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OPTI CAL DEVI CE HAVI NG LOW VI SUAL LI GHT TRANSM SSI ON AND LOW
VI SUAL LI GHT virkchésizsdd ON Technical Field The prpeHt§95/13972
i nvention relates to optical devices, 5 such as solar energy control
wi ndow fil nms, having | ow visual light transm ssion and | ow visual |ight
reflection, and to nethods of making the sane. Background Art
The glass-tinting industry desires a class of 10 solar energy control

coatings or films with wptressl pEvick gAYINGADGW ¢EEAL (MdRT | ess than 50%

and preferably | epRANSRISSION 2D tiow SATSUAT TIGHThREFDECTTION desires
these coatings or filnms to have a.visual |ight reflection (VLR) |ess
than 15% and preferably equal to 15 or less than 10% Wth the
metal | i zed pl asfechhicat Ebeldntionally . enpl oyed for sol ar energy

control in the “‘”doﬁhggﬁ€§sent iﬁygﬁgf%q“§%¥?€g§SQ%IOk%g?hltagggggégance or

VLT can be decr ease I ncreasli ng 1l ckness. e net | ayer
on the filmP buBUFhi s 8IAT CREXrdHH GARGRRs wingdow £ilms,, hayang| LGt
refl ectance or viBuaFolightmiansmissiompiaml low aliswaat edghel ar filns with

a VLT of 25% ha L 9 .C. S e VLT and the
VLR becone %%‘Fr%gﬂ:%%yi M‘é etg%s‘ﬁév&rﬁ%@u?’r}g n%%d.g\lge-lt-g B ﬁégr' oad 25

conprom se acceptable to.the industry. - In general, at t he present

time, the VLT igaépbrghin@nageceptable | evel , and the VLR remains higher
t han desired. n alternate approach to the demands of the '

i ndustry has been toTﬁ?i9+§§F(ﬁ&ﬁfﬁﬂ%ﬁ&qéiqqqﬂﬂgqﬁﬁrQG a5HeBFS 9Lt her al one

or as a sulitr aseléprenengy atoritirodl coatdmdsayaer filimscwdth dyeilshalns have

oot ol o o PRI A Y S Soult Mieofdleraniy,
to the demands b¢sShEham3R%y At the same time, the industry desires
3 -+ these coatings or films to have a visual light
reflection (VILR) less than 15%, and preferably equal to
15 or less than 10%. o
With the metallized plastic films conventionally
employed for solar energy control in the window glass
industry, the visual light transmittance or VLT can be
decreased by increasing the thickness of the metal
20 layer on the film, but this results in an increase in
the visual light reflectance or VLR. For example,
typical metal coated solar films with a VLT of 25% have
a VLR of 30 to 35% and more. Thus, the VLT and the VLR
becpme competing interests without a middle of the road
25 compromise acceptable to the industry. In general, at
the preseht time, the VLT is set at an acceptable
level, and the VLR remains higher than desired.
An alternate approach to the demands of the
industry has been to utilize dyed plastic films or
30 sheets, either alone or as a substrate for a metal film_
or layer. However, dyed films have very poor solar
performancé and the color fades with aging.
Consequently, the dyed films have not provided a
satisfactory solution to the demands of the industry.
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- 2- Anot her attenpt to reduce the VLR of |ow VLT met al |-i zed
filnms HHO%43319t 0 apply coatings of titanium oxi de ®cTUMWS/ABYYE i N Gxi de
adj acent the filmor |ayer of metal to .control reflection within a
narrow spectral 5 band. According 14 classical optics, sandw ching of

the nmetal film between |ayers of a material of high refractive index

can boost visual transnission, that i's, so-called induced transm ssion,

and reflucet ahnetheet aaaem 1 'E@nf@:lhc%dafﬁé GAR 0F Sowequ es 78 tov\%o h100
nanomet er ni. um oxi de Qr | .0 _0xi de ich are
very sl ow™f aﬁ&&ﬁgée%ﬁﬁ d$ fﬁ? to aRQ§¥xﬁﬂé¥ﬁng§N$f 293§EFPm this
approach hxddgr oveindbum tlnerE®3|a¢DaQEnnaqhaﬂﬁmlmabx dayezved so,

Provides abeal £8eebnePbY PePRéltfin SPLHIP iarrdy \%E/ cYeR1di chot ony. 15

- U. S. Ratent 4 Reexan1nat|on Certl lcate 4799745) di scl oses
an in arPﬂnﬂefléEFPﬁa R F0 claggifal i oRFics, EandwdchingePler ence filters
conpri sedthe metalwgibm betweén alaysrsrof Iaaywtﬂazdfambtfah;ghuch as

ST1Ver . ogl oL it Niitied 2EAA%hdShe VAN Br b lS o0 Hghke! and alloys

t hereof, Separated b guous i n ervenlng |electr|c spacer
| ayers, wﬁsehso-cahhgdsyn@ugs pranspiagdanos axd inedues, tin, titanium

silicon, etamabwband Ph Sévition Rs¥adtextd) Thildp :QQ'}ures 50025, 206, whi ch

I ssu continu p [pat ent 99, 745, di,scl oses a col or
corr it oq1Bar PapaRetsr Faldk f?iﬁ@rmz%fe&rﬁ%%&xa#e oF hofiie bearing |
seven tdlnr oxidg, cehichuans vwerersiaw ity [prpduceoand difcticudt and ‘

silver. Wbl gohbes®. | | A95a NAYS,] £ et U ;Jfo%th as bEbben! gage. they

require Ive to seven ayers mat e |aI ter p05|te onto one
anot her, ®FPeRsiye to Bﬁp@ﬁ%?%%?%&wiﬁﬂﬁ Q&f?yspo EE@U#HPFth Wth
decr easi npest ouigual partbal tSENSticHs it tHeh mvtnbaﬁeﬁa&oﬁg

di ffi.qult. t ernati.qnal . 35 publication
VO 94P04356 tegéﬁéngﬁ%{w C%)&e';"ragef&h&y tipn CSE%‘&%Fch’é?ed pol yrmer |
sheet mayBbe47997458)dteckysep an cnkrarest mefdestiog: FadlBheet a

employing Fabry-Perot interference filters comprised

of two or more transparent layers of metal, such as
silver, gold, platinum, palladium, aluminum, copper,
20 nickel and alloys thereof, separated by directly
contiguous intervening dielectric spacer layers, which
may suitably be the oxides of indium, tin, titanium,
silicon, chromium and bismuth:. Related U.S. Patent
'5;071,206; which issued on a continuation~-in-part of
25 patent 4,799,745, discloses a color corrected infrared
reflecting film comprised of a Substrate'béaring seven
~ directly contigubus alternating layers of dielectric
and silver. While these films have”low=visual light -
reflectance, they require five to sevénllayérS'of
30 material sputter deposited onto one another, which is
expenéive and not eésy to accomplish. With décreésing
visual light transmission, the task becomes more
difficult. . o
Patent Cooperation Treaty international
35 publication WO 94/04356 teaches that the’
reflectivity of a carbon based polymer sheet may be
reduced by sputter-depositing onto the sheet a
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- 3- di sconti nuous dendritic Iayer of inorganic nmateri al havi ng an

i ndex of ref maxeerdsrogr eater than that of the pol ymer. Thepdrrose3ass7s
material may be an oxi de, ~nitride or oxynitride of a primary netal
selected from5 tantalum nloblun1 titanigum hafnium: tungsten and
zirconium The primary coating. may be suppl enented by an overcoat |ayer
conprising an oxide, nitride.gr oxynitride of a secondary netal

sel fect ed fl Bom '&ﬂé?&?&tlnuoﬁé ru%d&lzalrtc la‘ﬁ{éﬁn dfsﬁ.ﬂoiﬁahﬂbeﬁlaﬁérﬂéﬁs'[ ic

sur f aces mul ti-pan ndo e coa g inc

transm ssi on t %E {kﬁu gﬂq QHqﬂ?anH ih &ﬁ?ﬁt?g ggﬁd haze.
Thus, while refpebymmm.lsmhe incargarsic MHtaramﬂsmhgnbbsanobxlde,

Consequently, theg Wlﬁfﬁeﬂé 07 2 ?ﬁ‘ ﬁnmﬁrl:ra?.n egggﬁ&ﬁ %ﬁ?

devel opnent _of an |nexpen and or coa
that will have bartalum, niqRhdium,T tam@ruunbwha@mum, tungptenoande of the

I'nvention zircdiiw®b] efte (ﬁritn{&ypr&'iﬁ&tn &a NbleOBupplefentedi B 20
i mpr oved optlcal devi ces eC|a Sygrove contr ol

nerg
films, having B3R YRR 1ﬁﬁbﬁ?n9 §ﬁcenéﬁﬁlgﬁm¥5|sual l'i ght
refl ectance, armlxxanltrldmtmb(a fsgcqndatwc megalheedectedcnomi indiym,

Anot her obj ect e%x}tsfdiﬁwti%éns aora%viliee%gali he¥sd §e£§ace£'ergy
control filns anpd/or_coati ngs avehgg sQl ar ener ection

char act eri 2Pj csin mulgi-pane Q&quﬂNuﬂ?Fshn& FORERNGR AL BET F%t ight
I n accordance Vti-inéxinﬁssmer’&hm gl e polymeredilm withnmiapgadbr coatings

are obt ai ned th&g&g@% #: ﬂ&rﬂég) Hﬁn%? b@$ﬁ%Lkgg gﬁrgsnaterlal

sci ences, and a approaé% to Nor e
speC|f|caIIy, |rﬁéﬂﬁﬁdfﬁ#ranﬁq#SSﬂonuﬂS @oXet i ces, the present i nvention

first addresses ref|esigdipfordldy, thdrer@ialiss aﬁdtﬁassﬁdﬁé nassmn
WO 96/1337%5 CT/ US95/ 139
strong demand for development of an 1ne ensive class
of coatings and/or coated films that will have both a

low VLT and a low VLR.

Disclosure of the Invention

The object of the present invention is to provide
20 improved optical devices, especially improved solar .
'energy control films, having both low visual light
transmittance and low visual light reflectance, and a
method for producing the same economically.
Another object of the invention is to provide
25 improved solar energy control films and/or coatings
that have good solar energy rejection characteristics,
as well as low VLT and low VLR characteristics.
' In accordance with the invention, these improved
films and/or coatings are obtained through thin film
30 optics technology, modern material sciences, and a
fresh approach to the VLT/VLR dichotomy.
More specifically, in contrast to prior art practlces,
the present invention flrst addresses reflectance and
thereafter addresses transmission.



