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NI TR LAYERS FOR SOLAR CONTROL I111111l TECHNI CAL FIELD 5 The invention

S 0R(6Gehé7dat 0 solar control nenbers for coating w ndeeyusashidhe

li k& and relates nore specifically to apfgli ed wi ndow fil m nenbers which
proOvi de solar rejection and | ow visible reflection. BACKGROUND ART Vari ous
Il ms have been applied to windows to reduce glare and to obtain sol ar
screening for an interior of DHALt TIHANKEM NITEADESLAYRRS) bui |l ding or car.

For exanple, a plastic film may BN desired 15 opti cal
properties or may be coated withliig)Fﬁh%'é;rsﬁo(fB Iaylg@s' to acquumumwmﬁmﬂmumcal
properties. Afilmthat provides solar screening is one tha
transm ssi onTECHRIGALMEVDSI bl e range (400 to 700 nm) and the +a6ad«
infrared range (700 to 2100 nm. To reduce glare, the transm ssion of
vi si bl e Pight (TVIS) nust be controlled. 20 Primarily through absorpti on,
%ed fil ng Canf .bf fabr it ilﬁ?iehtgorpfélaiéklegmdﬁad?tdsQOfQEc@ﬁtrEMn[énVéérQ‘ﬁér g
wever, dye s .genera no Q near i nfrared sol ar. ener and,
consequent | y coalm8yraRgs naaf it pad rplied5Rls sRbBEATY B oRRier MRl her
short com ng dfmadgechbiers whichsprokiate sdlay rejection Baddowividibleakflectionposure. \When
the filnms are colored with multiple 'S 25 dyes) the dyes often fade at
different rates, causi %unwant ed col or changes over the life of the film
Q her known BALGKEROUMND ARJ f abri cated using vacuum deposited grey netals)
such as stainless steel, inconel, nonel, chronme or nichrone alloys. The
deposited grey netal filns offer about the sa,rrg 30 .degrees of transm ssion
i@yt he visible and nearV?rl’ﬁlIsaﬁ‘Eﬁ Wpﬁﬁg applied do %‘I‘%W%Héfﬁq{{‘iﬁlgl?@ a
{ sul It the Wn@llytor@iT hthn éélbﬂi@crtééﬁin?_ Frmriﬂtemmlrdftapsm{ctm@@gl&h la8T erhté,reggrd
o solar contral,. r netal 1 re.relative abl e. n_.expose
to light, oxé’é@ﬂ'%ﬁr 9%? gqrreé()a"ﬁﬁ' ?ﬁ?ﬁ&@%%@é@bq ﬂ%/@f%ﬂ'@’&&%{ i ssi on
of the daeati mydicehpropesiiss dumaly beocoatedi with aculrbercdidagers tarazqdfegheer al |y
not detect abl g,. A [ ' L . (S ock
light trans mogg‘lcgrn_b‘gdf ep%’o&?ﬁrrdag @?:{3%"3)&%% Sa%ﬁ%{:%e%hﬁigl(g{ree%ggﬁégﬁ '8?0 and
sol ar absor ptttasismissioniis batiRtieodsible @nge D 700 par)/andSberesy isfrared
Vacuum deposi I i S B Fd@lice 8lar8] R NS SBRYF ViHIB' sol ar
radi ati on prirﬁgg?l(yﬁggg?g??@nﬁsoﬁd_) %ec%%ge of the hi glh r ef Ifectl %r']@?’ﬁ t he
vi si bl e spect{fusl Fluskbe aenyRliedsi s)) filns having these vacuum deposited
Layers ape useful in onPiimarilyithiéigh absbetion! dsedfimstane fabrisaaty degr ee
of selectivity. ransm ssi in m.gver .transmi ssi on
" the near  PYiSRRWGE BT ErpPSe bV, BRI bREE U R ol o
such as coppddockdesr infrared Soladieneogybhd, comseduently garer motrexiopletedy coat i ngs
have been sp é%;&ﬁ C i inSt d
ni ckel . The L%fgﬁﬁgf |g?@?ﬁa§@r§éﬁsﬁlﬁg§ %%@Inéuﬁ%f€dﬂ&gg§ ggél}t tered
ni chrome coatthgy ofiestfaps witsseacaxpesureandhen thp s aracelojed wihgnultinie
I@ht atost he friY, dhe Ales bielifaddhediifedBiht R6S, CaUSIg uswaniBd Solor SitiAgesThe
nrchrone is affn&sg ”&,-%Qfﬁfﬁ'fiﬁ mmthick plate of float glass. As can be seen,

the transm ssP¥6H @-controlled in both the visible and near
infrared portions of th6tsallaowspedidawnfiims siré fatirickfediagingevasiumavel engt h

selectivity i [ (0] [ geYat ey d N I I raph of
2o o) the JeRenEaRy Hiel st o Ao el e Apel, cfirdriE of| 2P
films of varimigbramealingssébe slepositedsgrey metalios efferabautdhe samespondi ng
vi si bl e 44 ght% r?%%rﬂfftﬁalrﬁﬂﬁssiér'f'ﬁi fhe iRiH6 anAl KU AARared! pBTtidAs bETHRY sdigr @

construct in two opti c&lﬁl I sol at d‘ﬁ uttered coati%s arerﬁ% oyed,
with the fil ngPeRIHY: Fesuila the grRYeetaldtims arg\ATLiMRIPYEMESE OVeT (22
m croneters) filgyeiith To§ida® sdldradtrtalli Mheagheynetal filmate ralativepstablé n Fi g.

