W%S publisBed imMawh | dd. No
mention of assigned aOFilkNgtoh PEY, Olt AAHSBA 4 hioH SerbH 3
assigned to d aver bel te%ches a met hod -of gyegpoé?rgl ngﬂ%le g@a -F%gpoi'/g?afsApri I
2005 ) comprising a ‘glgss substrate with coatings comprising a heat-absorbing layer and a

low emissivity layer of a metal oxide. The heat-absorbing léyer may be ametal oxide -

layer. - This lgyer may be doped tungsten, cobalt, chromium, iron molybdenum,

niobium or vanadium oxide or mixtures thereof. The low emissivity layer may be

doped tin oxide. In a preferred aspect of the invention, an iridescence-suppressing
layer or layers is incorporated under the coating comprishig a heat-absorbing layer and
~ & low emissivity layer. This application does not disclose or suggest the specific
combination of doped SnO; layers of the present invention that accomplishes solar
control, low emissivity and anti-iridescenc_e without requiring a “Gordon” type

underlayer to suppress iridescence or color reflection.

Canadian Patent 2,193,158 discloses an antimony doped tin oxide layer oﬁ

glass with a tin to antimony molar ratio o 1:0.2 to 1:0.5 that reduces the light




‘by the spray application of solutions containing tin precursors, fluorine
contai ning conpounds and at | east one ot her dopant selected fromthe group
anhtinony, arsenic, vanadium cobalt, zinc, cadm um tungsten, tellurium or
manganese. Previously, glass manufacturers have managed heat transport
through wi ndows by the use of absorbing-@gnd/ or reflectihgpaba®iings, gl ass
tints, and post-applied filnms. Mst of these coatings and filns are

desi gned to dmsmisionfyheoglessporti on of the solar heat spectrum either
the NIR, i.e. ne inf%ﬁ, red conponent of the el ectronagnetic spectrum
having a wavel engt PR £HEF BheRraped F500xide Gmsnhy FoSharithi, i BanBrjecaponent
of the el ect KQha@ rg,cms'ﬂﬁ)gg- ' wavel ength on the range of 2.5 -
25 mcrons. A pro ;‘1(;3 has %&egg}n ’gg%’g%égg p%&?ﬁ??@ﬂl Odiseuspesithe efdeats of
spectrum ho#eimensiluctiae cotd antitmingdhiRdrive dopsnts bh P Giag lekGecSiffect i ve,
- have Iimtedog@rgﬁlialji E,ﬂ’l and nust be prot ec?ed anﬁseaﬁ?ﬁ%ﬂ% est(“- center
" section of a°mif ne BeEtslgdegs gotadisclass any ¢ptioa) prophiesios thegsladonys a
total solar fosdnefiints Ao «BTRE Rak f fidnms that can be easily
applied by pyrolytic depOSI%iI?OI’I Eﬁgﬂlﬁéﬁeﬁé’f&i’%&ﬂdﬁ& Tng operation which

yi el ds an articl eUkhPatenthApplivation (B AT2EI011 Al ki m‘ém reflects or
absorbs the /NR .refl %cqssﬁghe md-1TR 7 and Ts nl u%c{ %Péo C egs'a%sg ﬁeﬁﬁut ral
in color. BEYES FRAE] Rithea aplimeny/tin axide Bim pfatdeasb#0mhiantiningln t each

or suggest SBi€n fiREirk ' | ©0Q:6f Sn2 ‘layers of the present
i nventi on t hat nacco%_f i sﬁe@sﬁﬁgff%%arggsgﬂ@ﬂﬁ@m%ﬁ less thapy35%. The
anti-irides eargi anpdied b quicousgspray "CWDA and a?é”ﬁﬁeH&Eﬁe?éla?ﬁ{racersH |ry of

the Inventiqp.the present invention provides an inproved sotar- Fol
gl ass that hggﬂ&glggép E)

Pa—

Edyriginderconts are taughtrassesibas thidiclayérs witglow

i nfrared wa\sav&ngtibsdvhﬁhhaéé\ﬂo@erﬂieﬁvif{égfd gﬁfegaénﬁdﬁa”ﬂa{sﬁ”%{;ﬁg Light (Iow
emissivity of Low-E) along with a presel &cted> cot bt ALANSHIeRGYs it e
spect rum foP[SPéFﬂ‘-‘é'e% that Ilti'igrppssihlfttoqnmibg 020 0F hrk %ddﬂi@nﬁ_c%laﬁﬁ%f]%ﬁrs ol or or
be nade '63-59551'&@""‘{eﬁtaﬁlode?fr!ﬁt‘ﬁ%ﬁgﬁgq'ﬂeyc{gﬁggqsﬁ&% degtlhged hereinafter). A'so
provtaed TH e eIt el omdio heoseticumopcicsatorneont
Qopant s and_haze. mod 1 or prsediddackSs oty BB ARinkRRyAS, fnyse

dopants and_ haze Hodifiers i n speci ayers e TFayer is .
a sol ar enet'} OPRERYant.03dhe eemreliofiém colmmpri sing tin oxi de having a dopant
such as anti nony 8 r Lp-the tin oxide coating is a |ow : '
enmi ssivity éontr b Kop} 34 . -4 ??%Pﬁ@aﬁﬁ@ﬁéﬁg@gwﬁbcMHehght. and
-8 7 April gesBubsime cautetovith  SSbidRAN P Yohthit@id f1aA1040r  phosphor us
dopant. A srgﬁar zte i rj descence col or s_u%prgﬁsty ngét a@r@rﬁg oﬁgérb?‘ngﬁ in the
prior art Saeh °Adrom 084 tadhs, saidilpyer haying:hemaddppsiteat by €8 d wireredghheve a

neut ral ( cQoat: h%gs ' for. light reflecfed off the coated gl ass,
however an i riedesc%%ﬁﬂg%g@gggﬁc{r%(sf)kgE‘Fatcﬁmbfq’?éﬁ‘“le&‘)@féessrﬁw ®&. Tembi ned

with the mspaiingsyare infendek fotewidai ApLBEGHH ier-y Nt sdavention.
I'f desiredy multinle s{%‘yar control ?r?d/ or r?udﬁal %’?(’g 1%%%\%@?%4?“?%yers
can be util 7ed. N/Rand Hygknesseg ranging Gome 0GR 500 yin| 3L rédRirgepar at e
portions olindercoats are claimed and low emissivity can be imparted to the coatings by a

Judicious choice of the Sb/Sn ratio. Like the previous application,

| the teaching of"-
providing one or more additional coating layers to achieve certain desirable optical
properties is mentioned. Also low emissivity layers of fluorine doped tin oxide can be
deposited over the Sb/Sn layers or fluorine components can be added to the Sb/Sn
reactants to give low emiésivity films which contain F, Sb and Sn. The last two
methods were not favored because of the added time and cost of adding a third layer
and the fact that the emissivity of the Sb/F films was raised and not loWered. No
mention of color control or color neutrality is found.

GB 2,200139, assigned to Glaverbel teaches a method of depositing a coating




~single tin oxide filmsince both | ayers are conposed of doped tin oxide. A
met hod of producing the coated solar control glass is also provided. In
addition, the present invention controls or changes the .color of
transmtted light through the addition of color additives to the NIR

| ayer. Surprisingly the dopant fluorine {hat produces a 7 Apnt200dred tin
oxide filmfunctions as a color additive when added as an addi-ti onal

dopant to thdyNhRspray epplicationwdisblusions bentaiatmy ti® brécurbedYiffubBHe E&rﬁ?ihintghrOUQh
the NIR fil M, N“’i‘%ﬁgr ovi' ded ar hgze r educi n% dopants in specificlayers
of the tin oxidg° f afyleagi,ang othss depary selseted fromthemroun anjindriygansenc, 1

t hrough 4 angagdibh ' - ] f coated glass having
di fferent nunbers O’ng’ézﬁnsagr%ﬂ ﬁstﬁ#%é%}’?gfeil&lgﬁpos?%“ﬁ?‘sequences for
the tin oxide | afesviouslyaghbsmandadiarersiaee miahqged GeattraaSsbrih R WikBlk Y
depict the Sﬁ| a{? congrol' .achieved with antinony doped filnms at various
concent r at i of% 51455 BLFhsohing g/ erggfecting coptingse Rlasstints, and pasteapplied filmes,

i . e. a singl MdeesRh an@% | I - units (1l which are a -
. conposite of at Ieaés:}{eth%@glaggsﬁhggfﬁfeerﬁgiglﬁéﬁﬁ)e&?ﬂgg%’?l&o?ePﬂ 1on F}W?E‘f)e(:trum

~in terns of WsAPestion elthtrahe MR hel ieatlinftd fed Cogipoae® of(the blefrdm¥erRid Y

coordi nat es t he specific, colqr .achievable with various filmthickness
and dopant sg’ggt{'é"ﬂ?’?ﬁ‘gg&ﬁ?"*ﬁﬁmliﬂ&qféﬂlﬂecqfiégl*3§@Q)hmm|thmid1&component

val e for 1 o o Raeft spe D e el o e PO S 1R 258 Bt

val ues for tin oxide coatin presen
haze reduci rfyPaustict hasdwen degigredNb Rontralythe ent?@ heafipebires, Béwevk? {?‘_ﬂﬂt&r&ﬁd 19

raphi cal | i dat | Jn the l es, Obj ect f I ti
A ob] ot o ERIEHSERI SR ok S hilecesireave, kneriopiied shrabikvoind mustbe
cont ol | ed potedtefanilscd08 it thECiRG LR of SYRAENE FRLLERN b 0ol ned

herein,) that wll absorb solar near infrare
and refl ect (HWH).r aWhet ismeedadds a tetal sodr contralrfilasortotnbina duyE ifisth & thafiéansS S

having a ti i ing copposed of two.thin film |ayers containin o

dopengnOZ' %%ﬂ%%@%%é’ﬁ’éﬁ%ﬁd@%ﬁ%%%ﬂ%@ﬁﬁ@% mﬂﬂﬁg opergtien whish 019 t he

| ayers. Anotyfwdds dbjrelt witscH 108 APMRckRable QRinE t‘r%@njsﬁm,fréﬂp%sale{ﬂg&% AN
or by ot her

pressure c '.c?,} vapor ~deposition (CVD) techniques, _ Focesses
such as sol. Friiegtst m&#‘lﬁa&;@rlsm\m@umbﬁewmdmlﬂsdcﬁmi ds can be
utilized. The pr I ' application.for. this invention is
at nospheri c pres%?éﬁ%d[éﬁ%?rg%s\%{a%er “2‘5’ rI’F(ﬁHmlnaﬂPB Mohfeach ppiggest obj ect
i's to provithe spcifiqolcombitlation cohdbped sadfzqayér@%ﬁwﬁﬁé&ﬁtyiqdeﬂd&{ el ONg

ol or

with other |ayers. in conbination wth the solar cont oW em Ssivity

| ayer. Anot ?Fé’?ém@ fléeétSOf% CORLrRly o0y ermissivity|and apdritidesceridel withmut aeqdifings i on of
filnms that « ' I'i ed by pyrolytic deposition during the glass
maki ng opergﬁﬁkmgﬁh&%}%?’gs an article which has an acceptable visible
transm ssion, reflects or absorbs the NR reflects the md-IR (Il owE),
and is neutral or close to neutral in color, the production of which is an
obj ect of the present inventi m heoluventionf the invention is to

control the col ophdbrdstMaTbti ptdvidls & ISRRVEE bl HhOT LhS §31 B ©f
_ acceptablg visible light transmission, absorbs neaf infrared wavelength light (NIR) and
reflects midrange infrared light (low emissivity or Low E) albng with a preselected -
color within the visible spectrum for reflected light that can be controlled to a specific
color or be made essentially colorless (“neutral” as defined hereinafter). Also provided

is a method of producing the improved, coated, solar-control glass. The improved

glass coating is a tin oxide coating with various dopants and haze modifiers in specific
layers of the coating. One layeris a solar energy (NIR) absorbing‘ layef comprising tin
oxide having a dopant such as antimony. Another layer in the tin oxide coating is a

low -emissivity control layer capable of reflecting midrange infrared light and




reflected light by the addition of color additives in the NIR |ayer.
Det ai |l ed Description of Invention and Preferred Enbodi nents Sol ar contr ol
and | ow em ssivity coated glass is produced by depositing on a heated
transparent substrate at least two layers, a low em ssivity |ayer
conprising a SnQ2 filmcontaining fluorg§-ne and/ or phospgriloatbpant and a
NIR absorbing layer conprising a SnQ2 filmcontaining as a dopant
~antimony, turegstpeisingy tinadkide) havir fluofifié QAR pHBYpHHAS \dtPant)i ORI Lbagobal t,
ni ckel or m xtures thereof. This _conbination _ﬂas been found to effectively
control the §B€§Fe%?§°iqo{cﬁ“a?ﬁ'e§%n$1@é(ﬁr podescrbed inghe phier et seth oratBation”

spectrum suc | W0t hese fi w Ll “have eatly
enhanced pr oipl)'ae)jre'gJ ?éegaleg%lpgg&c%%?%‘g?o %@ﬁd%'eer?inggtr%}r(lggﬁyﬁsiépl’ifﬂgigﬁ%égw in
terms of sol sefldvesiioffithe noated glaks, bowBveraBiiidescaHie shiprakis la tlile?l@ asure
of the total sol.ar ain through a wi ndow systemrélative to e

heat
i nci dent sol JPYrfuFam Elﬁ,g Wi the orwdtilayer i oxide\goating previdat by the ptestrtansf er

coefficient f{fRentibe 1 . he coated . glass.is prinmarily
- dependent on t ﬁgﬁ{}ﬁirggﬁg‘g@g’ %ﬁg@%@ﬁ? f“ﬁ%‘rﬁd@ém@mk‘fﬁ}w £AUssyiRY layergpan7
April 2005 Bbublizidig The INIR(Iager dridgie b Smanihif) laybridré ségifarl pUlon oflgPends
primarily on .tgll% fil na s.. enissivity and the w ndow construct Pon. _
_measured at UBHELR oxjdedilpuuncehoth layers are pempessdof depedOintaxide. F0mettiodef U

val ues neas s vary from, gbout 0.7-1.2 for a
single paneuggg]flggg \%f{ %(%i%dégopl)fgje@?"f’ ggﬂgsngo%?on%rﬁf“ 1#?1 ﬁt" aq?im% the presAndt ed
gl ass unit (in@ntjontdoatrSGE chadger thaselor of trAnAittell lighithydghafie %&(Fiheﬂ"ofs

