18 October 2006 -1 Solar Control Coated  ass Background of |nvention
This ihvention relates to coated glass used in residential, architectural
and vehicle windows and mni scel | aneous applications where both sol ar

control and low emssivity properties are desired. The coatings far solar
control and low enmissivity contain tin oxide having varil&fcteeRs£9P8. The

i nvention avoids the need for an anti 5 41~ descence underl ayer. The gl ass
articles may be of any shape but are typically flat or curved. The gl ass
conposition can very widely but is typically soda linme glass produced by
the float process. It may be anneal ed, heat strengthened or tenpered.
Description of Prior Art Solar-control is a termdescribing the property of
regul ating the amount of solar 10 heat energy which is allowed to pass
through a glass article into an encl osed space such as a building or an
autonobile interior. Low emssivity is a termdescribing the property of
an article's surface wherein the absorption and em ssion of m d-range
infrared radiation is suppressed, making the surface a md-range infrared
reflector and thereby reducing heat flux through the article by
attenuating the radi ati ve conponent 18 Cctober 2006 -2 of heat transfer to
and fromthe ow em ssivity surface (sonetines referred to as Low E). By
suppressing sol ar heat gain, building and autonobile interiors are kept
cooler; allowing a reduction in air conditioning requirenents and costs.
Efficient low emssivity coagelaf€ontiel Cbateddasd t during both sumer and
w nter by increasing the 5 thermal insulating performance of a w ndow.

| mportant to conmercially acceptable coated glass articles which possess
both solar-control and | ow em ssivity properties are, of course, economc
processes for producing the articles and durability and mai ntenance of
associ ated properties such as Ilight transm ssion, visibility, color,
clarity and reflection. 10 As expl ai ned bel ow, various technol ogi es have
been enployed to neet the requirenent for solar-control and |low em ssivity
gl ass, however, no one system has successfully net all of the performance
requi rements in an econonm ¢ manner. Many coatings and coating systens cause
iridescent colors to develop in the coated article. This may be caused by
the chem cal conposition of the coating , the 15 thickness of an

i ndi vidual |ayer or |ayers, orBagkground ofdmventionf the substrate and coatings

This invention relates to coated glass used in residential, architectural and
vehicle windows and miscellaneous applications where both solar control and low
emissivity properties are desired. The coatings for solar control and low emissivity
contain tin oxide having various dopants. The invention avoids the need for an anti-

5 iridescence underlayer. The glass articles may be of any shape but are typically flat
or curved. The glass composition can very widely but is typically soda lime glass

produced by the float process. It may be annealed, heat strengthened or tempered.

Description of Prior Art

Solar-control isaterm describing the property of regulating the amount of solar

10 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 through the article by attenuating the radiative component



to incident light. Such iridescence can, in sonme cases, be mnimzed or

elimnpated by placing an anti-iridescence |ayer between the gl ass

substrate and the first coating. The wuse of an interference | ayer between

the glass and a subsequent functional |ayer or |ayers to suppress

i ri descence or color reflection was first denonstrated by'8fgstoer 286 don,

and was the subject of U S Patent 4,187,336, issued Feb 5, 1980. The

Gordon technol ogy has been the state of the art for coated solar control

gl ass as evi.gdenced r [ : . MGusdy el

al, July 14,°f%§"’3§()an5fg\i\%ﬁoca§8§%p ?‘SW %?ﬁs%‘gf‘s“@%?o t%}nznégg(‘::)fljﬁgl%d(Q:ontro\;I;I on top

of a Cordon B)yB9 sipfiressisy e teatlgaits buildihganddntorhebilerinteribeyaes kdpt eguient | y

contains silicon dioxide. Surprisi n_gl y, the 25 present i nvgé}_hi on ioeveresents

a dramatic biHewinghagedictiondnedil gppdifieRing HeMHEB SRS, Ot r dHCEPD

under | ayer to.control .refl ected Figoet 1ol :
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(sol arg cont ynnagidsktindberf@@tincs ¥0a #adlowngs are used with the first

coating, adhered to the gl ass substrate, being conprised of tin o@tge doped
| so

with a 30 rel at i lsipprthitdocoramercially agerntatiespatciglass @igles WarRMOs S

conprised of tin oxi.de,.and i.s .doped w.th rel atijve |
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anot her, or jBychf (RPRtCRY afPd@RBIAE dnf nidistesanoé of d360cditad propetties buchtas. 1 n

ei ther case, these solar-control coatings do not contribute significant |ow

eni ssivity pighpeansnession visikilityl, selor.slarity ped reflsctipt ent 4. 601. 917 t eaches
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|

energy-efficient w ndows, also known in the trade as lowE or |owE

wi ndows. Metshoutssfolly prevall of thy petfhamansa requitgmests in AR eeAnOBNig ERBAThed. Thi s
pat ent does not teach how to produce coated | ass LCl | ssess
both sol ar - cont réﬁa’%ﬁoaitw @'Hf Lapge FXF?%?%%P? ﬁ@?cefgéﬁgﬁﬁgﬁ g%lbé,ms@l . 1009,
assigned to c%?tgﬂﬁmcﬂ Fg{hg bEQUALEA HyAY cheddisalidoRDBsitiph af hearatingl, thet h
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infrared shielding nulti rs conpri'sing a visible light transparent
substrmt e anbichiessvfam ipdivgivablaymsoeiayers aranimtirastioneftieshbsigtesmdcgatingsast one
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20 Gordon, and was the subject of U. S. Patent 4,187,336, issued Feb 5, 1980. The

Gordon technology has been the state of the art for coated solar control glass as

evidenced by recently issued U.S. Patent 5,780,149 (McCurdy el al, July 14, 1998)

which applied two layers to obtain solar control on top of a Gordon type interference

layer. The interference layer frequently contains silicon dioxide. Surprisingly, the

25 present invention represents a dramatic breakthrough and eliminates the need for a
Gordon type underlayer to control reflected color.

US Patent 3,149,989 discloses compositions of coatings useful in producing

radiation reflecting (solar-control) glass. At least two coatings are used with the first

coating, adhered to the glass substrate, being comprised of tin oxide doped with a

30 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



75% to 130% of | anbda/4. Although other formul ations are disclosed for the
infrared shield |layer and the interferential reflection |ayer such as Sn02
with or w thout dopants, 20 (see columm 6 lines 12 to 27), however, the
speci fic conbi nati on of doped Sn02l ayers of the present invention that
acconpl i shes solar control, low enissivity and anti- iri d8%dehes 2008 hout
requiring a | anmbda/4 thickness limtatipn is neither disclosed nor
exenplified to suppress iridescence or color reflection. US Patent

4.583. 815. | O Kaishi ki ' : 0, sghibes a
heat wave Sﬁllp%ﬂgﬁﬁygérﬁ? ﬁage&nconm st P}ngiaﬁﬁ %ﬁﬁe;rl\-g?{fﬁ???% %lg?%gf g{\?e@fa%sger S
cont ai ni ng glibsfrate ehieithebiasé, Ihek sdlancontvl toatihpedd nanottapetesignifivantloor bel ow
the indium tin oxide |layers are al so described. O her fornulations are

di scl osed fenIssiVEY PrIReatiesdo theglass@ricdger and the interferential reflection

IayersuchasSn%'g@z - | 1 Lan.: Wiqit:by a

val ence of +5 su% Pt 486 % r}%achg,?ﬁqlué&gwgggoﬁg&ﬁd@ggﬁjﬁb%é%}%?hsuch as
F whi gh r eaglidlity, bgighReformARe A lubend-@opedi i oRidéadcatifigs Y chtmidad@@porcol um
22 lines 17 to 23). However, the sgecific_c_orrbi nati on of doped SnQ2| ayers
18 Oct ober dep@sitions Qs of ke yeeaksych coatings ivin thhptodugtion i energyctieienl
shielding, |low em ssivity .and .anti-,irkde ' i | SC d nor
exenpl i fi ed‘fv1 P ?Oskl}%%clf‘ré}l‘erﬁﬁ%saﬂoﬁv 'gff%éﬁﬁgﬁgé®£%%£§%syo¢gj g%.(?%lﬁl g in the
speci fi cati @@ chbRed eSS 4rbalsh AEscFiBED ORié pALntAbesntst feabR}EW 0 pdPce ddaked rati o

of dopant to tin oxide. It should also be noted that the teaching |eads to

the use 5 oflassasticlanwhitbnensess hothselar-centeal gnd jovepmissivityi PsXRedéss. wher eas in
the instant pate | | one .| aye st, contain di fferent dopant
thanPhe other | 6}9 : hif}%‘fgf%g@ﬁ@gg%%ﬁfg’ﬁﬁﬁmﬁﬁ%un FGHPPLC,
descri bes bantdBhtel WA Miralddishieldisg muRiliyel domipriving-8ki4ibIR 1ight tfdrisparentTet al

ions froma glass surface and/or act as_col or suppressing underlayers for
overlyi ng isvbstatednd e peertyingicampagienidaminatiph gonsisting of liattleasy oneipdrared Some of

ol ass. const Hh e skt fec sferfatRbrened iRt el bine S efbany,
describes aygAz NGdivdh bkidk aop&miitm ®nds 846a5h Balekambles b§ MaRRdreMEhielat i ng

conprising an optically functiona | ayer (which may be | ow em ssivity or
sol atscont rlaygr amb T#O4 wasnesed zast the iinferfercotialcshi¢ldylayerd 5Imierden tosredugeul ti pl e

gradi ent step zone ]|ayer. tijjony doped tin oxide i.s ntjioped as

aposs: bl e afdercaesyeinaredshiliTael auiBe mureofe ek n VP h 8RR mis

eni ssivity ﬂeﬁae%rvaluelé‘% oRe b Batter Panf i (leth$hdaft it epkrindssitld RVinfE e AT d
descri bes solar control coated glass wheréin at |east three coating |ayers
are present75%io B0%oflapbdadAlthoegiegtberonmuatinmis atplisohesed forithg wéretednce
suppressin gshlig}x ﬁtryerl a%{fdrt].l?e itr)l%a ! ere?lgaltrgf?ec%lng fa?zer such as SnQ, with or without dopants,

- 20 (see column 6 lines 12 to 27), however, the specific combination of doped SnO, layers

of the present invention that accomplishes solar control, low emissivity and anti-
iridescence without requiring a lambda/4 thickness limitation is neither disclosed nor
exemplified to suppress iridescence or color reflection.

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

25 describes a heat wave shield laminate consisting of two indium tin oxide overlayers
containing different amounts of tin. Antireflection layers, above or below the indium
tin oxide layers are also described. Other formulations are disclosed for the infrared
shield layer and the interferential reflection layer such as SnO, with a dopant that
becomes a positive ion with a valence of +5 such as Sb, P, As, Nb, Ta, W, or Mo or

30 an element such as F which readily becomes a negative ion with a valence of -1, (see

column 22 lines 17 to 23). However, the specific combination of doped SnO, layers




20 substrate and the transparent upper |layers. The invention relies upon
the transparent | ayers having a difference in refractive 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
regi on as opposed to bei ng absorbed. Doped netal oxides 18PetRbSAAIG| ow

em ssivity properties, such as fluorinesdoped tin oxide, are used as the 25
first transparent |ayer. Metal oxides such as undoped tin oxide are used as

the second |.ayer. . Nl R.absor bi n i_.nat | . ar | ;-
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havi ng a rrul“flfayer coating conprising a glass plafe and two |ayers. The
first |ayer cbkrasuppgisingf umietlayers i fodeovertping| infsaredle reflesting oor electrigallyFe, Co,
Ni or Cu, the second Iaégr i§ a lower refractive index fi I@rbaseq on a
met allxi de coundustiag layers. Semget these wlorsaPPsElayeiyane SieLimselarvPIYOIor N R
absorbing c i | Lscl osed. WD 98/ 11031 Thi s patent
applicati on? gﬂﬁéj%ﬁﬁﬁs%g%ecf)ﬁ%ggﬁ 1998 and assigned to Pilkington PLC It
descri bes a hi gh PR PhirneE1168.008] asigaahibriord YoarConspanyy describesea glhzing
substrate with coatings conprising a heat-absorbing |ayer. and.a |.ow

omi oS vi Ly  acese besTing HubsRRtALY dERTSPRRG! CEBHNL AT B gA, O:P;F'éslbhﬁ%ﬁo%a‘ et al
oxi de layer., 15 Thi.s LR thinfBanti-iridBsc@Atdiferi r ON
mol ybdenum ‘?ﬁ%%%%‘%%?y@éﬁgﬁ(ﬁ%%?ﬁ’ggér Hﬁ@t ures ther eloffr. ~The | ?ﬁr

eni ssjvity |lyhieH isimultipledeniieht siep zoe kdger. Antimmnyrdepet tiroxids prouentised he

i nvention, an iridescence-suppressing |ayer, or |aygrs,is _incorporated
under the ca@aapesgiblealismalvery oaﬂw&iemamﬁwfﬂzf qxa@éﬁﬁ%ﬂn’awaefflﬁw B vity
layer. This appli M | O 4d38riBRR_GIak béntrol
conbi nati on of d Patiie $780,1 %ﬁ@g#@%ﬁoresegﬁ%ﬂvenﬁ ont hat °

acconpl i shegosed ailass OMlicréih, atl 1east @lifies Sdouiing layers aengreseint,i dasicamt secaand hout
requiring a "Gordon" type under|ayer to suppress iridesgence
transparent coafings and an iridescence suppressing layer Iying between the glass

20 substrate and the transparent upper layers. The invention relies upon the transparent
layers having a difference in refractive 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

25 first transparent layer. Metal oxides such as undoped tin oxide are used as the second
layer. No NIR absorbing combinations are described.