-4- It is, in particular, a specific object of the

I nvention, first, to develop an optical device or conponent which. -
enbodi eqvosggfiB3@egr ee of visual |ight - transm ssion c nosAfd, Whi ch has;
exceptionally low 5 wvisual light reflectance; and second, to conbine two
or nore of the devices or conponents in such manner. as to achi eve
the desired | evel of transnission coftTrol . A first aspect of the

i nvention resides in the use of very thin rather than thick |ayers or

Metal s suitabl & for ose I ntl ud ni ckel, chrom um
ni ckel - chAGvieRkign, ofdrakd $PafRvVeler an apeifal dewire/ Q% thin | ayers or

fi Ibms of n@nttalbm_ich e@f:edﬂasgeéﬁeruegfé@dgf_ S Bl xiezjmidt eg onto a 55
substrate, the r.esultin | - di_sconti.nuous endritic an
[ ncoherenf':.r &iﬁsﬁsf‘ cgnEESgsgﬁgt%P%%bﬁﬁ? =EC %%ﬁy g?ﬂﬂ"ot h surfaced,

conti nblouyilsapadr 1iphs refiectance;rasgusecond psto rcanleine twd lon the netal
does not Gaye B£SkhaYg8viBek' 8E- Lol oréhts e{x%,]egﬁé%wéﬁa% td nst ead,

light is scatteres and/ or, absorbe so that the neta Imitself has a
| ow VLR achieve the dgsirefclagel| of | FransmisaiomSERHin, it does

not inpart to mh€irstt adpesbsbfathet imvelesisedreiier in thef usesual |ight

bl ocki ng f ' , L ed. s te is much greater
t han desi (rafefdsg&?nh_&n g%ggrega%—tclggv% ?ﬁc%ﬁleag%% ocga%#ig'rﬁ%éviaocfgd by the present

i nvenl® onmetiad sy syiipblpgferbrenkrabling ckxansmissiom@afeddahtand the VLT is

decr eased Mata1@"BuRtBB16WeoP! the piPPpSsdf indBuddagAd s\ Hisivedi,es into a
conposite tlgl 30 .wherein coat ed surfaces. are jnternal surfac

t he. .
‘n the cofiGkele SRFABiNPe BiGKEFZCREPRLUA| 31 R¥S A% Frainless nat the
| i ght bl osltieed sef f ¥ben wéryhthinalayess aor £ilms anbitheke imetalsadded
t oget her, I h I35 € f T ile maintaining the.
| ow VLR ofatrf[éhgla g‘e?ﬁéi §flg§§?én§?%1:t%%g%ﬁe%€%’%?£coe%o %?ef erably, the

net al Bsur s30sErate . opbecEerYlBirg bl by t/Rds 1% \Rehi ng " WD 96/ 13379
PCT/ US95/ 838édntinuous, dendritic and incoherent. The metal

does not form into a coherent, smooth Surfaced,

films of 10 mittalig'tsa_ét gg%@iégj_agongr%%%ﬁjié g%ée%ts%f)q__ﬂ_ l'i ght.

continuous layer. Due to surface irregularities in the
£ilm, the metal does not have a shiny or mirror-like

20 reflective surface. Instead, light is scattered and/or
absorbed, so that the metal £ilm itself has a low VLR.

Because the metal film or coating-ié'thin, it does

not impart to the coated substrate the desired degree
of visual light blocking effect, i.e;,5the VLT of the

25 coated substrate is much greater than desired. 1In
accordance with the approach provided by'the present
invention, the visual light blocking effect is.
increased and the VLT is decreased by combining two or
more of the coated substrates into a composité £ilm

30 wherein the metal coated surfaces are internal surfaces
in the composite structure and are optically decoupled
so that the light blocking effects of the coatings are
combined, i.e., added together, to produce the desired
low level of VLT while maintaining the low VLR of the

35 individual metal coated surfaces. Preferably, the
metal surfaces are optically decoupled by intervening
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| ayers of adhesive enployed for |aminating- the plurality of coated
substrates into a unitary conposite film .- Consequently, the
invention proVOdes33® very 5 inexpensive solar control film hagrgosuzdbRW
VLT and a | ow VLR and conpr.ised sinply of a |am nated assenbly of

two or nore conponents or subunits each ggpprised of a - substrate
bearing a thin incoherent filmof netal. Further control over the
refl ectance, 10 transnittance, -and/ or darkness of the filmmy be

gai.ned by i nconpgieais @F adhesive efmplByedofoi hEaminatsiiyiies of addi ti onal

el L ey B obaRd, puokEBREFE: HEE G A Ghref FapBRlRe®

above noted, clfidsi.cal optics suggest that sandwnchlng t he netal | ayer
bet ween Iayers of NMYpEleduentl ha%haglﬁthG qgf6¥§dég3d woul d further
decr ease t he refleqtance o? Accor di ngly, rrying out
t he novel a|§pr € §ORRT ﬁPEtFﬁ%eﬁ%PBnha Jd?w M}Fba@@aﬁ ngs of
high refracti ve.dmm aindulcdmprispdestnpby yobea lmﬁnatemrdsmmm th the
| ow VLR l:J EB‘o?BO m§8§8££ egr Mﬁ&i@tﬂé@'&&?ﬁ% Qe  Used
for the purpose e. t m oxXI continué to be

used to reduceSN@ﬁ¢6@F$n§Gar@n§ EStB%ESbh€°h$NQﬁﬁ|iﬂﬂmpﬁdbﬂﬁé§la second
novel aspect of mﬁh@wbeﬁtrmoa{rer the reflmond aspect of the

present in ntlon resi use of sypthesi h oxygen cont ent
oxi des of | 10 WiSRepe, Apl/blahEtnRle HF A Rl sy gon content
refractive |ndgn;ned pyodncerpotahionfiBUOamme<ﬂemmma of bhm conponent of
excel [ ent qual 'sﬂ%uﬂ&‘ls%?fshﬁﬂﬁ!ﬂg al mQ@éiP&%”&?at WAL iRcraRdgg!

t o- produce. ts secon I nvention 1I's_based on
t he di scovery M&P%@ﬁ%l"?nﬁ?ﬁ/?é' ﬁﬁ%%%‘??%%a&%d&?rﬂ%&ﬂeeﬁ’é&“ﬂ
reactively wtilightgabsoftbanegnbfothedcompdsite £ilmrti al pressure

at nosphere,.such thg8 %nggtRgbépra%iggﬁﬁcaffoﬁé§a(”Q“Haaékpthg%-bianth in

a Bi Ox fllﬁédep03|t
PCT/U595/1397zsandw1ch1ng the metal layer between layers of @ptgapgéent a

thin optical 'h'a'%.?xﬁ; BEhih! fetrhbtive inddf wANUE RirtHedUgebréake about
2.5, 1.e., B thg reflectance of the metal. Accordingly, in carrying
out the novel approach proposed by this invention, one
20 or more coatings of high refractive index should
| preferably be used in conjunction with the low VLR
metal f£film above described. While materials heretofore
" used for the purpose, e.d., titanium oxide, may of
course continue to be used to reduce reflectance, the
25 present invention provides a second novel aspect of
particular import. |
The second aspect of the present invention resides
in the use of_éynthesized high oxygen content oxides of
bismuth (BiO,) as the preferred material of high
30 refractive index, to produce a low reflectance device
or component of excellent quality and outstanding
performance, that is economical to produce.
In its second aspect, the invention is based on '
- the discovery that when bismuth is magnetron cathode
35 sputtered reactively with oxygen in a controlled oxygen
partial pressure atmosphere, such that the atomic ratio
of the oxygen to the bismuth in a BiO, film deposited



1.7 - 2.5), the visual light reflectance of the nulti- | ayer filmis
greatly reduced. 5 The reactively sputtered synthesized Bi Ox (x:=-1.7
- 2.5) WDIsiI¥® a hi gh optlcal refractive index of 2.5 pcmtsgslia;gizln fhe .
vi sibl e spectrum which is conparable to titani umoxide (TiG2), and
substantial ly higher than ot heLgui sually transparent materials. In
addition, the 10 dynami c deposition rate of the synthesized Bi(Jerr] is

far greater than that of titanium oxide, and nmuch nore readily

control | ash d:heidijacdut R @hiite optdealefidnt ofemetal i Dslewitiohii ngs of

exceptio Y, ok hat ,ca ecpr si)Yy,. qui ckly and
economi car#q'f%/ r#?%h o%'%h? g‘rﬁ?l n tlggﬁug'f a5su§§ '?%f 4%yer of

mat eri al b7 It g Fof rthe W@warldéxgh&nuesleetyncm of th%ll%%k#ft'r nuous or

i ncoher enfayds B0 RS @re@tqy ¢R3uded. opt i cal device, conponent or-

subunig that is ver onom cal roduce, and {hat has an extrenely
| ow 2@ VLR and" St%? (f%f"é‘é‘ YVE?“&&EFF%I gynthes’-zeq’h%"?*n‘ﬁi Sdpdet of the

i nventi on- tw5) rfidmidms a highowptical refractivecindex hefe2 Bibunits or
conponent e r é@ s Gt r ol

factors o t%eﬁN: tl‘llglt\?ilédlﬁ %g'%pghgct%gag ggfédigoge'm& or conbined in
order to Wianivm exigesi( Ffé-@zl)evépdoFUbSt%tlla]ﬂié Righaithatof the
conponentstier Rithriiaky }trans@ﬁh:bﬁ‘teﬁab&riamsnat mga@d&i.m Ima the sane

h
| ndopihadeHe AeBeRiEE o RasR, 8F, sRe  FEnERpdFzed £, L TATI 1 hus |
opti cal | ygneateIp Itdéanh chath o £i ml&mmnngm-deadanélwh agcare; In a two uni.
assenbl y, r&apih o Q:'di'xtrolfl'ehm Qixe?%b?' tw bfo@i&&'ﬁfg&‘bPéE ri&/é‘ﬂi the visua

l'ight transm ssion control, and in uni t asse each netal
filmwil11R9e% Cpatings of/ §x8PPFPrQn§§1V| gﬁﬁ\‘ auahity r%n on control .
V\D 96/ 1318 produced easily, quickly and economicalRfT/ US95/ 13972

gore sS4 each conpri sed
of a ]f5h| n met éﬁhef I?ﬁ%%ﬂ)é.%t%\%ﬂ?éﬁ ?é%\g%?éﬁgv féﬁP&? #rsn or layer of highly
refracti vatarial of hé-gaeé'ieSF'P?tive ipdegerand (& v¥exmy thim 5) the present
i nvent i oilcdtitidtous 92 AhcBREENtCEDLAOLE fhdEE] pbwidedaln ngs that have

good sol A 319%ev3csS! LAlpsRahache’ Sibhsie Lo IS Wiry
economlcal to produce, and that has an extremely low
20 VLR and a degree of VLT control.