-0.28. Both t-ﬁe reflected apd transmitted col or of the coated glass of the

present. i nvEnth MRS 18 dhe SR layere Surprisiaglyithe depanh Suarineithat pfoducesi o e

- l'ight transmdntse I . control |l ed between about
25-80% by contr ol ﬁ“tntg{ tQJﬁ;gE @ﬁ?‘éﬁﬁg@gq&?c@ﬁ% aﬁﬁi&vgiﬂﬁnlagg\?c{ %Srﬂﬁgq%g};qngpf il ns

and the condiopentdpiteNER lajepand modifidsahe dOI1Gr 6 &dﬁsnﬂﬂ@i‘ﬁgﬁtmg%ﬁimem i.e.
rough the coated | ass can be controlled

the col or. ofglight, transmtted th ] i

separatel y. 1By PHEe P‘é’fvl“\igéjtgﬁ_q’éé‘f FRrdupyAgidepants dn spesifijayarsc] the tinafxidect i ve
quantity of ceatd.or additive to the N R layer of the coating. The
reflected color can vary fromal nost neutral to red, yellow blue or green
and can be controlled by varying the filmthickness and dopant content of

the |l ayers. Surprisingly, coéarwneu.t ral i t;y -af) defi ned herein can be’ g

achi eved for reflected col or 1 WHBES anti-iridescent |ayer.
Al t hough the ref Figirey ¢ throdpk aunaf3 thRfugh! 18 dupsht!laQh &I8Tk i | are
different; {he rgflect ed col or does notg dep‘g‘%d gn c%%?%%&%ﬁf%r%%%ence

phenonena offGREdifferentinymhres efdaysys @diltsin diffeSent Batking séqubBees, 38 tin
b d ] : | [ e t ed trqll ed . th nbi nati on of
Sbeor pt1 on SHMEREE pfi 8 Mes sTo M ASENSE s Hnd Riseeohically dopishBespier sppredn t he

reflection adhevederdtthyntfeny Hepkd MARIabTadu¥ chFoLs I orption
of the NIR ﬁlﬁﬁr can be CO}F\troI | ed by 'var)si ng Fﬂgﬁsﬁ?gﬁé@gg{o arllaotgg Sn02

~layer and t Flenssses AN windgw Eﬂ@é&d@pag&hgﬂmy&ﬂwt‘ gNisR orl ayimsulated whdsh y
ant i mony. - T CEUT AP cdlBoskOUf STbET b last LSS, RS SOt L ! e

color spectrum in terms of Commission Internationale de L'Exclairage (C.1.E.) x and

y coordinates and the specific color achievable with various film thickness and dopant
concentrations. The English translation for C.LE. is International Commission on
[llumination Figure 15 shows haze reduction values for tin oxide coatings of the - |
present invention lwith and without haze reducing additives ixi the NIR layer, 28.

Figures 16, 17, 18 and 19 graphically depict data developed in the examples.

Objects of The Invention

An object of the invention is to prepare a transparent article with controlled




-. The dopant i

by varying the thickness of its SnO2 |ayer and the concentration of the
~dopant in the |low emssivity layer, usually fluorine. The |ow em ssivity
|-ayer conposed of Sn02 containing a fluorine or phosphorous dopant is
sonetines abbreviated herein as TOF or TOP while the NR layer of SnQ2
when it contains an antinony dopant is- gonetinmes abbrevi Apab2008r ei n as
TOsb. The preferred enbodi ment of this invention utilizes a tin oxide
coating that réfestedacoldni@ven det@meshiér B QX Keksh

enm sivity | a%rer ith an antinony doped tin oxi d)e) %@OQS’EB %Psaéggr%ié’gw?ﬁre NI R
| ayer and wi fHraze ANER} avayelongtha driliatione and raflect] mid-Fanger infra2@Dhehte oty one

ToF 111 me andPeRers) Gentife s hiEk 0B Bt Svinal Cmnsted shave A umar

and r ef er r edlayers@entalnitg @pedTnO0,twith hd28&edubivts di QJ}HQ' fat LI el SO @
- Sn02 film bu%ch_lont ai ns a@épdi fferzent dopantu th?hgan th‘{aeéfgg\gva m slgid\tnk%thﬁlgyer.

, fEYRISR Anodlyes objest isghedpplisation efithe fayess byl dtmosygieric peessiapant
- can be an el giBnt C f. oup consi sting of antinobny, tungsten
~vanadi um " i ron, &clr%g%&u&rﬁs g?%%f’@ﬁe&{e’ﬂ’ﬁr‘&%ﬂ}‘@sw , yoa}%g?qcpssrqp é‘li‘@l%ssé on |
mi xt ures t hespenf or vipotizédisubliafedditmidaVsolias Qmﬁﬂﬁz%dpﬂe:&?efﬁﬁ&fimieﬂmdto?e NIR
y

| ayer, however the |ow em ssivity |ayer nust contain a Fow em SsIVi _
dopant . t hat®PPHfafiansfos thymiinvestion i atmhsphénid prestuse CHVED lusiygrvaporiedaliquid uor i ne
or phosphor t t.her. dopant.s be used in conbination with the
| ow eni ssi Vfi{i‘?/cua%og%n%lﬂ&ﬂ% %&%&fsn@ r WEFFH‘Z 16 splar conirof prRA/REACHSPRISYIVIEY t he
present i nvdaydroalohgithwthdrilaers iBRCRbimEioh WtHBE 8blatednte] ?Pirow ﬁfnﬁﬁ{?ﬁfi ning
a dopant, the NNR and the |ow em ssivity layers. are preferably part of a
single film'®adi ﬁj“’ e&SBk?ﬁ’clsé‘P aERvedn a eelar eontnod filmor cgméirfatien efifilmsithaant s. .

A single filogysidsiziang gradi ent is. depigted in Fi 3 as fil
Tor nri1 ook B by bt SRR O LAl B TR FeS e g o
hi gher . congtsids mtarticletihieh hdscarpidogptabIoRABIe SandthisdiBg, rHEASGRaRbrtsAR 11 M

ei ther surf 18 or 22, and the_ | ow em ssivity dopant ‘having-a hi gher
concentrat i reffectsntbe mideIR @loyaRd.sandais newtrabehelose te hautzalan doller, the m

Thi s resul t grdddcor B ' ' centratigns of the NNR and
| ow eni ssi v?ty dopant s Eelﬂr/%/e%{naghr %fcﬂggfﬁp%ﬁﬁf%ﬁ e%'“? .erﬂgj“’?tﬂgﬂle' ,

i nt er medi at &vgolien is20 chetroithe calor biranshiittedligitindeeadaly ficn (ROAASHSL at i on
of the NIR ant, ,c s from bejng the highest _concentration dopant on.
one side of geg%Fﬁpl’fg?{;gﬁﬁ&dflm?@é?fj%gFﬁ&dttWESm@ﬁwlwﬁcentration dopant on
the other side of point 22. Figure 8 shows the lowe film 10, above the
NIR film12, The NRfilm12 in Figure 8 has a concentration gradient for

the NIR dopant iBetafled Descriptionl of Inventioh tandPreforeed Eailicliineats on of t he
dopant cl oser t0§5ﬂ9cl ow.a film10..The coated glass of Figure 9 is

sinmilar to the stPacthvs OISHHSJ\%Wier%sF‘ﬁUrCé’a?d\ﬂi‘isﬁ g praduseddydepositingenat he
concent r at i losatedl teaispatbntubbtbie b RastdRBINers, UIHE/ érﬁfis.ﬁoiﬁn[ﬁ?gyéonil 'ﬁrfxi?éher hear
| ]

the low a film 10 and | ower nearer the 'substrate. S # ent
then film 13Qnikncontainmggluasing and/or phosphiotus dopaiitsand ANNER tbdordingildyer f i | m 16

has both NI roperties and contains both a | ow e dopant and a
NI R dopan_tdgv?/l1 pt}ﬁglg aﬁ%‘ﬁ@’eﬁﬁ? 55?‘8}?1’1?9%%&%“ fRfmemne tinggies, wsadivm, dfea. a
concent r at ichrorgiuagi givlydefurah &idBilim, ADAN! nidkeY WrCthixtures thereof  This
' combination has been found to effectively control the solar and radiative heat portions
of the electromagnetic spectrum such that a window coated with these films will have

greatly enhanced properties.

Solar control properties are typically expressed in terms of solar heat gain
coefficient (SHGC) and U-value. SHGC is a measure of the total solar heat gain
through a window system relative to the incident solar radiation , while the U-valus
(U) is the total heat transfer coefficient for the window. The SHGC of the coated

glass is primarily dependent on the thickness and the antimony content of the NIR



-10., 11, 12 andl 3 show the NIR | ayer-as two distinct filns,28 and 30,.
"Film28 is -12- 7 April 2005 shown as being thicker than film 30 and the
total thickness of the NIR layer is the sum of the thicknesses of filns 28
and 30 and should be within the range of thicknesses stated above for the
NIR |ayer and preferably from 80 to 308Hn . In'Figures 1Apeh200511, fil ns
28 and 30 are adj.acent each other, while in Figures 12 and 13, filnms 28 and
30 are on oppRreraiag fiméseeFiguress and 6)whileshe Thealeodependspaimarily of thedialst i n

fil 28 i if. t th th trati f d t in filnrn
0. roure 15EREE U R bSEG BonddiRah S R ERh i o fhifias SRS A ey s
substrate 1fomi dBout DE0/t6\R0 WaHeU 3au&eiﬂegsl@a§at8&ﬁ£ér%@1g’;]a°sé B VaR%rdiy Naze

© reducing additive and and_other portion, 36 w thout an~haze reducing.
addi tive, whitoat Pel.2dpr p single pag ¢aated withwhepreserred ¢mbodisent flah Iaan

oxi de. coat | rocuiatel s Wi (B e, SR S B a4 B RS = dtiP ng
additives in-028& NIR |ayer,32. Shown are four glass substrates each

~having an anti rmnﬁ dOtBed tin oxide NIR layer, 32, about 2400 angstrons
 thick beneath a fBetdrthe sefipstrddandotransmitiod colot ©f ¢z boatb glas8 00 the pregest r ons

B N N L

Cont i nui ng  tthrotgk the doateid didss Tl Be BortRolled MR ri@AbEhAt 391804 ks bg 32
and 10, is 0,84 when wat egr was W thheld during the dep%sitloamgﬁgﬁé; first

550 (appr oxithigkeasy f ths dURapddow emmisivity films aydthe concentratian bfidapanf in@he7 0
h inth [ i d whi t T but t
vaebr oent ROl Holnshited Elior, SR MR N I B Hrangh betkae ome. of

NI R | ayer - 3glabhearpbefaitrotidd espaeslelyerom He relledted BMBbY Bie AdaRDNIP aéa%rmny
doped.-film aﬁ.E‘Fthe NIR film_  Such. a filmcan be deposited by a nunber of

techni ques FHEFLNG RPNty cqlgr didjidvesto theNIRayerwd tivecdating. Toprefjectedr ol ysi s
is k ' ' ' tent 2,193 . CvD
ot hods. 1 or - deneg) P ol bial ikl SEd y@Ro WA b BT i S b inirad

cheni cal pr by wrgong tHedilnf thickinegs Hrdopahi ¢dtRent o heRlaperly SiORMMEy Aoforiel |
known and dis Iag ed iin. U.S. Patents 4,601,917 and 4, 265, 974. 1’5
CVD deposi t '8 Pﬁge}'g}fé;erq%m wchifved Frseflestrsoniaor withaubtheinaed efank nown