2, th i ch I i,ck d | f. ight.. . b
seen. the: Rvi GngRaboser e H86C SiatF Aepiety R phin e b n ER AT o
25 | ayers bectraesmissioreof thEneoatingp ancreaseb auederoXidatiosi, tglar chadges abd e

| ayer nighro i i t t l&h a
subst an 1 al IgeI%%ﬂmYa%?ésb‘f%%?uﬁeﬁ@%aﬁ% (e Tog) RS RTIdRR T
a Tvis val ue blockdight trapsmissipreby approximateliaaug! pawuats el selayefigetion 249

whi | e the dou [ B8R ting has an Rvis value of 13% As the nichrone
| ayers beconegit]ﬁis%;l&eﬁ the@Rf\?i s values of the two filns converge. The

per cent a?lgosmpf solar rejection achieved by films with single and doubl e

| ayers of nichrome are conpared in the graph of Fig. 3. Solar rejection is

defi ned . | ar rejection = solar reflection + {0.73 X sol ar

absor\ \@ﬁ \\m\\ml n the art, solar rejection is often cal cul ated using

sol ar Istributions as given in the ASTM E 891 net hod. The slightly

better solar rejection 15 APR 2003 WD 001 26704 -3 PCTNS99125416 noted for
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td tani um nitride |layers be at |east 1000 nm w th 3000 nm bei ng nor 4 r aPR 2003
(erred.” I n another enbodinent, the first and second titaniumnitride [Nayers
tare formed on opposite sides of a substrate, such as PET, so that the

subst r at e WD 0¥26¥e$ t he recommended spaci g.ebet ween the two P&FA&IS8925¢He

t hi ckness of each titaniumnitride | ayer -4repends upon the desired opti cal
properties. Preferably, the ti tanl umnitride |layers are sputter deposited

in a manner that facill at es re i bili but aIIo an adaptation for
varyi ng the Tos val ue NAUHTOSROIREagprstih, 3 5ulem A Groi D AEReRRe)

wi thin the rzogobsolaPradiatidpprinhasdly by, iBfleatior. iBecaubeaftde Migh eefldutioR’ | s

wavel engt h of B0 e sheefUri 1€ nid Reu bitRs oy g RRRR AR HePS8ing!
(T, SO0 is afayesslasasiseful ivoniyiadimited numbes af @pplicatignsasAduebdestidégyree
T5501 T, 5$° e’éﬁ%@ﬂ?ctn%nf?f tréﬂsrﬁ?%%{ongﬁ%é Q/%‘ibl%”ﬁ:ecrtr‘(‘f?n oREL ﬁSﬁ?ﬁ\ié#léﬁm tHa

n|tr|de ayers are su dual l'ues f shoul d
be within t hdeasinfeared spsciramigaffosded Ay certain Frilactive Imatesials sushas uct ur e
has an R-, ar hAd kfivar However, to obtain a conposite visible
transm’ssion of | ess than 40% 20, mai ntai ni.ng the individual film

vi si bl e transni ssions f?ﬂrt'ﬂn@'m ﬂP%P&ét %I]arqgeqhbcwggpagngﬁgﬁg ey
titani um nitnedd greyanetaly, soeh raecmamarsﬁ stédl; ehtdras dnar siekshuT h@gﬂ&bH gyers

b | f G eat

navelendin st A dePebidieeRReaHT B S B Bl B o2

conbi ned wit rda:sngnmjotmrteansrmkappmx(ma’@]y 50% akthedightiah the nentenofzthemsrble

“ ani um ni ‘?@'hi'gh T2 “-%W}‘mth ﬁl%?r'ré*@afﬁ&e&“t %'§%5rp&?trﬁ’c
|con or al |de) having” a're ractlve I ndex_ a reat as

that of the sm@tet@faftcwtgmser i~ cqn he seenr k& iraasmifgion of epergy is conrplledhe

transparent qwu&%t&r werbré H@ﬁeﬁﬂlﬁfﬁ%‘?ecﬂ’b@ﬂﬂfhsoﬁf PREsPar Q;S’é&r-.ghd% sﬁﬁhtt he

titaniumnitr |c ness .woul ran bet ween, 10 a
dependi 1§ d#Qf%P(ﬂ? Waverqr@& ?%‘PPS}V’tYdﬁ ‘g‘g HededRsiren oxide é[hg't?ar ent

nitride) sucr‘gla§s silicon nitri de) is pref erred over an oxi de, sr nce during

the d iti " t

brocessos |5 1ebs 11 ket b8 B SUERE22RENbe EASBMIBEHIBhl S8 i um
ni tride | ayerdowse layealinichpometfimalof vadousrthicknessescare, slmme asrmﬁm:boatr on
of oxygen wi |l tﬂ&gfé'rr’eFEBn&|H§‘N|ért§|eﬁr§ﬂﬁrhﬁ§rﬁi’§§6né S(19&ROFbLBE h%h?ﬁh%'l&wé’
titani um oxyn| cessl ve 0OX

en'is I ncor porated Into

titani u@Pnit riedRy tecneongituct rrbwméwer@thaﬂrér%q!@tqﬂ $Rutigsgd @@émgﬁ@ée
conductivity gy loy@@ wrt%hé\ﬁﬁriﬁgﬁ .se %t@@'ﬁ&ﬁ%dﬁotﬁ@?’o&}@%lawwm@ﬁt

|t bel t t t d
RO TR AT AL Ot ﬁgghgisé BiiGRaBg s Riedh Mih e bRt sBodi i oo r
sel ﬁCt ivity éafid. 2| 'EHHmrcm@lme:talyéuﬁtlcknesxseardecaedmeefrem lefthe righdi oks oarebey of
eac titaniu e

regard to 5 DA b Srus MR ?E& BRI TR ol Ticieaddieal 006 Bidtortle? "
ensur i ngst hatlaearshbmaym ﬂdb@@;r noie pempaEsen befwean the sm@e ey douhle laygrt hat