The third aspect of the invention then resides in
combining two or more of these subunits or components
with one another in such manner that the VLT control
factors of the individual components are added together

25 or combined in order to obtain the desired level of
VLT. The combining of the components is preferably
achieved by laminating and bonding the same together
with intervening layers of adhesive so as to define
independent interference filters that are éeparated:by,

30 and thus optically decoupled by, the intervening
adhesive layers. In a two unit assembly, each thin
film of metal will provide about 50% of the visual
light transmission control, and in a three unit
assembly, each metal film will provide about 1/3 of the

35 visual 1light transmission control.



i . :
i ght reflectance and | ow visual |ight transmttance. The

‘i nvention al so has as an object the provision - of a method for nass
produci ng t HWoi9pas9ed solar filns 10 and coatings very effipcTarsosyzoznd
econoni cal | y. In accordance with a preferred enbodi nent of the
met hod of the invention, a corventional tkansparent filmor sheet of
substrate material is first passed t hrough a nagnetron cat hode
sputtering station wherein 15 a Iayer of material of high refractive index
is sputter deposrtes), Mt @:d;dlﬂ:ﬁmlgstwat er hbrésSsibehbts egadlbat the

Wih oxygen i n PSS o \édé Fhh, 5etdL TR B2 1B et FEMARIS Gl X | Ve
t hat a synt hesifickm Xr Iaver @@/Mhdwnreﬁragtsmmamrmlhawmcmm omi ¢

ratio of oxygergi® tvxswtlhvw-thl 8% hehéaases@ﬁtamnuon brovigeout 2.5
i s deposited on tHe ‘substrate. ynam c $OSl lon rate of the

synt hesi zed” Bi Cﬁ‘é]ﬁ’]' enengy >F°ntr°ﬁ1 &Hlménﬂng/ BEaFPAELRYS  that jRave s
applied to the gtiod sdidr anereysidejectibaktliaradterbsoiesal low vildheXoat ed

substrate is t s]iq%eﬂ h e a g
station where ralfzégry éé}_ra?ﬂ% fa%dmigg ]irEBﬂaf H}Qﬁ@ econorﬁéa'l |y
sputter deposited orfhe tinwvention:gdsonfass agi gn @bﬂ%@l’étt% prerieicp
Sputter deposi td©r GletHed tfui- mfsl pEddatihy! €Re impPEvedesdEdr Of IRk bY

a ng th btatetce t tt

gp;:tlr atgus gqsu i \M% verY ?%%¥F§P§1¥h?gﬂgﬁg%ﬁ°l p‘b%f&'ljse;\;\r/‘?ng t wo
or nore sputterlh'g anmdmeamahgadprgfeeqeénemthmfpmm 35 of
substrate ”av%eafhoﬁ‘eofl{!hﬁ r:fi‘ﬁr"en‘E‘i}S 0@&5&%&%@&%& transloéaf’e&@”“ nuous

web of gl ass or astic. In any eve rate coat ed V\ntha
thin | ayer of h'ﬁ or sh g&/ rate material is first passed

PCT/ US95/ 13972 through a magnetron cathode sputteB:.n statiofvwiatdie i ndex
o L el BT e BREP LT TR F sy o
conponent that deOSJ-terGm‘mmtd@I substirategr it | is cphefexxed thiat khece 5
characteristi Csmﬁterlal of ‘hlilyh § ab%?i‘.’iredﬁiﬂiéf ?6 Sdmdtas very |ow

'visual light reflectance and Vi sua transm ssi on
dependl ng pri neFBYEE]RSsh Heas Wgﬁg oxygen in controlle oxygen
partial pressure atmosphere such that a synthesized

20 high oxygen content bismuth oxide having an atomic
ratio of oxygen to bismuth within the range of about
1.7 to about 2.5 is deposited on the substrate. The
dynamic deposition rate of the synthesized BiO, is very -
high, and a coating or film is thus applied to the

25 substrate easily, quickly and economically. The coated
substrate is then passed through a magnetrdn cathode
sputtering station where a very thin metal film is
quickly and economically sputter deposited onto the
coating of high refractive index.

30 Sputter deposition of the two coatings or films
may be performed by passing the substrate twice through -
a single station sputtering apparatus or by passing the
substrate through an apparatus having two or more
'sputtering stations arranged in sequence along the path

35 of substrate travel. The substrate may comprise sheets
or a continuous web of glass or plastic. In any event,
the substrate is coated with a thin layer of high



t hi ckness of the netal film By lamnating two or 10 nore of the devices
or conponents to one anot her, substantially any desired | evel of *

vi sual Iw@bénss7e transmission control can readily be at persskiizor
Further variations in optical performance may be achi eved by the use of
different materials for the 15 pl urgbi_ty of coatings in a conposite end

pr oduct . The invention thus provides greatly inproved | ow VLT
and | ow VLR optical devices and a process for the efficient and '

economi cal f&&%d%ri%ucihki@& thsﬂcéhm J.Hé&héﬁént 2@11m of mégde and ot her
obj ects and adva ent fromthe

fol | owi ng Ve¥Y @&&3‘%&6“&&% ang: Pﬁﬁegégleﬁﬁ&’de?léﬂr‘? cfcﬂ1 J%f wi th

t he acconpanalardemsirgys control 8eviteDesccompomentdftiidte i¥ awi ngs 25
Figure 1 ig oy g e o] B tion and on a
greatly magnl Tn%ﬁé' scaﬁg.‘d ﬁ?l's aggge&y P Pé@ﬁ&&e%&lo@% a solar control
fil m pPovi Fharacteristdcerdance wi t h the invention and corrprl sed of two

gf t he I20W refl qmbamﬂtuheeae%ceoaﬁoecﬁpénoﬁtttms 3fery rwmt i on;

I gure I S .a SlI C repre ent ati on of rnati ve

rbod ment VAR, LGRS EETEEERREELRBACE dedfge B sl TSR 46/ 7557

PCT/ US95/ 13¥Aansmission depending prJ.marJ.ly upon S%he nature and-igure 3 is a

simlar SCI%%%%S& Q&e%ﬁat abkaD 2§1m. p{}&ﬁ.ﬁﬁ dJEent of a solar
e e ln

contragl filmprovi i n accordance entlon and conpri sed of

three 10  gorenef the, devicesncr 89’6‘?9%%"6? R RARAARERET 4 he 5 i nventi on;

the film b@umgtalmmmy agpedegiredaleeer of visudl dsighy a w ndow; ‘
Figure4| [ p t an alternative
enbodi nment o escsghf)lo& ?Eﬂ: céﬁ E.Sé&?i? ﬂ>é)lr—b@éa"'l"‘e\? Figure 5

conprises a graﬁmhéé’nﬂariéﬁmﬁs in oem@bme:rmm«am $8 on and
reflectionazheved b9 the ukBeoki HiEfeteht matwfdIL EFGHeONVENt i onal

15 plurality of coatings in a composite end product.

The invention thus provides greatly improved low
VLT and low VLR optical devices and a process for the
efficient and economical mass production of such
devices. o '

20 These and other objects and advantages of the
invention will become apparent from the following
detailed description, as considered in éonjunction with
the accompanying drawings.

25 Figure 1 is a schematic representation, in cross-
section and on a greatly magnified scale, of a
preferred embodiment of a solar control film provided
in accordance with the invention and comprised of two
of the low reflectance devices or components of the

30 invention; _

Figure 2 is a similar schematic representation of
an alternative embodiment of the composite structure of
Figure 1; '

-



i _
comercially avail able solar control filns; ‘ Figure 6 is a graphic
conpari son of the 15 transm ssion and absorption characteristics of the

fid ns of thewiorséasa7eon and conventional comercially avaipicTiuses/isshas;
Figure 7 is a schematic illustration of an apparatus for producing the
| ow refl ectance devices or 20‘conponents_gf the invention; and

Figure 8 is a graphic illustration correlating the dynam ¢ deposition
rates and the atomc ratios of high oxygen content oxides of bisnmuth at
progressively | pigadel aglexugempaai-i Qéhémmrxfépﬁaﬂedﬁaﬂoeﬁdﬂ ve 25

tt f b h d .
The fol | ovi ng 1% PRAEREERAguREaLPRRE O 8recTht odlftadd, £illy sREWIdeR |\
i nvention presdm lapcordapde witbythaeinvertion andtnpmpniaaﬁnpﬁn&hyeﬂ

carrying out hi o n oot g
the appended oF %ﬁa A& E‘b@ﬂ?ctftnce <iev:|.°~‘.§eé'5<§5'§i d C}Sclqe%t%o% fipeation an

owm ng terns have ned meani ngs
"Visible raﬁlaﬂPUﬁnt&P“‘IFBﬁtflﬁEahglgg shovwr (3%, AfRR §PP%h°ﬁaV|ng a
wavel engt h of kﬂmmEBBrB&meadowpters to 750 nanoneters (CIE St andar d)

WO 96113379 =]
-10- "Tralquparentl$ neans %5|?ﬁ??$?tlc éé?%é%ﬁﬂf&%i@% of
transmitting viai iil&ernativeosmbodiment Of"ﬂh%|Q9mPQSkﬁﬁ straedmresiodn” |

"visual light pijgurerapsmttance” and the acronym"VLT" mean the 5
per cent age_ of V|S|ble radlatlon or |ight that transm tted through a
transpareni opt i cal FAGWree? Eofprises %.9$?§hhﬁ comparison of gj p| e | ght

reflection”, "characterdstic transhissiomcaid araflXdwtion apeotd Rormean t he
per cent age 10 f WsSinB! B¢ b2 j ected froman
Sk 6! gﬂb %#98?{2{% g%g ddiledtid)

optical device orption, V|sual l'i ght
absor pt ance” aﬁ@m@ﬁ€c&éﬂéﬁyﬁVa%@ﬂplﬁeﬁﬂlﬁﬁec xhGgas ;

Figure 6 is a graphic comparison of the
15 transmission and absorption characteristics of the
films of the invention and conventional commercially
available films;
Figure 7 is a schematic illustration of an
apparatus for producing the low reflectance devices or
20 components of the invention; and |
Figure 8 is a graphic illustration correlating the
dynamic deposition rates and the atomic ratios of high
oxygen content oxides of bismuth at progressively
increasing oxygen partial pressures for the reactive
25 sputtering of bismuth.

est ing Out the Invention
The following is a detailed description of
preferred embodiments of the invention presently deemed
by the inventor to be the best mode of carrying out his
30 invention. : '
As used in this specification and the appended
claims, the following terms have defined meanings:
"visible radiafion" or "light" means _
electromagnetic radiation having a wavelength of from
35 380 nanometers to 750 nanometers. (CIE Standard)



of visible radiation or light that is absorbed by an 15 optical device.