Tethods O | et lnideaerd 1dyeATAKBARIHIRILATL ol o HRRIR U105 Blivicy ™ L1 1

the float gl ass chanber utilizi"ng conventional on
t echni ques &Has arehdifferenit; theerefiested sobs dogsgiot depertd 6n cBatiesl inferfddhice57
(Henery). ver the .SnC2. fil cont aj ni dopants_can_be applied as _
| ayers on 5%@85’&?? |°P§FH‘3Y Sliscoy e%ac}ﬁ’eé‘é@é’n-@gs-ﬁ%ﬁ?ti 418863363y (Ibseved ol ut i on
spray or vagfettzeBoiorki HRepddtaiN ' | 4 When
the application is by sol utlljon s%?g{/lﬁfﬂlkllégjg}éﬁiée %ﬁ@%ﬁ?&uﬁs@ﬁﬁgﬁ%%ﬁ%pam S
are di ssol W8gctian achinyed hiitee NER layen (abisorption) aratthe aoftbctipphtisevedybyichown

spray technj . Q. - ho | a ri bbon at _.at heric pressure. Suitable.

s gl vg et gp%ﬁgmgsgmé P&W °§B? *SThe abSorption of the mquer can be controlled by -
varying the thickness of its SnO, layer and the concentration of the dopant in the NIR
layer, usually antimony. The reflectance of the low emissivity layer can be controlled .

by varying the thickness of its SnO; layer and the concentration of the dopant in thé '

low emissivity layer, usually fluorine. The low emissivity layer compbsed of SnO,
containing a fluorine or phosphorous dopant is sometimes abbreviated herein as TOF
or TOP while the NIR layer of SnO;, when it contains an antimony dopant is
sometimes abbreviated herein as TOSb.

The preferred embodiment of this invention utilizes a tin oxide coating that has
a fluorine doped tin oxide (TOF) layer as the low emmisivity layer with an antimony

doped tin oxide (TOSb) layer as the NIR layer and with a haze reducing additive in at

referred is =



~application as taught in Canadian Patent Application 2,193,158 include

al cohol s such as ethanol and isopropanol, ketones such as acetone and
~2-butanone, and esters such as ethyl acetate and butyl acetate. The
preferred method of application for this invention is atnospheric pressure
.CVD usi ng vaporized liquid precursors. -the process is veAgri2f®dable to
eX|st|ng comercial on-line deposition systens. The precursors of the
preferred ertatoneof the dayersyrefevatile & the dayep deposited direethadnite theoglgss d&¥t i ng

time || edc thefre ency of s mcle out eableto
bo used wi (TS ARE Mot giePha IR Aracesies PR Sers s BRT b iishe 8d apq Birrad
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NIR film 12 in Figure 8 has a concentration gradient for the NIR dopant in the tin

oxide film with a lower concentration of the dopant closer to the low e film 10. The
coated glass of Figure 9 is similar to the structure shown in ﬁgure 8 with the exception
that the concentration gradient of the NIR dopant, usually antimony, is higher near the
low e film 10 and lower nearer the substrate. Film 12 is different then film 16 shown
in Figure 3 in that film 12 is a NIR film while film 16 has both NIR and low ¢
properties and contains both a low e dopant and a NIR dopant with a concentration
gradient for the low e dopant and a concentration gradient for the NIR dopant. Figures
10, 11, 12 and13 show the NIR layer as two distinct films,28 and 30,. Film 28 is
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slightly yﬁl | ow shades of reflected color
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shown in the | gw em ssivi

glass 14 than t hte%ﬁll‘i-%H {hﬁ%p%fgnﬁraﬂ?%% RIRERTSOms Hpatngeposited the dirstodd0

eni ssi vi ty angsteorss of NERJtafep82i nto a single SnO2 film 16 having a dopant

~gradi ent withi n,l{}v:l m 16. Film 16 has -a preponderance of one dopant (e.g.
the | ow eni ssivi Fﬂ' E’ﬁfi enodiment of this mvintionpwses as entiraomy ddfed filmpas from

L' 5%, e SR und” SEALERAANGE 18l acblE NER rlRRELr Gobancommeting ™"
concent r at ispray erapsig PVD and CVD methods. Spray pyroly51s 1s known and disclosed in
patents such as Canadian patent 2,193,158. CVD methods for deposmng SnO; films
with or without dopants and the chemical precursors for formmg SnO; films
containing dopants are well known and disclosed in U.S. Patents 4,601,917, and
4,265,974. Preferred is CVD deposition of the SnO, layers containing dopants
according to known methods directly on a float glass manufacturing line outside of or
within the float glass chamber utilizing conventional on-line deposition techniques and
chemical precursors as taught by U.S. Patent 4,853,257 (Henery). However the SnO,

films containing dopants can be applied as layers on glass utilizing other processes




~changes fromsurface 18 to surface 22, so that. one dopant changes from
greater- than 50% of the dopants at surface 18 to approximately 0% at
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“"NIR dopant or the | ow em ssivity dopant (fluorine) can be the predom nant

dopant at s -\ : [ .he .predpm nant dopant at '
surface 22. Lgﬁ{cgﬁ?g&ﬁnéﬁe%é%% ?F‘é%g‘g?%’g‘?”gﬁ’ﬁés“sf‘&‘asgﬁ‘g“g&aP&?%ﬁ $11q BR7ESUES- 24 and
26 in addi tWhen the applicaticaiis bgisulutivn spng thelQnaBhO) FRebB¥6rs add dopdd®s are -

s 24 and_ 26 can be additional ow'em ssivity and/or NIR

addi ti onal lcﬁéﬁ%i o _
| ayers or ot edi 8 fuitablgnon-mepetive solisatiandapplisd by kaewn sprej teabnigudsitat i ng

| ayer. For - ) ] r .g... antinmony doped.tin), 10 a
| 'ow eni ssi vﬁ?é@a@%s}ﬁb%?ﬂg?%s%%gﬁ %er( §Hgal§ﬁ Sglr‘{S?tﬁg% tﬂf\lg VR §T3Y 26 can
be anot her |applieationsi vinight indadian PaRARASHIRRECS 2N198NISB R dd AYdHols sude
concentration qQf dopant when nore than one |ow em ssivity layer 1s utilized

may be t he % &H@ne}andisqnEpRanol kstenes suchias aketone ang 2-batanoheand estessisuch y

layers may ' r..di ent . -Li kew se, en .nor.e than.one NI R
| ayer is ut I%]E?E?’l jaacf ﬁghe aﬁ%%‘?t)ﬁparcﬁa%gg? éﬁ?ﬁ%ﬁﬁf?&ﬁP nggf‘p}ﬂlﬁ;ﬁﬂ?ﬂ‘ f%fnﬁ“? he
~ sel ection ofindofentis @anbdspieriy présst@sCVID uviap atipbAzed 1iG0R plebir8slsUMhe '
ol ybdenum ni obi um cobalt and njckel) can be the sanme or different and
the thi ckneE%E$S WXERY RIMRNARIG &¢ exigting eommesTaialnen-ine depdsisiamsyste@encTh | v

ant 1 oy, i £ ocut S Qe bR TERLRRTRef 2C EGRIp SRS e ol i o

sel ected f r ovatingdingesowyil redacesths fiicqgerel of BstdrR Blean-ouf) 4Hd Skbul YBERIE tBe | F ON,
chrom um -rml%éﬁd nrnlﬁ ni obium. cobalt, nickel and m xtures thereof. -
Li kewi se, iHA® ‘%ﬁ@; 116 Ao modiSication o sxinting elass fleat linasoating equipmenepi ct ed i n
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and 12 in fjgures 1 to 3 and/or “other convention
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t aught by ,’590. 096 (Li ndne d.used in_cgoncentrations from
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scattering qof incident |light.when it strikes a surface.
surface roulBRstfordhelavsemissiyity filgsansd Wherecarbised avithi INIR abgebing film,

crystallit ' [ rticul at i dded.,i.n the filmsurface, It can
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i nvention Qﬁ\ve.hﬁ%e that i s predom nantly caused by surfac
e mid IR. This reflection coupled with the low emissivity film reflection gives an

~overall higher heat reflectance in the mid IR.

- Preferably the Sn0; is pyrolyticly deposited on the glass using a tin
precursor, e;pecially an organotih precursor- compound such as 'monobutyltin
trichloride (MBTC), dimethyltin dichloride, dibutyltin diacetate, methyl tin trichloride

- orany of the known precursors for CVD deposition of Sn0O, such as those disclosed in
US 4,601,917 incorporated herein by reference. Often such organotin compbundé
used as precursors for pyrolytic deposition of SnO; contain stabilizers such as ethanol.

Preferably the concehtration of stabilizers is less than 1% in order to reduce fire risks

when contacting hot glass with such chemicals in the presence of oxygen. Precursors



roughness. Haze is reduced by the judicious inclusion or exclusion of
certain additives in the coating process either at the glass-film
i'nterface or at the bi-layer film interface. By controlling the rugosity
within the filnrlayers in this manner, the rugosity and hence the haze of
the top layer in the bilayer tin oxide cpgfing i s reducetApril2d35 i s an

i nprovenent over the prior art which obtains haze reduction by addi ng an
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- nmof the TOSb | ayer, overall film norphology i s_.Feddtjcegreatﬁgﬁﬂaze val ues
of -0. 8% ar ONERMBPEY andrabsaehingdayeusiasiwelh o the antimeny terdet of tirrabsirbing

deposition QNII& i - - R & he TOSbh | ayer. sijqg.l nor phol ogy |

effects and hazj;ﬁl\rll_ﬁil Egélog?gm?%gg&d@& hﬁﬁﬁ‘gﬁ %,rﬁﬁ%ﬁo@o@&?@sm&vﬂ ot into
a tin oxide320umbeitgenastprseresi. Theprdf¥rredNIR bbsoHAAS AEnd dah'Be GORAHE Wi t Y-
However, it is-lqr}?t functjoping as,such a traditional dopant in this:

i nvent i on wigHIar fashionss the lqw, emgssivity filmsripingsyely metheds astdisdiesed imUdSci de

coating. |t PhiéAcd bONg17." i I modi f.i er. of the
‘crystallite size of g%e@%ﬁ%ﬁ%@%‘éﬁigﬁﬁﬁr %)h%?l%gzgén%rﬁaf’%g%% i2H ¥he
reducti on ofthevsitable chitienghseseontaining b sadcoof @; ARIA PRicAFsorBsheARtignged by

SEM micr ogr aphs The iner Ln sheet resistance with the associated
i ncrease | nﬂ'gmsas%? V?&qué’r@%rsﬁémﬁ% Qe prefeTed). Sngprecugsor comnehiratingst he
function of arelgproedatefdin/ay 4 @il L9 L aNE"
(TGSb). When fl 1l)_JOI‘i ne is pr eﬁﬁ%‘%ﬂ?ﬁ? tﬁ?@&g@q‘{ %’%fg,gg?rﬁ‘é“?‘gfs"’d‘%ﬁ‘é%@%
eni ssi vi ty @fcamidrgas drisfemed cbngeatrations ofNIRatvpent predursde eledimesboas 1949 d be
expected if i cti.pning as.a dopant. \VWile not willing to be bound
P op the expl %{Jr?gl{ #%?215%?08‘}.5% mo preferreg agd 3.0% to 6.0% most prefen'ed)gand are
' calculated using the weight of dopant precursor and the weight of SnO; precursor. |
Particularly prefe;red is an antimony dopant using antimony trichloride as the
precursor at about 2% to about 8% by weight with about 4.0% by weight particularly
preferred. This correlates to a similar antimony mass percent in the tin oxide NIR
film. .
The coated glass of the present invention is depicted in the figures. Figure 1
shows the films in cross section. The film thicknesses canrange from 200 to 450 nm
for the low emissivity film (item 10) and for the NIR film (item 12) from 80 to 300
nm. The preferred thickness is 250 to 350 nm for the low emmisivity filmand200to




“believed that fluorine may preferentially bind to the antinmony sites

t hereby effectively renoving both as dopants in the filmand hence the
overall filmenissivity would increase. -18 7 April 2005 Anot her

enbodi ment of the invention provides the ability to change the transnitted
.col or of the coated glass. Transnitted dotor refers to thApdbR@05 percei ved
by a viewer on the opposite side of the coated glass fromthe source of
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a blue transmtted color for an antinony doped tin oXide |ayer w thout
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as vanadi umFigureRelln Fidure 2] thenlew dernigsivity findliis closerto ¢ied glassadahin e NIRUCh as
trifluoroacefic acid (TFA) can_be added to the _TO Sb precursors in 1-5 w%
(based on t H&mld: Xfguxe 3 shovss e B snd thrdowaemissivity laysrs iptegeatad into asmgiet t ed

col-or chang | ' ' g kg Lgoi.fi

af fecting Oﬁpéﬁlhﬁgfﬂag@eﬁééﬂﬂgﬂﬁ%h{ﬁnﬁ%eﬁgﬁ gﬁseh?%ggk%’ﬁgg%?ﬁn%m s of
our invent i ofions ddpaht(eax drgibwf émidsibity tityeant,ffhiokiae) atghenppapdieface, D8Lavelyi | 1 ed
inthe art will reali t&at m nQr - vari tLions gutside the enbodi nents
stated her ef5PIythe sségﬁﬁ £ Pf ?‘ﬁ%c%‘bfia ¢ Pthghdonaabises- ke NER dopanhgucht i on.