%SEISZh\gIShO)s(g'Igﬁgﬁrﬁ? ][ﬁi?ﬁs bUReRBes ﬁffa?@hé HbeFe?@ybﬂﬁfﬁﬁhrdrﬁggieésiﬁIrsu6§§3‘ﬁ the
proper |y perf‘(b? e@dug @\e%vaﬁ’aﬁrﬁh 3‘?‘? éémegﬁ@ Bﬁuler %Eg%%é“?'&oaﬁét a/tSI‘{aé”‘?f it
I's nitrogen dep2E%ethe singl rirbhr@ﬁwcoatingﬁhm ageR,{ Valvediid49g, Windephocess is

| ayer var  es FoieditBime S Rg AR e Beyate Br ds Ry e MEn B Bl T O
gener al 130 cor bespuadsinner, thaRyg viahueshefdhe tesi fimsneanvenge abs or ption at 1500
nm As the nitrogen fl oyl eptﬁérﬂn ééjbfléélﬁfre\]{léétrﬂwegfﬁ‘%véél rlh% \Fvﬁhl%ﬁ'rgle

mai ntai ned with an increase | rogen i nes

deposi tion prapégeubleayerss meemearetagpaEed E‘r@@IWaBBé’ fifi9a3d&®aase in
the depositi ofpjedtich RfddfiRedtdst ani um nitride. , . Regarding excessive
oxygen, the extra oxygen typically comes from background water and oxygen
contam nants present in the sputtering system The problemis enhanced if
ot her oxygen-requiri sglapreiectiaes splar(refiectionpt 48178 psotar edtsoeptien)or reacti ve
sputtering) are conducted in the vacuum chanber while the titaniumnitride
deposition process is being conducted. To reduce the likelihood that

cont ami nat i onWitHit tfm:adr$oiahﬁejé¢ildndwqfi@nsfzéé@$latﬁ@/U@BgtS@I@a'ner(le_rg)’sﬁbSIﬂbef as
fast as possi AV Gan

flow, since eﬁérg%g?,\g\genrri'n%el% pc% ggﬁsrﬁé}tﬁﬁg %ﬂ%lﬂggﬂl umt?é;‘]régbeltg* g%d reduces
the deposition rate; (2) mnim ze background contam nation by controlling
"crosstal k" between nei ghboring processes) by mnimzing the water content
in the substrate (for exanple by preheating or separate outgassing steps),
by eI | m natr 'ng any water Ieaks |n the vacuum chanber and by adequately



incorporation of oxygen into the layers, so that the titaniumnitri de\ R 2003
| ayers are ~5 actually titaniumoxynitride |layers (Ti NxOy). However) ? ﬁﬁ
tanbuht of oxygen in the | ayers beconmes excessive, wavel ength sel ectivity
and el ect woabn2ezonductivity are lost. It is believed that tRETARBIVHY
oxygen to nitrogen partial pressures durl-ﬁg the sputtering process should
be I ess than 0.5. Measure nments of various Ti Nx sanpl es indicate the

hi ghest wavel e ctivit s 20 obtajned when the oxygen content of

Ti N\xOy coat i ﬁ‘&gegci Eor% V‘(Héﬁs Séﬁ?rbﬁing? BICRERTESF0atRgS rﬁi%'l"@rtﬁﬁh?t\h'@ss t han
10 atomi c pemnichirbmeldifiivdients i @sietb Jotar refﬂeeﬁ@hdiﬁdrencelén nitride |ayer
shoul d be | ess than 50 lohmal %ﬂg et The | am nat%PoQ,Y swg U%}/ (E:l ?. i S an
optical ly massive |ayef 'Oth4p ;igtf HEARSNISRIPDED NEIRIR gcyoR film

shoul d be sumhhzmgtddubm leyers2af nichramelis distioisdd ih4J.8 £ateNanf,513,40:to
sufficieptly r

interf ergnce %%%ﬁg{eﬁ H%C?O\é?g%agﬁg FEBHEE) iy ﬁgﬁﬁ@%&'ﬁq g*’ﬁ?’ﬁﬂ? nitride

| ayers. To emetent substratase eapacheagngea tlveertram@armt aaqens;cqr&nngoeafbm of han
(he vavel engihaapRsARL G R W drit ¥ dBoRke of UidlHle i cghtsbeétag@ dpddiyeriahou’ d

have a thickness 00 nore prefery rrent) t he
t hi ckness i s Sibsiraigsiare Qﬁ%ﬁ’ gnd ")'ni’ teshinkep, COmpPsits, Sluéasiha'ﬂ}'i‘leéés'mecr ons

t)elt ng nost Fmggembeﬂm |dafé6m”ebejftl¢@’ﬂ%ilanﬂms) a@eﬁ?aw YVEORBNYERER ;:sr’@e:dtem
itaniumnitride | eve ormn ayers on
oppost 1 dbsi aescampaYE faio Bk viship doRE HaRsattichcaer 4 W Fhas | Pene

| ami nati ng sdiscdmdiauoes fimyseof dichmme dre attathed esing ad.adhesitehiayer.

enbodi nents, the spaci eﬁg é’ﬁ&ﬁtytcn%s H&)pﬁoétémhwgtﬂ&ﬁ{fn%ﬂﬂﬁé ?@@ and 18

may be prOV|ded by nDre none not
adver sel y af fapplicatipnsaiay discussed by&d Ribbinganad #. é%qoa/@salmfartmheesbﬂled

control menbefy 1t|dN‘Mb?3!'?ﬂ$ﬂd(& liugn P& é@ﬁéal%ﬁ%%éﬁ@‘* wileh 26RRYLE

shown in Flg 4) there is o ardc r, on oneg Sur ace

ten
opposi t d5t o @ FfEtsahi%rﬁahwah%wn%aveuoe.%wa CHNES: n@y@@%nnw ve the
durability oflnéthanéh@fbhlSaﬁtmegrémmymugusg199¢c®ﬁglega & TN, ZeN aindy

d f d N
vari oty of katDNeRGE eealy idenifieay oT i< BRiele BIE RpeE e el W st rsrads

si | oxane har dndmvse)nlasavmmmgsrtdceatai:e reotzle ametals, sulchradcsibtes andrgold. It
accept abl e thj | NIV S is
ot er ti cal 1t SORRoeS BB Emissitycds h@?ﬁ@ TRR it 8. G SRRV BED . <
bet ween 20he dbB&sTREst naplermgtalxbuaseqa\énel Hayergs but agaé/rfmdmsermamgre&ﬁweeach of