In general, the sumof the VLT, VLR and VLA shoul d equal 100%

"SC' or wolvadsarg Coefficient” is an architectural NeagyfRegisoie
efficiency of a window system s sol ar control capability. It is
expressed as the ratio of 20 the sogﬁr heat gain through any gi ven w ndow
systemto the solar heat gain th woul d occur under the sane
conditions if the wi ndow were made with clear unshaded, doubl e

strength w ndowsgtasSmardie | s tH¥rin properegl bieci ent, the greater
t he capaci w to. .contro solar energy (ASHRAE St andard

t 0
CalcuIatioﬁ¥ﬂﬁﬁﬂbﬁﬁlngTY%F{gi§1 radiatdane sssigned a ~ val ue of 1.00. An
SC val ue belomrlvﬁﬁlbhdrbngms trdnsmissionYqatviesuadt idghthan si ngl e pane

clear gl aS$ran tanc " I#dgkl i€ rg" Wﬁ%ﬁd EQPa ﬁEt al layer or film 30

means | ackihgo ol érence, cont i nui arrangenent ,
consrs@rngPG?CGFEGGQt%erkﬁﬁhﬁ%;radlaﬁiﬂ@oﬁ§'é@éht hét h8npgeneous.

WO 96/ 1337@ransmitted through a transparent optlcaECEéb§95/139§2
-11- "Sputter deposit" or "sputter-deposited" refers to t he

process or t“en% ®WHuct - of the process in which a | ayer of material is
deposited onto %Visible alighty ndflectionds #tvisugheldightsputtering

appar at us. réﬂectangéwfd lend | 4esid; r@&vﬁﬁviﬁheﬁ&%c?héygaféeﬁ{:éﬂgﬁt ary

cross _sectign on,a_ grea magni f cal err di ment of a
conpodPi e 98| BEsihle ¥ r‘H? q1|'| tﬂP&vFGeHefﬁeﬁEEGrﬁﬁ%eaW th the
i nvention. opbicaudevice. 1, the conposrte film which is indicated at 10,

is 10 conprise on®, & devi ces 12 eawh
conprised of a gﬂgg%ﬁﬁgéﬂﬁﬂhf%hr %QOS ggggg? %?gﬁ# hi gh refractive

i ndex 16 afkserprarce"”. an@h%kﬁnﬂﬂﬁﬂﬁ&@b“VlﬁéoneaenthedEﬁn¢$nt%g$ayer of

netal 18. of visibldFadididriicr JH.gHthﬁQEDE.bSSbQBi‘bQ& by€ad> transparent

oty ah acpbEkEak MFeEERy Vit Pibdshn Ehe sym 85 EReAEL OHIR he preferred
polynerrs and %nstahnuldyaquqiﬂkﬂﬁﬁhylenetherphthalate (PET): film havi ng
a thickness fromgeoht wWsifiihddoefHicien®®O¥k an architectural o
measure of the efficiency of a window system’s solar
control capability. It is'expreséed'as.the ratio of
20 the solar heat gain through any given window system to
the solar heat gain that would occur under the same

conditions if the window were made with clear,
unshaded, double strength window glass. The lower the
shading coefficient, the greater the capacity of the

25 window to control solar energy. (ASHRAE Standard
Calculation Method). The clear glass is assigned a
value of 1.00. An SC value below 1.00‘indicates better
heat rejection than single pane clear glass. .

"Incoherent” as applied to a metal layér'or film

30 means lacking éOherence, lacking orderly continuity or
arrangement, consisting of discrete elements,
inconsistent, not homogeneous.



20 50 mls. The refractive index of such filns customarily falls
within the range of 1.4 to 1.7. The layer 16 is fornmed of a
material haviwmgeenssss refractive index greater than that of tereeo8asgrat e
14, and preferably having a refractive index of 2.0 or 25 greater.
Also, it is preferred that the materi al g one that can be sputter
deposited onto the substrate ~ wth rel }lve ease. Suitable materials

i ncl ude the conventional oxides of chrom um (chrom c oxi de, dioxide
and trioxide, OO GighutddiOYe dyﬁb-' (-@Bh%":él:chegalﬁté&d Béfets L& UM
(Ti) and 5|I|con n|tr|deé§§| hM) rectly or
reactively sputth® °§u5§?r3?@°§§s ip Fh as will
subsequent |y lajter d:eBauaﬂ:mia]n mrd@pdstmleu ohbe arsﬁhstealteeb;ertlaé for

the | ayer 16 of i e J.n is Lzed 35 ‘high oxygen
content oxide o |srru aV|°\rillg égr?q:%ljﬁgaai%g ?ﬁé (A R) of oxygen to
bi snut h froﬁ1about:FIQQRﬁ 1 ildivarrates sthemasigabiyeonih Sragmentany snuth,

Bi 203, cr¥edUeAIch on a greatly magnlfled scale, 2 preferred
PCT/ US95/ 13972 2- too great

absorbency in (FRPeAineRt ?&e& ﬁ?ﬂ'ﬁpwltﬁlfﬂ)laf'oeﬂﬁr%ng?ﬂg‘gﬁ %ﬁ%n opti cal
materi al, and provigtediim acoordance wditii dthecifiventhen! aym Eigumly
sputterlng bi smut Ll | X pakt e sphere, a
synt hetic hlghquggtn cofit en d@ f%imp gﬂﬁ@y gg iﬁ?ﬁcgtgabiéggfng%gahlch S
not highl y10~ caprprised %G%Mlﬁad Subunitisy | CempeReNtS oD, 4 to

2. f7 - daariﬁs:hme%%dﬁ copriged o i?ﬁoégﬂﬁtﬁét@ 19§ émm%é;f)h
refractive indey w viar. ndin on.the 0 e
conposite film fﬂf§§ﬁ§%§%3fggﬁﬁve 1n§ﬁ§ ﬁgtﬁ?d %d for the

| ayer 18, all (ﬁlﬂﬂnnﬁinnqus, incohemepltat déndritigehayar, Ofcmetainiﬁsite .
films having a ‘@5g(§yﬁ§tfg%eoﬁ4ghﬁ§t@5 ggggezgn§5ug if¢ thickness of 15

the | ayer 16 mnll be in the ord ey fFom about about 10
nanonet er s ¢ nmtraAfPATAnL <§Hﬁﬁﬂr nﬂ‘Fﬁﬁerlalﬁa??ﬂﬁeﬁt%ﬂﬂa¥%ﬂmﬂsqq)cw | ess
t han 20-25% wi |florb@&dlar conti®lofddm,opartacudasly f£lexibbdqpdlymbinm

The formation of; e JIELAl; XS whb £3rS2CNR8 QPLESALed Ybiies's $OMPONEN!

12 of the conposi
customarily a polyethylenetherphthalate (PET) film

having a thickness from about 1 to 2 mils up to about
20 50 mils. The refractive index of such films
customarily falls within the range of 1.4 to 1.7.

The 1aYer-16 is formed of a material having a - _
refractive index greater than that of the substrate 14,
and preferably having a refractive index of 2.0 or

25 greater. Also, it is preferred that the material be
one that can be sputter deposited onto the substrate
with relative ease. Suitable materials include the
conventional oxides of chromium (chromic oxide, dioxide
and trioxide, CrO, CrO,, CrOjz), niobium (Nb,O5) and

30 titanium (TiO,) and silicon nitride (SijN,), all of
which may be directly or reactively sputter deposited
onto the substrate 14. However, as will subsequently
be described in more &etail, the preferred material for
the layer 16 of high refractive index is a synthesized

35 high oxygen content oxide of bismuth having an atomic
ratio (A/R) of oxygen to bismuth from about 1.7 to
about 2.5. The conventional oxide of bismuth, Bi,03,



10 is very critical to the successful practice of the I nvention. The.

refl ectance or VLR of each | ayer 18 must be nearly the sane as or -
reasonaliyyogif3gse t0 the desired VLR of the conposi tel,&hg%s}ngand frust
at the 25 sane tinme provide a reasonable |evel of visual Tig bl ocki ng
effect so that a reasonably small n%g?er of subunits wi |l together
"reduce the VLT of the conposite “¥4Tmto the desired percent VLT. In
order to achieve these conflicting goals, each netal |ayer 18 nmust be a

30 incohgrente fi C e ri [ ' absor bi ng
Visusl 11 L, 5 e, BRsar’ aBlorbEhty \end vlMRAf el A | FOCLT O
reduce thdVI@an&@ bei gengidersdaps an optigal makemiale antbunit 12. In
accor danc geditalinijenot ak¥CBhhATdatdi Sor Stiehigpead 19, sy ter deposition
of a 35 thin |ayer o&.a sgbected netg%. .