The nost. p %@E%S%)%QHQ IR Mufac @%2 LBirsr [qe’@gsfst %ﬁé’%&igg?tgartﬁﬁﬁ%@gﬂitas S

with lowe and NIR’properties wth neutra [ecte in
oxi de coat i shanges frouseuiface 18 o surfage 22 asocthat oneidopastrhahgesdront gieatee thaar e

described i 1 0. .One .| is. ah 3000A thick TOF fil
(f1uor tne daB&ISr R JePUs ot PuliE i8afd pproiasieoofh oo suhsspboatan |
(antimony defeshddidie SofhfiR0, blloW e ﬂirﬁa%;é-lslﬁépreu ﬁ&&na&a?d%aﬁpith{atﬁ?ﬁﬁn

idb
thickness for the TG F |ayer can'range from --2800-3200A and st achi eve
the the film changes from the predominant dopant at surface 18 to the predominant dopant

- at surface 22. Either the NIR dopant or the low emissivity dopant (fluorine) can be
the predominant dopant at surface 18 with the other dopant the predominant dopantat -
surface 22. Figure 4 depicts a coated glasé héving additional layers 24 and 26 in
addition to a Jow emissivity layer 10 and NIR layer 12. The additional layers 24 and
26 can be additional low emissivity and/or NIR layers or other conventional layers
used to coat glass such as a tinting layer. For example 12 canbe 2 NIR layer {(e.g. ‘-
antimony doped tin), 10 a low emissivity layer (fluorine doped tin) and 24 another
NIR layer. 26 can be another low emissivity layer or some other conventional layer.
The concentration of dopant when more than one low emissivity layer is utilized may
be the same or different and the thickness of each low emissivity layers may also be

the same or different. Likewise, when more than one NIR layer is utilized, the




surprising result of a neutral reflected color. The fluorine concentration
can range from-1-5 atomc% The TO Sb filmthickness can range from
-2200-2600A with an antinmony concentration from-3-8%and still achieve
the surprising result of a neutral reflected color for the coated gl ass..
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Another embodiment of this i mvention is the reduction of film haze. Haze is
due 1o the scattering of incident light when it strikes a surface. It can be caused by
surface roughness due to large crystallite size, 2 wide range of crystellite sizes and/of
particulates imbedded in the film surface. It can also be caused by voids (holes) in the
film due to the volatilization of an intermediate by-product such as NaCl. The films
deposited by this invention have haze that is predominantly caused by surface
roughness. Haze is reduced by the judicious inclusion or exclusion of certain
additives in the coating process either at the glass-film inferface or at the bi-layer film
interface. By controlling the rugosity within the film layers in this manner, the
rugosity and hence the haze of the top layer in the bilayer tin oxide coating is reduced.
This is an improvement over the prior art which obtains haze reduction by adding an
auxiliary layer on top of the functional layer. The sole purpose of the prior art
auxiliary layer is to level the rough surface of the functional layer by filling in the
areas between crystallite peaks and valleys.




300/ 240 (F/ Sh/d ass) X=9.797 Y=9.404 Z = 12.438 x=0.310 y = 0.297 L* =
36.751 a* = 4.624 Db* _ -3.466 «c*=5.778 Solar control properties of glass
wi ndows has been evaluated and rated by the United States of America,

Envi ronment al Protection Agency using an Energy Star rating system An
Energy Star rating for the Central Region of the United 3tApri#2005equires a
U-factor rating of 0.40 or lower and a §¥C rating of 0.55 or bel ow. An
Energy Star rating for the Southern Region of the United States requires a
U-factor rating OmedfHssamgbsityeredarig addbids is Midring ioditler 40 ifdirgded Pwn
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60 nm of the TOSb layer, similar morphology effects and haze values are recorded.

Fluorine, when added as a dopant into a tin oxide film, decreases emissivity

and increases film conductivity. However, it is not functioning as such a traditional

dopant in this invention when it is added to the antimony doped layer of the tin oxide

coating. It functions in the antimony doped layer as a modifier of the crystallite size

of the antimony doped tin oxide as manifested in the reduction of overall film haze

(measured on a hazemeter and confirmed by SEM micrographs). The increase in

sheet resistance with the associated increase in emissivity, shown in the results in

Table 3, confirms the function of the added fluorine to the antimony doped tin oxide

layer (TOSb). When fluorine is present in the TOSb layer, the resultant emissivity of

the combined layer is increased, not decreased as would be expected if it were

functioning as a dopant. While not willing to be bound to the explanation, it is

believed that fluorine may preferentially bind to the antimony sites thereby effectively

removing both as dopants in the film and hence the overall film emissivity would

increase.



a NNR and a low emissivity layers but without an anti-iridescence |ayer
such as taught by Gordon. While the inventive features of the present

i nvention can be achieved with only two layers, a NIR | ayer and a | ow
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The preferred embodiments of our invention will be exemplified by the
following examples. One skilled in the art will realize that minor variations outside
the embodiments stated herein do not depart from the spirit and scope of this
invention.

The most preferred embodiments, at this time, to obtain a coated glass with
low e and NIR properties with neutral reflected color from a tin oxide coating
composed of only two layers, irrespective of haze, are described in Examples 1 to 30.

_ One layer is about a 3000A thick TO:F film (fluorine doped tin oxide) in combination
with about a 2400A TO:Sb (antimony doped tin oxide) film on glass. The film
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X = X/(X+Y+Z)

y = (X+Y+Z)

L* = 116(Y/Yn)"-16

a* = S00[(X/Xy)">- (Y/¥)"]
b* = 200[(Y/Y )"~ (Z/Z,)"°)

where X, Y, and Z are the C.LE. tristimulus values of the coated article, and X Yo,
and Z,, are 98.074, 100.000, and 118.232, respectively, for Standard Illuminant C.
from the L*, a*, b* values, the color saturation index, c*, can be calculated by the
equation c*=[(a*)? + (b*)? ]"2. A color saturation index of 12 or less is considered

neutral,

The definition of Neutral-blue Color for reflected light, i.e. coated glass

b
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having reflected light ﬁfedomiﬁatély within C.LE. chromaticity coordinates values of
X between 0.285 and 0.310 and y between 0.295 and 0.325 as shown in Figure 7 by a
box labeled Neutral-blue Color correlates with C.LE. 1976 L*, a*, b* 0f 37.85, -1 25,
-5.9 and 39.62, -2.25, 1.5,
A sample conversion follows:
Example 40 (Table 3)
5.5 % SbCl,
300/240 (F/Sb/Glass)
X=9.797
Y =9.404
Z=12438
x=03l0
y=0297
L*=36.751
a* =4.624
b* =-3.466
- ¢*=5.778

Solar control properties of glass windows has been evaluated and rated by the
United States of America, Environmental Protection Agency using an Energy Star
rating system. An Energy Star rating for the Central Region of the United States
reqﬁires a U-factor rating of 0.40 or lower and a SHGC rating of 0.55 or below. An
Energy Star rating for the Southern Region bf the United States requires a U-factor
rating of 0.75 or lower and a SHGC rating of 0.40 or below. Coated glass having the
NIR and Low ¢ coatings of the present invention and when incorporated into windows
of conventional design achieve the Energy Star ratings for the Central and/or Southern
Region. For example a Vertical slider design window 3 feet wide by 4 feet high and
having a frame absorption value of 0.5 as rated by the National Fenestration Rating
Council (NFRC) and assembled with coated solar control glass of the present
invention having a NIR film and a low ¢ film within the preferred ranges for a
Neutral-Blue Color achieves a SHGC of less than 0.40 and a U value of less than 0.64

for a monolith glass construction with a frame U-value of 0.7 or less and achieves a
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SHGC of less than 0.38 and a U value of less than 0.48 for an Insulated Glass Unit‘
(IGU) construction made up with 2.5 mm clear lite, 0.5 inch air gap and NIR and Low
€ coatings on the #2 surface of the outer lite and a frame U-value of 1.0 or less.

The examples will substantiate that with a minimum of two doped SnO; layers,
an excellent solar control coated glass can be produced having a preselected reflected
color. Tables 1, 2 and 3 present the data while Figures 5 and 6 show graphically how
the solar properties of the coated glass vary with dopant concentrations and film
thickness primarily of the NIR film. F igure 7 plots the x and y C.LE. chromaticity
coordinates of a representative selection of coated glass of Examples 1 to 30. Asseen
in Figure 7, specific combinations of film thicknesses for both the NIR and low
emissivity films and specific clopant(s) concentrations can be utilized to produce a
coated, solar control glass with any desired color for light reflected off the coated
surface of the glass, such as red, green, yellow, blue and shades thereof or Neutral-
blue Color. It is particularly surprising that 2 Neutral-blue Color can be achieved with
aNIR and a fow emissivity layers but without an anti- mdescence layer such as taught
by Gordon. '

While the inventive features of the present invention can be achieved with only
two layers, a NIR layer and a Iow emissivity layer, multilayer embodiments are within
the scope and content of the'invention. The multilayers can be additional NIR and/or
low emissiviry layers' or other functional or decorative layers. ‘Multilayer
embodiments include TOSbH/T OF/TOSb/Glass, or TO/TOF/TOSb/Glass, or
TO/TOSH/TOF/Glass with TO being just a tin oxide film. When multiple NIR or low
emissivity layers are used, the dopant concentrations or dopant selection in each NIR
or low. emissivity film need not be the same. For example when two NIR layers are
used in combination with at least one low emissivity layer, one NIR layer can have a

- low level of antimony dopant (e.g. 2.5%) to give some reflectance in the mid IR range
and one layer can have a higher level (> 5%) to give NIR absorbency. The terms layer
and film are generally used herein mterchangeably except in the discussion of gradient
film depicted in Figure 3 in which a portion of the film is referred to as a layer having
a dopant concentration different than the dopant concentration in another layer of the

film. In the method of making the coated glass of the present invention as

demonstrated in the examples, the glass is contacted sequentially with carrier gas
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containing precursors. Accordingly, the glass may have a coating on it when it is
contacted a second time with a carrier gaé containing precursors. Therefore, the term
“contacting glass” refers to either direct contact or contact with one or more coatings
previously deposited on the glass. The best ways to practice the haze reduction
aspects of this invention are described in Examples 40 - 43 and 48 - 61. The results

are summarized in Tables 3, 4, and 5.

Examples 1 to 30

A 2.2 mm thick glass substrate (soda lime silica), two inches square, was

heated on a hot block to 605 to 625°C. The substrate was positioned 25 mm under the
center section 6f a vertical concentric tube coating nozzle. A carrier gas of dry air
flowing at a rate of 15 liters per minute (1 /min) was heated to 160°C and passed
through a hot wall vertical vaporizer. A liquid coating solution containing ~95 wt%
monobutyltin trichloride and ~5 wt% 'antimony trichloride was fed to the vaporizer via
a syringe pump at a volume flow designed to give a 0.5 mol% organotin concentration
in the gas composition. A quantity of water was also fed into the vaporizer at a flow
designed to give a 1.5 m:)I% water vapor in the gas mixture. The gas mixture was -
- allowed to impinge on the glass substrate at a face velocity of 0.9 m/sec for ~6.1
seconds resulting in the deposition of a film of antimony doped tin oxide ~240 nm
thick. Immediately following, a second gas mixture was used consisting of a
precursor composition of 95 wt% monobutyltin trichloride and 5 wt% trifluoroacetic
acid,. along with water in the same concentrations and carrier gas as used before to
deposit the antimony doped SnO; layer. This second gas mixture was allowed to
impinge on the coated substrate for ~6.7 seconds. A film of ~280nm of fluorine
doped tin oxide was deposited. The bilayer film was very light blue in transmission
and reflection. The optical properties were measured on a UV/VIS/NIR
spectrophotometer and the sheet resistance was measured on a standard four point
probe. The solar heat gain coefficient, U value and visible transmission for the center
of the glass were calculated using the Window 4.1 program developed by Lawrence
Berkeley National Laboratory, Windows and Daylight Group, Building Technologies
Program, Energy and Environmental Division. The C.LE. chromaticity x and y color
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C NV1 00 LL &@°ffinates were calCulated using ASTM E308 96 from the visible reflectance data

between 380-770 nm and the tnstlmulus values for Iluminant C. The analysis results
for this film appears in Table 1, number 19. The procedure of this example was
repeated 29 additional times with concentrations of chemical precursors and
deposition times varied in order to produce coated glass samples having different
thicknesses for the NIR and low emissivity layers and different dopant

concentrations. The results are presented in Table 1.