EP 0-546-302-B1 issued July 16,1997 and is assigned to Asahi Glass Co. This
patent describes coating systems for solar-control, heat treated (tempered or bent)
glass comprising a protection layer based on a metal nitride. The protection layer or

30 layers are used to overcoat the solar-control layer (to prevent it from oxidizing during

thermal treatment). As a solar control layer, many examples are provided including



or color reflection. Canadian Patent 2,193.158 discloses an anti nony doped
tin oxide layer on glass with a tin to antinony nolar ratio o 1:0.2 to
1:0.5 that reduces the light 25 transm ssion of the glass. Dopant Effects
in Sprayed Tin Oxide Films, by E. Shanthi, A Banerjee and K L.gghgpra,
Thin Solid Filnms, Vol 88,1981 pages 93 to 100 di scusses tREOLPREL o
antinony, fluorine, and antinony-fluorisne dopants on the electrical
properties of tin oxide filnms. The article does not disclose any optical

properties of the antinony- .30 fl i ne fd oty & af f on. transmtted
or reflected &8 5lﬁ%pf5#<wlgi‘taélﬂfnoﬂﬁpﬂ¥ﬁ:u§ ﬁ%’nHJ%&f ?’3&6 : %giﬁﬁ "g’@{sbungdr%‘é%‘ (ﬁg

G averbel dgsfell 4R35, 1ay&h 3Fthd PresbitanesntiddOfat actomplistel solpabattollow an
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from 0. 05 tenBsijty windhardi-iridssdshee withauthfallosmeg: Gordnes seachings asaeithere i | s

are applied .bé/1 %gueous S@Iﬁﬁ’: CVvD and are intended for privacy gl ass
appl i cat i ondiscloggdnor exerppl ft%lji'undercoats are taught as well as thick layers

with Low Sb/ Sn rpige$3200424G s HeMentlapiti@EbS Blatwhypublisial ihiFebruasy W8l6l  as
hi gh sol ar absorbency. Tt al'so teaches that it is possible to provide one
or nore addiddiomalgnedotGantral Glasy Go.tThispaténsapplisationdescribes giheaieledivgi cal

roperties. None of these pr.operties other .than, haze areg.nentioned.The
gpploi cati onglﬁﬁd@ﬁég‘aﬂlig Ai t‘%ﬁ?ﬁﬁoaf‘% FBPTi§ing 3 glass ﬁlﬁ'g aﬂgéw Sgéyr?gsr‘ gﬂlehan one
dopant, or ﬁltsP@%&qglé ﬁ%h éﬁf’acf‘.i% RdePhRtal oifle biSedat ERMARR] C6 AT AT UCHhe

2,302,102 A'a assi to averbel describes a glass substrate coated
with a Sn/ Secoxd Heerdiay &rweroefractine ingex film bastd anninealpxide such pafimexidet i o of

from0.01 tg 0.5, said |ayer havin en deposited CvD ereb t he
Coat 88" subs DoREQ1918S SRAdBN SmiFSEbOHN AL SRR copmRieas s 19 REISH. | oo
than 0.7. The <c¢ |g3961 03] € Thi s WM RBLA GRINIAfRE 1308 dpave

| um nous transm M %ﬁ&gﬁ?%lgﬁg%g}?/g)%% t hi cknesses ranging from

100 to 500 signkthze PilkitgeornBLCUNH elesaribes ashigh pedfomemnca sdlar-oanteoli glassvi ty can
be inparted to the coati ngs by\yigh j udi ci ous, cho'ﬁ]cei f hhe Sh/ Sn rlatio. Li ke
the previ oueompingaelaswsubsie Withedatings OMPrising ¢ 8???35‘?5 e lvermdalayqi i onal
coating |layers.: ' rt.84.Nn |.f : [ I | lhver.

ment i oned. %P‘&%‘Eﬁ%%g’g%&\ég?é\;iﬁt@‘aeﬂgf@%? pé‘oﬁﬁoﬂak%%ypﬁggq?ﬁwﬁ de}%c an be 20
deposgit ed oYRik liyee mak/bSrlopeymangsten, chbalp chrenicmpjremmolybdeaumpbriobiggeer t o t he

ot et ol Wil LLL IS MOLSH, SOk Shognd 11
a; S a?g: 22 dalé% %b%ﬂ%&ﬁ%ﬁ%ﬁ%&?%ﬁ%ﬁtﬁg ah RAdestdfRe SMpptedsitipl My&f ortiBgerSRy F fil s
incorporated under the coating comprising a heat-absorbing layer and alow emissivity
layer. This application does notdisclose or suggest the specific combination of doped
20 SnO, layers of the present invention that accomplishes solar control, low emissivity and
anti-iridescence without requiring a “Gordon” type underlayer to suppress iridescence
or color reflection.
Canadian Patent 2,193,158 discloses an antimony doped tin oxide layer on
glass with a tin to antimony molar ratio o 1:0.2 to 1:0.5 that reduces the light
25 transmission of the glass.
Dopant Effects in Sprayed Tin Oxide Films, by E. Shanthi, A. Banerjee and
K.L. Chopra, Thin Solid Films, Vol 88, 1981 pages 93 to 100 discusses the effects of
antimony, fluorine, and antimony-fluorine dopants on the electrical properties of tin
oxide films. The article does not disclose any optical properties of the antimony-

30 fluorine films nor the effect on transmitted or reflected color.

UK Patent Application GB 2.302,101 A assigned to Glaverbel describesa glass |



mention of color control or color neutrality is found. 25 GB 2,200139,
assigned to d averbel teaches a nethod of depositing a coating by the
spray application of solutions containing tin precursors, fluorine

contai ning conpounds and at | east one other dopant selected fromthe group
antinony, arsenic, vanadium cobalt, zinc, cadnmium tund$t@Hober@006ri um or
manganese. Previously, glass manufactugers have managed heat transport

t hrough wi ndows 30 by the use of absorbing and/or reflecting coatings,
glass tints, .and v | L PB.: P [ ese
coati ngs arﬁﬁmﬁF f:%@&g&rvgﬁ%gg? tglﬂ(élfl /{1%‘85618%? }nc()PI(E’%%ﬁF%/St %QBS?‘?‘F%%%?@?@HW ar
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operati on \H%F‘E?Pﬁ?f’éfcﬁggrf € ﬁs-alﬂg?(%&éi{%ﬁipé%eﬁg’é oi{}?r %@gﬁﬁé;%fe Eel{%\?}lt1§+%?e _
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neutral or clo to neutral in color. The above references either alone or

i n_conbi natdreire cmtrobof filkmckloor suggest the specific conbination of doped
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m drange infrared |jght {low em_ssiyi or, Low al ang,wi t;h el ected
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controlled dgq ssi}g%tfeh&ed F&'Mhd@@,a?slimﬁﬁs Q86 8aYd Alrhoeotradnagandes neut ral
as defined hereinafter). Also provided Is a nethod of producing the

i nproved, deave, 40s01daf5% and thitkngbses sangigefrompridte F00gimn s Hargeedyciag| ar
ener NI R) absorbing. | ayer rising tin oxide having a dopa such as
ant i %n§/ ad’é‘dsrc%"\ﬁ/ %%%L"é‘f’g‘?la?& gg{ﬁte!ngpsq%%,gqn ﬁ%ﬁgﬁe%otro ﬁgfﬁ(’%@%széd’ fi dr ange
25 infrar e‘}lahibﬂ)*&t& cﬁ%@e oP MR S5 Qat_ldd LR itRepR oS dpplicafon, NBe &adhiaf of

phosphor us “dopant . separate iridescence col or suppressing |ayer as
descri bed iprovidingmmiear naort ailditigeslewating/layers to achieve certain desirable optical

(02 102 A4

properties is mentioned. Also low emissivity layers of fiuorine doped tin oxide can be

20 deposited over the Sb/Sn layers or fluorine components can be added to the Sb/Sn
reactants to give low emissivity 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 thatr the emissivity of the Sb/F films was raised and not lowered. No
mention of color control or color neutrality is found.

25 GB 2.200139, assigned to Glaverbel teaches a method of depositing a coating

by the spray application of solutions containing tin precursors, fluorine containing
compounds and at least one other dopant selected from the group antimony, arsenic,

vanadium, cobalt, zinc, cadmium, tungsten, tellurium or manganese.

Previously, glass manufacturers have managed heat transport through windows

30 by the use of absorbing and/or reflecting coatings, glass tints, and post-applied films.



needed to achieve a neutral (colorless) appearance for |light reflected off
the coated glass, however an iridescence suppressing |ayer or other |ayers
may be conbined with the two | ayer assenbl age provi ded by the present

invention. If desired, nmultiple solar 30 control and/or ltiplel
emssivity layers can be utilized. The NIR | ayer and the%lc&ﬁg@ﬁzggglvi ty

| ayer can be separate portions of a sipgle tin oxide filmsince both |ayers
18 Cctober 2006 -8 are conposed of doped tin oxide. A nethod of producing

t he coated | ar ntrol. ' | | .onl irti b1POE the Bslapr esent
I nvention cg/ﬁ{sf%qtggsgrcoc%%g’ég%?lﬁggrggle%gn%g%?gtgﬂgﬁ}?(t)e | i ght through the

addi tion of h&plspectasidlicithvese INIRS he. ivaRinfiayred component pf thegllsctiommpdeifant
fluorine that produces a noncolored tin oxi de%sfi | m fupct.i. ﬁf as 5 a color
addi tive whepectidudwving avpvslsapthiip therangsod 420 1 & 00mm /§ F’é@ COPRPIEBYI fi es
the color of,.transmtted |] t ' Sef - I3aaftdmt i on of
t he Draw ng8 @Fﬁ@?té%migqf%? Sg%ﬂhzlﬁaéﬁg‘%g%ﬁrgfgﬂ%%ﬂﬁédﬂ%% ct a cross-section of

coat ed gl assa phlENhs beéd @dstiled folfditiob thefentiryheasspectrirh) lrsvever Bpitfesedent
st acki ng sequgnces for the layers 10 on dl ass,subgtra Figures, 5 and 6

gr aphi cal | ymegliditleattie fdol stecksowbilo efferivecba iR é]ﬂfqtbmy”@o‘ﬁ'é‘ﬁ 'Pef | s at
vari ous Cg”g&?%ﬁ%wg%ﬁ%l grﬁﬁfgﬁnt&g %?%ey AL bBH ST ﬁn@ti@%&f hﬂﬁﬁ@e%?%la%nuﬂi& ndow

panes, i Or “on 1 nsul ate ass units (1 GQJ which

are a conpogic®). ofwakt ik fesled §340tot] 3slar @ARBHLiInTbgtntbitatitmpifdilss thee carol or
spectrumin” ternms of Conmmi ssion Internationale de L' Excl ai'r‘@g%gggl .E) x

and y coor dbeedsily agpitd b5 pytedytissiepodition dupng the glass BokiBg BPSIRY AR Sfilm

t hi ckness and dopant. concentrations.. .. The | sh o | NifR. | - E is
| nt erfat i on&P a@i??ﬁﬁ"é@ﬁ c?ﬂaF?qpfé)ﬁT%‘élflpgﬁmn%g’?Jgicot%ére?ﬁ@%gQ*ér?\?%nt%lleonﬁAn

obj ect of tpgd - RYRRMQIRI Snd i@ nBEEMDE Elode lo@uGRkin@dlorar ticle with control | ed
refl ected color (even neutral color as defined herei n,? that will absorb

sol ar near 20 i fiheabed refdrdRyescithet alongton inrcombination dgnat teash g svegsy ange

infrared heat (Low eni ssivi Lisin ' ' i ni ng
doped Sn02 SP %?blﬂﬁtf%‘fflq\éée&?r@igﬁﬁ %&%S%%ﬁv%gh{natb%%gé%ﬁg%ﬁspher ic
pressure chegl,CalntbRA AERPAty dridanti GNEdscerice Sithott efjuirig NGatioeT type ocesses
such as sol ution spray or vaporized/sublinmed 1iquids/solids can be

utilizmed. Thadgiagterred nethod of application for this invention is 25

at nospheric pressure CVD usi ng§vanri Zo;g! It q{uei goﬂrecursors. Anot her obj ect

Is to provide nultiple solar em ssivity | ayers al ong

w th other | ayef%ﬂengre%mh‘r@aﬁbﬁrpr%a& hiempRived sobipicontrologlabovhathiassi vi ty
| ayer. Another object Is to provide a solar control fil l?éhtmiaggtion of

films that eesephebledsiblefighptpinsmission, gbpotbs pear infrared wavelen
reflects midrange infrared light (low emissivity or Low E) along with a preselected
20 color within the visible spectrum for reflected light that can be controlled to a spectfic
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 has a solar energy (NIR) absorbing layer comprising tin oxide having a dopant
such as antimony and a low emissivity control layer capable of reflecting midrange
25 infrared light and comprising tin oxide having fluorine and/or phosphorus dopant. A
separate iridescence color suppressing layer as described inthe prior art is generally not
needed to achieve a neutral (colorless) appearance for light reflected off the coated
glass, however an iridescence suppressing layer or other layers may be combined with
the two layer assemblage provided by the present invention. If desired, multiple solar
30 control and/or multiple low emissivity layers can be utilized. The NIR layer and the

low emissivity layer can be separate portions of asingle tin oxide film since both layers



deposition during the glass maki ng operati on which yields an article which
has,an 18 October 2006 -9 acceptable visible transm ssion, reflects or
absorbs the NIR, reflects the md-IR (low E), and is neutral or close to
neutral in color, the production of which is an object of the present
i nvention. Another object of the invention is to control *&factebsrx0086¢
transmtted |ight independently fromthbhg color ofreflected Iight by the
addition of color 5 additives in the NIR layer. Detail ed Description of
I nvention apd £ 5{3‘9 | SEaE. SASAL@bd 5P Pidantingd Mk LN PMIAIoKbY coat ed
glass is prg%u%ggjogé‘{gfej% Sl Sﬁlng on a heat edBtranxggarent substrgté at | east
two | ayers, ghiss@ulsepredded. tiy alidiyien, thopmsdnsinnentaon cBni@als b ¢hngesthatsiong
fluorine and/or phosphorus dopant and_ _a N R absorpjng | ayer conprising a
Sne2 fil m cehtmnamitpdalichi thapieh thenaddigen, of @ s?@ﬂﬂ‘%a‘ﬁagﬂeuﬁ&ilﬁﬁ :
chr omi um OB HrickeH | A o RS ot @Rns ad Ni S
"RLRAGR e BLOR HRrifABR brodulk&HRheAbrd 1 sas

conbi nati on ectively control the solar and radiative
heat porti oggolt addiive whariddedagiaidditicsipkdipantto thed¥i Rt 1aydr aad wioddwey thoat ed
with these filnms will have greatly enhanced properties. 15 Solar control
properties apler of wrnsmitted bghithrouglhythe NIRHIg: of solar heat gain coefficient
(SHEC) and U-value. SHGC is a neasure of the total solar heat gain through
a w ndow systemrelative to the incident solar radiation, while the U val ue