13 SPUSSREIR0 RAFBUER oR 81 CORPEOLLe FRYRR PRkt i ng of retal
resul t§ i pressure: atmpephgredeposynthbetic shkgleoxygent asantentch | i ke

i ndi vi dual ; +h! k . s L ; At ing i s

i ncoher entoxg%%k?r’afob gﬂ;ﬁglhdetﬁg Bg g%%@%i&ﬁ%i%i?e]b%lécﬁ é’{“’fﬁl nmetal does not
f1 ow i nt o aPHOT And YhaGhnhag paEefraghiye \index &F i2-4 | ayer, as woul d

occur if agpesitt.ion were to continue beyond a certain thickness. Cenerally

speaki ng, the i.C t. a ! _shoul.d not, e in the order
of about 20 nmﬂgngﬂgﬁgﬁ?%spggfgﬁ%_b*?/}%ﬁs vﬁ{]t{ﬁtﬁﬁéﬂf 5??32‘% from about
1 to dBoutrefractkivendndeanwidblevaryfdepending tupon ttthe desjsest 2 to 5 nm
dependi ng vay E*fet‘tib-rcéﬁﬁbéiéeofiﬁﬂeﬁf&ﬁcﬂ-tﬂ-:é)ﬁ:ﬂ‘l Tl roﬁ |fited ance fih! ms &
O e et oeREFoRLERE b L7 o s Al SN o e o
of about if¥errelated. Tla geherakjpfoyecbmpositad efidms/ aving @ fromt he
roup CoNgesd | f «gh ' i - | U (NeWA i nl t eel
01D g ontis Wit cSchrbi et AR UL ANLVRGL MBS Lt 1l 005 teel

the layer 16 will be in the order of from about 0.1 to
about 10 nanometers (nm), and for composite films
having a VLT equal to or less than 20-25% will be in
the order of from about 10 to about 50 nm.
The formation of the metal layer 18 in each
20 optical subunit or component 12 of the composite film
10 is very critical to the successful practice of the
invention. The reflectance or VLR of each layer 18
must be nearly the same as or reasonably close to the
desired VLR of the composite-film 10, and must at the
25 .same'time provide a reasonable level of visual light
blocking effect so that a reasonably small number of
subunits will toqether'reduce the VLT of the composite
film to the desired percent VLT. .In order to achieve
these conflicting goals, each métal layer 18 must be a
30 - incoherent film capable of scattering, diffusing and/or
absorbing visual light, but having sufficient thickness
to partially biock or reduce the transmission of visual
light through the subunit 12. 1In accordance with the
invention, this is achieved by sputter deposition of a
35 thin layer of a selected metal.



18 will determine the color of the conposite film For exanple, stainless
steel will tend to produce a grey film Oher variations may be obtained
by: maki ng onwWo6/183%@ subunits or conponents 12 from nat eri alEcHgSysa39nt
fromthose used in the other subunit or conponent 12, which is perm ssible
i nasmuch as the subunits are.physically g ated and optically decoupl ed

from one another in the conposite film 10. As shown in Fig. 1, the
two subunits or optical conponents 12 are Ianinated together wth their
metal coated surfacspmtutaaepedltﬂoﬁnefaaotr éry thih gt caxpadatingn

Consequent Ly, ot BhEedorsstire €8, Phermpeal Heldy Hep '%”%%ﬂ?i o SRRy S
capaci ties of clusterssupucht3ike andlty@uahirQka or the trwes0dm1 3379

PCT/U395/13972forest The film or coatlng is inddherent and?&ﬁg%@ﬂﬁther can
reduce the VLT of ired level reover, the

des
| ayers 16 dnﬁ?eﬁPgBEnSFlﬁFﬁh°Fe??g%Y+%e i %“ﬁﬁ?’ [foes noty ) gyed
to supplenent flewi dntbeacobherént, f shostiSstirfacded, fhirghlyr reduce

{ransm tance pghRceich! SayARs cadlgiq opoyh ud MGEAT 0 Uliages. Thus.

the refractive™layers ayers arée nutually and
variably Fﬁp§#§§§eh6¥ﬁﬂdoﬁ ?ﬁﬁtdbﬁlth%Fknﬁﬁﬁi Generaliye

speci fied VLT, speBkifg!, oenandnﬂakﬁeséscﬁftﬁ@%@ﬁmqw& Ehouflid Hot0.

In order t nglet t.he gro ug OEéJB % (ﬁ vmndag_\g[fllmlndustry,
t he expose suF §889%: A0 kB PTERE © W9 s apd ed with a
scratch and wepreferabilysfalinvithin thetraigeraf tfronmegbmsxd 1sdof ace of the
15 other subs CQahe t £y e esive 24
to facilitate Fbﬁygaéﬁohﬁéf ﬁﬂegg%h %%??gﬁ %bﬁyﬂﬁiéﬂiﬁ th i l"azi ng
unit, or the |Pke2 Pendi g dePeH@bn6f°¥H6h¢|V¥ﬁ 49ﬁ§lﬁﬁb§§hre sen5|t|ve
adhesi ve 24 ISSpeclfﬁzédserFeﬂ thd Dow! £efbstiyndd efiQus eomtempllatade sheet

20 26. ﬁ? Eycgﬁgogﬁbgnkgoﬁh ﬁétcoé%{ﬂéléﬂéﬁlé be sufficiently
thin and irregular that the VLR of each metal layer 18
does not exceed in the order of about 12%.

The metal employed is preferably selected from the
group consisting of gold, silver, chromium, nickel, and

20 alloys thereof, and stainless steel. The selection of -
the materials of the layers 16 and 18 will determine
the color of the composife film. For example,'Silver
with an appropriate underccating will tend to produce a
blue colored film while stainless steel will tend to

25 produce a grey film. Other variations may be obtained
by making one of the subunits or components 12 from
materials different from those used in the other
subunit or component 12, which is permissable inasmuch
as the subunits are physically isolated and optically

30 decoupled from one another in the'composite £ilm 10.

As shown in Fig. 1, the two subunits or optical
components 12 are laminated together with their metal
coated surfaces juxtaposed to one another and spaced
apart by an intervening transparent layer 20 of a

35 conventional laminating adhesive. Consequently,
in the composite structure, the visual light blocking
capacities of the two subunits 12 are cumulative
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absorption additives and the like are preferably I ncorporated in the
pressure sensitive adhesive 24. A sinplified alternative to the

conposi two béiaef Figure 1 is illustrated in Figurepérnébsizort he *
Figure 25 2 alternative does not provide the sane capacity for

control of VLT and VLR as does the structure of Figure 1, it
nevert hel ess conprises a practi cal ana | ess expensi ve film having
-reasonably |low VLT and VLR control characteristics for applications

| ess demanghfot8gethébodan EstudO e ivaly (d¥e td Wompositle Figure 1 is.

desi gned. %),er. ttc)) the sim I%rjot‘y%ff tlﬁgt_tv\o stryct ;r?es ~elenments in
Figure 2 tRafmcBPrRsP8FHSY t9Vet = (MRFQQVRF, the JaVexs A8 onding el enents
in Figure éfamatenialatefl high refirduwtisrerdndefx maycbdenuneral with the added
suffix "a" | +E§§éﬁg§@r g L ffere hyueen at t wo
structurese?ég?%gésF%n% on1SSJJ#ﬁ?fgﬁ?QFQﬁ%%?EE%%ﬂt%glwg I18Igéers 16 of
mat eri &l Ofuﬁpgﬁrr§¢¢5§?ig§a9$ﬂk;@ance and/or reflectance and/or

15 to [fecréaterabsdrpraxde catTmias, ahe Fragtive 1agerkyi ng a

but ot extP ity tRe dhetaf tayetd i 4nd Wikt SR bty O Y 1O
requi ri ng dnterdependent| on|the tdrsisted|negsuda cdmessi tbestructure of Fig. 2

wi || servesggday fpée | IVLR, color 4 darknds Wi ¢he@bmpbBgtecquisite
-V|suah9llgh bl ocki ng ef fect’ can readily be sputter deposited in a

suf fi P ent Fy1®hif-and irregul ar layer as to provide a VLR as |ow as 9-10%
As a specific Enaopder tosedmpletstthe pgrdductortolr uskecednathehown in Fig%ie

2 d havi | s o ] ' d ' th
eapect | verinpdl Sl indifsy , WH BHBLRE gt o BRI LEERET [ 1F
fil m havi ngubBtEates It ks epated HHitysn SrFatch @ngf weadr | n  anot her

exanpl e, thesibtaktssrdicee s indrithe |eﬁigb’séﬂa%uh:ﬁﬁb§aﬁﬁdthe 3.5 nmto
osite film a VLT af .25% and a_ VLR of

E(r)(r)rgg sgn?gggﬁv%m?%%?e s@? \éfrsn Jated with a pressure-sensiil::"v)’.g{oe 'n
adhesive 24 to facilitate lamination of the composite
film to a window, glazing unit, or the like. : Pending:
use of the film, the pressure sensitive adhesive 24 is
preserved and protected by the customary release sheet

20 26. As is customary in the art, ultra-violet
_absorption additives and the like are preferably
incorporated in the pressure sensitive adhesive 24.

A simplified alternative to the composite film of
Figure 1 is illustrated in Figure 2. While the Figure

25 2 alternative does not provide the same capacity for
control of VLT and VLR as does the structure of Figure
1, it nevertheless comprises a practical and less
expensive film having reasonably low VLT and VLR
control characteristics for applications less demanding

30 than those for which the structure of Figure 1 is: _
designed. Due to the similarity of the two structures,
elements in Figure 2 that correspond to or'are"the_same
as corresponding elements in Figure 1 are indicated by
the same reference numeral with the added suffix "a". .

35 As_will be observed, the difference between the two _
structures resides in the omission from Figure 2 of the
layers 16 of material of high refractive index.



fil s having a single |layer of netal and providing a VLT of 25%w || have a
VLR of 30% or nore. Thus, whether in the formof the nore conpl ex

strtucture of woesmsgrel or the sinplified construction of Fi guscrgsoshivas
present invention provides significant advantages over the art 1n terns of

low visual light reflection and | ow cost,of manufacture. Mreover, when the
speci fications becone sonewhat nore striﬁgent t han above di scussed, resort
may be had to a hybrid of the structures of Figures 1 and 2, i.e., a

structure wherein tﬁSrtgﬂlﬁfgfiiﬁ 5§§¥§yge%?n;2gﬁégi?xgnaogprised of one of

the nore conplex_filters 1 I gure .1 _and one sinplified elenments
12a of Fi gu?g Eglatzl.ve y h’%ﬂén"{ﬂgﬁsﬂé&hﬂ Eransnithansse (83%n nore
stringent, resps+s5edp)la beadonbiily tlow butndbtuekieemelyFigwress@Gannd 4,
wherein the so i (I 1lu t as her ed e_.o | ass 28.
In the struct u#géh%fi- |]g%é€asﬂ§é aﬁ%cﬁ’&,;%\%)gua gl?‘&ﬁt r%&%%%?nﬁgs?oé\aﬁﬁd vi sual
light reflectenteredefilmucthe simplified)\copppsigeostructure of