Examples 31 to 38
The procedure of Example 1 was repeated, except that the vapor feed order

was reversed. The fluorine doped tin oxide film was deposited first for ~8 seconds
followed by the antimony doped tin oxide film for~6 seconds. The resulting film was
~540 nm thick and composed of ﬁ low emissivity layer (TOF) of about 300 nm and a
NIR layer (TOSb) of about 240 nm and had a similar appearance and reflected light
color (Neutral-blue Color) as the ﬁhﬁ in example 19. The analysis results appear in
Table 2, number 31. The procedure of this example was repeated 7 additional times
W1th concentratlons of chemical precursors and deposition times varied in order to
produce coated glass samples having different thicknesses for the NIR and low
emissivity layers and different dopant concentrations. The results are presented in

Table 2. v

Example 39

The procedure of Example 1 was repeated but utilizing three precursor feed
mixtures. The composition of the third mixture was 90 wt% monobutyltin
trichloride, 5 wt% trifluoroacetic acid, and 5 wt% antimony trichloride. A gradient
film was deposited by first depositing only the antimony doped tin oxide precursor of

‘Example 1 for 70% of the time needed to deposit 240 nm. Then the mixed
antimony/fluorineé doped precursor was started. Both precursor mixtures would
continue for 20 % of the total deposition time at which point the ant'imony precursor
mixture was turned off. The antimony/fluorine mixed precursor was continued for the

remaining 10% of the total deposition time for the 240 nm antimony film. At this

point, the fluorine doped tin oxide film precursor feed was turned on. Both feeds
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.Table 2
Summary of F'ropertigs of Bilsyer Films TOSL/TOF
# 3 . 33 34 - 35 6 37 38

Camposit. SWFIG  SWFIG  SuFiG SWF/G SHFIG SHFIG  ShFIG  SHFIG

%Sh 56 586 5.5 58 5.6 56 5.6 56

Thick. nm 240/300  160/300 138/300 120/300 $10/300  BO300  120/332  120/262
47.9 36.1 282 27.2 256 23.5 28.5 26.8
€5.8 €25 653.4

YeAsol
%Tsol 459 55.5 611 633 64.3

%Rsol, 1 6.1 - 8.3 g7 8.5 10.2 10.7 8.0 24
%Rsol2~ 82 8.3 01 © a5 9.2' 9.2 8.2 9.6
%Tvis 532 63.2 67.2 68.0 £8.5 71.8 890  6B.1
%Rvis,1 61 7.6 8.3 2.1° 104 108 7.8 o9
%Rvis2 76 B3 107 104 105  10.9 8.9 1.6
“%Tuv 38.5 43.4 47.0 48.7 43.2 49.1 47.7 496
S. R, 14.7 15.8 16.5 17.4 18.8 17.3 15 211 |

0.15 01 Q17 016 0.4 0.19

Emisal 014 0.15

SHGBCe 054 0.l 066  0.68 0.69 0.7 0.67 0.68
"IG 045  0.53 058 06 061 082 0.59 0.6
Ue 073 074 074 074 075 074 Q73 075
"G 0.28 - 0.28 0.23 0.29 0,29 0.22 _ Q.28 0.3

0.53 0.63 067 069 = 069 0.72 0.69 0.68

Tvis-c
"G 0.48 0.57 0.61 0.53. 063 0.65 0.83 0.e2
X 0289 0.309 0.310 0,341 0.312 0.3c2 0.306 0.292
y 0.300 0.283 0274 0.275 0.306 0.364 .Q.281 0.349
Y% Rviz £.2 7.7 8.3 g1 10.% 10.9 7.8 9.9

R Colors  Blue Blue-Neu Blue-Gr Blue-Gr Neutral Greeen  Blue-Neu Green
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were continued for 20% of the total time needed to deposit 300 nm of fluorine doped
tin oxide. The mixed antimony/fluotine precursor feed was turned off and the
fluorine doped tin precursor was continued for the remaining dcposi'tion time for the
fluorine doped film. The resultant gradient coating layer is light blue in transmitted
and reflected color (x=0.292, y=0.316) a SHGC = 0.50, a U value =0.6, and a visible
transmission about 45%. As shown in Figure 3, surface 22 of gradient film 16 would
have essentially 100% antimony dopant while surface 18 would have essg'ntially 100%
fluorine dopant with a gradient in dopant concentration between surfaces 18 and 22

and all within a film matrix of Sn0O,;.

Examples 40 to 43
The procedure of Example 1 was used in Examples 40 to 43. The coating

composition for the NIR layer in Exérhples 41 and 43 was composed of a fluorine,
antimony, and tin precursor made by adding SbCl3 and TFA to MBTC. This
precursor confained 0-5% by weight TFA, 5.2-5.5% by weight SbCl3, and the
remainder MBTC, and v;as co{fed with water into the second vaporizer. The carrier
gas used for the second vaporizer was dry air at a rate of 15 Vmin. The
fluorine/antimony/tin precursor was added at a rate of 0.5 mole percent of total carrier
gas flow, the water was added at a rate of 1.5 mole percent total carrier gas flow, and
the vaporizer temperature was maintained at 160C. A soda-lime-silica glass substrate
two inches square and 2.2 mm thick was preheated on a heater block to 605 to 625C.
The heater block and substrate were then moved to a position directly beneath the
vertical coater nozzle, with the substrate being 25mm beneath the coater nozzle,
F/Sb/Sn/H20 vapors from the second vaporizer were then directed onto the glass
substrate, depositing a fluorine containing antimony doped tin oxide undercoat layer
in examples 41 and 43. The velocity of the carrier gas was 0.9 m/s and the thickness
of the doped tin oxide film was ~240 nm. Reaction byproducts and unreacted
precursor vapors were exhausted from the substrate at a rate of 18 /min. After the
antimony and fluorine doped tin oxide undercoat was deposited, the coater nozzle
valve was switched from the second vaporizer feed to the first vaporizer feed.
MBTC/TFA/H20 vapors from the first vaporizer feed were then directed onto the

substrate, depositing a layer of fluorine doped tin oxide directly on top of the
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Table 2 Summary of Properties of Bil ayer
Sh/ FI>/G Sb/ FI G Sb/ F/ G Sb/ FI G Sb/ FI G Sbl FI G Sb/ F/ G Sb/ F/ G %&b5. 6

Canposi | .
5. 65. 55. 65. 65. 65.65.6 5 Thi ck.

wo (~

00 00 pON ~Ory Ama moO Oo mMC J 7 April

2005 23c
Films TOSb/ TOF #31323334. 353637 38

nm

240/ 3001601300138/ 300120/ 300113, 100801?;%31201332120/ 262 7 April 2005

%Asol 47.936. 129. 227. 225. 623. 528. 526. 8 9

ot sb3. 255, TS BBt p b BesSiC spd bl antras a0 prolsend

URVi S, 27. 68. e thidkkfesAdOhe idoQSe
S. P.14.715. 916.

%Rs ol

ol 45, 955. 561. 163. 364. 365. 862. 563. 4

89.9

dﬁm"@&wéﬁh%%s 4400 48 THA B80S fhd irf 49- 6
17.418. 817. 3152

 Eni s-cal 0. 14505¢rs fd gnd ¢9 (qonteinizg. homF:@gd Sb in the NIR undercoat) were light grey
. SHECcO. 540. 64 Q06088008 %ni%ell D £8 reflected color. Examples 40 and 42 essentially

reproduce examples 41 and 43 respectively but without fluorine in the NIR undercoat

layer. The properties were measured and the results appear in Table 3. The results

show how fluorine, as an additive in the NIR layer, acts as a color modifier as well as

a haze reducer for both reflected and transmitted color. The transmitted colors, Ty, X
and y, of the films made with the TFA and Sb dopants in the NIR Ifiyer, Examples 41

and 43, are more neutral in reflected color and greyer in transmitted color then those

which only contained Sb as a dc_;pam in the antimony doped tin oxide NIR layer in

examples 40 and 42. Furthermore, the antimony doped NIR layer with a color

effecting quantity of fluorine dopant has greater transmission of visible light (increase

in Ty from 54.5 to 58.5 in example 41 versus example 42 with the some level of

antimony dopant).

Table 3
Summary of Properties df Bilayer Films TOSb/TOF
Ex.# . 40 4 42 43
Composit. | F/Sb/G | FISb-FIG | FISb/G | F/Sb-FIG
%SbCI3 5.5 5.2 5.2 5.36
% Additve| OTFA | 5TFA | OTFA | 25TFA
Thick. nm | 300/240 | 300/240 | 300/240 | 300/240
%ASOl 45,5 35.7 418 39.1
%Tsol 450 54.2 48.2 50.6
%Rsol, 1 95 10.1 10.0 10.3
%Rs0l,2 8.0 8.9 8.4 8.7
%Tvis 50.9 58.5 54.5 55.6
%Rvis, 1 9.4 101 10.4 10.3
%Rvis,2 8.0 9.0 8.5 9.0
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Example 44

%r'i ne doped tin oxi de undercoat was deposited,
xamples 44 through 47 demonstrate the deposition of films with the

following composition: TOF/TOSb (low Sb conc.)/TOSb (high Sb conc.)/Glass,
TOF/TOSb (high Sb con¢.)/TOSb (low Sb conc.)/Glass, TOSb (low Sb)YTOF/TOSb
(high Sb conc.)/Glass, and TOSb (high Sb)/TOF/TOSb (low Sb conc.)/Glass.

5S substrate
ock to 605 to
position _
Strate being 25nmm
ond vapori zer
fluorine

anpl es 41 and 43.
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The procedure of Example 1 was repeated except that the glass temperature
was about 610°C and the concentration of reagents was about .63 mol% in air
flowing at a rate of 20 liters per minute. About 400A of antimony doped tin oxide was
deposited first from a liquid coating solution composed of about 10 wt% antimony
trichloride and ~90% monobutyltin trichloride. Immediately following, a second layer
of about 2000 A of antimony doped tin oxide from a liquid coating solution composed
of 3.25% antimony trichloride and 96.75% monobutlytin trichloride was deposited. A
third layer composed of about 3000 A of fluorine doped tin oxide was deposited from
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val ve was switched fromthe second vaporizer feed to the first vapori zer:
feed. MBTC TFA/ H20 vapors fromthe first vaporizer feed were then directed
onto the substrate, depositing a |ayer of fluorine doped tin oxide
directly on top of the -25 7 April 2005 antinony/fluorine tin oxide
undercoat. The velocity of the carrier gas was 0.9 ms ahdprid B8O hi ckness
of the fluorine doped tin oxide filmwa 72300 nm The bilayer filnms in
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ant i nony doped tin g Nl R [ ayer in exanples 40 and 42. Furthernore, the
anti mony dop& C?\ﬁ:\dqu‘ FaHel-h a color effecting quantity of fluorine
dopant has greater transm ssion of visible light (increase in T;, from
54.5 to 58.5 in exanple 41 versus exanple 42 with the sone |evel of
antinony dopdatnple¥bl e 3 Sunmary of Properties of Bilayer Films TOSh/ TOF
Ex. # , 40 41 42 43 Conposit Sh/ b- F/ G-/ Sh/ GF/ Sh- F/ G

osbQ 35. 55, 25. 25. I BIORCANT Of ESETRIEHr WA ropeais 5"“1‘#ES1‘H11‘&F31€ TOSb layers

N800/ 24030044 Q38 ted H3Q0¢r2d O iUASOIE BmBSR Il t8BSeth as@é@}sééo&%ct%* 250.6
%=sol, 19.510. 110. 010. 3 Y%Rsol , 28. 08.98.48. 7 %vi s50. 958. 554. 5

%Rvi s, 19. 410LhETesulting filmggs Bluggedm refleded olor with ﬁ’olApmoIrdm@l@Sof(x) 0. 330

%auv40. 141. 144, (WZ&S, §esp&t1v]el)? 11§ VJSilb ¢ g’%‘nzsrr?lssli:'on of f;ﬁ}u gn(f' a QH%EOotjﬂl 94 were

obtained. One skilled in the art will realize that the TOSb layers can be of different
thicknesses and concentrations than described herein and still be within the scope of

this invention.