the titani umdmyehmehls attal8e oTlﬂee;pékwredt%mlm may be used to inprove
adhesi on between the tlé;vg um nlciqu ééers @' Hﬁ% hesw&qce ubstrate.
The priner |ayer may be''82 3F ARYEF GBBRECIYEIRRG dRT sPPIFate th on in
situ during pmadewsmrrtge like imardar tyiachibve a high aelectvityof visitde frapsinjssion

subst anti al | tP‘}gaea? érl\ffaﬁ%g r%%?}s%géﬁn ”\mtﬁla Q&tﬂﬁted%ﬁgﬁl F‘esﬂegftlohsa%f&\brt@%gge r

materials inc rum chro

priirer |2ayer stabilityd \Wbatistiurtbeeneeged is arepeaﬁahlermh@m of tahnceﬁnofsuch@
desired Opt"ﬁilarpé&ﬂ ith&ap@f the solar control nmenber 11. Preferably, the
primer |ayer |ckness of | ess than 30 angstrons. The | am nating
adhesi ve | ayer 20 may be an adhesive such as 20 Morton's Adcote Z 130
adhesi ve. ThiSUMMARYNOF THE INgegiNT3OMes are well known in the industry. For
fabricating prototype sanples, MacTac transfer adhesive #1P2704 may be
used. Typically, the two substrates 12 and 14 will be from separate webs,
since it30i s nore practikablarkdontobmenther wlilizesraacembinatiopeofdayéreitbat 2s
portions fronga Sngl-ee dtﬁéhmh?mth@é QM-8 $h b%r%%%%%é%{}e@gggpera“ on

of dep05|t|ngt|tan|umn}ti e ont acontlnuous T frim

i s divided i rtamBiaetipn et Oph%ﬂ' ahayagieristinmintduding dasamteriaties elatingd this is
possi bl e whenyjtib iré\ﬁsrhis%ﬁw @, )“riera'r%rér@)detféns}kﬁlsém @8, 3afdivisibrve the

sane thickness. Howeyer, in so antages to
30 having tit&HeGHeN )s Astiach ft'eEP"QH &f%(r?é( §%§re Fﬂaé‘fffﬁpa \& Yi%ations,
it is tygy cal di“;éta’mleethstmﬁbtee|opanalSdmtdLEp1|ngh'ath resprEictito nohstruiveayrer s on

di fferent subgtr.at ef.errin fi r of
Fig. 4 is sho S‘EHC[ %(8&'5 ﬁ?geqqeg%fnvqugolgiggjrgéa%{&58We§%ﬁ@a g]gﬁ ve

| ayer 24. 35 filidd layats. ghdbe preferied embodisenteeachtitanivennitiide ayenisy be a
wi ndow of a h@ﬁﬁ‘ r i I r

screening to eeﬂ rgé'lsgﬁé@e g}@t\gé ngﬁa%oérrgﬂEmr%? i {Mh%ﬁ a?{{Hul d be
noted that the titaniumnitride |ayers 16 and 18 are not speC| fically
designed to provide | ow heat 15 APR 2003 WO 00126704 _g PC T/ US99/ 75416
em ssivity. Although titaniumnitride layers are electrically conductive,
and ther ef ore have reI at| veI y | ow heat em 55| VI ty and reI at| veI y h| gh heat

Y p—



menber 11 of Fig. 4. 30 DEPCSI TI ON CONDI TI ONS FOR TI Nx Each of the Sﬁ]EaAPR 2003
control, nenbers of Figs. 4-7 includes at |least two |layers of titaniu

:nitride that cooperate to provide the desired wavel ength s5 selectivity

wi th the wowoRé70% val ue. I n particular, the transm ssi on of POTRISH#/x$416

wavel engths is significantly higher than-4-he transm ssion of wavel engths in
the near infrared. The ratio of TSSO to T,500 should be at |east 1.25. To
ensure that the target selectivity is achieved, the staichionetry of the
titani um ni t5ecead titagiugpritide laygssdoen bzow joinedby agouneting adhedive be

controlled %v'u’i@ attlﬂﬁ:kﬂé%tg‘?ébféi tRAR BRSWavdlehg Wﬁ@éé@afe@%&l@"v&%lé%ﬁﬁf sely
affecting the tita

titani um ni té r?d@rﬁglﬁ‘%n}i ngwge[tggrr@ng{];ﬁﬁp%@%gﬁé % enéﬁ%%n'éehat ;

excessi ve oxjtgsiun pitfide layurertrmaalbedt 100®nifavith Be0OO wm bieirig fdre bfea )
ete

tit teide |1 it
LD T EhER, RSohe BRI 86 BE Rl e i B AR T
wavel engt h defraetion oppositd sides|afssssulesirataduch aé %(Emihaetrwyglmstrate

t Lk : 10 to 20
per cent) )+ roURE EBOhfistiod SOachaRiwebnine tHENISEET 0 i Coiira
oxygen are background Wﬁeéhnc&n&e@gé\ﬁh@tarwm miiftes|ayee depends uppn thee
sputtering ScYéén%'Ho ﬁ@acl rif)ﬁéﬁiést'%f&éﬁhﬁmvﬂfé?ﬁbmfnrﬁtdﬁ%yéréy&%%ﬁ&@ﬁ' ring

processes are conducte il taniumnitride

he va m V\/%{'
deposi t1%n mf@q 3 %mar@eeaha é@@l&etemprpﬁvg '8&56\4 aligyss an gdaptation
al um num ni tfor ¢@ Qhé T44 vahse $@thif a fatige 6f 20 @0 M0 eindasiony prefekRdly