PCT/ US95/ 13972pig. 2 will serve admirably well. 16- to extrenely | ow
| evel s by use of "three of _ihe cqntrol el enments,described |n
conj unction with Fi¥gral lf.J'{]ms wq%éghﬁ?é’edithﬁhé’egpf‘rﬂlﬁﬁi Y§S'&ﬁg é’a%‘f’ anti al

identity of blot¢kingceffewntcan tdeadidye becbpueter dapesitedatnused in 5

- y . wng Sy o o H
W oh the addedSSrfiSicuely it alh (1HTeHuIRE I4hbital vg prdftaga ™ OUIE O
filmof 10 tnELRm@&ntowas \dllds . s As @ epesdfic egpmple, canpelakd of

three subunit sedgProEaginwicotitdudted We showhOinCPIBhiees @hga pol ymer
substrate 14b, avcoaiiégyéﬁ hig]tFW_b r fggctive iﬂdex 6b_and a thin
i ncoher ent et BRVIRY FWO ThgS 5, cREOB, PRSR A PRUEE®E i ed i n such
deposited on the respective substrate 14a at a :
thickness of 2.5 nm produced a composite film having a
15 VLT of 45% and a VLR of 9%. In another example, the
thickness of each chromium layer was increased to
3.5 nm to produce a composite film having a VLT of 25%
and a VLR of 13%. 1In comparison, conventional solar
films having a single layer of metal and providing a
20 VLT of 25% will have a VLR of 30% or more.
Thus, whether in the form of the more complex
structure of Figure 1 or the simplified construction of
Figure 2, the present invention provides significant
advantages over the art in terms of low visual light
25 reflection and low cost of manufacture. Moreover; when
' the specifications become somewhat more stringent then
above discussed, resort may be had to a hybrid of the
structures of Figures 1 and 2, i.e., a structure
wherein the two control elements 12/12a are comprised
30 of one of the more complex filters 12 of Figure 1 and
one of the simplified elements 12a of Fiqure 2.
When the specifications become even more
stringent, resort should be had to the construction of
. -Pigures 3 and 4, wherein the solar films are
35 1illustrated as adhered to a pane of glass 28. 1In the
structures of Figures 3 and 4, visual light
transmission and visual light reflectance are reduced
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relationship that the three netal surfaces 18b are internal to the
conposite assenbly | 0b and are 15 [ am nated to one another by interveni-ng
| ayers ofwom%@esive 20b. The thickness of each | ayer of adhesive “is
typical [y I FR& order of from about 0.5 to about 5. OPGIERSH972)
essence, the assenbly is the sane as that in Figure 1 with a third
subunit 12b sandw ched 20 between tT8Driginal two subunits. By
using three or even nore thin films 18b of | nmetal, the VLT of the

ite fji _ d.t , | | | 5,.e.0., 20% | ,
comos. (144 Tl S Thokla,py G LB oRe pamlRL T 55
thin and i relepents desgribeshdm conjusctieontwiphoPigere 1. very |ow | evel
of VLR e. Becali¥é ¥t lt3%S -sﬂﬁa':%!‘?rvégd syb8Pafif il gﬁéﬂdg?;ﬁtéf’ e index also

assist in hieving a . very |ow and 1 n 1 nparting ness to the
film \Aﬁé’rﬁe@mMSt&* sapesreégrenae spumerals cas Jsed in A | ayer of
pressur®- saigur f fe/d antec used lﬁbFiig;lre 3Wﬂﬂhdﬁﬂeo&i‘d§tﬁ fisthe wuter - g
surfaces 1 : ;0 [ ' or..adhering the sane to a w ndow 28
and a g%d;tl%&g%lﬂee%r.%gg %’ﬁgn?hﬁégdglégg Z2%b i s provided on the
ot her outer surReferripgtor Fdgusepdsi thetsobar gomtremt fidm xxfire from

damage, e. the iwkemtiba,"whiew is indiv@eb&%at 10b, is Mﬁé%z?g .
PCT/ US95/ 13 7%}%_ " _ Y YO e conposite
filmlob wll HTEFSPUBItEAEPeqepE of Yhich dn twn dfface or room side .
of thelhi ndompzdsedsof a phdymerns@bstrate 314byd & cddteing $F Higyd surface
- of the ' ; kN i 0] ' i the,fiilmb5 is

adher ed an(ﬁfﬁe&%ﬁgy’? %gﬁgksgfe?agfeldf écgs?ﬁtmh'gﬂ%&g’ﬁ@n?& o%s".ln\ n Figure 3‘
the netal &Per B8 Shregesubunikscare)assenkled 4n @uamit 12b faces the

pap:a of gl Mationﬁhiﬁi gHawy Qﬁgdﬂﬁi‘?é 1?]66&1 t@ffh&%ﬁwl'haﬂ iﬁ‘g@ s.of ¢ the
refl ectanc he, room side, of _the w ndow and, t he exterior of the
‘Wi ndow, i g'n%%%&( ﬁ%aglslf gowﬂs_%ysoﬁgembvly feb Ak ¥ mosite filmloc

shown 1h Filghiaagefdstohone angtherabytintersraisig daydm lod of Figure 3

except thaadhesivBe20Bler b ShicRAbE4!of WULY t1aler icF RARREIS |- €.
S0 that | tis”%&%'ic%ﬂ{zaiﬁ %ﬁg g%&gﬁ cEP efrl'g]nE earl:;o%rt %f; 5t Q:% about -

5.0 microns. 1In essence, the assembly is the same as .

that in Figure 1 with a third subunit 12b sandwiched

20 Dbetween the original two subunits. - )

By using three or even more thin films 18b of
metal, the VLT of the composite film can be reduced to
very low levels, e.g., 20% or less, and yet the
individual films 18b can be maintained sufficiently

25 thin and irregular, i.e., dendritic, so as to provide a

' very low level of VLR, e.g., 10% or less. 'The layers
16b of high refractive index also assist in achieving a
very low VLR and in imparting darkness to the film

- whenever darkness is a desired charactetistic;

30 '~ A layer of pressure-sensitive adhesive 24b is
provided on one of the outer surfaces 14b of the -
composite film for adhering the same to a window 28 and
a scratch and wear resistant hard coat 22b is provided
on the other outer surface 14b of the composite to

35 protect the same from damage, e.g., when the window is
washed. : ' |



15 room This results in 1omering the VLR at the gl ass side of the
assenbly and slightly increasing the VLR on the roomside, i.e., VLR

(gtass) < VLWO(9%AQs37p. Accordingly, by orienting the subumkcryss§1fpwn
in Figure 4, the external reflectance, VLR (glass), can be 20 reduced
by a feM/percentage points in conparison LQ t he external reflectance of
the assenbly of Figure 3. R As ab&ve di scussed in conjunction wth
the Figure 2 nodification of the solar filmof Figure 1, one, two

or all the high refrget bosipbaes fﬁmrfoﬂ@ﬁﬂn%mlq %’é aﬁhﬁ!téast3 and 4
Thei ron 51 onthe InbeP1SP Shrbate | GF crommia e, o 1Bk sBnfoveonr a8 on of

the solar cont showhi insFhbgurés 3 namdit4 orthe tright diandg surfacenor thel sol ar
control filns, wiﬂHB%eisV‘@ﬁ§ ?ﬁfms and&gpiqc% 'sﬁdégt%h%hﬁ.%ﬂetﬁgrfi st;ate as

used for the comMmercl a er coat

t hi n di scorft i ndésugdhgyed apdcthendeft hapdFunface tflﬁ'GeS thexpye Of high

refractive i ndaﬁoﬁéecoah Fﬁéﬁ?ésspftﬁé”'finetal Qe WeL- oF edef i | N5 were then
| am nat ed togeth

adhesjve .to for ci nme onposi t
compr 1 sed of o 1REpghal 0f PaREER, Rt € ALY Fanen Hhg PARRA0T RUARE: 1
Fi gure 2 (‘her eomawindowe2&j reblich-zessil®)in aghalhleyels of WO 96/ 13379

PCT/U895/13972Fef%ectance on both the roonm s s1de:U%'the L/ auB&taﬁaeﬁ nand
three layers o rom um as par ent Figure 3 erein referred to

as TCr). afe extepiernef the %&%@% eipae-ad a(aéas&ancemt KTRPHIre 1
(herein referred torhe ESkposidécbElnilos shwn tﬂmemgﬁrbeat &g the their VLR

e €1 2 haCEnd dompoeOIPEIGE Adh 7, s ITHREREE, sREL™
Technol ogi es, the iptesnal Dprgeental faubunit @awdu@egearersedvam-et-y of

sol ar control &b'Hﬁaﬁoﬂﬁé'ﬁ@QansﬁkaHé”Eﬁb3¥§cé§“%§br&hﬁe%@é&egf“tha a
single |ay of netal titanium (Ti), _stainle eel (SS), or

Theonel | o Crapn, oiale Fesilts in Aetpnl VER 8t EPPBLBFE  under
t he trademark EmaaroBrbheea$§E&bmh| islightlyorimcreaging #hpoVyiReon

substrate, a tEhQ ¥8¥§a|n et g?ta“ﬁh$$@§ﬁ5§5|‘ %1%h%9 bﬁxer of copper and

athin | ayer o ns. are ‘€ach’sold in a
nunber of graddecatdinglyl fp¥rexienting the gubunits as shown in

Figure 4, the external reflectance, VLR (glass), can be
20 reduced by a few percentage points in comparison to ‘the

external reflectance of the assembly of Figure 3.

| As above discussed in conjunction with the Figure

2 modification of the solar film of Figure 1, one, two

‘or all the high refractive index layers 16b and 16c of
25 Figures 3 and 4 may be omitted when the specifications

for the end product will permit their omission.