Example 46
The procedure of Example 44 was repeated, but in this example the deposition

sequence of the fluorine doped tin oxide layer and the 3.25% antimony trichloride
solution layer were reversed. The résulting film had a visible transmission of about

.62%, a SHGC of 0.55, and a neutral blue-red reflected color characterized by color
coordinates (x) 0.31 I and (y) 0.311.

Example 47
The procedure of Example 45 was repeated, but in this example the deposition

sequence of the fluorine doped tin oxide layer and the 10.0% antimony trichloride
solution layer were reversed. The resulting film had a visible transmission of about
57%, a SHGC o_f 0.53, and a light green reflected color characterized by color
coordinates (x) 0.308 and (y) 0.341. One skilled in the art will realize that the TOSb
layers can be of different thicknesses and concentrations than described herein and

still be within the scope of this invention.
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~trichloride., . The resulting film appeargled to hgve 3 ]l§:| \gé%ts/ngz?eentﬁb%&h% col or

for refl ect dBickigrprehsated ongheatst block tol @10°€ o Precuzsos wigioredretei difetted B fi | M
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respectively,. gutting the filmin the neutral-blue
- col or spacéh‘é eRpsitioned fluaring doped tinanpledayts oTha00mmpwesdspesitdd £xtasahe 44 was
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0

(y) 0.293, rbc-ispe(‘}I i velg/ A visible transm ssion of 59% and a SHGC 0.54
Wer e Hayer film was blue-green in reflected color and had a haze value of 1.20% as

measured on a Gardner Hazemeter,

Example 49 .

The procedure of Example 48 was repeated but water was omitted from the -
vapor stream for the deposition of the first ~300-600 A of the antimony and fluorine
containing tin oxide first layer. The resulting film had a measured haze of 0.97%, a

20% reduction from the previous Example.

Comparative Example 50"

The procedure of Example 40 was repeated with the following changes. The
precursor coating composition for the NIR layer was composed of 6.75% by we'ight
SbCl13 and the remainder MBTC. The carrier gas used for the vaporization was dry air
at a rate of 20 I/min. The antimony/tin precursor was added at a rate of 1.5 mol
percent of total carrier gas flow, the water was added at a rate of 7.5 mol percent of

total carrier gas flow, and the vaporizer temperature was maintained at 160C. A soda-

lime-silica glass substrate two inches square and 2.2 mm thick was preheated on a




obtained. One skilled in the art wll realize that the TOSb | ayers can be
of different thicknesses and concentrations .than descri bed herein and
'still be within the scope of this invention. Exanple 46 The procedure of
Exanpl e 44 was repeated, but in this exanple the deposition sequence of
the fluorine doped tin oxide layer and tfi 3. 25% ant i nony April 2060%r i de

- solution layer were reversed, The resulti’ng fl|ﬁ1had a VISIb|e transm ssi on

of about 62 9 a_neutral e-red ected col or
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- Exampl e 41 qlgkﬁe ol The recur sor coating -
- conposi ti onv@grh t he g"“lﬁ%&’g% 5&%Setscn6éa%uregg: é@&eﬁ “@ﬂ TFA, 4.35% by
wei ght SbC13, and the renmmi nder I\/BTC The carrier gas used for the

vapori zati Oi was d% air at arate of 20l/mn. The fluorine/antinmony/tin
precur sor at arate of 1.5 nol percent of total carrier gas
flow, the water |. percent tot rrler gas
flow, and the va\é%%ip?g%%area&e]?xaa{ﬁﬁ %%glgém rﬁ%ﬁa%a]?'ﬁ “ch’(i %eﬂ%ra

soda- | i me- siprm'astghms&r ﬂld)ek&poaitmntomm ﬂﬁdne-soemerﬂeogm& ﬁqtgmmga ddped Gk Was
preheated on aell}eat er 640C. Precursor vapors were direCted onto
the gl ass sOBY¥Er4E éa%&r 95?55 ingf1lgyhadp meagured-iage af §.00%s p A8%ensductioni mony
contraini ngfmgﬂ'{ple #@usfﬁiéﬁ}#? -240 nmwas deposited at a rate of 1200
Alsec. Inmmediately after I's deposition, a fluorine doped tin oxide |ayer
of - 300nm was deposited at the sane rate froma vapor conposition of 1.5

nol per cent EIE&A{/ C (5% by -wei ght TFA and 95% by wei ght MBTC), 7.5 nol
per cent vvater—v%g?é and the renmainder air. The bilayer filmwas bl ue-green

~in reflect ed CO| The piRedad oRERAR eS@'uHﬁ réHeatjed%g%‘f’L %ﬁ teg?% t@ efpar dner
u

"Hazeneter. npl e 49 The procedure of anpl e 48 wat er
was oni ttedtor lﬂtﬁﬁrﬁ%sor\ﬁabmons’mr@ardspmtmmefmemmoamoo bﬁfhefanﬁmbny 300- 600
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previ ous Exeipttéon from the haze in Example 50.

Example 53 :
The procedure of Example 50 was repeated but 5% by weight TFA was added
to the precursor solution for the depositipn of the antimony doped tin oxide first layer.

The resulting bilayer film had a measured haze of 1.17%.

Example 54 v

The procedure of Example 40 was repeated with the following changes. The
precursor coating composition for the NIR layer was composed of 6.75% by weight
SbC13 and the remainder MBTC. The carrier gas used for the vaporization was dry air
at a rate of 20 I/min. The antimony/tin precursor was added at a rate of 1.5 mol
percent of total carrier gas flow, the water was added at a rate of 1.5 mol percent total

carrier gas flow, and the vaporizer temperature was maintained at 160C. A soda-lime-




Conpar ati ve Exanpl e 56 The procedure of Exanple 40 was repeated with the
foll ow ng changes. The precursor coating conposition for the NIR | ayer was
conposed of 6.75% by wei ght SbCl3 and the remai nder MBTC. The carrier gas
used for the vaporization was dry air at a rate of 20 Umn. The

anti mony/tin precursor was added at a rafe of 1.5 ol peApah20®t t ot al
carrier gas flow, the water was added at""a rate of 7.5 nol percent of

1800 A couctiff el Mhedl Bt D R H 4 SBRE IBHE VR e R R e
thick was prigbaeioass3e0. precafiof vz'ﬁﬂfri WeriircRAYNRS the Lg%gfﬁﬂgtr?%%g? _vﬁ%@l@“ﬁgr

. vapors were directed onto the glass substrate at a~ vel oci
and an ant i mfnyl.dopeand dnantiniahy dopeditinbxidé Filmmf wa40 napesidepdsitedtat arateat € of

o6 e SR, kBt o e LRSSl Pt g o1
composi L on -oloohmdw i tepBGieat the Nale YL G 34 Bor eB1BLiidH b Rl thdiy, el oht

MBTC), 7.5 nol percent  water vapor an e remain air. ayer film
was bl ue- gr dEnVIMIBTER 5 ¥diyeeight Br A and 85 Yy weipbiAd BTA)UE 5 aiol eR4fb veser

measured on a Gardner Hazeneter. anple.51 Th rocedur e _of | e 50 was
~ repeat ed butvaﬁﬁlig}dntﬁﬁ?rﬁwg‘%@ﬂr'ﬁ@#[g&? ﬁ@%b’véf’%g{gf%'ﬁ'?ﬂ mFﬂ?ﬂe‘FéégE@dti on of
the first -330a600c faiaé of NG 39N ARRUrLIORCIGhIdRer QX iferdd TSt | ayer. The -
resulting filmhad a neasured haze of 0.90% a 33%reduction fromthe

previous Exanple. Exanple 52 The procedure of Exanple 51 was repeated but
added to the precursor solution for the deposition of

5% by wei ght. TFA
the first %@g@éﬁvﬁ of the antinony doped tin oxide first |layer. The

resul ting film hathedyroRaAat SOENMSle Ok WisG350ated i Watdr@oaiCh@Rd ffoamuehe haze
in Exanpl e 50. Exanple 53 The procedure of Exanple 50 was repeated but 5%

by wei ght TFAP@tsireamdiuring the depesiipr ofiths dirsts300608 4 ¢fshe uhtémdmypdopiet tion of

t he anti non tin ide first, layer. The .resulti bi,hayer filmhad a
neasur ed ha)zéég%ﬁﬁ' %.liyﬁ% ?Eﬁéﬁ?ﬁft@g?ﬂm%eap?%%ﬁh@z%?} @Q%p?@%ﬂ'e%@o?epeat ed
with the folfoawtrgpreHangEsampiBe precursor coating conposition for the NNR

| ayer was conposed of 6.75% by weight SbCl3 and the remai nder MBTC. The

carrier gas used for the vaporization was dry air at a rate of 20 1/mn.

The anti m”!ﬁég};&?le@icur sor was added at a rate of 1.5 nol percent of total
carrier gas ; e water was added at a rate of 1.5 nol percent total

carrier gas fl owThapthcetherewd Bramplers Stvesspegeatadibat $9byvedighitiFredagiddéd0C. A
soda-linme -30 ril 200
to tz]eAi?recursor soﬁution during the deposition of the first ~300-600 A of the
antimony doped tin oxide first layer. The resulting film had a measured haze of

0.70%, a 23% reduction from the previous Example.

Example 57
The procedure of Example 54 was repeated but 5% by weight TF A was added

to the precursor solution used for the deposition of the antimony doped tin oxide first
layer. Th_e resulting bilayer film had ameasured haze of 0.72%, a 36% reduction from
the haze measured in Example 54.

The following examples illustrate .the haze obtained when the bilayer film is

deposited in reverse order.

Example 58
The procedure of Example 31 was repeated with the following changes. The

precursor coating composition for the underlayer was composed of 5.0% by weight



silica glass substrate two inches:square and 2.2 nun thick was preheated on
a heater block to 663C. Precursor vapors were directed onto the gl ass
substrate at a velocity of- 1.2 mis and an antinony doped tin oxide film
of -240 nmwas deposited at a rate of-1050A/sec. Imediately after this
deposition, a fluorine doped tin oxide layer of -300nm Wapriti2@afsi t ed at
the sanme rate froma vapor conposition B~ 1.5 nol percent TFA/ MBTC (5% by

wei ght TFA 959 wei ght L. 5 ol percent water  vapor and the
remai nder a??EAf‘Hégg%leY‘é‘%gtFtiI‘hﬁ%@@ﬁl%@%ﬁ@éﬁeﬁi frriks Yaperisatianovasdrgmd  had
a haze val uEat@.fraté‘oI@ﬁ/Q/ﬁﬁn.n'?ﬁéb’rre@lﬁjrsS’Psoq’utﬁ?lrvaa&%rddwgtea%{ee({f'el ﬁ?g&lrgwggf The

procedure of Exanple 54 was repeated but water was omt vapor
stream dur i ri§t3 paTigegasSlow, dhe whtet s hddesitat a 320 0603 molgferdentofotal BaAYr doped

tin oxide f.afs?l%) | _.The.resulting filmhad a neasured haze of 0.90% a
20% r educt i i TPPORIG 115 YAPOHAEE IRRSEals ees Taaiaignee 28 400 Ansodebinsr i
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. 0.70% a 23%/%/ ed(gc&]i on fromthe@%evi ous Exanple. Exanple 57 The procedure
of Exanpl e 3¥SARY2IUBELE dopadin eusle fimef oPR0 mpAvasdspaditdat a rase ofrel G3Pecur sor

sol uti on use&gsdcor . (N g i o oped .tin oxide first
| ayer. The r egul t{lﬁlg@%l?f\a%g?% Wf’nghgéfngo@re%glsﬁlﬁf) ﬁg{a‘?‘?é’%Sf“’b %% 79 a%.erég-(?/o
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foll owi ng chakegsvatdR@ApoPiIGHE ; i it nder | ayer
was corrposeg of 5.0% bgowei gﬁ%&?‘gﬂiﬁ&ﬁ%&?ngg@gﬁéwgl%é%&?%ﬁa\?\g{“&ht
MBTC. The c#t r§flactegaeolos @ndflad & Hmze apbre 2R10i68% wasmeisral bn AGaaddeat e of
201/ m n. Thﬁa%fg&grrsor solution was added at a rate of 1.5 nol percent of
total carrier gas flow, the water was added at a rate of 1.5 nol percent of
total carrier gas flow, and the vaporizer tenperature was maintained at
160C. A sodg-l ime-silica glass substrate two inches square and 2.2 mm
thick was p on a heater block to 663C. Precursor vapors were

directed onto th rat a vel oci - 1.2 and a fluorine
‘doped tin oxide ?P?%ﬁgédﬁgggéxrﬁﬁ]@/ﬁgg H’é‘ﬁb?ﬁ@‘&%‘f 9’%’ brya’Yeég}BmFs 1O%% addpd o

| medi at el ytodh¢ precrsorsotigponistd f9r thedepsitibABNhe d808ENT HPptiFiRidegt of .
-240nm vvasb%e osited at the sapge rate froma vapor conposition of 1.5 nol
percent S V%/ E@?(ﬁe Ingldayer (Uam 4i9s a spiettal biedn 9eflentsh dojoneail glad aB%C) , 1.5

nol value of 0.67%.