(U is the total heat trangipfDes&fiptici 6NtheDiiawilig W ndow. The SHGC of the
coated glass is primarily dependent on the thickness and the antjnony
content of the NFRuatssbtlspegh dand B thropeled3 depjat 2eross-sasHon Pt Gpated elage

U val ue depends primarily on the fil T I VA R YA '

constructi oﬁ?‘”’%ﬁé&l&f@&g’ﬂﬁgﬁs {]a%eé%?reﬁrﬂn%fn %@?%‘%ﬁlng%&ﬁ%ﬁm agg%gtrs 0. 40
to 0480 whi bggldsyalbd@stesTEHRpUESS 2] 6 gﬁﬁhieillﬁepﬁitdehaﬂonMﬂcﬁiéwdhaﬂdout
0.7-1.2 for a single pane coated wth the preferred enbodinent filnms. In

an i nsul at edntifhemysdaped filmg ateaiousisensmoatiensad deragsand vgriops Blm thickpessey al ues

as low as -0.28. .25 Both the. reflect n ] Lt coat ed
gl ass of thQHW’égoé’YlPanels’rf\‘/eeﬁlsﬁngﬁe %agg ogglagsoﬁ{ (tr’réﬁggla}.ehIgﬁggg‘giltﬂlggﬁt‘iﬂg&amunt
of visible hiw&orfé%@ns it RestitvoQlal pahdse Figat gdieplodsthecatvrbpedam kol | ed
bet ween about 25-80% by controlling the thickness of the NIR and | ow

emmi si vity tdringef @ouimisiorclatasrationaleidsd. Bxelaitags i€ 1) x aed xpqordinpies and

Transmtted color.. i.e. the |l or, of .|| [ ' r he .coat ed
gl asg>can bg’%s(?e%’gﬁfP@F F%lﬂe‘éag’ AZAR yogs?tll(;ixt;]nq t@‘ﬁgﬂgggtab %g@’%@%%@r til}!;htshe
addi tion of Te FAbRE @idshfioh Y& .8 EOtTaRenatidBRACommission on Illumination

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

reflected color (even neutral color as defined herein,) that will absorb solar near
20 infrared (NIR) wavelength radiation and reflect mid-range infrared heat (low
emissivity) comprising two thin film layers containing doped SnQO, . Anotherobjectis
the application of the layers by atmospheric pressure chemical vapor deposition (CVD)
techniques, or by other processes such as solution spray or vaporized/sublimed
liquids/solids can be utilized. The preferred method of application for this invention is
25 atmospheric pressure CVD using vaporized liquid precursors. Another object is to
provide multiple solar control and/or low emissivity layers along with other layers in
combination with the solar control or low emissivity layer. Another objectisto provide
a solar control film or combination of films that can be easily applied by pyrolytic

deposition during the glass making operation which yields an article which has an




gquantity of a color additive to the NIR |l ayer 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

| ayers. Surprisingly, near color neutrality as defined herein can be

achi eved for reflected color without the need of an anti-18@¢tabe/od®96 | ayer.
Al t hough the refractive indices of the R and | ow enmisivity filns are
different, the reflected col or does not depend on classical interference

phenorena oLl BBl ASQNRLEN MeGOUARLELLSNIRASRLS el ARTROA0N.

Observed re s unexpec e co

absorption @pthndeé h&gtal aﬂclas?dkbméadamﬁ colbh&hé\ﬂ)rﬁdhcamrofﬁn&bdofsmhldbmct afd t he
reflection achieved by the lowemmisivity |ayer or_ 10 |layers. The

absor ption 8 pﬂﬁéenNIilR/dnéiy@r Angthgreobienttof dhe Bryentjon, iy gi saptroh ihe ¢ple pkss of
its Sn02 | ay, er a‘?tg:d Ell»% t"? ncetg@gxtrg%%g % l5ﬁ?ré}fégéﬂﬁlgh{bytﬂtﬂeea}d|§{t5no‘}\x& of o

usual l'y antl ow em sSivrt ayer can

contral | ed delﬁaésylhrigepqmlaty@f ckness of its Sn02 | ayer and t he
concentration of the dopant in the |low enmisivity |ayer, wusually fluorine.
The | ow em ssivity Iayer conmposed of Sn02 containing a fluorine or 15
phosphor ous dopan MBS abprev at ed g OP while the
NIR layer of SnOZ&ER- GhEkigh £ ‘uﬂﬁ.‘f‘gﬁ'“g{ﬁfgu nes

abbrevi ated her e'SBlﬁ&:oan@SQxd 13@%9@%@&%@@:1%@3@9@ prediice® by dBpGsitipvand i on
utilizes a conbination of a fluorine doped tin oxide (TOF) filmas the | ow
enmi sivity heqted tramstpareahsmstratmhgcasictwedaxemalm eSSty tﬂmbgompnsma@ t he

NI R | ayer | ms_and t eir ogcesses .0 e knovvn in
the art andgcgfz g‘b’?‘é&nﬁaﬁn%% Ri’ anscfgg aﬁ\l@{ 506 18??1 Tfilmis
al s043 5“02c&hgﬁhh§ta %@tfﬂh%nﬁlﬂhé hea Gﬂﬁan@%ﬁﬂényt Iﬂ.ﬂigstfehevdrﬁmtﬂ{mﬁﬁﬂ vity

| ayer. The dopant "in the | ayef is preferably antinmony although the

dopant can bhromnumahdﬂbdmusemebnm ccﬁhalmuclttéorgmmsesdhmqfs isgombingtien nony,

tungsten vapadj um ch om bden ni Q I ni ckel ,

and i xt ur e}3% hesnefopn 8/3\0 r‘?%;?tbvre rgé&goaa/l cgrgél%wﬁt e%phﬂ&l@ggotfélael n the
NIR layer, BRweyshg ﬂeh@ slb&mxﬁmxéﬁﬂhwat\ymh@weaatecrmhﬂ@@mmma Hao¥\greatlesi vi ty
dopant that | rrparts significant conductivity to the layer such as fluorine

or phosphor esimnced piopergies.ot her dopants may be used in conbination wth the

| ow eni ss ty d n Since the |o em’ Si t nd t he NI ar s of the
30Wpr1(§sen!t v: nzengf’@ﬁ CBB?‘IP'} RIPP§THSSATE !?’%/PLEC 4 te&‘ﬁ&’g‘ @ﬁfn% it ai ni ng

a dopant, t fmb@ gnd OV, Sﬁm}d ¥ 4 AEQESe 6AthebBtAD3blar Bfatazasd Ngl e
film havi ngbgefgg%?n rajc]l ent. 18 Cctober 2006 -11 A single fil %g utilizing

a dopant graﬂoeghawmddwpynemdelamweﬁogunm:l@na@l&rtradmm whilethe Yrivalge Where i s

? hgopant gr a thg Pétalvl\'feat tre;[ngfeer coe 101e1?tafg; thtc]%v\{lllclichﬂ aTlg“ gﬁ&b of the Eohtedd glés%QS than

primarily dependent on the thickness and the antimony content of the NIR absorbing

20 film (see Figures 5 and 6) while the U-value depends primarily on the film’s emissivity
and the window construction. SHGC measured at center of glass can range from about
0.40 to 0.80 while U values measured at center of glass can vary from about 0.7-1.2
for a single pane coated with the preferred embodiment films. In an insulated glass unit
(IGU) the SHGC’s decrease to ~0.30 with U-values as low as ~0.28.

25 Both the reflected and traﬁsmitted color of the coated glass of the present
invention can be controlled. In addition the amount of visible light transmitted through
the coated glass can be controlled between about 25-80% by controlling the thickness
of the NIR and low emmisivity films and the concentration of dopant in the NIR film.
Transmitted color, i.e. the color of light transmitted through the coated glass can be

30 controlled separately from the reflected color by the addition of a color-effective



ot her dopant(s) at one surface of the film either surface 18 or 22, and
the low emssivity dopant having a higher concentration than the other
dopants at the other 5 surface of the film This results in a change or
gradient in the concentrations of the NR and | ow em ssivity dopants

bet ween surface 18 and surface 22. At sone internediate 188¢ieber@0B%t ween
surface 18 and surface 22 the concentrgg.ion of the NIR dopant changes from
bei ng the highest concentrati on dopant on one side of point 22 to no

| onger being the W oMy EoRa ing N The kil dfordfanpoi Nt
2210 Fi e gl s Ry B e o e N R
film12 in aingE6m alBostasutral cordgyelivat blonorgresti aadcad by controllni By vopigt i n the
tin oxide filmw th a | ower concentrttion of the.d?{,)ant cl.oser to the | ow

a film 10. tinlnthickesyisdopan copignial thy layegs. Suppsipely. DeprPINeYEalite shown
in fi 8 w t.h ' . t | ' i.the NIR
infigure @éﬁ‘@“ﬁ‘% tfgl e ESPL Qﬂ}%@rfo} ?&e%féafc%p%r@mo% theOR @A §Hn &Hei-t he

dopant, us nony, hear the we film21l0 and 15 | ower
near e the jsgbsthdhgor. Rithbugdhtht sefhicfifeindiots dfhleeNIR amd 186 eproisivityrfilFisgur e 3
inthat film12 is a NNRfilmwhile film 16 as,cgf),tP IRangIowa

properti es amndiffceant thesfigeted colar desgnat deppaten GrtFrcdl RIS RPN 5

concentration.gradi.ent f e,lo t BReR LAl oladi ent
for the NIR td.'scl‘—givﬁrﬁgi’gﬁllod?g’ﬁ(\iﬁ'g'll%?‘gﬁailggggg?ft% NI R Tayer oag t wo

di stinct fiiéurﬁax%gct@(ﬂlsjc ollefibl the 28mbinatibwofabsspidei ang refiictionactiéd byi | m 20
30 and the total thickness of the NIR | ayer is the sum of the thicknesses

of films 28haNIR layer Gabsorprion)andiths rafledtion aghievedhyghe low-emmiRNEY LBYEr &t at ed

bove for the NI.R | and bl Fi 10 and
190N on el ot R oL HBIRGRRR on b SMcdflel By IR et Miblgyrop 10 an
films 28and30ANE R AnPBReShdeAtraticiast thd ddpant ia tlié NIR layér, ufindlyaatimeny r at i on

of dopant in fil'm'28 is preferably different than the 25 concentration of
dopant in fiHemefe:tarithof theddw remissidtayercambe emtnoleg by Yrgme the €SSan

ti doped {i t NIR file il ' b
unbor of FRar e e - eplragin 3 PR Dol MAZTEIERI MY S oy
pyrolysis i%,/ésnpmrﬁ{ed Tk K84 SaRGivitH 149ef @iigosed ot SnGaTofairdng a fluprneot

2,193, 158. D net hods for depositing Sn02 filnms with or 30 . '%h 1% dopant s
and i%e chehibsporqusaiopastds sometimesahbreidatesh bereimas KOk o QPrWng 6%2 ts are

1k d disclosed in US, Pate . :
Preferrod 1egt SR0uBBr bt ARG ouR st hme PRt ryiggpeichas

cont ai ni ng aints according to known nethods directly on a float glass
manufacturing line outside of or within the float glass chamher wutilizing

conventi onal _on-Thepeefawpbenbodimentns tis igyesionvligerafoginaiiop ot s Ky, s

taught by U. S, Patent 257 (Henerv).. . : i .

cont ai ni ng C‘G)BB%H{I gxggr{T&%?iih as the low € }swﬁpl\ﬁ‘?éﬁ'%ﬂ& B8 amitiBny 4428 tin
20 oxide (TOSb) film as the NIR layer. TOF films and their deposition processes onto

glass are known in the art and referred to as low emissivity films. The NIR absorbing

film is also a SnO, film but contains a different dopant than the low emissivity layer.
The dopant in the NIR layer is preferably antimony although the dopant can be an
element selected from the group consisting of antimony, tungsten vanadium, iron,
25 chromium, molybdenum, niobium, cobalt, nickel, and mixtures thereof. A mixture of
one or more dopants can be used in the NIR layer, however the low emissivity layer
must contain a low emissivity dopant that imparts significant conductivity to the layer
such as fluorine or phosphorous, although other dopants may be used in combination
with the low emissivity dopant. Since the low emissivity and the NIR layers of the
30 present invention both utilize SnO, as the metal oxide matrix containing a dopant, the

NIR and the low emissivity layers can be part of a single film having a dopant gradient.