In order to expedite a comparative evaluation of
the solar control films of the invention with existing
commercial solar control films, samples were prepared

30 utilizing the same PET substrate as used for the
commercial films and sputter coating the same with a
thin discontinuous layer of chromium and omitting the
oxide or high refractive index precoat. Sheets of the '
chromium coated films were then laminated together with

35 adhesive to form specimen composite films comprised of
two substrates and two layers of chromium as shown in
Figure 2 (hereinafter referred to as DCr2), and three



transmtting or blocking characteristics. Typically, the grades are
identified by their |ight blocking 20 efficiency, i.e., a Solar Bronze'film
havi ng WO0i96/13379 light transmitting capacity of 25% ampdraseé/gases | i ght. |
bl ocki ng capacity of 75%is identified as "75SB". Simlarly, "75Ti" and
"75SS" respectively identify a Lipganiumcoated filmand a stainless
steel coated film25 each having a visual |ight blocking capacity of 75%
and a visual light transmtting capacity of 25% For purposes

of differ esﬁbetraﬂedtamdlgtmhﬁe edyexs of chiromdu@dashapgarehepnent and

experi nment S fil the _in i on_are being oppositely
degl gnat edﬂ@g%i'we ?h@?{/ﬁf‘lﬁ gsrfﬁﬁﬂa 9 48 déﬁFt)fl ehe | ght
transmttispeciperivys nlsq mepma i excaridapce With, Figure 1DCr2- 45" :
filmis On(ehéfgfﬁrf@féﬁréd‘ €5 Y dﬁm W iThese £iNOM GefedBflehdving a VLT of

45% Sigm | ar | 30" m._i.s one having three thln di sconti nuous
35 | ayerst %?X%%rfﬁﬁLﬁH?%ﬁtYﬁﬁnaQQ1Wﬁﬁ(ﬁ?aEP€68§F tifg and having a VLT of
30% compdr &b/ i3 B¥isting commercial solar films.
PCT/ US95/ 13972 The test
results clearly estéﬁﬁl%#fﬁrﬂfeﬁqe(§§§fﬁgf 1nvent%§nflpﬁ§08+t%ﬂg i nvention
i n reduci nfechwelegies, skraw of Sampiege,f Salifiorgisenpueduces: a Film
g%pe #ﬁﬂiety of solar cont¥dl f11ms5€om§risedsg§oa polymer gg 19
Ti 50 10 sébst;@te coa% with 83§1ng9.e layggt‘ of meta rdageely, 44
15 gitanium (BO), stainle@= steel (8S),44r inconél or 47 . ifi
10 SB7 2 SS75
>3 Bgnlchromea (N:L(??), andcfi Hso a p_}ﬁ?gl layer Elllﬂ sold 30 48
41 uq@q;7@pe trademaxk Solar;Bronze (3B) which ig7 - DCr2-25
23 13comprisdd! of a polyﬁibrlﬁubsfﬂgtﬁ 2@ thin layef of 12 68
TCr 30 I?'é) 'Ele %_ 56

15 stainless steel, a.thin layer of copper and a thln

layer of-stalnless steel. These films are each sold in
a number of grades having different viéual light
transmitting or blocking characteristics. Typically,
the grades are identified by their light blocking |
20 efficiency, i.e., a Solar Bronze film having a visual
light transmitting capacity of 25%;and a visual light
blocking capacity of 75% is identiiied as "758B",
Similarly, "75Ti" and "75SS" respectively identify a
titanium coated film and a stainless steel coated film
25 each having a visual light blocking capacity of 75% and
~ a visual light transmitting capacity of 25%.. |
For purposes of differentiation during the perlod
of research, development and experimentation, the solar
films of the invention are being oppositely designated,
30 i.e., the two digit numeral identifies the light
transmitting capacity not the blocking capacity. Thﬁs,
a "DCr2-45" film is one constructed in accordance with
Figure 2 and having a VLT of 45%. Similarly, a
"PCr-30" f£ilm is one having three thin discontinuous
35 layers of chromium (without an oxide precoat) and
having a VLT of 30%.



TCr 20 20 10.5 69 .49 The efficacy of
the invention is al so denonstrated by the graphic illustrations of

Fi gures 5 armto®smdsreh 20 respectively conpare the visual |i getuseéimesi ance
(VLR and visual |ight absorption (VLA) of several solar filnms at
differing levels of visual light transm_ggLon (VLT). The graphs
illustrate the results of the tests - on the solar filnms of the invention
conprised of three 25 |layers or filns of chromum "TCr", those conprised

ofDCr , tvvodl aﬁer S Ofhéi #:_é‘s‘tof:eﬁiil'_ﬂﬁﬁ@I&?ﬁlyté‘stﬂilfi@m%lfeefe(f&%cacy':bﬁure 2,h
" ", and t Si e fi onprised. of fwo Ja of._chrom um per the
di scl osure of P&U_gin °¥n¥ﬁf£$#v?n +ﬁPc&ﬁwﬁﬁQFQ¥ﬁgSé%% &5 & 52 8Pner and
the VLR 30 anbyVtheofolhewihgveompaxisomsd titaniumfilms, "Ti", and
Sol ar Bronze filns, "SB". The curves for the stai nl ess steel and

ni ckel / chrone coggﬁrcial films_are very sim]lar to the "Ti" curves and
have therefore e on1ttéﬁggromtr¥L%raphs¥Q% the $&e of clarity.

WD 96/ 13379 SB50 45 19 36°CT/ US95/483972
-20- - hl lustrated t he phs, t sol ar fil,ns of t he
I nventi on have fgéspess reflectgﬁce'an '¢ér greater éggorption_than t he
comrercial fil meTi%Be graphs al4® i3 ustrat 8% he reduétion in VLR that
can be achi eved RJycesose of thrgg netalid ayers rgt her thaggtwo, and the
further reductiop.that_can be agrieved by incorpqration of the layers
of high refracti : . ' e foregoing
t abl es of data, the shielding or shading coefficient "SC' of the 10
solar filnp of tggosnvention, eyen though detergsned .s9lely from
experinmental sanples, is naintalned at a very respectable |level in
relation to the e8#&ferci al 231 nms. Rfther défel opment43f the layers of
mat eri al of pigh refractivezzndex vgd | stillagf urther ,gaprove the 15
shadi ng coeffici ' o, addi ti to prqyiding greatly inproved
‘per formance char§§¢5?§stics, trépsolariﬁﬁlns of zhe Fﬁ?ention can be
produced very efRPCr2e25ly and 23 13 64 252
15 DCri1-20 20 12 __68
TCr30- 30 10.5 59 .56
TCr20 20 10.5 _ 69 .49 .

_ The efficacy of the invention is also demonstrated
by the graphic illustrations of Figures 5 and 6 which

20 respectively compare the visual light reflectance (VLR)
and visual light absorption (VLA) of several solar
films at differing levels of visual light transmission
(VLT). The graphs illustrate the results of the tests
on the solar films of the invention comprised of three

25 layers'br films of chromium, "TCr", those comprised of
two layers or films of chromium per the disclosure of
Figure 2, "DCr2", and the single film comprised of two
layers of chromium per the disclosure of Figure 1,
"DCrl", and compare the same to one another and the VLR .

30 and VLA of the above referenced titanium.fi;ms, npjn,

‘ and Solar Bronze films, "SB". The curves for the
stainless steel and nickel/chrome commercial films are
very similar to the "Ti" curves and have therefore been
omitted from the graphs for the sake of clarity.



econom cal |l y using conventional magnetron sputtering 20 apparatus and
conventional filmlam nating equi pnent. The sputtering apparatus i's -
used to t he sol ar control subunits 12, 12a, - c, &nd

t he subﬁ#?gw&% are then assenbl ed and | am nated toget h%&l %%ﬁ%ﬁof t.he
orientations previously described. 25 One form of apparatus suitable
for sputter formation of the suﬁaﬂlts Is illustrated schematically

in Figure 7. The apparatus is conprised of a vacuum chanber 40

equi pped with n f eaggéggl and neans 42
and 43 for |ntF§ u§|%ﬁ9£r§@8¥n%¥ e r,rghélgg cte H%%P??ons of the
chanber, aﬁhﬁnéPYentloﬁaEaV%uﬁﬁra%eﬁﬁgﬁﬂf §a§uswea§e§xygen to be
react ed Wi hbséri:ﬁigﬁt tnaﬁefhal céﬂﬁeﬁ@mmm; a @@c hs aigeting on the

e.g 0 of, the et 35 e ch provi ded
veb, e.0. . SR B oLni ot arocl, S vl Al ol SRR Vg provided
mat eri & i msendédthvebcmetal e];lasaemb aatihar hhacdwoj8and the - WO 96/ 13379

PCT/ US95/ 13Q¢€her reductlon that can be achlevedz¥ ategorFBQEthﬂd'ng up the

web of substrate pmteria as been c he substrate web

may conpri 9t &R¢ L aYeﬁﬁt%fagngLEﬁﬁﬁﬁﬁﬁﬂﬁFtkﬂgf Fen sputtering operations,

e. g a polyestﬁs $schles Pédealsd ibditind b dﬂmg tﬁbldetodaShdllﬂe tﬂe
web 50 is e ty.o rs“ ul t hrough at
east one Sakdr Ry Snleldfud dr Ynaaind! ddtAitiers 3€ GFpcRE

i || ustlOat egodppakiimg, of hth%oqurgtmrat ieyen mmﬁgaledetermnesiequence in the

direction ghigey ffaﬁeéxperiméﬁaﬂ%an&%é erlsdmwttahaadsw gON 56 and a
second sputt i | pn f var i ablg speed web ‘
Second sPULEl roonfSERRe LEbvel 4 hitkiop (o, g, FORRECIEE Sher” i
coating st ilmas Furehea.¢z¥§l¢pmnnniqﬁxﬂh§ layersdofigmaperiabe coating 15
characteri gki S Ty DI , e f b terial is
coat ed anda?hgﬁegeﬁégg ° %%%%féﬁéQIW1iH1%g} ! fﬂ?dheg lm?ﬁewg 5 eposition
stati dfs 58hagdnggceeEficienteferably of the same construction and

conpri se, In addition to providing greatly improved
performance characteristics, the solar films of the
invention can be produced very efficiently and
economically using conventional magnetron sputtering
20 apparatus and conventional film laminating equipment.
The sputtering apparatus is used to produce the solar
control subunits 12, 12a, 12b and'lzc, and the subunits
are then assembled and laminated together in any of the
orientations previously described. '
25 ' One form of apparatus suitable for sputter
formation of the subunits is illustrated schematically
in Figure 7. .
The apparatus is comprised of a vacuum chamber 40
equipped with means (not shown) for evacuating the
30 chamber and means 42 and 43 for introducing into the .
chamber, or selected portions of the chamber, an inert
gas, such as argon, and/or a gas such as oxygen to be
reacted with a target material for depoéiting a reacted
coating on the web, e.g., an oxide of the target
35 material. The chamber is provided with an unwind reel
46 for receiving a roll of continuoué'web substrate
material intended to be coated and a wind-up reel 48

»