Example 60 _
The procedure of Example 54 was repéated, but 2.9% by weight acetic acid
- was added to a 5.75% by weiglﬁ SbCly/MBTC precursor solution used for the
deposition of the antimony doped tin o?(ide first layer. The resulting bilayer film was

a neutral blue in reflected color and had a haze value of 0.95%.

Comparative Example 61

The procedure of Example 60 was repeated, but with no acetic acid in the

precursor solution. The resulting bilayer film was a neutral blue in reflected color and
had a haze value of 1.37%.

The results of examples 48 to 61 are given in Tables 4 and 5




~percent water vapor and the remainder air: The resulting bilayer filmwas
neutral blue- in reflected color and had a haze val ue of 0.68% as neasured
on a Gardner Hazeneter. Exanple 59 The procedure of Exanple 58 was
repeat ed, but 5% by wei ght TFAwas added to the precursor solution used for
the deposition of the antinony doped tin oxide first |ayaprilZdB5 resul ting
bilayer filmwas a neutral blue in reflected color and had a haze val ue of
0.67% Exanple 60 The procedure of Bfanple 54 was repeated, but 2.9% by
wei ght acetic acid was added to a 5.75% by wei ght SbC13/ MBTC precur sor
solution used for the deposition of the antinony doped tin oxide first
| ayer. The resulting bilayer filmwas a neutral blue in reflected col or
and had a haze value of 0.95% Conparative Exanple 61 The procedure of
Exanpl e 60 was repeated, but with no acetic acid in the precursor

-.solution. The resulTing grrayer fiipryasTa eyt et giuc +Ar-+qf-ected col or
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_ Table 5
Effects of Acetic Acid On Haze of Bilayer Films
Ex. # §0 61
Composit . * : 2 2
%5SbCl3 5.75 5.75
% HAc 2.9 (s
1 30-60 nm Y N
In rest Y N
H,0/8n . 1 1
1t 30-60nm Y ¥
In rest Y Y
Rate (A/s) ~1050 ~1050
b
Temp. °C 663 663
i Haze 1.37 0.95

300 nm TOF/240 nm TOSh/G

* Composition: 1

2 = 300 nm TOF/24C nm TOSb F/G
3 = 240nm TOSb/300 nm TOF/G

4 = 240 nm TOSb F/300 nm TOF/G

Silica can also function as a haze reducing additive in the tin oxide NIR layer
adjacenf to the glass especially when added to the top portion of the NIR layer prior to
the deposition of the low E layer on top of the NIR layer. The preferred silica
precursor is tetra.fnethylcyclotetrasiloxane (TMCTS). A 33% haze reduction was
obtained when TMCTS was used in the last ~600 A of the undercoat. Examples 62
and 63 and the results thereof in Table 6 illustrate the effects of silica as a haze

reducing additive in the antimony doped tin oxide layer.




~h~C1i]OC"' cu 'e'f Oee .-WQ 1 aKF -33 7 Ap'ril 2005 Table 5 Effects of.
On Haze of Bilayer Filns Ex 61 60 Conposit.22 4S5C135.755.75

Acetic Acid

% HAc2.90 1° 30-60 nnyN In restYN H2Q' Snl1l 1° 30-60nnyy In restYY Rate
1050 Tenp. C663663 Hazel.370.95 * Conposition: 1 = 300 nm
TOSb/G 2 - 300 nm TOF/ 240 nm TOSb F/ G 3 - 2AQApril I0HBb/ 300 nm

(A/'s)-1050-
TOF/ 240 nm

TOF/ G 4 - 240 am TOSb F/ 300 nm TOF/ G Sit34ca can al so function as a haze
reduci ng ad
especially

deposition

dijtive in the tin oxide NIR layer adjacent to the gl ass
vﬁ&%d to the top portion of the NIR layerpriorto the

of therhO¥foEed ¥ GF EQEmpRA Qbs I‘e'ﬂgatycll Rithae E'cillomgg @ﬁa%fg%sr.rflgc stlica

precursor coating composition for the NIR layer was composed of two solutions, a
5.75% by weight SbCI3 with the remainder MBTC fed to both vaporizers and a neat
solution of tetramethylcyclo.tétrasiloxane (TMCTS) fed only to the second vaporizer.
The carrier gas used for the vaporization was dry air at a rate of 15 Umin. The
antimony/tin precursor was added at a rate of 0.5 mol percent of total carrier gas flow,
the water was added in the upstream mixing section of the coater at a rate of 1.5 mol
percent in total carrier gas flow, and the vaporizer temperature was maintained at
160°C. When the TMCTS was used, it was fed at a rate of 0.05 mol%. A soda-lime-
silica glass substrate two inches square and 2.2 mm thick was preheated on a heater
block to 663°C. NIR layer precursor vapors were directed onto the glass substrate at
a velocity of ~ 0.88 m/s and an ﬁntimony doped. tin oxide film of ~185 nm was
deposited at a rate of ~55 nm/sec. Immediately after this deposition, an antimony
doped tin oxide film containing silica was deposited from the second vaporizer at the
same rate to a thickness of ~61 nm. This was followed by a fluorine doped tin oxide
layer of —f298 nm which was deposited from the first vaporizer at the same rate froma -
vapor composition of 0.5 mol percent TFA/MBTC (5% by weight TFA and 95% by
weight MBTC), 1.5 mol percent water vapor and the remainder air. The deposited
film was neutral blue in reflected color anﬁ had a haze value 0f 0.81% as measured on

a Gardner Hazemeter.

Comparative Example 63

The procedure of Example 62 was repeated except that the antimony doped tin
oxide layer was 223 nm thick, no silica containing layer was deposited, and the TOF
layer was 291 nm. The resulting film had a haze value of 1.20% as measured on the

Gardner Hazemeter.
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-36 W claim 1. Atin oxide coated, solar control glass having | ow haze of
|l ess than about 2.0%and having a NIR sol ar absorbing |ayer and a | ow

em ssivity layer within said tin 5 oxide coating, conpri%iApgl20@f ass .
substrate and a doped tin oxide coating _having at |east two |ayers with
one | ayer being a solar absorbing | ayer” 3ébnpr| sing Sn02 containing a
dopant selected fromthe group consisting of antinony, tungsten, vanadi um
iron, chrapm in@ mol ybdenum ni obi um cobalt, nickel and m xtures thereof
and anot her Ei} r being a lowemssivity layer conprising SnQ2 contai ni ng
a dopant sel ect ed fromthe group 10 fluorine and phosphorus, wherein a

portion of said solar absorbing |ayer contains fluorine in sufficient
quantity to redlice thénragds a&‘*aﬁd”ﬁé’i‘ﬁ"‘f%‘ﬁssﬁ"ﬂlgt@w hage gt lesp thavrapodnd

wherein thgy JHdCIKﬂ/ﬁ%Sa NIRtsB%r b 43rsing ?Jye@?x%% R Emi RUSY lbﬁer furithih 288 dro 320

nanoneters (nnt) and the thickness of ‘the |ow emssivity layer is from 200
to 450 Am @Nide eddngoromelsingfa glagscsubgrase andab depreditingoide egatipp davingiah deast

fluorine t i CEQ&S%E Sn{]?h‘-}%sfa&}{g %O | a%?&b{ngqgéoc‘%géﬂ%%grs‘?{& %;%ta(uﬁ]%t o 600

A of the t ness o e-so absor bi'n ocate
adj acent t@pantheeli:mdarﬁ"canethbegm/e}en:ohhaugobﬁranaimnv biumgstbmy eanadnain,t hren| ow

ty.l ti f th | b t hat
oot 1 ety RiatvEishif, abBiu, ot el SR AbuRrs Herobfind MGher Byl oes

havi ng I ovbehgzeloanemisavitnyar dyhiprisid Spoh atﬁntﬁhﬁl@l’abio@&ﬂsal&taéd foth the lg@p
emsmytylaver&nthln saldtln oxl de coatin nprising a gl ass
subst r P e” BH0ding 29 pReFPhPmS o¥hcEn @der g THadi sy fa?sorléa%{ayﬁwnrtaa%ﬂ%orwq h one

llayer  beifgumicieal @fauﬁ@ﬁ@%ﬁu@gtﬂe%gd’snggﬁmﬁdﬁ NS RNirAG A RENn JAREIhSBE2 and
anot her | aver being | ow em ssivity | ayer conprising SnQ2 containing a

dopant sellé%tl“é‘%i\ﬂwsmhthﬁhﬁl%FinbS(frbl!ilﬁriiilmelSeﬁmn BRbtopOmasomelbrs (einn ard fher t i on
of said Sghﬁ&n&p%ﬂl@@g Jn%iés?wgglg{’%r% B3 2 ddbot A8 o ald g o f—do%' &teu \A#ﬁﬂt ity

to reduce e rugosity an or said tin oxide coatln

t he thi ckr@serbmg layee cOBtRngg farormbsco)rdduwgthb aggeasny sorfiprises ﬂﬁﬁl 30&) B0gtroms
nanomet1§ 'S t(m}()() A of the thickness of the solar absorbing layer and is located either adjacent to
the interface between the solar absorbing layer and the Jow emissivity layver or is the

portion of the solar absorbing layer that is closest to the glass substrate.

2. A tin oxide coated, solar control glass having low haze and having a NIR

20  solar absorbing layer and a low emissivity layer within said tin oxide coating, comprising a
glass substrate and a doped tin oxide coating having at least two layers with one laver
being a solar absorbing layer comprising an antimony doped SnQ, and another layer being

a low emissivity layer comprising SnQO, containing a dopant selected from the group

fluorine and phosphorus, wherein a portion of said solar absorbing layer contains fluorine

-2
Lh

in sufficient quantity to reduced the rugosity and haze for said tin oxide coating and
wherein the thickness of the NIR solar absorbing layer is from 200 to 300 nanometers (nm)
and the thickness of the low emissivity layer is from 200 to 400 nm and the portion of said
solar absorbing layer containing fluorine to reduce the rugosity comprises from 300
Angstroms (A) to 600 A of the thickness of the solar absorbing layer and is located either

30 adjacent o the interface between the solar absorbing layer and the low emissivity layer, or

is the portion of the solar absorbing layer that is closest to the glass substrate.




~and the thickness of the low emssivity layer is from200 to 400 run and
the portion of said solar absorbing |ayer containing fluorine to reduce
the rugosity conprises from 300 Angstronms (A) to 600 A of the thickness of
the sol ar absorbing laver and is |located either 30 adjacent to the
interface between the sol ar absorbing |ayer and the | ow édipsid2003y | ayer.

or is the portion of the solar absorbing |ayer that is closest to the

gl ass substrate. 7 April 2005 -37 3. The3toated glass of claiml or claim?2
wherein the portion of said solar absorbing |ayer having reduced rugosity
conprises the pyrolytic deconposition product of an anhydrous (dry)

m xture containing the precursor of antinony in addition to fluorine. 5 4.
The coated gl ass. of Thasat YRS 6f Aaivi br YA 2 ASRIPIHRAGIANELT 84T BlAr

anti nony dopant, concentration of from2.5%to 7% by wei ght based upon the
wei ght of a@ﬁ?ﬁ?% fyephayinggredyced HaEosity erpnprispethe parpdytichdecomppsitiansmiodudt of | ayer
has a fluog,p k . 9 % el ed upon
the wei ght “of Aacpet YL SR SR Rne e R of i ory M giEh @by aRRCT CEOT,
claiml “or claim2 wherein said solar absorbing layer is |ocated closer to

t he gl ass substpate than th wenjssivity layer.. 15 6. The coated gl ass
of claim1 or clﬁ'ai mgP%%ért%afﬁlagsan%]saBPa ‘ﬂ%&eﬂﬂ %?lﬂgsoﬁéfgwrbw&sla&ert Sckhess
from 220 t ent@Ghyndnpantdcoaneramtiond froMoR st to CTOR 6§ Rici ght ibased Afpoh KMWRighPot 0 7%
by wei ght §ﬁ§ed u¥ n %he meggh of %Eﬂé in sai.d, solar absorhing |ayer, and
Che Tow  cRIgs Py iy absarbile doxoh e dowsremissiyiyoaer s 3o Busineapepaat
fluorine dopreitrfionGEFont bR S%iby Weidhd Bt upde ¥ WeLhir & 4RO he
wei ght I?)f Sn02 jn said low em ssivity layer. 20 7. The coated gl ass of