L&BP‘SEL?%ZL@&%F J355E31 . Gun. TH e xEER R B oy Sl wblS e Rgiaba i ng
the titani umemainsdeisw@d%. Béoreeveqrthedatis ofjtrackinyssien @b e aeelesigtty hi gh
power s, and Sl AR (P48 rablspik b A o WaLBfortithids o0l (7o,.) Reaflesi ¢ od

stoi chionetry tani u reduces

the deptsitileast 4i25. ‘AhaUsStr@a@legtneb' asdefined By Miszél b@cﬂ%@ﬁ@ ad 25,
contam nation. This cafy, %@Wa&r@@wsxé eﬁ@ré@h{drn@m rﬁfrr'&srtaggrs ar@et ween

nei ghbori ng praocesses, % ter corl bstr tes
(e.g.) by pr%ﬁﬁﬂﬁg'@ﬁ'v'@ﬂﬁbgwsi"ﬁbﬁe fgyt PYdhe WHB‘rnet 18N8
| eaks in thetmwmhamdu@rmnmnad@temmmhw mgranrm,.pdweudneo%rcuum

system pri or to the start.of the depasi:iiqn [OCESS, [,

the sputteri Hawre%er,ot@ ﬁ?tar[rhe 888?%?%@%“%63'ﬁﬁﬁsﬁi‘eaﬂ?ﬁéﬁhﬁé rﬁeg@ﬁéof t he
titani uzo ni t maitapiing iae irefivisuakfilomvistnde hasamrsaorhewrthmtha)range@fﬂﬂ)'@t rate.
Thus, the maskoa Hr,ggb re
conducted in v{év%t@&f?@hergéﬁg%&usﬁ?g&@jeclgyré&t| Vg@g@‘gegg Mﬁ{%&arwg shown
in Table 1. tieespydiesed Hyess enapbe meguised toPPiRig a @Q_mia%}ﬁa\éla'b'e tfRﬁ?'e at
whi ch the fi h{idisn®yved,t hrough the coatl ng zone of the system "Nz flow' -
Gas flowto the titani Sheet reS|s nc Ti NK,coat ed
film neasured in the 3?‘?&8@@?@83‘&!’8% ‘?le%t"ﬁlt)ﬁ ' Qstit?'l?)em % etan'um nitride
Trdnsmi gs5i onlayers aa¢ ednibihea atithatravspeirentytides (4.§50xides obtisuindwn, zist,t u;

15 APR 2003 7 t
2t the waver St niay Bismddh, ey be ékfum) ortifrides (8%, é@é%‘fﬂéi?'vzs
~~Tmax~1550~alumimumm ngndabb@wag@ refeastive indax gt least as grezat@s)thai
reflectivitygsgbstt n‘%’?&rré (the r&adlvgh@dé%ﬁgEmlgq ¥).SThé ‘ﬂ'afnﬁ Qﬁéﬁt Ride’

wei ghted for wave varl ations in i n and
eye sensitivPf{i ('ﬁ§§19ﬁ’ﬂnt§3 plagediRiheae ?rbﬁﬁ'b?@&s)m b?%\ﬁ)’@u&‘s@'%ffe S-‘-'ﬁlx'g'/second
wavel engg h sehiekhésd Mbul(ﬂta e Q@tvrﬂéerﬂﬂo ahd BBhm, HePERHEMgZATdrOdbIOF, réfilec-Ti Nx
PROCESS OPTI PARAVETERS

ONLYExper i mefit b, ANe? Kﬁq%'ﬁi%mﬁﬂg S SRRt NS 845N S5 BN 85 7618, 0
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The laminating adhesive layer 20 may be an adhesive such as
20 Morton's Adcote 1130 adhesive. This and other such adhesives are well
known in the industry. For fabricating prototype samples, MacTac transfer
adhesive #1P2704 may be used.
Typically, the two substrates 12 and 14 will be from separate
webs, since it is more practical. However, the substrates may be different
25 portions from a single web. That is, following the web processing operation
of depositing titanium nitride onto a continuous web of PET, the PET film is
divided into sections that may be combined as shown in Fig. 4. This is
possible when the two titanium nitride layers 16 and 18 are to have the same
thickness. However, in some applications, there may be advantages to
30 having titanium layers of different thicknesses. In such applications, it is
typically more economical to sputter the titanium nitride layers on different
substrates.
Referring now to Fig. 5, the solar control member of Fig. 4 is
shown attached to float glass 22 by means of a second adhesive layer 24.
35 The float glass may be a windshield of a vehicle or may be a window of a
home or building. The solar control member provides solar screening to the
interior of the vehicle, home or building. It should be noted that the titanium
nitride layers 16 and 18 are not specifically designed to provide low heat
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h10% & ()i5. degfjrstand second titanium nitride layers 16 and 18 t at were previ-
ously sputter deposited onto substrates 12 and 14 and adhered to one
another by means of a laminating adhesive layer 20. The solar control mem-
ber includes a third titanium nitride layer 26 on the side of the substrate 14
opposite to the second titanium nitride layer 18. While not critical, the third
20 titanium nitride layer may have a thickness identical to the thicknesses of the
first and second titanium nitride layers. As previously noted, the individual
film transmission should be within the range of 45 to 70% with respect to
visible light. In many applications, a third titanium nitride layer is not neces-
sary in order to achieve the target T,,s value for the composite solar control
25 member. However, if the target T, value is in the range of 20 to 40%, the
third layer may be required in order to keep the Ry,s value within the targeted
range (e.g., approximately 10%). In fact, there may be applications in which
more than three sputtered titanium nitride layers are necessary.
The solar control member of Fig. 6 is shown as including the
30 hardcoat layer 28 described above. The hardcoat layer is an abrasion-
resistant coating that enhances durability of the solar control member. An
acceptable thickness is within the range of 1 ymto 20 pm.
An anti smudge layer 30 coats the hardcoat layer 28. The anti
smudge layer reduces the susceptibility of the solar control member to
35 scratches and other damage caused by contact with the outermost surface
of the member. A desirable anti smudge layer is achieved by providing an
adhesion promotion lower film of silane material and an upper film of a
fluorocarbon with a low surface energy and with anti friction properties that
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However, other silanes may be used, and in fact a silane may not be required
in some applications.
Referring now to Fig. 7, a third embodiment of a solar control
10 member 32 includes first and second substrates 34 and 36, first and second
titanium nitride layers 38 and 40, an adhesive layer 42, and first and second
) silicon nitride layers 44 and 46. The only significant difference between the
embodiments of Figs. 4 and 7 is the inclusion of the silicon nitride layers 44
and 46. Greater wavelength selectivity can be obtained if the titanium nitride
15 layers are combined with transparent oxides or nitrides with a refractive index
that exceeds the refractive index of the substrates 34 and 36. Thus, ifa PET
film is used to form the substrates, the additional layers 44 and 46 should
have a refractive index of 1.7 or greater. An acceptable transparent oxide is
an oxide of tin, indium, zinc, titanium, niobium, bismuth, zirconium, or
20 hafnium. Acceptable nitrides are silicon and aluminum nitride. However, the
silicon nitride is preferred, since the nitride layers are likely to introduce
excessive oxygen into the titanium nitride layers 38 and 40. While each
titanium nitride layer is shown as having only one adjacent silicon nitride
layer, silicon nitride may be formed on both sides of each titanium nitride
25 layer. The thickness of the silicon nitride layers should be within the range
of 10 and 60 nm, depending upon color, reflectivity, or cost requirements.
While greater wavelength selectivity is achieved by including the silicon nitride
layers, the solar control member 32 of Fig. 7 is less cost-effective than the
member 11 of Fig. 4.
30
DEPOSITION CONDITIONS FOR TiN,