5 be applied as layers on glass utilizing other processes such as solution
spray..or vaporized/sublinmed |iquids/solids at atnospheric pressure. The
preferred method of application for this invention is atnospheric pressure
CVD using vaporized liquid precursors. The process is very anmenable to

exi sting comercial on-line deposition systens. The pred8fidekerg008he
preferred enbodi nents are econom cal tgiapply, will 10 enable |ong coating
times, will reduce the frequency of system clean-out, and should be able

to be used yi ' . Lol 1.Q0.; Fstbd Washiasts. finGdi, 16 Ne
coating eq&s%n%éénftﬂ?ﬁ {f@éﬂ{é g??ﬁr%g gfr?g{llsgﬁm%{;d?c%%i né}af'tgrli on of re{nI ection
and absor ptihefe is 4@6pdndgradidimt &éth hd WK dopamt lefvirgcd lsighérdohd®niretion ithanthee 2. 5- 25
m cron region of the spectrumwhile 15 the NIR absqrbing film absorbs heat

primarily iethemdomsts) asone prfacapiothe T, iedheioturfage H8 Hothddhibiedsy, t he

t heory upon_whi.c f i G ' i on,
the pl asna %\?@Vﬁﬂggﬁgﬁgﬁ%g%ﬁeﬂé\%%g Pﬁ%eg‘th%%ﬁe‘rhé‘ﬁ tﬂﬁé@tﬁlgli/v&bﬁh fs%salt \'E/‘ilﬁ "'Iﬁi/tg’ [Elgm
changgs fr ogirfact bafheMilhd €Thik fesaltd fd @ahgy orofradieghin thaesi@ehtritivnstoiehd ow
emssivity film falls in the NNRregion. In the area around the PL, the

NI R absor pt NB and loweemisgivitst dopentsoretwern susface nhiSsand, pyrfacei 32m gHdsomfen

mbined with a NIR absorhing film | _ T
SR hbeor bt ntpritefials minRefifesnishificd BHRE Mt DUBOLAEIMarbREEBAROS: T
sem - conduci @t ARsgLeM6n bembahé Righsd chy@nRaReddpagtor ohet dide off sbintR2 Thi s

reflection coupled with the 'ow em ssivity filmreflection gives an overall
hi gher heatto mcelonget being thenhighest gbukcentatipbdonant en she §themedssabpoing 22.

pyrol yticly_depasi,ted on the.gl ass_,usi ' UhSQr jally an

o gahbt i n PrigEE SRR AEE I 38 RIS B P2 THENIR U FE ARty

di met hyl ti ng gichbstceRBatioh dradivhitfon 3 NIREd Gyt in'tBE ikt loxiderfilid withladowete or any
of the known precursors for CVD deposition of Sn02 such as those disclosed

in US 4, 60lcitentradtivoaf ther dopant dheseetathplow efiimdfic dhe cpated glaseof IHews Yot i n

precursors Y conpaounds used gs 30 _for rolyiic L cont ai n
stabil i zer 1§ é%ﬂ'é*ﬁﬁ%‘ﬁ ‘?Sa}"tg 1&1'1%51[&89/%(@(1&% @gﬁfo(r%’gtbl&otﬁg%? cseﬁg%?qnl zers is
l'ess than 1%r‘%eﬂ'e,ﬁt Of 8 NTROIJRAN GSudlly Mtifonk Sis \Migher edtthe lawe filé amber 2006

-13 hot glass wth such chémcals in the presence of oxygen. Precursors for
t he tiBpant lower héwrerthsubatrete. Filmx §2ns different thestfdm 16.shawaivg Figure i thatr oni um

ol vbderum o P e 5 A R B el e B8 o
car bonyl s C@ﬂw@? dYSAA aAS 2 MR dopShtGith § bicaRirftion @heient Bt 1b@re ddpandopant
and Sn02 are well known to those skilled in the art. Suitable precursors
and quant i tareka domcertthaion|grastiént ordbeNR dopant. nEiguese 18 i bdi2vand|3 shew the
NIR layer as two distinct films,28 and 30,. Film 28 is shown as being thicker than film
. 20 30 and the total thickness of the NIR layer is the sum of the thicknesses of films 28 and
30 and should be within the range of thicknesses stated above for the NIR layer and
preferably from 80 to 300nm. In Figures 10 and 11, films 28 and 30 are adjacent each
other, while in Figures 12 and 13, films 28and 30 are on opposite sides of low ¢ film
10. The concentration of dopant in film 28 is preferably different than the
25 concentration of dopant in film 30. |
The preferred embodiment of this invention uses an antimony doped film asthe
NIR film. Such a film can be deposited by a number of techniques including spray
pyrolysis, PVD and CVD methods. Spray pyrolysis is known and disclosed in patents
such as Canadian patent 2,193,158. CVD methods for depositing SnO, films with or
30 without dopants and the chemical precursors for forming SnO, films containing dopants

are well known and disclosed in U.S. Patents 4,601,917, and 4,285,974 Preferred is



| ayer are disclosed in U S. Patent 4,601,917 and include trifluoroacetic
acid,.. ethyltrifluoroacetate, ammoni um fluoride, and hydrofl uoric acid.
Concentration of low emssivity dopant is usually |ess then 30% with
preferred concentrations of low 10 em ssivity dopant from 1% to 15% by
wei ght of dopant precursor based upon the combined wei gH @FtolRs7ARE
precursor and tin precursor. This genenally correlates to a dopant
concentration in the lowe filmof from1%to 5% percent based upon the

wei ght of tgvlﬁé dSitioR of i eV 18yekd 4 aiﬂﬁ;gg%l%m@mc@fdﬁ@mq&e%iraaﬁb&s t he

properties depend on the thickness of t | ow em ssivity and absorbi ng
| ayers as wéikdctlaontatfloabglhdsmmmy facamingiine ofitside of abxithib thedloaf glafR)chhinber  The

|l ow emi ssivity filmthjckness can range from 200-450Q0 ran with 280 to 320nm
bei ng. st iR OBYCRUEl Gt RePat R RSB P BT OB AIBBY  od |
asimlar f i .53 i i Si ]
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can be vapopé ggsliedrasaliayerron2flasst idizimgibthab pmoceses swh gaselitioandpaiynong a
source of 02 and in precursor concentrations fromQ.25 - 4.0 I%A)%t(sO.S -
3.0 nol % novapopieed/sbliser lagissopde et AmesPhetn PRt et ﬁEﬁEEfeéfFé %@TE? ed
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carrier gas. rererred concentr I ONS opant precursor are rom
about 1% tgrealroors. T08pfokeHds very anfdfable teexistidgaronaneraiatiod-lideposiidds nost
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.20 for the low emissivity film and when combined with 2 NIR absorbing film, increased
absorbency takes place. The NIR absorbing films of our preferred embodiments are
also doped semi-conductors and hence have reflective properties in the mid IR. This
reflection coupled with the low emissivity film reflection gives an overall higher heat
reflectance in the mid IR.

25 Preferably the Sn0, is pyrolyticly deposited on the glass using a tin precursor,
especially an organotin precursor compound such as monobutyltin trichloride (MBTC),
dimethyltin dichloride, dibutyltin diacetate, methyl tin trichloride or any of the known
precursors for CVD deposition of SnO, such as those disclosed in US 4,601,917
incorporated herein by reference. Often such organotin compounds used as precursors

30 for pyrolytic deposition of SnO, contain stabilizers such as ethanol. Preferably the

concentration of stabilizers is less than 1% in order to reduce fire risks when contacting



reflected color close to neutral color but slightly to the red shade from
neutral can be 10 produced (x values of up to 0.325 and y values of up to
0.33), but such essentially neutral to slightly red shades of reflected
color are not appealing to consuners. Figure 2 shows the two filns or

| ayers in the opposite sequence than that shown in Fi gur€l80ctober 3608ure 2,
the low emssivity filmis closer to thg.glass 14 than the NIR film 12.
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the @OUP  other suitable carrier gases containing a source of O, and in precursor concentrations
from 0.25 - 4.0 mol% (0.5 - 3.0 mol% more preferred). SnO, precursor concentrations
are expressed herein as a percentage based upon the moles of precursor and the moles
of carrier gas. Preferred concentrations of NIR dopant precursor are from about 1%
to about 20% (2.5% to 7.5% more preferred and 3.0% to 6.0% most preferred} and
25 are calculated using the weight of dopant precursor and the weight of SnO, precursor.
Particularly prefetred 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
30 shows the films in cross section. The film thicknesses can range from 200 to 450 nm

for the low emissivity film (item 10) and for the NIR film (item 12) from 80 to 300 nm.



consi sting of antinony, tungsten, vanadium iron, chrom um nolybdenum

ni obium cobalt, nickel and m xtures thereof, it only being essential that
the low e dopant, e.g. fluorine, be the predom nant dopant at the opposite
surface. Conmbined with a gradient |ayer can be one or nore NIR or | ow
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ot her conventional |ayers. Water is prgferably used to accelerate the
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Exanpl es 1 190,303 8hdwn ERIR Bhithc Wi efishivlts oy isintégraud ito meingleSns filmt wo
i nches square; was heated on a hot block to 605 to 625C. Thg stAbstrate was
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syringe at the film surface 22 nearer the glass. The concentration of dopant changes irom
surface 18 to surface 22, so that one dopant changes from greater than 50% of the
20 dopants at surface 18 to approximately 0% at surface 22. At an intermediate point 20,
below upper surface 18, the predominant dopant at that point in 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 dopant at surface 22. Figure 4
25 depicts a coated glass having additional layers 24 and 26 in addition to alow 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 can be a NIR layer (e.g .antimony doped tin), 10 alow
emissivity layer (fluorine doped tin) and 24 another NIR layer. 26 can be another low

30 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



punp at a volune flow designed to give a 0.5 nol % organotin concentration
in the gas 15 conposition. A quantity of water was also fed into the
vaporizer at a flow designed to give a 1.5 nol % water vapor in the gas

m xture. The gas m xture was allowed to inpinge on the ql ass substrate at
a face velocity of 0.9 nisec for --6.1 seconds resulting18iQrtehs 28 osi ti on
of a filmof antinony doped tin oxide-t240 nmthick. I mrediately
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20 realize that minor variations outside the embodiments stated herein do not depart from
| the spirit and scope of this invention.

The most preferred embodiment at this time to obtain a coated glass with low

e and NIR properties with neutral reflected color with only two films on glass is about

a3000A thick TO:F film (fluorine doped tin oxide) in combination with about a 2400A

25 TO:Sb (antimony doped tin oxide) film on glass. The film thickness for the TO:F layer

can range from ~2800-3200A and still achieve the surprising result of a neutral

reflected color. The fluorine concentration can range from ~1-5 atomic%. The TO:Sb

film thickness can range from ~2200-2600A with an antimony concentration from

~3-8% and still achieve the surprising result of a neutral reflected color for the coated

30 glass. Within the preferred thickness and dopant concentration ranges of the present

invention, a solar control coated glass can be produced having a NIR layer and a low



and different dopant concentrations. The results are presented in Table 2
Exanpl e 39 The procedure of Exanple 1 was repeated but utilizing three
precursor feed m xtures. The conposition of the third m xture was 90 w %
nmonobutyltin trichloride, 5 wt% 20 trifluoroacetic acid, and 5 wt %
antinony trichloride. A gradient filmwas deposited by fit&@ctabeici0fi ng
only the antinony doped tin oxide precumssor of Exanple I for 70% of the
time needed to deposit 240 nm Then the m xed anti nony/fl uori ne doped
precur sor Wagayd ahll evinBat NeudFaf-blieSOslof ot réfleR fedVitphk,4.eC 0pdtEd BRisé BAviRE % Of
the total deposition time at which point the antinony precursor mXture
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deposit 300 nmo | uorine doped tin oxide. The m xed antinony/fluUorine
precussor fassbound.3Ruasshownby Exaoiptelad 5f 2Qand 3% doped tin precursor 18

Oct ober 2006 -18 was continued for the remaining deposition time for the
fluorine doped film The resultant gradient coating layer is light blue in
transmtted fil ed color (x=0.292, y=0.316) a SHGC = 0.50, a U

val ue = 0. GFQ%HESI\}??PN e transm ssi on about 45% As shown in Figure 3,
surface 22 £ 2gmdlitkick gfast snbiatedsodd libeesdicay swoirched squdre] 089heantd oromy

dopant while surface 18 ul.d have essentially 1009 fluorine dopant wth a
gr adi ent i nhefdplast t%@@ﬁ:@n\ﬂg?r%pr oﬁ’ Af vgaa,gogggggedl%g vy v eratg‘ﬂ CERET Wi t hi n
a filym matgjx of 3 "f‘?‘ﬁ’l : The prresdWrPhirBvapi € 1 was
usedllion Exa%répc 8@055@?%1(:31?8 etﬁéguiﬁ%c%élr@%glgi t‘?Sn %sri thépl\ller Iayéer in
Exanpl es 41landiedd 16dsers pemminatt (bfmia) tvasiheatetto 16070 amipassaitbrougha hpt ecur sor
made by addiﬂgﬂ SbC13 and TFA to IVBTC, Th'hjs, precursoraisﬁmt0 i ned 0- 5% by

wei gt~ TFA, wall yenicabyapprigen ghliquid eeameesolitionconiatming, W RONORHY 1 Ris ¢o-
fed wth waghd hs idHAGde WACEA 3 tHeSlapBRgel g dyfhgd e
second vapoﬁrﬁ:;%drr%%‘n&/a;? r/;%g’g?lrn\éa ?Ig&%(gjtidg o] 165%}3?711i n.apTﬁee gy g

f I uori ne/ anpiip ayd taliamp flecidesighedvagiveclesimal’s arganatirecanicertrabionth thegas cent  of

total carrier gas flow, the water was ddeg,at arate of 1.5 r1:{go.le ercent
t ot allScar r i eempsition. ofy, quaRktyo avateryeasiajsered i the gaperzenaka Har fesieReds at