I

clai m 1'%r SBISSVHY BYfherei n the sol ar absorbing |ayer is coated directly
onto the glass and the low emissivity layer is coated on top of the solar
absorbing layer. 25 8. The coated glass of claim1l or claim2 wherein the
sol ar absor bi ng®| ayelherrasted glasanf ¢laml ovdpiang wherbesid sdrahsosbinkilayer e
range of 3Hedi0s BN EIAAL SRASRHIURAN 1LRSHMRLGNL.Of SNO2 in the solar
absorbing | aver, the oW en155|V|{y ayer Rag - f1°0or i ne dopant
concentration within the range of 1%to 3% by wei ght based upon the wei ght

of Sn in the.low.gni ssj Vi I r, ,and,sai ortion, of said, solar

absor gﬁ%g I aves("i rrpaﬁ]teiC 6%@&%&83@@ #Lfﬁocé?’?’yfé‘%ﬁrtﬁﬁ’i soud Fqli‘fo?ahsﬂ%“‘?gnlayer

suf fi ci ent hagaahitkdegs from2203€ 26016m o e Bitinvddy)ophnt @8h@n @A Idni TR 2.500e sol ar
absor bi ng | qr”.7h§¥{%% 2oqg -39:9. The coated glass of claim1l or claim?2
further cofristHEM A ISHUERA BR AC§Y PAOnCo it 541 selieabsprbing leysrnand Betlawen t he

gl ass substiadieinARGertiiea tiflaRd SHrk0880 08B20hnPRREMIRRe dbpdht O dRnfRAL | NO-
of from 1% to 5% by weight based upon the weight of SnO; in said low emissivity layer.
20
7. The coated glass of claim 1 or claim 2 wherein the solar absorbing layer is

coated directly onto the glass and the 16W emissivity layer is coated on top of the solar
absorbing layer.
%

25 8. The coated glass of claim 1 or claim 2 wherein the solar absorbing layer has
an antimony dopant concentration within the range of 3% to 6% by weight based upon the
weight of Sn0; in the solar absorbing layer, the low emissivity layer has a fluorine dopant
concentration within the range of 1% to 3% by weight based upon the weight of SnO- in
the low emissivity layer, and said portion of said solar absorbing layer imparting reduced

30 rugosity contains flucrine in sufficient quantity to raise the conductivity of said portion of

the solar absorbing layer.




10.  The coated glass of claim1 or claim2 wherein the Sn02 in the Sn02

| ayers is a pyrolytic deconposition product -of a tin precursor. 11. The
coated glass of claim 10 wherein the tin precursor is selected fromthe 10
group consi sting of nmonobutyltin trichloride, nmethyltin trichloride,
dinethyltin dichloride, dibutyltin diacetate, and tin tefApat0eride.. 12.
The coated glass of claiml or claim?2 erein the solar absorbing |layer is
conposed of at |east two sol ar absorblﬁghfllns and the total thickness of
the solar 15 absorbing films is from200 rimto 320 rim 13. The coated

gl ass of claim 12 wherein the concentration of dopant in one of said solar
absorbing filns is different to the concentration of dopant in another of
the solar absogbi ngrfd {dFked g?-gs bfclail € opa%?ﬁ' fEHIRP §oxﬂﬁrls%{gadnrgd;]i]tﬁﬁ1apﬁﬂ m 2
wherein the low em ssivity layer 1s conposed of |'east™ two | ow

eni ssi vi t y cfatinggheaglasst diter eatween the glesesbsioie mbthleaw @ndesenating 9r alfgvertke i s
form 200 tqg.450.1 %ﬂ 25 15. The coated glass of claim 14 wherein the
concentratlon of in one of said lowemssivity filnms is different

- to the ooncentratlon of dopant in another of the low emnmissivity films. 16.

e cot 20 81 8ok o EheLd SECH Pl k7T SRR SUBA Py ST RS20 0

April 2005is-a38rdivtic ddtomposdiiedpeiag of fin preaiddrl6 wherein sai d col our
nodi fyi ng dopant is fluorine. 18. A nethod of producing the coated gl ass

of claim1 or claim2 conprising 5 sequentially treating glass at a glass

tenperature above 40 Malel:glas o clainh 30 vadfeld Bk tAGTe&PRE A RlLBdFGRWLCE Of
oxygen, H2O, a tin precursor and a dopant precursor selected fromthe

group dénsersep sensisingef mwmlyuwhunélh«tlmridseme@aﬁttmrfﬁ#})on% dimatrldn digbloridat i nony
triacetate I inmony trifluoride, antinony
pentafluor?ﬁaghhqgg%w%%gﬁ@Bgﬁggeﬂgﬁg%onate to formby pyrolysis a NIR | ayer
conprising 10 Sn02 containing an antinony dopant; an anhydrous second

carrier conprisj tin rso d .a_dopant cur.sor, elected
fromthe group ic%])ns?g{gﬁ?ategfg]%ﬁPfﬁ]ﬁ lllofl {éﬂ?g Whgzein %"h%ﬁ%"ﬁ%'ﬂ%é [ 6ri de,
ant i nony tcdmﬁﬁécatoé at dadst MeBYysdldri ssbibitipd 6imaahd M Yyotdlr ihidkuiessi @Ifetheasmarrmny
pent af | orldeb ant@ Q%pacetylﬁcetonate to formby pyrolysis a NIR

| ayer np t anti nony dopant to form by pyrolysis
| d ?ﬁgaw@ﬂms B 4R D5 ant i d formb lysi
a NIR layer conprising Sn02 containing an antinony dopant and having
reduced_rugositg_that contributes to reduced haze; a third carrier gas
conpri si ng gas Bont aliisegted eiasepEeaint 1D yhierst, theipenceniration of depasf ¥opreadld  a

dopant pregi 94 H&:BGE M mE §LAERE: tgftw&nemhéﬁ bﬁ&pg& ihah§th4QSFRRE &J14:C

aci d,

absorbing films.

20
4. The coated glass of claim 1 or claim 2 wherein the low emissivity laver is
composed of at least two low emissivity films and the total thickness of the low emissivity
films is form 200 to 450 nn.
25 15, The coated glass of claim 14 wherein the concentration of dopant in one of

. . .. . . . .
said low emissivity films is different to the concentration of dopant in another of the low

emissivity films.

16.  The coated glass of claim 1 or claim 2 further comprising a transmitted

30 colour modifying quantity of a dopant in said solar absorbing layer.




ethyltrifluoroacetate, difluoroacetic acid, nonofluoroacetic acid, amonium
fluoride, 20 amoni um bifluoride. and hydrofluoric acid, to forma |ow

em ssivity layer conprising Sn02 containing a fluorine dopant. 19. A

met hod of producing the coated glass of claiml or claim2 conprising
sequentially treating glass at a gl ass tenperature above7 4paC200% h: 25 a
first carrier gas containing a source: QE oxygen. H20, a tin precursor and a
dopant precursor selected fromthe gro % consi sting of antinony
trichloride, antinony pentachloride, antinony triacetate, antinony
triethoxide. antjnony trifluoride ntinon pent af |l uori de, _ or antinmony
acet yl acet onat ei?'o f breperjedyglasy gEickaim 1 w)ﬁﬁrawe?m@&ﬁlﬁw podlifyngnggpant 1s

cont ai ni ngfagsNt i nony dopant: 30 a second carrier conprising oxygen, tin
precursor, a dopant precursor selected fromthe group consisting of
antinony trichloride, antinony pentachloride, antinony triacetate. 7 April
2005 -40 antinopy trhelhox 8pro 'W@%o&l@ﬂ folaObf d&im 2 1c[BRY comprising

pent af l uoride, or antinony acetyldcetonate, and a H]aze reduci ng quang‘tlty
of a haZe swdervially traatdtigtglase aselesttedpératom dbaee 4@Gpthconsi sting of a
precursor of fluerine. tetranethylcyclotetrasil ne. HE__ difluo etic
Bei d, monof | uor bIELERHELER GO A TE AT i I p PO o i RSy B aT 1 0ar de,
ethyl trifpeonoacetieacdt abm, tacatrb@ donsiblirg aci datinpsm@pitacileridgi aptimony

met hanesul fonic acid,  butyric acid and its. i §$rrer S, hitric %ci.d or nitrous
acid to foPFAsYIpFoRfganyAriRgetats. APIMONY SHAPIREH NGBy LHMCAICH: AYIRefY

anti mony dgfadituotie,f RN PUEQI M&dS1afe 0 Brih AW SFyrolCATRMNIR RYerfddbrising
contai ni ng_an anti nony dopant and havi ng reducea rugosity that contributes
t o r eddfedSHazentaigngan gitmeprydlopar gas conpri sing gas contai ning a source
of oxygen. . i r ant: e t he
ar oup. donsi"bry T Peqr e 3 pfitle & RT L R Db SR et b7

di f | uor oaceddctedatrionh, theo gofupuamsiates iof atingny anmignriden fitineny degntachlemded um

bi fl uori de nd drofluoric acid, 1.0 forma.low.em.SsiV] I

corpr 1 i ngt Sey RS, ARliSny Fefhgiod Lo iaf i M BDsARRhY Yol Bhige. o 1,
18 or cl ai mtihthmwhrectelateisiatctogbns by pulabisisai MIR Byeraonipasing $n@h ténthihmgsamcond
carrier1 gas before 'it iﬁ- co tacteg V\ntﬂ%@thf first carrier gas,.21l. The
met hod 10f PURHGRY 19PRAAEIBITATL Y dPYPAEs & afle PPN $80a LAAHIE D 20
second car &it@longASpAR bAd Bavilg leSude@ M RGHE thatdnltitul 1d fcdfdeddRtd;i er gas and
the haze reducing. additive 1s a selection other than ,

t et r anet hy? By SOtrir Easeqranising ga songinmeAiontsg odrxrseai Qg iherceirorsadd

gl ass subsjr ' clagh t hehe T Ay id tads
contacted wt Hﬁ?!thrggig%oﬁdts%gcrt% eﬁoga?ean%sﬁ\e&%gg%@; ecguiri]ﬂ;’\lgjrg%gugd%dil?i ve is
t et r anet hy¢tbyloifbromaceiste] ehiffurecaced: atide mesnoflodroadetic| atidn 2mmahianefiwoside.d
second ga[)élfnﬁénigﬁisbihﬁor?&b¥19c§ ?@ér'oﬂgoaﬁc éicﬂrlg%r% a%\9%ldﬁgs(ijvi&ylagfgecogﬁjtri@&(& of

claim

SnO; containing a fluorine dopant.

19. A method of producing the coated glass of claim 1 or claim 2 comprising
sequentially treating glass at a glass temperature above 400°C with:

25 a first carrier gas containing a source of oxygen, H20O, a tin precursor and a dopant
precursor selected from the group cbnsisting of antimony trichloride. antimony
pentachloride, antimony triacetate, antimony triethoxide, antimony trifluoride, antimony
pentafluoride. or antimony acetylacetonate to form by pyrolysis a NIR layér comprising
SnQO; containing an antimony dopant:

30 asecond carrier comprising oxygen, tin precursor, a dopant precursor selected from the

group consisting of antimony trichloride, antimony pentachloride, antimony triacetate.



30,

10

20

25
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antimony triethoxide, antimony trifluoride, antimony pentafluoride, or antimony
acetylacetonate, and a haze reducing quantity of a haze reducing additive selected from the
group consisting of a precursor of fluorine, tetramethylcyclotetrasiloxane, HEF,
difluoroacetic acid, monofluoroacetic acid, antimony trifluoride, antimony pentafluoride.
ethyl trifluoroacetoacetate, acetic, formic acid, propionic acid, methanesulfonic acid,
butyric acid and its isomers, nitric acid or nitrous acid to form by pyrolysis a NIR layer
comprising SnO; containing an antimohy dopant to form by pyrolysis a NIR layer
comprising SnO; containing an antimony dopant and having reduced rugosity that
contributes to reduced haze;

a third carrier gas comprising gas containing a source of oxygen, H;O, a tin
precursor and a dopant precursor selected from the group consisting of trifluoroacetic acid,
ethvitrifluoroacetate, difluoroacetic acid, monofluoroacetic acid, ammonium fluoride,
ammonium bifluoride, and hydrofluoric acid, to form a low emissivity later comprising

SnO; containing a fluorine dopant.

20. The method of claim 18 or claim 19-whe-rein said glass substrate is

contacted with the second carrier gas before it is contacted with the first carrier gas.

21.  The method of claim 19 wherein said glass substrate is contacted with the
second carrier gas before it is contacted with the first carrier gas and the haze reducing

additive is a selection other than tetramethyleyclotetrasiloxane.

22, The method of claim 19 wherein said glass substrate is contacted with the
first carrier gas before it is contacted with the second carrier gas and the haze reducing
additive is tetramethylcyclotetrasiloxane.

23, The method of claim 21 wherein said second carrier gas is anhydrous.

24. A product produced by the method of claim 18 or 19.