Each of the solar control members of Figs. 4-7 includes at least
two layers of titanium nitride that cooperate to provide the desired wavelength
35 selectivity with the low Ry,g value. In particular, the transmission of visible
wavelengths is significantly higher than the transmission of wavelengths in
the near infrared. The ratio of Txs, to T,509 Should be at least 1.25. To ensure
that the target selectivity is achieved, the stoichiometry of the titanium nitride
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nitrogen flow to the process were inadequate), wavelength selectivity will be
less desirable. If excessive oxygen is incorporated into a titanium nitride layer
(i.e., more than 10 to 20 percent), the selectivity will be adversely affected.
Sources of extra oxygen are background water and oxygen contaminants
10 present within the sputtering system. The difficulties are enhanced if other
oxygen-requiring processes are conducted in the vacuum chamber while the
) titanium nitride deposition process is being conducted. For this reason, the
silicon or aluminum nitride layers 44 and 46 of Fig. 7 are preferred over the
formation of oxide layers.

R R0 Ro R Ro

15 To minimize contamination from oxygen sources, several steps
can be taken. The sputtering process for depositing the titanium nitride
should be performed as quickly as possible using high powers and a minimal
amount of nitrogen, while still retaining the desired stoichiometry. Excessive
nitrogen “poisons” the titanium target and reduces the deposition rate. A

20 second step is to minimize background contamination. This can be accom-
plished by controlling “crosstalk” between neighboring processes, by minimiz-
ing the water content in the substrates (e.g., by preheating or outgassing), by
ensuring that there are no water leaks in the vacuum chamber, and by ade-
quately pumping down the vacuum system prior to the start of the deposition

25 process. As a third step, the sputtering may occur through a mask, so that
the outer perimeter of the titanium nitride plasma deposits on the mask, rather
than on the substrate. Thus, the mask acts as an “oxygen getter.”

A number of experiments were conducted in view of these
concerns and corrective steps. Results are shown in Table 1. The legends

30 are defined as follows:

“Linespeed” — Rate at which the film is moved through the
coating zone of the system;

“N, flow” — Gas flow to the titanium source;

“Reueer’ — Sheet resistance of TiN, coated film measured in the

35 vacuum coater (i.e., in situ);

“Tisso” — Transmission of coated film at a wavelength of
1550 nm, measured in situ;
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“Trax/ T1550" — A first wavelength selectivity ratio;
"Risso” — The reflectivity at 1550 nm;

5 “Tus” — The integrated visible transmission weighted for
wavelength variations in illuminant (i.e., C) intensity and eye sensitivity
(assuming a standard 2° observer),

“Tus/T1ss0” — A second wavelength selectivity ratio.

10
) TABLE 1
OPTIMIZATION OF THE TiN, PROCESS
OPTICAL PARAMETERS ARE FOR FILMS ONLY
15 Experiment | No.1 | No.2 | No.3 | No.4 | No.5 | No.6 Units
Linespeed 7.90 10.15 13.27 15.76 18.05 | 20.0 mm/s
N, Flow 450 | 40.0 350 | 325 300 | 275 scem
Rsneer 103 86 75 75 80 115 Q0
20 ‘
T1sso 15.3 14.9 14.8 15.1 15.0 | 14.9 | % at 1550 nm
Tmax 389 | 404 | 424 | 434 42.5 - %
Tomax T1ss0 254 | 211 286 | 2.87 2.83 - —
25 Rysso 506 | 524 53.6 53.7 53.3 | 49.6 %
Tus 376 | 385 39.4 39.5 374 | 267 %
Tus/Tyss0 246 | 2.58 266 | 2.62 249 | 1.79 -
30 . o .
In these experiments, the titanium power was maintained at 5.7 kW and an
argon flow was set at 110 sccms, as required to obtain a 3 milliTorr pressure.
As the nitrogen flow was varied between 27.5 and 45 scems, the linespeed
was adjusted as required to maintain a T,y value of approximately 15%. The
dimensions of the titanium target were 397.88 mm by 82.55 mm. As can be
35

seen in Table 1, as the nitrogen flow varied, so did the spectral properties of
the titanium nitride layers that were formed during the experiments.
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various nitrogen flow rates, two factors were considered, (1) T,../T s and
(2) Tuis/T1s50- Tmax IS the maximum transmission at any wavelength in the
visible spectrum and T, is the weighted visible light transmission. These
5 two factors from Table 1 are shown as being plotted in Fig. 8. Clearly, the
preferred coatings were formed with a nitrogen flow rate of 32.5 to 35 sccms.
However, acceptable values were achieved with a nitrogen flow rate within
the range of 30 to 35 sccms. 1t is interesting, as shown in the plots of Figs. 9
and 10, that these preferred flows correspond to the minima and sheet
10 resistance and absorption at 1550 nm (because the transmission was held
relatively constant at 1550 nm, a minimum absorption at that wavelength
) corresponds to a maximum reflection). The “poisoning” effect of nitrogen
on the titanium deposition rate is shown in Fig. 11. As the nitrogen flow
increased, the linespeed had to be reduced substantially in order to maintain
15 the same value of T4 This is largely due to the decrease in the deposition
rate of the titanium nitride as the nitrogen flow rate was increased.