L60C. A sodgy BB 1S bR whtd S BpatRThd AlsnixiRe| TROES AANGESAMloed 1 ¢ hi ck

was prehea on & heater e heater block and
substrat e whfigingdenthe glaspsubstrateatn facesveldoity ofl) Savtdcfobemnbadchnddresuleng i cal

coater nozz {nethe \émélgogitgogeofsaufﬁi} orfa;n%m%%iy I21(‘(:])pad tin oxide ~240 nm thick. Immediately
following, a second gas mixture was used consisting of a precursor composition of 95
20 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
25 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

30 C.LE. chromaticity x and y color coordinates were calculated using ASTM E308-96

from the visible reflectance data between 380-770 nm and the tristimulus values for



25mm beneat h the coater nozzle. F/ Sb/Sn/H20 vapors fromthe second
vaporizer were then directed onto the glass substrate, depositing an
antinony and fluorine doped tin oxide undercoat |ayer in exanples 41 and
43. The velocity of the carrier gas was 0.9 m's and the thickness of the
fluorine and antinony doped tin oxide filmwas -240 nm 24§ Gedekeri26@6
byproducts and unreacted precursor vappjs were exhausted fromthe
substrate at a rate of 18 1/mn. After the antinony and fluorine doped tin

oxi de undercoat S i t i d from
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43 (cont ai njifgreROAdpaht @iderthitiond ThereBHIR Mo prREGRES h Twdlell i ght grey in
transmtted color and neutral in reflected color. Exanples 40 and 42

essentially reproduce exanples 40 and 43 respectively but wthout fluorine

dopant in the Nll%#ndf%coat | ayer. The properties were neasured and 5 the
results apdg%‘nH% 40 3. The results show how fluorine, as an additi onal

dopant in dfﬁée;fr%éﬁuk@w@xaﬁﬁtesl s Feited! et taethd Ospdaaedd bRfet eised and
transmtted color. The transmtted colors, Two x and y, of the filns nade

with the TRévase. She fopamedopedtintrade RlnRwhsdepositedfissifires sacondnfllegedar e or e
neutral in reflected copl or .and. gr roi transym tt celor th t hose
whi'ch only RYORE &HHRY psétlaoa@%ﬁ??rn~4‘ﬁq&°r§ﬁt ?ﬂ%ﬁ?‘ﬁﬁﬂg §!>“68" T ?ﬂo OXi de NIR
layefyin exgpl &C&R%@seé offglquHh‘iﬁﬁrﬁt?%ﬁ_r (ﬁdm? FabbEBOY nHORAG NIV 1Byéray er

with a color effecting quantity of fluorine dopant has greater transm ssion
of Vi si bl e (TOFbY of kboute24ddenrh nardl had raosintlar ppegradge 9nd melisetadplightaplayer sus

le 42 with th | f anti t), | es..44. through 47
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0. 63 1l % | dhdifferthiQthplh Bhochfalbfts. e refsldkeprsdtieid T About 400A of
antinony doped tin oxide was deposited first roma liquid coating

sol ution conposed of about 10 wt% antinony trichloride and

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%
20 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/fluorine doped
precursor was started. Both precursor mixtures would continue for 20 % of the total
deposition time at which point the antimony precursor mixture was turned off. The
25 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 were continued for 20% of the
total time needed to deposit 300 nm of fluorine doped tin oxide. The mixed

antimony/fluorine precursor feed was turned off and the fluorine doped tin precursor



-90% nonobutyltin trichloride. Inediately follow ng, a second |ayer of
about . 2000 25 A of antinony doped tin oxide froma liquid coating solution
conposed of 3.25% antinony trichloride and 96. 75% nonobutlytin trichloride
was deposited. Athird |layer conmposed of about 3000 A of fluorine doped
tin oxi de was deposited froma solution containing 5 w %8tQstebesz086cetic
acid and 95 wt % nonobutyltin trichloridg. The resulting film appeared to
have alight green-blue color for reflected |ight and Iight blue 30 col or

for transni T r rrRed in
Exanpl e 18 gcats ggﬁtiﬂggg%r !ﬁ_@ r&h&m# geﬁsgilogqgﬂ\ffogﬁ??ﬁ%&%?nd%%ﬁgﬁﬁpwazﬂ%4% and

t he SHGC wasesaBhmtugradient taating Qayes.is lighe blueaindiransonivedd amdtreffectadr coloe col or
of reflected |j speC|veI utting the filmin
the neutral { %1%%%&5?@9%&%9‘39 @?8 & vilue £ Bt Hyigible transgussihAboBty |  er .
5 Exanpl e 43sdhe ]gbq,@plr Felraoll a t he
TOSb | ayer sﬁwgr eAPg eposilﬁtlggﬁlfenﬁ)réevere?efo ?rgg%eﬁtj?ﬁgl frezgﬁ lt%]aé’m %nhh

bl ue- med i n10@hlaatimedy dopant whil¢ furfaoe Dswoalddm@hasedxmallpw((%ﬂuﬁnﬁéﬂomnd (y)

0. 293, respectlvelq){ A visible transm ssion of 59% and a S GC of ., 0.54 were
obt ai ned. OWathagpilignt indopaa capeenfiplion betwesn ufages 1§ apd Abwithipet s canbe
of differen 1115%a‘f§§38§$§?hand concentrations than described herein and still

be within the scope o iis invention. Exanple 46 The procedure of Exanple
44 was repeated, but in this exanple the deposition sequence of the

fluorine doped tin oxide |layer and the 3.25% antinony trichloride 15

sol ution | aﬁé@r_"nﬁé_&ﬁ%rsed The resulting filmhad a visible transnission
of ahaqut 62 t@ gg? Eﬂlg £

char ggt eri Z'é%e@r eé}ffEco ?%} na ! § iélﬂd{@éﬁeﬁg&% éﬁg&ﬁ%?arrp e 47 The

procedure Oforlﬁxﬂﬁm& éﬁn\mﬁnfpﬁﬁﬁataﬁdlﬁlwat domposedofeathwgrine, dtinstgpasd t i on
20 sequence of the fI uorine doped tin oxide Ia_lger and the 10. 0% antl nony

trichlori detin pecwtspomatelerdding B¢l gad JE4. to MRRTEe Ihisproryrsor FORARAA 8- vi si bl e
t f 5% | ect ed
ol or char agtar IBHTE AR 5% 30eHihei B SRCES. pod el RABT LRI BT 2

skilled in fddevie watet into thesdcbAd®vapdsitzer! The Jdrier gab agedifor thasecbrd edpodizéf er ent
t hi cknesses and concentratjons than described herein and still, 25 be

wi t hil the wesfey af atapts afrly diminor he Apprimyftinony/ i) pFaFeer Vs added ekl es
have been dglegsy BGg, 195&@81: LPfors dAthe? ggsa‘ﬂgw, 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

20 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 an antimony and fluorine doped tin

oxide undercoat layer in examples 41 and 43. The velocity of the carrier gas was 0.9

nv/s and the thickness of the fluorine and antimony doped tin oxide film was ~240 nm.

25 Reaction byproducts and unreacted precursor vapors were exhausted from the
substrate at a rate of 18 1/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

30 doped tin oxide directly on top of the antimony/fluorine doped tin oxide undercoat. The

velocity of the carrier gas was 0.9 m/s and the thickness of the fluorine doped tin oxide



approach of the NFRC Wndow 4.1 program Use of the nore accurate multi band
18 Qctober 2006 -21 approach (spectral data file required) wll inprove
the SHGC s by approxinmately 14% The C.1.E. tristimulus values for the
reflected and transmtted colors of the coated articles can be cal cul ated
according to ASTM Standard E 308, with Illuminant C used 184ctehgs 280@ndar d
illumnant. Fromthis ASTM Standard E_3§8, the col or of an object can 5 be
specified with one of several different scales. The scale used for the
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Color correlates with |.E. 1976 L* a*, b* of 37.85, -1.25, -5.9 and
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NIR layer with a color effecting quantity of fluorine dopant has greater transmission
of visible light (increase in T, from 54.5 to 58.5 in example 41 versus example 42

with the some level of antimony dopant).

Examples 44 through 47 demonstrate the deposition of films with the following

15 composition: TOF/TOSb (low Sb conc.)’TOSb (high Sb conc.)/Glass, TOF/TOSb
(high Sb conc.)/TOSb (low Sb cone.)/Glass, TOSb (low Sb)TOF/TOSb (high Sb
conc.)/Glass, and TOSb (high Sb)/TOF/TOSb (low Sb conc.)/Glass

Examples 44
© 20 The procedure of Example 1 was repeated except that the glass temperature was about

610°C and the concentration of reagents was about 0.63 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
25 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 a solution
containing 5 wt% trifluoroacetic acid and 95 wt% monobutyltin trichloride. The
resulting film appeared to have a light green-blue color for reflected light and light blue

30 color for transmitted light. The film properties were measured as described in Example




-22 y = 0.297 L* = 36.751 a* = 4.624 b* _ -3.466 5 c* = 5.778 Sol ar
control properties of glass wi ndows has been eval uated and rated by the
United States of Anerica, Environnental Protection Agency using an Energy
Star rating system An Energy Star rating for the Central Region of the
United States requires a U-factor rating of 0.40 or | owdB Qgieber 2806C
rating of 0.55 or below. An 10 Energy .®.ar rating for the Southern Region
of the United States requires a U-factor rating of 0.75 or |ower and a

SHGC rat i ngj ofy, DvidB1e Mg HaR¥nisSOA LAY 689 tRASHGT WikecalNldtedftthd ©96.

coatings of the present invention and when incorporated i nto wi ndows of
convent i onaThedesangny aobidinatest fre thaeolpr ¢t milected ilight weos 01394 a@sin®.299, and/ or

Sout hern Region. For exanple a Vertica | i der design.w ndow,3 feet w de
by 4 oot HegRoRHY AL MR e B bt £p G Wi o5 F o oLE Phteq by

the Nati onaésd:e%ﬁgggirﬁ%g_on Rating Council (NFRC) and assenbled with coated
sol ar control glass of the present invention having aNIR filmand a |low a
filmw thin the preferred ranges for aNeutral -Blue Color achieves a SHGC

of less than 0.40 and a U value of less than 0.64 for a nonolith gl ass
const Buct i oExameledd frane U-value of 0.7 or less and achi eves a SHGC of

55 than g, 820, 306 bl P ik HRSR BAUR. e Y POSh Isukabed O ass

Unit (1 GQJ) constructron na ear lite, 0.5 nch air gap
and NI R andddpouite i faveise gadenrTHelresultthg finriadéueeded irreflent¢dsrolériwith adat a fr ane

U-value of 1.0 or less, The exanples substantiate.that with a m.nLoum of
two doped Siopdingpeek(x) &530&’@&;})%3?3%6?%?“@&%&‘&’51 Sé'iagﬂn’éf;’ﬁgé’fgg%’ube

produced hayi r a2 : 3

pr esent them&%ﬁ%Qe' |g%‘?gg&gﬁégﬁ?%%g}%\?vlggggﬁghﬁéjh/ﬁ%ot\i;vatttﬁeeq%bar
propesti es lafert beh le@dtiEtbreit dricknessey and doncetorations thamdssoribeakhieons amdwdillf i | m
thickness prinarily of the NNRfilm Figure 7 plots the x and y C.|.E
chromat i ci t§e withiarthe srepe 6f Bs WVERHesent at i ve sel ection of coated gl ass of
exanples 1 to 39. As seen in Figure 7, specific conbinations of film

t hi cknesses for both the NIR and low 30 emissivity filnms and specific
dopant (s) ceExeeslenati ons can be utilized to produce a coated, solar
control glass wth any desired color for |ight reflecteq off .the.coated 18

Qct ober 200Bhe poogeduse fofdaxagiple 44 WRnEpeatedhobut g thisgexagnle the Jenqsgign p) ye
and shades stecqﬁern%%fof e hﬁ&ﬁx{caéléped tin oxide layer and the 3.25% antimony trichloride

15 solution layer were reversed. The resulting 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) 0.311 and (y) 0.311.

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

20 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 of 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

25 be within the scope of this invention.

All SHGC and U values in the tables have been determined using the single band
approach of the NFRC Window 4.1 program. Use of the more accurate multiband




blue Color. It is particularly surprising that a Neutral -blue Col or can be
achieved with a NIR and a low em ssivity layers but w thout an
anti-iridescence |ayer such as taught by Gordon. 5 While the inventive
features of the present invention can be achieved with only two |ayers, a
NIR layer and a |ow enissivity layer, nultilayer enbodi nei§tQctaeer 206 hi n

t he scope and content of the invention2lThe nultilayers can be additional
NIlR and/or |low emssivity layers or other functional or decorative |ayers.
Mul til ayer epgrosihispectal daredilerbquiféddoill Dhprdasheé SHAKS s bpappraXik@ElT OB/ G ass,

or TOTOSh/ TOF/Aass, 1 10 with TO being just a tin.oxide film Wen

mul tiple N @%ﬁ-ﬁ-%@@wmswaivs ffeR, F§efg'?‘]éed ftf@é&%ﬂ%‘éﬁ%‘éﬁ%@f&%&%ﬂ ations
or dopant s i i : 115 Wl } : : he
o por cSARRb Al ucBEEdlSphling BRCIUSHAhid: d08 MaNIRGRAG CRRed e,

one | ow em gsthy tayddrdiRiminaiteFivi thiayweS T M&tandardE 208, tw col of amdbjemtamony
dopant (e.g. 2.5% to give sone reflectance in the md IR range and one

| ayer S5can hbeepeeHied wittymeof pevpeal difterengscales. Jng ecaiusss o thesnated ariides o ns
| ayer and fi| r |l u [40:41 I t..Lm, the
di scussi on glf@lgs’figgelngﬁ’p % ﬁlerg' %ﬂ%pfgés & ({nﬁétll@f%gégd @%F%%hﬁé&%retaklgﬁ of the
filmis ref gaisdse t@tRSC AEL Q9P LhaaA, BY oppoitde-adloe ecule by nsing ek follioffieg ent
than the dopant concentration in another |ayer of the film In the nethod
of nmaki ng exwtiensit ed gl ass of the present invention as denonstrated in the
exanpl es, thge%@ 93@%3 is contacted sequentially with carrier gas

cont ai ni ng ﬁr sor§? Accordingly, the glass may have a coating on it
whenipt is gentgRigdzy second tinme with a carrier gas containing
precursors. Therefore, the term"contacting glass" refers to either direct
contact or E8mES(YHd'A-6ne or nmore coatings previously deposited on the

gl ass. Anot her - {6 #he invention provides the ability to change
the 25 traﬂsmsﬁpmm:w&“)tﬂe coated glass. Transmtted color refers to
t he col or pg*eq’omf(q'/ygytqzxgup&?\]er on the opposite side of the coated glass
then the source of |ight belngd viewed while reflected caolor is the color

per cei ved byhereX.eWwemdagharerthe Sdife tRstimeulus valpes ofdhgipeatedyrticlegand Heitng

vie . Transm,tted,l i.ght be ' bt - ants to
t he filnfl mﬁf%%@g{ﬂ @3@81 arﬁ%ff%ﬁ%%%ﬁﬁ@ﬁ& gé%%‘?%ﬁ@%‘“&%ﬁ?m 30
sel ect ed frg@mt the (& @t h*CRidsSthetBlRfsamfdtionindex, ch @attencaloutaedibyihe i r on,
chrom um nol ybdenum niobi ym_ cobalt and nickel. The color of transmtted
| i ght t hr ouestwatibe cIB[(@Hf wiibt) ¥Goe\ colpnsammtipm index oFd 2198 less aherrsidegedaddi ng
an additional dﬁpant different then the first dopant in the NIR |ayer and
sel ected frBHEhe group consi sting of tungsten, vanadium iron, chrom um

mol ybdenum  ni obig@lefaaReh dENetaKBlue CAnS fdrlrefiictatdight, i.8. cafedighas havingdf nore
20 reflected light predominately within C.I.E. 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* 0of 37.85,-1.25,
-5.9 and 39.62, -2.25, 1.5.
A sample conversion follows:
25 Example 40 (Table 3)
5.5 % SbCl,
300/240 (F/Sb/Glass)
X=9.797
Y =9.404
30 Z=12438
x=0.310




then one additional dopant to the NIR |l ayer. As shown in exanpl es 40-43,
the'5 addition of a fluorine precursor, such as trifluoroacetic acid (TFA)
to a NIR precursor solution such as Sbd 3/ MBTC, produces a film containing
fluorine as an additional dopant in the NIR | ayer of antinony ed tin
oxi de. When fluorine is present as an additional dopant 18rpétﬁb%ﬁ£mﬁnny
doped tin oxide layer, the transmitted2@olor is gray versus a blue
transmtted color for an antinony doped tin oxide |ayer without fluorine 10
dopant. The additional wopadf has little or no effect on reflected |ight
and accordingly, a coated gl 335 can be produced having a reflected |ight
that is different thenl'ts36¢Phnsmitted light. Dopants in the NIR | ayer
such as vanadium, nic el g 4 om um and non- traditional color additives
such as trifl uoroacetlc acid (TFA) and HCl can be added to 15 the TO Sb
precursors in 1-5 wt % (Wase&ddan the total w of precursor and additive) to
effect transmtted col or, chapnges in the final filmconstruction while not
significantly affectirfg ovér&l | reflected color neutrali ty. 18 Cct ober
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~0 b M O EnéghH IrQaingide thY Southirk)Relgion of 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 e 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
15 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 aNeutral-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 SHGC of less than 0.38
20 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 e coatings on the #2

surface of the outer lite and a frame U-value of 1.0 or less.
The examples substantiate that with a minimum of two doped SnO, layers, an
excellent solar control coated glass can be produced having a preselected reflected
25 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. Figure 7 plots the x and y C.L.E. chromaticity
coordinates of a representative selection of coated glass of examples 1 to 39. As seen
in Figure 7, specific combinations of film thicknesses for both the NIR and low
30 emissivity films and specific dopant(s) concentrations can be utilized to produce a

coated, solar control glass with any desired color for light reflected off the coated
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two layers, aNIR layer and a low emissivity layer, multilayer embodiments are within
the scope and content of the invention. The multilayers can be additional NIR and/or
low emissivity layers or other functional or decorative layers. Muitilayer embodiments
include TOSb/TOF/TOSb/Glass, or TO/TOF/TOSb/Glass, or TO/TOSb/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
ahigher level (> 5%) to give NIR absorbency. The terms layer and film are generally
used herein interchangeably 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 containing precursors. Accordingly,
the glass may have a coating on it when it is contacted a second time with a carrier gas
containing precursors. Therefore, the term “contacting glass” refers to either direct
contact or contact with one or more coatings previously deposited on the glass.
Another embodiment of the invention provides the ability to change the
transmitted color of the coated glass. Transmitted color refers to the color perceived
by a viewer on the opposite side of the coated glass then the source of light being
viewed while reflected color is the color perceived by a viewer on the same side as the
source of light being viewed. Transmitted light can be effected by adding additional
dopants to the NIR film. As previously explained, the NIR layer contains a dopant
selected from the group consisting of antimony, tungsten, vanadium, iron, chromium,

molybdenum, niobium, cobalt and nickel. The color of transmitted light through the
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aNIR and a low emissivity layers but w1thout an anti-iridescence layer such as tanght
by Gordon.
While the inventive features of the present invention can be achieved with only
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M G5 the NIR layer and selected from the group consisting of tungsten, vanadium, iron,
chromium, molybdenum, niobium, cobalt, nickel, and fluorine or acombination of more
then one additional dopant to the NIR layer. As shown in examples 40-43, the
5 addition of a fluorine precursor, such as trifluoroacetic acid (TFA) to a NIR precursor
solution such as SbCl3/ivIBTC, produces a film containing fluorine as an additional
dopant in the NIR layer of antimony doped tin oxide. When fluorine is present as an
additional dopant in an antimony doped tin oxide layer, the transmitted color is gray
versus a blue transmitted color for an antimony doped tin oxide layer without fluorine
} 10 dopant. The additional dopant has little orno effect on reflected light and accordingly,
a coated glass can be produced having a reflected light that is differént then its
transmitted light.
Dopants in the NIR layer such as vanadium , nickel , chromium and non-
traditional color additives such as trifluoroacetic acid (TFA) and HCl can be added to
15 the TO:Sb precursors in 1-5 wt% (based on the total wt of precursor and additive) to
effect transmitted color changes in the final film construction while not significantly

affecting overall reflected color neutrality.
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|G 0.45 0.53 0.58 0.6 0.61 0.62 O.
0.74 0.73 0.76
0.63 0.67 0.69 0.69 0.72 0.69 0.68
0.62
0.274 0.275 0.306 0.364 0.281 0.349
R Col ors Bl ue Bl ue-Neu Bl ue-G Bl ue-

x 0.289 0.309 0.310 0.311 0.313 0-gp2 0.306 0.292

59 0.6 Uc 0.73 0.74 0.74 0.74 0.75

"1G0.28 0.28 0.29 0.29 0.29 0.29 0.28 0.3 Tvis-c 0.53

| G 0.48 0.57 0.61 0.63 0.63 0.65 0.63
y 0.300 0.283

.2 7.7 9.3 9. 11810ctoban20967. 8 9. 9
G eeen Bl ue-Neu Green 18

& agief

ral

oL ober 2005 28 £ Eootbhpdbes Sl Sostng?, 5 - U N O R Y ©

# 31 32 33 34 35 36 37 38

Composit. Sb/FIG  Sb/F/G SbiFIG Sb/FIG SbiFIG  Sb/FIG Sb/IFIG  SbiFIG
%Sb 56 56 5.6 5.6 5.6 56 58 56

Thick. nm 240/300 160/300 138/300 120/200 110/300 BO/300 120/332 120/262
%Asol 47.9 36.1 29.2 27.2 256 23.5 285 26.8
%Tsol 45.9 55.5 61.1 63.3 64.3 65.8 62.5 63.4
%Rsol, 1 6.1 8.3 9.7 9.6 10.2 10.7 8.0 8.8
%Rsol,2 8.2 9.3 10.1 9.5 92 92 9.2 9.6
%Tvis 53.2 63.2 67.2 69.0 69.5 71.8 69.0 68.1
%Rvis, 1 6.1 76 9.3 9.1 10.1 10.9 7.8 9.9
%Ruvis,2 7.6 8.9 10.7 10.4 10.5 10.9 8.9 11.6
%Tuv 38.5 434 470 48.7 492 491 47.7 49.6
S. R, 14.7 156.9 16.5 17.4 18.8 17.3 15 211
Emis-cal 0.14 0.15 0.15 0.16 0.17 0.16 0.14 0.19
SHGCec  0.54 0.61 0.66 0.68 0.69 0.7 067 0.68
"1G 0.45 0.53 0.58 0.6 0.61 0.62 0.59 0.6
Uc 0.73 0.74 0.74 0.74 0.75 0.74 0.73 0.76
"IG 0.28 0.28 0.29 0.28 0.29 0.29 0.28 0.3
Tvis-¢ 0.53 0.63 0.67 088 0.69 0.72 0.69 0.68
"IG 0.48 Q.57 0.61 0.63 0.63 0.65 0.63 0.82

X 0.289 0.308 0310 0.311 0.313 0.302 0.306 0.292

y 0.300 0.283 0.274 0.275 0.306 0.364 0.281 0.349
%Rvis 6.2 7.7 9.3 9.1 10.1 10.9 7.8 9.9
R Colors Blue Biue-Neu Blue-Gr Blue-Gr Neutral Greeen Blue-Neu Green
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VI U3 N7 2 F~ X X -29- 18 October 5006 Table 3 Sunmary ﬁoﬁpgﬁe@(qses of
Bil ayer Filns TOSbh/ TOF 40 41 42 Z3bleGonposit. F/ Sb/ G F/ Sb-FI G F/ Sh/ G

F/ Sb-FI G %SbCl13Sembaly. & mmn&s@sauwmmmgrr@w 0 2.5 Thick. nm 300/ 240
3001240 300/ 240 3001240 %Asol 45.5 35.7 41.8 39.1 9% sol 45.0 54.2 48.2
50.6 9%sol,1 9.5 10.1 10.0 49.3 %t&ol,z 420 8.948.4 8.7 9%vis 50.9 58.5
54.5 55.6 9Rvi sComposit. 10. F/39G4 AISbF/Gogt/B/Ge BISH-IGO 8.5 9.0 oduv 40.1
41.1 41.6 39.8 S. R 11.9 13.7 11.8 12.5 Emi s-cal 0.12 0.13 0.11 0.12
SHGCc 0.53 0.60 6BEID.57 "5BG 0. 4558. 52 @3247 o.%? Uc 0.72 0.73 0.72 0.72

%TFA(under) 0 5

Thick. nm 300/240 300/240 300/240 300/240
%Asol 455 35.7 418 3.1
%Tsol 450 54.2 48.2 50.6
%Rsol,1 9.5 10.1 10.0 10.3
%Rsot,2 8.0 8.9 B.4 8.7
%Tvis 50.9 58.5 54.5 55.6
%Ryvis, 1 94 10.1 10.4 10.3
%Ryvis,2 8.0 9.0 8.5 8.0
%Tuv 40.1 41.1 416 39.8
S. R, 11.9 13.7 11.8 12.5
Emis-cal 0.12 0.13 0.11 0.12
SHGCc 0.53 0.60 0.55 0.57
"G 0.45 0.52 0.47 0.49
Ue 0.72 0.73 0.72 0.72
"IG 0.27 0.28 0.27 0.27
Tvis-Cc 0.51 0.59 0.55 0.56
"1G 0.46 0.53 0.50 0.51
R1x 0.310 0.297 0.302 0.303
R1y 0.297 0.313 0.298 0.307
%Rvis 9.4 10.1 10.4 10.3
Tvis x 0.295 0.308 0.297 0.304

Tvisy 0.308 0.315 0.310 0.314



"1G 0.27 0.28 0.27 0.27 Tvis-c 0.51 0.59 0.55 0.56 " 1G 0.46 0.53 0.50
0.51 Rl x 0.310 0.297 0.302 0.303 Rl y 0.297 0.313 0.299 0.307 9%vis 9.4
10.1 10.4 10.3 Tvis x 0.295 0.308 0.297 0.304 Tvis y 0.308 0.315 0.310
0.314 18 COctober 2006 30 1. A coated, solar control glass havin

presel ected reflected col or and havi ng a NNR sol ar absor&%b‘ﬁ%@geand a

| ow emissivity layer, conprising glassOhaving a coating containing at |east
two | ayers with one |l ayer being a solar absorbing | ayer conprising Sn02
cont ai ning a dopant selected fromthe gr oup consi sti ng of anti nony,

tungst en, vanadi um ron chrom m nol ybden n el
agdgm xtur\és thlalrj‘%ﬁf’ét hER ek g' RvIn é’ir I% “” "JWT ﬁv lN%