Table 2 shows the details of the measured deposition parame-
ters for forming seven samples of titanium nitride on a PET substrate. In
each case, the titanium nitride layers were electrically conductive (i.e., less

20 than 300 ohms per square). Of course, as the films were made thinner in
order to achieve higher visible light transmission, the electrical resistance
increased. In Table 2, the sheet resistivity was measured in the vacuum
chamber immediately after the coating was deposited. These samples (as
distinguished by the sample numbers given in Table 2) were used to fabricate

25 various window laminate structures (as given in Tables 4 and 5) for perform-
ance comparisons.

30

35
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TABLE 2
DETAILS OF DEPOSITION PARAMETERS FOR TiN, SAMPLES
Measured | Units g2-2 | 831 | 832 | 833 | 834 | 841 | 84-2
5
Slow Amps 100 | 100 | 100 | 100 | 100 | s0 | s0
Glow Vot 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1
Voltage olts 1500 500
Gilow
10 o row scem 133 | 136 | 141 | 140 | 139 | 115 | 115
) S:Z‘é"sure microns | 10 10 10 9 10 7 8
;m?m kWatt 45 | 57 57 | 57 57 | 57 | 57
15 —
\T/‘élat:‘“m Volts 460 465 | 457 | 454 | 458 | 446 | 446
Ttanium | Amps 9.8 | 1226 | 124 | 125 | 124 | 1276 | 1278
Current
Titanium
20 aanr scem 1055 | 1055 | 1055 | 104 | 104 | 105 | 105
Titanium scem 262 | 335 | 325 | 325 | 325 | 325 | 325
N, Flow
) fuanium 1 microns | 361 | 371 | 372 | 367 | 37 | 367 | 365
! 25
Linespeed mm/sec 10.1 8.8 16.7 12.45 7.45 6.05 4.18
?ﬁfifs”ce ohmisq | 185 | 109 | 278 | 194 | 123 | e8 | 435
Tuis o 7 26
30 () % | 55 47 63 60 4 36
BENEFITS OF USING DOUBLE TiN, LAYERS
35 in order to determine whether window structures with double

titanium nitride layers provided better results than those containing a single
titanium nitride layer and/or double nichrome layers, a number of samples
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listed in Table 3 were dual TiN, laminates. The laminates listed in Table 4
had a single layer of titanium nitride. The laminates listed in Table 5 included
dual layers of a nonselective metal alloy, nichrome. In each table, when a

5 reflection measurement is listed, it is followed by (PET) or (GLASS). This
refers to the side on which the laminated window structure reflection
measurement was made.
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10
TABLE 3
TiN, DATA SUMMARY
) OPTICAL PROPERTIES FOR WINDOW FILM LAMINATES
- CONTAINING TWO (I.E., DUAL) SPUTTERED TiN, FILMS
Sample No. 82-2 83-1 83-2
15 .
Lamination Type Dual Dual Dual
Tus: In situ — film only 55 47 63
Tus: film only 59.47 51.34 67.35
20 Tus 43.55 33.49 53.98
Ryis (Glass) 10.64 12.29 9.93
Ry (PET) 10.97 12.8 10.21
TsoL 30.85 21.55 417
25
Rso (Glass) 12.14 15.67 10.01
RgoL (PET) 13.74 18.76 11.1
Ta* -3.32 -3.98 -2.73
* 1.65 0.23 3.92
30 L
Ra* (Glass) 1.2 2.13 0.15
Rb* (Glass) -0.35 1.9 -2.05
Ra* (PET) 1.64 2.88 0.6
35 Rb* (PET) -0.23 2.47 1.9
Sol Rej (Glass) 53.8 61.5 453
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TiN, DATA SUMMARY
OPTICAL PROPERTIES FOR WINDOW FILM LAMINATES
CONTAINING A SINGLE SPUTTERED TiN, COATED FILM
5 Sample No. 83-3 83-4 84-1 84-2
Lamination Type Single Single Single Single
Tus: in situ — film only 57 47 36 26
o Tus: film only. 61.25 51.1 39.51 28.82
Tus 62.74 54.9 42.88 33.41
) Ry (Glass) 10.04 10.8 14.81 19.38
Ry (PET) 12.15 134 18.26 22.86
15 TsoL 50.41 41.42 29.79 21.79
Rsoy (Glass) 107 |* 135 20.28 26.54
RsoL (PET) 14.47 18.55 27.45 34.78
Ta* -2.32 2.8 -3.2 -3.43
20
To* 1.75 0.81 -2.34 -4.62
Ra* (Glass) 0.54 155 2.52 2.98
Rb* (Glass) -1.04 0.94 6.78 11.05
) 25 Ra* (PET) 1.04 2.23 3.16 3.71
Rb* (PET) 1.7 -0.46 5.58 9.27
Sol Rej (Glass) 39.1 46.4 56.7 64.3
30

35
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TABLE 5
NiCr DATA SUMMARY
OPTICAL PARAMETERS FOR WINDOW FILM LAMINATES
CONTAINING TWO (1.E., DUAL) SPUTTERED NiCr FILMS
5 Sample No. R1-Qf R1-Q2 R1-Q3
Lamination Type Dual Dual Dual
Tus: film only 40.06 52.39 65.43
10 Twis 22,03 35.2 51.49
Rys (Glass) 14.61 11.39 9.84
J Ry (PET) 15.35 11.51 9.8
TsoL 18.18 30.25 46.75
15 Rso. (Glass) 13.98 10.59 8.87
RsoL (PET) 15.96 * 712.02 9.54
Ta* -0.95 -1.14 -1.12
Tb* -2.99 -0.97 1.4
20
Ra* (Glass) -0.85 -0.48 -0.56
Rb* (Glass) 1.36 -0.18 -1.14
Ra* (PET) -0.084 -0.015 -0.17
R 25 Rb* (PET) 1.9 0.43 -0.42
Sol Rej (Glass) 63.5 53.8 413
30 Within the single sputtered films of titanium nitride of Table 4,

thicker titanium nitride layers were required in order to obtain lower trans-
missions. After lamination to glass, the resulting composites had visible
transmissions ranging from approximately 33% to approximately 63%. The
dual titanium nitride layers provided a visible transmission range of 33% to
35 54%. Regarding visible reflection from the glass side of applied window film
laminates containing various single and double titanium nitride films, at lower
transmissions (e.g., approximately 55%), significantly lower reflections are
obtained if two separate sputtered titanium nitride layers are used instead of
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One concern with using dual layers is that for a given visibie
transmission, the solar rejection might be significantly lower than that
5 observed for coatings containing a single sputtered layer. Measurements of
solar rejection are obtained using the following equation for monolithic
glazing:

solar rejection = solar reflection + (0.73 x solar absorption)
10
where

solar absorption = 100% - solar reflection - solar transmission.

15 Here, integrated solar properties are determined using wavelength specific
weighting factors as specified in ASTM E 891. From Tables 3-5 and Fig. 12,
it can be seen that the solar rejection for single titanium nitride layers is only
two or three percentage points greater than the double layers. Thisis a
relatively small sacrifice in order to receive the benefit of the large decrease in

20 visible reflection.

Fig. 12 also illustrates the benefits of the present invention over
the prior art of dual nonselective metals. Clearly, for a given visible
transmission the dual TiN, window construct provides significantly higher solar
rejection than the dual nichrome constructs.

25 In Tables 3-5, transmitted and reflected a* b* colors (from both
sides of the glass/fim composite) are indicated. Itis noted that +a* means
red, -a* means green, while +b* means yellow and -b* means blue. The
primary difference between the two structures is in Rb*. The single film
structures become more yellowish (gold or brass-iike) at lower transmissions

30 when viewed from either side of the composite. The dual film structures
remain more color neutral.

35
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WHAT IS CLAIMED:

5 1. A solar control member comprising:
a substantially transparent substrate;
a first titanium nitride layer having a fixed position relative to said
substrate; and
a second titanium nitride layer having a fixed position relative to
10 said first titanium nitride layer and being on a same side of said substrate as said
first titanium nitride layer, said first and second titanium nitride layers being
spaced apart by a distance of at least 700 nm to provide optical decoupling with
respect to constructive and destructive interference of visible light propagating
therebetween;
15 wherein said first and second titanium nitride layers cooperate to
provide a higher transmission of visible light than near infrared light.

2. The solar control member of claim 1 further comprising a second
20 substrate, said second titanium nitride layer being formed on said second
substrate, said first titanium nitride layer being formed on said transparent
substrate, said second substrate and said transparent substrate being on
opposite sides of a combination of said first and second titanium nitride layers,
said first titanium nitride layer being spaced apart from said second titanium
25 nitride layer by an optically massive layer.

3. The solar control member of claim 1 further comprising an optically massive
layer which contacts each of said first and second titanium layers and has a
30 thickness greater than 1000 nm, thereby providing said optical coupling.

4. The solar control member of claim 3 wherein said optically massive layer is a
laminating adhesive having a thickness of at least
35 3000 nm.
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p410% &' ( pulsstidtegydnd said second substrate is formed of a flexible transparent polymeric

material.

6. The solar control member of claim 1 wherein each of said first and second
10 titanium nitride layers is a continuous layer, said distance between said first and
second titanium nitride layers being at least 1000 nm.

7. The solar control member of claim 1 further comprising a third titanium nitride

15 layer spaced apart from each of said first and second titanium nitride layers by a
distance that provides optical decoupling with respect to constructive and
destructive interference of visible light.

20 8. The solar control member of claim 1 wherein at least one surface of each of
said first and second titanium nitride layers is coated with one of a transparent
oxide and a transparent nitride such that said coating has a high selectivity ratio
of visible light transmission to infrared light transmission.

25
9. The solar control member of claim 1 further comprising a hardcoat layer and a

low surface energy layer.

30 10. The solar control member of claim 1 wherein said transparent substrate is
fixed to a glass substrate.

11. The solar control member of claim 1 wherein said titanium nitride layers
35 contain less than 20 atomic percent of oxygen.
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%igod/@é;gi‘ofyg)ﬁ‘ 1ocy spu@én% agflrsp tu’glu@mﬁde&iayer (@ a rst(tf)ansparen‘i@i @& ()-&.<Q
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910% ) ? spuftering a secon tltanlum nitride layer on a second transparent
substrate such that said second titanium nitride layer maintains a transmission of
at least thirty percent with respect to visible light; and

15 bonding said first titanium nitride layer to said second titanium
nitride layer, including spacing said first titanium nitride layer from said
second titanium nitride layer by a distance that is sufficient to promote
optical decoupling therebetween.

20
14. The method of claim 15 wherein said steps of sputtering include maintaining
a sputtering environment in which a ratio of oxygen to nitrogen partial pressures
is less than 0.5.

25

15. The solar control member of claim 15 wherein said titanium nitride layers
contain less than 20 atomic percent of oxygen.

30 16. The solar control member of claim 15 wherein said titanium nitride layers
contain less than 10 atomic percent of oxygen.

17. The method of claim 15 wherein said steps of sputtering include using a
35 mask on which a portion of titanium nitride plasma collects.
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21. The solar control member of claim 23 further comprising a third layer of
titanium nitride on a side of said second layer opposite to said first layer, said
third layer being spaced apart from said second layer by a distance greater than

30 700 nm.

22. The solar control member of claim 22 wherein said assembly has a ratio of
transmission at 550 nm to transmission at 1550 nm is at least 1.25.
35
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