P%l ?]]o ”};\35&’ vmg coa in at least
phosphof gg"h%%mi&i o “’%ag

|n e om do?p[-lm b o
"%ﬁgpgffﬂ f@e?Ed .em&'ﬂgi

OW er@oﬁéln\ﬁ'g taVd p%%élebt@d frérﬁ'fﬂ ptfﬂo 'ﬁho h&ué Qrﬁd rﬂF)‘( %Qﬁer@ﬁf wheinthe
It ght  fihigkRebI6r thed iR Bbsdrifley 18fer IS TRONDBEBB00 hanometdts M) BRe Rk eickaast « diedow
pr esel eghigglity Rfybras il 2001001500S, A Fefledtetde o idiseilight frem ieeebafed sida of thp gfaat e
i ri desceBee trejredtet &d sal peseteaipp refested golbraiy @chievgd witheutgheagaeddbr & lsedanatel
wher ei nriddseertcaraficteseol@ugpnessiNg Rygol ar absorbing | ayer is from 200 to 280
nanoneters (nn) and the thickness ofthe | ow em ssivit }/ | ayer is from 250
to 350 nm 15 3, A Thephss ofsbdiar] whnrbmahe gind@sssmf\ih Sl &S@WP@&@%d

reflected color and having a sol d sivity

| ayer, colmzﬁfli%frﬂ@ 28049230 F"rqoﬁ‘}e“?f%) 5%&‘5@‘ éfthf: 8@53 v\%ﬂgﬁg a

di fference 55'6“1 aegntrat i on of the dopants from one surface of the
filmto tlﬁé 5?)posﬂe surface of the film said first dopant being selected
frog the group Gonsjasidang, sflaramhirabglyss Havingst preselecierbusiflaered eelonand:hr omi um
20 nol ybdenum niobium cobalt, nickel and m xtures_thereof n al d
second dolrving a tseliangbsorbiag ilaver ard AR SHYFELY Eaé(F’EI CPPPElP‘“&&p%'h‘? conpri sing

at | east 50%.0f ;%gﬁsgﬁ%n&(?pgngra%ﬁ fffYende %&é%oﬁd&hﬁ@@&l efthe @b @ film

to form a“THRNE er Wi |n sai Site) I m adj acent to said"

first surg @r?x%ne@ﬁ@‘a&@f%ﬁﬁﬁﬂﬁ@hd@@ﬂte hiefabgofthe §im; saitt fimt dapantiesing ati on at
| east 50% of the dopant at a second surface of said,.filmopposi.te said 25

first surdetsoeedfoorhthegraup consisting of antmmonyaaesteR.(AN2INE; TSSO PP m adj acent

to said second Surf 268 0nil %6l hEPLBRGRs Herddoid id iebha b6 the

being fluorine or phosphorus, said first dopant comprising at least 50% of the dopants

present at a first surface of said SnO, film to form a solar absorbing layer within said

SnO, film adjacent to said first surface, and said second dopant being present at a

concentration at least 50% of the dopant at a second surface of said film opposite said

25 first surface to form a low emissivity layer within said SnO, film adjacent to said
second surface and the reflectance of visible light from the coated
side of the glass is 6.2% or greater.

4. The coated, solar control glass of claim 3 wherein said first dopant is
present at a concentration of at least 75% of the dopants present in said SnO, film in
an area of the film commencing with said first surface and continuing into the SnO, film

30 for a depth of at least 80 nm above said first surface, and said second dopant comprises

at least 75% of the dopants present in said SnO, film in an area of the film commencing




side of the glass is 6.2%or greater. 4. The coated, solar control glass of
claim3 wherein said first dopant is present at a concentration of at

| east 75% of the dopants present in said SnQ2 filmin an area of the film
commrencing with said first surface and continuing into the SnO film 30 for
a depth of at least 80 run above said first surface, and18P@oke&r@8R8 dopant
. conmprises at |least 75% of the dopantszjpresent in said SnQ2 filmin an area
of the filmconmencing 18 Cctober 2006 -31 with said second surface and

i nui ' h fil . a. i f I %.of th
PR W I e R ERE R T O TR e T A
having at J0a%k wexlahisTa! oot anst 182080 burl, WhSkelP0d adflal SHOTRHY! LY

| aver and sai area of saild'SnQ2 filmhaving at |east 75% of said first
dopant f urigivim lest 29% Bf say sscond dgpantfimctioztzsd low@missiviniayet anl sags  of

claim1l wherein said solar absorbing_ Igvec{)f has a thickness f\rgg 220 to 260
nm a dopaarea efakinQ.dilmdraving 3t iR 2 Y5ohgaidirst dapap s AR I8dR¥FTs ol ar

absor bi ng | ayer: based, upo h i il N B [ i ng

| ayet, and the 5I'ow eipgg?as?‘%’ﬁglﬁ%\é;déga ?1 @E%ﬁi}%}%}klneg%g’fﬁﬁ%rlnmfgg&fggﬁwo nm
a f1uoring,donant (HeReAR Hoat 2 20koaf60 e ddpahncdnedtyativei @ifforh 0.55%itd 7 ow

em ssivity 10 | ayer based upon the weight of SnQ2 in said | ow emssivity

| ayer, andktblvevaightiedaidlsakes absoabing layeubasad uponide estight of §nOp &7 Jaedsder | i ght .

6. The glass of claim1 wherein.the sol ar, absorbing Layer,is Sn@ _having

an anti mrﬁbsﬁéwy%ﬁwweﬁ%@ epgm\ét%‘%}g%aﬁgtg@g%iﬁgﬁé%m :%Ozgge‘d'(aJBB’n t he
wei ght of Gineld Ldeo] g N8, Ay W8t in Jd@1dw¥mesEihasi Vi ty

" control Iév@'rlno S @%&?K%Cg‘%ﬁ%t\%tfﬁg%a Inzori ne éogar_lt "W £tnhiarll range of 1%to 3%

dopant by 1wwirdakedgredthe peight bESnOLn gL low eSiGivityiaydreandshe erntedbglass y

| ayer, and the inproved gl ass has utral -blue Color for reflected
light. 7. lmmne Ngusakbhe Q‘ﬁﬂigﬁfiefiﬂ?ééelmtt he sol ar absorbing |layer is coated

directly onto the I S icMi 14 iR thaQthot Op Of
t he sol ar cont réo'l I %@f@ﬁ%«%‘c@i_l%ﬁﬂg@(ﬂ% Sglgf %Sbg%ﬁ% %dglér fgél assqllgf ngl aiml

wher ei n t hg Jpfigeel aspat witteh e «fGPO1o 6% by eckighl badddapoaaesieigbt aff
control gl ass of b_l aim 1 wherein the preselected  reflected color is
yel | ow. 1GnOrhin edde éunl theoscdar comirol davey| Hheslowt emisaivify £opiel Byer isma0:

oS! Sl R O e Mo BRSPS eefptint o
weight of SnQ, in the low emissivity layer, and the improved glass has 2 Neutral-blue
Color for reflected light.
7. The glass of claim 1 wherein the solarabsorbing layeris coated directly
onto the glass and the low emissivity layer is coated on top of the solar control layer.
20 8. The coated solar control glass of claim 1 wherein the preselected
reflected color 1s red.

9.  The coated solar control glass of claim ! wherein the preselected

reflected color is yellow.

10.  The coated solar control glass of claim 1 wherein the preselected

- 25 reflected color is green.

1. The coated solar control glass of claim 1 wherein the preselected

reflected color is blue.
12.  The coated solar control glass of claim 1 wherein the preselected

reflected color is Neutral-blue Color.

30 13. The coated, solar control glass of claim 1 wherein the solar absorbing

laver and the low emissivity layer are contained within asingle SnO, film containing at




12. The coated solar control glass of claiml wherein the presel ected
reflected color is Neutral-blue Color. 30 13. The coated, solar control
glass of claiml wherein the solar absorbing Ilaver and the | ow em ssivity
| ayer are contained within a single SnQ, filmcontaining at 18 Cctober 2006
-32 least two dopants with the first dopant sel ected fron8@etobei}96
~consisting of antinony, tungsten, van_a:ﬁé _um iron, chrom um nolybdenum

" ni obium cobalt, nickel and m xtures thereof and the second dopant bei ng
fluorine or phosphor us, said first dopa bei,ng at_a her concentration
then said destmd doppaist~itxth %ﬁ@‘%‘iﬁaphség“wf{%ﬂ\e%lr?ﬁpaﬁ?&sg g%%an? 1St dopant

~being at a | ower con ntration S ePRR, &baltheickppasite
surface of M&EEeR; VAR Hrnmﬁ%opefﬁmtqﬁg‘mpg???’on o?gsrgl dtrimin pIr oximty with

said first ?ﬁﬁéﬁﬁ@regpﬂﬁtmgﬁoﬁ@d@aﬁﬂée&[g fsrivretor phodphusss, seid Hisndezing il m
and wherei i e portion of said filmin proximty wt salfd Pl‘f@ éie
|ths D The

surface fumpeiigans higheacomeneaticssher 1ajd seagied domgnt ﬁ. Gﬁleéaﬁ

ted gl f cl |, wh th d t.f I
s ami ?mﬁfsild%sstcdp%'en”rlbamgeaﬁé Mk SO R R J‘%ﬁ‘?g W Sopant

is obtained fro G BH oXRhid@IRY i prokineity déth sard ﬁmony
pentachl ori H‘g #ﬁtﬁﬁgﬁ ﬂ&dilp%éggg%ﬁb&gntl m)nly tri etl!I?]om de anti nony _

trifluori degyfARifuA@ibas ﬁgagaﬁﬂ dbesrbite laer withén sad filmand wherein the BeoRBOE. 16,
The coated glass of claim1l wherein the gfogqag_‘t f.or the Iow em‘vss%Mar
laver is fladrilmeinioximiey sihsad ogpase yriacs HnGHIR WS HOENEF 18T i ne
dopant is obtai nes froma precursor containing trifluoroacetic acid,

di f | uor oac&fithdn s cf’lmrmnofl uoroacetic 20 acid. ethyltrifluoroacetate,

m*gg;l um fluori dgg, anpmidatedildss 4o¢laie ] whlérdmyd'mtl‘opamrfoxr:theachadabsmﬂﬁmé'he
co d glass of claim1 wherein each of the SnQ2 |ayers is obtained by

pyrol ytic deeeiposimioyn of a tin precursor. 19- The coated glass of claim
18 wherein the tﬁ} pr cursor |s S(FJI ect qq“{ Pe%t}%égfzﬂa%ngﬁgpﬁtq%ﬁhﬁ% ng of
intritio FAER i C Y

m)nobutyltlntrl SHide I et h di chl ori de.

dibutyl tin éﬁgg%each?so @5'1‘& fr-'irﬂr zirﬁxtrﬁ&ﬁ'hhé’ﬁ]bﬁ@s aﬁﬁmoih@emadtleﬂdglaasmoof claim
1 wherein ar a sor l'ayer 'is conposed of at |east_twp sol ar

absor bi ng fméd”ésatanmm@mt uﬁahomdin clotiewsy ofiflupade orgimonyh BeRBIRY 145 19%s i s

form80 to 320 nm
15 antimony acetylacetonate.

6. The coated glass of claim 1 wherein the dopant for the low emissivity

layer is fluonine
17.  The coated glass of claim 10 wherein the flucrine dopant is obtained

from a precursor containing triflucroacetic acid, difluoroacetic acid, monofluoroac etic

20 acid. ethvltrifluoroacetate, ammonium fluoride, ammonium bifluoride. or hydroflueric

acid.
18.  The coated glass of claim 1 wherein each of the Sn0O, layers is obtained
by pyrolytic decomposition of a tin precursor.
19.  The coated glass of claim 18 wherein the tin precursor is selected from
258 the group consisting of monobutyltin trichloride, methyltin trichloride. dimethyltin
dichloride. dibutvltin diacetate, and tin tetrachlorde.

20. The coated glass of claim 1 wherein the solar absorbing layer is

composed of at least two solar absorbing films and the total thickness of the solar

absorbing films is form 80 to 320 nm.



18 October 2006 -33; 21. The coated class of claim20wherein the
concentration ofdopant in one of said solar absorbing filns is different
than the concentration of dopant in another of the solar absorbing fil ns.
22. The coated glass of claim| wherein the low em ssivity laver is 5
conposed of at least two low enmissivity filnms and the totl3OcteherielB8s of
~the low emssivity filnms is form 200 tQ 450 nm 23. The coated gl ass of

cl aim 22 wherein the concentration of '&gbant in one of said |lowemssivity
films if different than the concent_raltz'gon of dopant in anather of the |ow

emissivity fil®8: 10Thacoanelesaf elgimPlwaersin thg CORRFHIAigROAdePb eS| ng a
t e | e . " ; b.
ARl e B PR e e e R e S SR

is fluori Lr SbLASihPEIme6. The coated glass of claim.1 further
conpri si néﬂgﬁ?or?ér%e a{s@a r(gllopant in 15 said solar absorbing |laver. 27. A

met hod of produéng The coemteglasl afslagh tiveiersin BepYi emisgivirielghenis al | y
arrier

treating glass at a glass tenperature ahove 4 C_.with: a fitrst

gas Tont aiwwmngsed §6aF &BSHFVR QY EHISHY Y Egmt F‘Wg B’Fe@t §%¥Ckﬁﬁs(§ Oa{: [ﬁaéé\ént
recursor selec f I sisting of antinony trichloride.

P %ssdgiﬁf glérﬁ% VBN 080YB0 GiH! g y

anti nony oride,”~antinony triacetate, anti nony triethoxide,
antinony triflud3i deTheddatdinyss opelainab? whereitiehe concemtationioy doprat inlcmeet onat e;
and, a second carrier gas containing a source of oxy i

t al en, H.O a tin.
precur sor dcfiseid laweopssivinpfibrsif dEferad e theicqncgpiratios OgtdBE?deBﬁ%‘?[gTri Hg of

trifl uoroageﬁ c acid. @t hvltrifl uoroacetate, difluoroacetic acid,
nmonof | uor &% &Y SN M Honi um fluoride. 25 armoni um bi fl uori de, and

" hydrpfluoric acig;, tond epAedplaYoklsis! furtleR chmpeisingonanshingd SoR
containing an antinony dopant and a low enmissivity laver conprising SnQ,
cont ai ni ngnedifyingquareityofadopant 2@ said seler Arsaring B¥8tuci ng the coated gl ass

of claim1 conprising sequeptjally . tregtin | as t A rature
Sbove 400 C w t45: Sphacerird lady ot Wit i cfbr Bt ARk JIRELS LS

H O an organoti [ rsor and a dopant precursor containing a netal
selected f om%%ﬁgcglpg@g' consisting of 18 Cctober 2006 -3d _
26. The coated glass of claim ] further comprising chlorine as a dopant in

15 said solar absorbing layer.
27. A method of producing the coated glass of claim 1 comprising
sequentially treating glass at a glass temperature above 400° C. with:
a ﬁ.rst carrier gas containing a source of oxygen, H,0, a tin precursor and a
dopant preéursor selected from the group consisting of antimony trichloride. antimony
.20 pentachloride, antimony triacetate, antimony triethoxide, antimony trifluoride. antimony
' pentafluoride, or antimony acetylacetonate; and,
a second carrier gas containing a source of oxygen, H,O. a tin precursor and
a dopant precursor selected from the group consisting of triflucroacetic acid.
ethyltriflucroacetate, difluoroacetic acid, monofluoroacetic acid. ammonium fluoride.
25 ammonium bifluoride, and hydrofluoric acid,;
to form by pyrolvsis a NIR layer comprising SnQ, containing an antimony
dopant and a low emissivity layer comprising SnO, containing a fluornine dopant.
28. A method of producing the coated glass of claim 1 comprising
sequentially treating glass at a glass temperature above 400° C. with:
30 ‘ a first carrier gas containing a source of oxygen, H.O, an organotin precursor

and a dopant precursor containing 2 metal selected from the group consisting of



antinony, tungsten, vanadium iron, chrom um nolybdenum niobium cobalt,
and nickel, and, a second carrier gas containing a source of oxygen, HLQ
an organotin precursor and a dopant precursor containing fluorine or
phosphorus; 5 to formby pyrolysis a NIR |l ayer conprising SnO, containing
an antinony, tungsten, vanadium iron, chrom um nolybdetf@etohenc0Gm
cobalt, or nickel dopant or mxture ofsfdopants and a |ow emi ssivity |ayer
conprising Sn2 containing a fluorine or phosphorus dopant. 29. The net hod
of claim2g, . ' | ' tn¥lybledude, dibbisin, coldlt, aagri er
gas bef or e%fﬂgn{@?ﬁ?gﬂg%%{lgféﬂémﬁ?ﬁ %rﬁg’cﬁi%ﬁg%carfi er gas. 30. The nethod of
. claim 28 whaaikel nargRi d first carrier gas also contains the conponents of
said second carrier gas tqQ produce a, product in.which '3_? NIR | ayer.
contains a fl uord FREOBA GARBYPESY GROESTENE SOHIEARN PRVFF 2ﬁhe‘md(c} g

antinony, _tungsten,_vanadi e g@igo ' ni obi um cobalt,
or nickel . PIGSUEPr 3843 E@B%&@gépgféoéleg?tﬁ% , dﬂehdgﬁhiﬁ erein said first
carrigr gas al sqg f6RRbRipyfoldsis @PEIR lyepcothpiting SnCRicontamidd amaitheonghl or i ne
or phosphorous. 32. The nethod of clainBl . wherein said dopant precursor

cont ai ni ng turfgsten; varediurhiom, chromiummelyhdenims niabiamy ¢abalt onmekebdepanit i ¢
acid, HCl, or phosphorous ¢trichioride. 20 33. .The t hod_.of clai m 28
further wheFEiHuEEidopayEIndaloy prISSHAY 1ayer SomB%ﬂP%Fhﬁz Q""??Jﬁ%g%&% T&r
selected fro h nsi sting of dopant precursor containing fluorine
or phospho%gig{)s’p%ﬂg{s%%a%?oduct produced by the process of claim21 35. The
coat ed gl ass of 2&l ai NMTHe hethbb ef clanmBBivaiengn khid@lasses chnpenied withdhe first25 NI R
| ayer and wherein the reflected col or of %%l d glass is different then the

t r angni t t edarmisoiay befor: it Ty rontastadayity thesec ‘E?Frg?rrﬁaé*s wherein the reflected

col or i's Neutral i uer, Calqoq 8t LhBRRNAA Skt CRHEF gdsSiRlciiairking The

nmet hod of claim eln sard rirst carrier gas also contains a 3

second dopaphpBh&RYbESHid §edhndi Ciinfi€ dak t®piodacoa ppithephowhishehe HIR doyend
dopant 18 Cct 8ber 2006 -35 precursor containing a petal selected fromthe

group conskstiaing ofluariné wophosphemssdentnt in addiipRde the dapantiRiARtiFRnY,
ol ybdenum ni obi um .cobal t nd_.nickel .. 38 T f. claim27 wherein
sai d secondRESHEnY ARy LY} CIOMIUm, mollybd%num, BbIUEh, YoHart or Ghckel L

15 31.  The method of claim 28 . further wherein said first carrier gas also

contains a dopant precursor containing fluorine, chlorine or phosphorous.
32.  The method of claim31. wherein said dopant precursor containing
fluorine, chlorine or phosphorous is either trifluoroacetic acid, HCI, or phosphorous

trichloride.
20 33. The method of claim 28 further wherein said first carrier gas also

contains a film modifier selected from the group consisting of dopant precursor
containing fluorine or phosphorous.
34.  The product produced by the process of claim 21
35. The coated glass of claim 1 further comprising fluorine dopant in said
25 NIR layer and wherein the reflected color of said glass is different then the transmitted

color.
36. Thecoated glass of claim25 wherein the reflected coloris Neutral Blue

Color and the transmitted color is blue.

37. The method of claim 28 wherein said first carrier gas also contains a

30 second dopant precursor containing fluorine or phosphorus or a second dopant



selected fromthe group consisting of trifluoroacetic acid,
ethyltrifluoroacetate, 5 difluoroacetic acid, nonofluoroacetic acid,
anmoni um fl uori de, amoni um bi fluoride, and hydrofluoric acid. 39- The
product produced by the process of claim28. 40. A NIR filmconprising tin
oxi de containing a NIR dopant selected from the group cd8Peeber?08f

..antinmony, iuigstcu, vanadium iron, cii, umu n, rnoiy bdenuni. O niobium

cobalt, and nickel and containing a fluggkne dopant at an atomc
concentration |less then the caonceptratjon of the NIR dogant . 41, The film

of cl ai m ATSGHIRITEPAtANIRE R MeEH Feiected Bamhs FOPR erlsHsting AL apt Fingsten,

R 0] yanRa TR ok LALLM e AN BR ] LA bak RIRUOD e T1I M 42, A

n-oxide containihg a dop elected from 15 the
group consi sting&f FRS IiMORAYd of WS BN whépdi @hidMBecbfid dopaiir et wdr is
mol ybdenum - ni obium cobalt, and nickel and containi ng a _col or nodifying
dopant pr esteatedi from theugraupt yomsistinge pe mifluasosrstir fagid. hethylmafheercesesaie.col or

of light thrqugh the filmand selected, fromth .QUP_consi sting .qQf

ant iSony, JHISEEC 68 AAGHHO B St BRI CHOT b HBROA T PBLPTR. cobal ¢,
ni ckel an I | . povi ded that the selection of color 20 nodifying
dopant | sggpfh#g%demn%ntcﬁgﬁyt he sel ection of NIR dopant and when fluorine is
the selected déPantThé producrprodeddenhe ptocess dfsldims28. t hen t he

concentration of, the NI R _dopant, 43, A coated, sol,ﬁg contr?l gJaxgss havi ng
Neut ral - bl ue Col’Gr fANIRSILMCOMRTSING UROxice AN RENR G CHFYBr bi ng

| aver and a | ow em ssivity_ |l ' 0r | .S l.ass: havi ng:. oating ..
cont ai ni ndmé%mflgég?“?% ‘11%té‘%\éséﬁ‘?@%ﬁléb@é@gp’%%lgﬁh gals\g?’e{?&gﬁgcor Iufﬂng | aver
CONRY i Si NGk ZobaR  Atinidke] sdtenaiting etestadidbanm kbRogliottpcemminsh st i ng of
antinony, tungsten, vanadium iron, chrom um nolybdenum niobium cobalt.
ni ckel andessitdnthe sondestratdn ahthedWidt depant aver being a | ow enissivity |aver

i sing SnQ gontai ni dopant, sel ected fram £] vori
hosphor U9, 30 49 ACteurtel 1Bl A vessmo R ot 5h Rt pesail onel
| ndex of igeifeck &5 hod!0ind Bhh&hied cblogBF igndnitayh e AN R sol ar absor bi ng

| aver and ow emssivity [aver, 18 Cctober 2006 -36 conprising gl ass

" havi ng a coat i nfi¢ cona AllRifiig catnprisas tin anidd copeigng NER depant splestedfedmg  a

sol ar absorbing laver, conprising SnO containing a,dopant selected fromthe
grddp  coMRA FPRREPTEISUARL ﬂ%‘H?Pngﬁ‘h‘bgﬂcé‘n‘,’“\?gj‘r‘l‘ghi‘%Hi CW?%H‘fm’dWe%ﬁﬁeﬁl [
bei ng o | Ol eRHe R et B o B g o el et o
fromthe guaiify biffielent® wedifiths phmmiged color of light through the film and selected
from the group consisting of antimony, tungsten, vanadium, iron, chromium.
zﬁo}ybdenum, niobium, cobalt, nickel and fluorine, provided that the selection of color
20 modifying dopant is different then the selection of NIR dopant and when fluorine is the
selected dopant its atomic concentration is less then the concentration of the NIR
dopant.
43. A coated, solar control glass having Neutral-blue Color for reflected
light and having a NIR solar absorbing layer and a low emissivity layer, comprising
25 glass having a coating containing at least two layers with one layer being a solar
absorbine laver comprising SnO, containing a2 dopant selected from the group o
consisting of antimony, tungsten, vanadium, iron, chromium, molybdenum, niobium,
cobalt. nickel and mixtures thereof and another layer being a low emissivity layer
comprising SnO, containing a dopant selected from the group fluorine or phosphorus.

30 : 44. A coated, solar control glass having a color intensity index of 12 or less

for reflected light and having a NIR solar absorbing layer and a low emissivity layer,




45. A coated, solar control glass having C I.E 1931 col or coordi nates x
bet ween about 0.285 and 0.310 and y between about 0.295 and 0. 325 for
reflected light and having a NIR sol ar absorbing layer and a | ow

em ssivity laver, conprising glass having two | avers coated thereon with
one | aver being a solar absorbing layer 0 conprising SnOA8&kekarz08g a

. dopant selected fromthe group consisting of antinony. tungsten, vanadi um
iron, chrom um nolybdenum ni obium d@%élt, ni ckel and m xtures thereof
and a second |layer being a | ow em ssivity |aver congrLéhﬂgéSnO ..cont ai ni ng

a dopant coeipFisingiziRsdiAviEe (RABAR CHNYANETE 1G5 PIRJEPHE M OdeY ACETE ed,
Sbout 0. 2SR A TR OpPHErRSE0: ATIH ShyRaRif T imiee 02 L0
light ang,b :E%Bf %til}ﬁd%y?ﬁ{n@fteﬁ@t%@a:&hﬂ?ir{)/rﬁ)rt&bnﬁﬂfl, gao{l}ﬁwfamir?s@smwtuﬁm |n aver
conprising glas aving at least two | avers coate ereon, one | aver
bei ng a swbslt, nibkeirandnmixnaye therenfraadiasiothyr &yer beataalon HPIsSvEYParR" sel ect ed
O e oD, Cone) o, L0, oL L TN SURASL S AR o o1 U
From'the oroup T uoti g2 ey SRORNS] leRthasnid. C.EENISININ QofaRRES xsel ect od
berween about 0.285 and 0.310 and y berween about 0.295 and 0.325  for reflected
light and having a NIR solar absorbing layer and a low emissivity layer, comprising
T glass having two layers coated thereon with one iayer being a sular absorbing layver
0 comprising SnQ, containing a dopant selected from the group consisting of antimony,
tungsten, va.nadiurﬁ, iron, chromium, molybdenum, niobigm, cobalt, nickel and
mixtures thercdf and a second Jayer being a low emissivity layer comprising SnO;,
containing a dopant selected from the group fluorine or phosphorus.
46. A coated, solar control glass having a C.I.E. 1931 color coordinates x
15 berween about 0.285 and 0.325 and y between about 0.295 and 0.35 for reflected light
and having a NIR solar absorbing layer and a Jow emissivity layer, comprising glass
having at least two layers coated thereon, with one layer being a solar absorbing laver
comprising SnO, containing a dopant selected from the group consisting of antimony.
tungsten, vanadium, iron, chromium, molybdenum,' niobium, cobalt, nickel and
20 mixtures thereof a second layer being a low emissivity layer comprising SnO.

containing a dopant selected from the group fluorine or phosphorus