20 respectively, an internally chilled rotatable drum 56a, 58a of
relatively large dianmeter for supporting and cooling the web and one or
nore magnet rwo 9ggAasiredes 56b, 58b for sputter depositing g Bg,{%%.‘pnto
t he web. Each cathode bears a target 56c, 58c of materi aI to

subj ected to ion bormbardnment for depositjon onto the web 50

For practice of the present invention, t t wo deposi tion statlons are
substantially encl osed and i sol ated from one anot her by appropriate

partitions 30 sgpdphabid fl%[gstl'@ web tJPtsdifs%E%%' iﬂﬁi&rﬁ!&ifﬂf\?&f it

sputtering operations can carried qut tations, but all
in the sane val@SnPeeRrtRAtedy Jhe strag,eswE@ Ea}faggmBFl?ﬂe%b In the
preferred prachaterbal cusﬁdmrmnisam,m fs@uﬁ:ltéslingt apepatbéngs used to

deposit 35 onfo.the t b, mat eri al of
high refra tlvée ?nﬂex%% eej;seéclg:: stat i% 13@55&@8 g%yt%h%le osit the
thin, discentidetrdash line, the Qﬁblivﬁ@?gs guided by a plurality o

PCT/ US95/ 13972guide rollers 52 into and through 3@ least ohé! and8, 18a, 18b

or 18c of neta here orm a- - ubgni t 12b or 12c in a
singl e pass ofP #T'ée lgtfﬁ‘fﬂ Ak 99ahing, & RE- rey1 ﬁgéto t he wi nd-up
reel 48. &llustraﬁﬂ | apparatis ortheb 2patldly statponsi imcladenst ream

from each of the SUAME 4Dt iSOG RER OLatle, o c£RELING

operations _an ro on of the
coatings df th%P‘S*E%lf r@&ROSltlon StatA@n\M5I5I apd apﬁﬁéenét th%m t he

f oregoi ng 10 ngﬁdm@tgﬁQMrl al to be deposited at the second
station 58 is a ver th| nqﬁqtscont uoQ m of net al all oy,

s fi
preferably gold, si & PS5y Ve dfﬂ'?’&msgﬁlgﬁﬂdiﬁ??o%mﬁ) tHe sane,
and stainl ess mtcaeided to Spransponty thie wWebspastt the ceaving statiaqnis

forward and 1 rfg%ésreﬁé&éw' el AAUpRYIngPBbbh CHhE" datihy! oW of -- -

the thinness o prelferably -

sput t er ed 1Pn &Pﬁmﬁe’@‘eﬁf'lﬁa desiires.cs Fypdcally, khepwkeke i ¥Rl bREed i nt o
t he substanti aldly wawdrisld is coitiid @nd>&henarkiiéved! £iom3the0 The

mat eri al s oflgﬁghgégjactive I ndex customarily
' The two deposition stations 56 and 58 are
preferably of the same construction and comprise,

20 respectively, an internally chilled rotatable drum 56a,
58a of relatively large diameter for supporting and
cooling the web and one or more magnetron cathodes S56b,
58b for sputter depositing a coating onto the web.
Each cathode bears a target 56c, 58c of material to be

25 subjected to ion bombardment for deposition onto the
web 50. o

For practice of the present invention, the two
deposition stations are substantially enclosed and
isolated from one another by appropriate partitions

30 and/or baffles 59 so that respectively different
sputtering operations can be carried out at the two
stations, but all in the same vacuum chamber and all in
a single pass'of the web. 1In the preferred practice of
the invention, the first station 56 is used to deposit

35 onto the substrate the layer 16, 16b, or 16c of
material of high refractive index and the second
station 58 is used to deposit the thin, discontinuous



enpl oyed in optical filnms are slower and nore difficult to deposit,
especially titanium oxide which is the mat eri al of highest index: “In

order we@ogdya4ce the rate of déeposition of the oxi gerhRedifef Pace with,
the 25 rate of deposition of the nmetal film it may prove necessary to

add nore nmagnetron cathodes at stgg&gn 56 and/ or to add anot her oxide
deposition station I nternmedi at€"the stations 56 and 58. As is known,
t he conmpound of high refractive index nmay itself conprise 30 the

target Sgg¢imOigd igdageisPiod fﬁéms@lma%n,se;u&aéb?eto foradaltvel y sputtered
In the presence %f a.$art|qL {éﬁfﬁsure at nosphere of reactive gas, e.g..
oxygen afBPBRIt 124;1234c12b 9K (irfidR & Singles oREsEPSs via the inlet
42. Evensabstbataufrom hehelappeind areell 46 @ @heo windS>upsureellr ate i s such-a
sIOM/and4§§dious process and the resultant product is so expensive,

econom es of _production may dictate use of a different oxide or
WO 96/ 13379 Optical monitors 62a, 62b are providedpdpwustseamo72-

- 23- fromNeaéh06f €NEstdwitils (98, 79 2F o3 toRd@achSof thesi gnificantly
| ess than d$3|red. ati Lsmut h _oxi Bi 203, thgug referenced in the ..
| i t er at uPBAFHPIQRETAELIRS 130 i 4R (SHIMFS IhGe PTORSFKoFDACKEB S| dered an-
opti cal amdecompositiom of sthe ecoatigygs on thecsubstirates hi ghly absorbi ng
in the V'S'blﬁssﬂffirﬁgnapgr?cfﬂ¥kijﬁyéﬂ‘EH%f@%%éB@Enaound application in
| I 'm mar ket . e

t he commerclal sol ar": ] . T resent invention is

pr edOcat €85FFLREPN ( pbhe MAtexial $ia ke deposited; GFnﬁgﬁoﬁeﬁPnﬁ synt hesi zed

-Bi J err] statiohass nis 2a hwaity |thvial difscoitdaiions Eilm 2fla7hepadduces a o

ndex of OF HFeat ; shESp s iy Ui, Al nagkeq D84, 100 FETY T

t he cont ehromiumphand alleys @k Lheg same, epdnstednlese syaehbetic Bi err]

o T T e e T Al e o and

0 o) b Ly apd R PRy ey, Partitular Tk in Blbvontcr . 20 -

Depositi theothiimess PErtle ffilm ney. bg AcOnpim.sh®Hebpetal iseacti ve

- sputter GeapstibfP s &GS {13l iert gas partial pressure -
atmosphere introduced into the substantially enclosed
station 58 via the inlet 43. ' o

20 The materials of high refractive_iﬁdex customarily o
employed in optical films are slower and more difficult
to deposit, especially titanium oxide which is the
material of highest index. In orderto enhance the
rate of deposition of the oxide to keep pace with the .-

25 rate of deposition of the metal film, .it may prove . .
necessary to add more magnetron cathodes at station 56
and/or to add another oxide deposition station
intermediate the stations 56 and 58. As is known, the
compound of high refractive index may itself comprise

30 the target 56¢c, or a target of the metal per se may be
reactively sputtered in the presence of.a'p&rtial
pressure atmosphere of reactive gas, e.g. oxygen and/or
nifrogen, introduced to the station(s) 56 via the inlet —
42. Even so, because the deposition of TiO, onto a -

35 substrate is such a slow and tedibus process and the
resultant product is so expensive, économies of
production may dictate use of a different oxide or



evapor at i on deposition and vacuum arci ng deposition, but reactive
sputter deposition, as illustrated in Fi gure 7, Is presently
preferred. Qaspsgifzgmal |y, the 25 ~ target 56¢ is conprised ofP@‘lﬂﬁﬂlﬁ”énd i's
sputtered within a partial pressure atnosphere of oxygen, the

oxygen partial pressure being variable t@3produce a | ayer of synthetic
bi smut h oxi de having an atomc ratio of oxygen to bismuth of from at

| east 1.7 up to about 30 2.5, i.e.,. BiJerr] (x =1.7 - 2.5).

The t hi ckness uﬁ.tlrlidesyBVbasthedgﬁl therréfactivie 7index is 2.5) film

deposited on thg 'ﬂi&%ﬁﬁﬁy@e@ytﬂﬁnv&éé d. fromabout 0.1 to about 50
th or mance char ac;t erjistics

nm (10 - 500 A e en
desired. The 35 @é@ﬂ'ﬁngEEigﬁl Bizfewrs trh&“?é‘ refersnred1 ipothe nm for
solar filnms haviigkeratViré for dB& iAnthérfar llhfraxred range) fier nodl ar fil ns

having a VT 35% _The _rat
PCT/ US95/ 1 972consa.cfere an oSt?cal mater:.a]\./q,r? %ﬁé Vlgsz.b pr Fange o

general | y varybecamsabdtt i80higblypabsorbing nin e prijsitdie Epestaumi | ns up
to about 50 fp@n@lortherefbgb”ﬁﬁé ﬁb{:”'founéfoé ppPidatiyy iGAHens cont enpl at ed

by the present 1nyention, Tl th| ckness of about 40 nm 5 applied at
a substrate sp@@ﬂ“"&Fc&BéuFQ}:Grf SH‘W parket. ,, oquce a very acceptabl e
pr oduct . : Hehev presthe dinveneﬂonxierpreﬂmmieﬂauimrpaxft tupen

bi smuth Wllbl % H158bv F.gt tixgg ?B?ﬂg‘ﬂbx? no hi¥hesized 'lﬂ.‘a e 8

conpri ses gra i 60T e 10 Feactive spdtter
deposi ti on of HaVings iazbégbxﬂ-sﬁgloﬁ'f OXJ-%?%M hZ BF ] 7)), PIHi’élc&Lsoﬁ c

ratio of oxygernlia BilfUthatnis noi;hﬁl lji'&abéc&fbi , @ndahaartial
pressure within the 03|t|on vac ‘amber . | n Fi t he

oxygen partial BFP¥dd8Fe3( %95)’ h’g 3Rdes &f o+ %talqon Semnarabl K:g dynam c
deposi tion rat €h@PDBE Tiopg tMere mp@lftarmlw, dinditivet coatexthefatbeic ratio

(AR al ongst he groce%bggtf lﬂﬁgdlﬁ(rghE%{% Eﬁ@ %%aféﬂ@%wrﬁascan&ataes
t he DDR and t he ascending curve was te on1tmo
test runs. TheoﬁRd\ﬁ&@Sé&tleF‘rrFHéB 38 B) PEIPER | Hihekbn rhé#’fa&
Scattering oFEa9.0, ¢ MRk febfide Aiibiating Ll depainies dmpedimehitl ef,
calibrated agahp§§ COH”BrSdﬁklga'é ﬁ%@%ﬁ} £§¥fééﬁ¥ﬁ¥“%nd more

acceptable product.

20 Dep081t10n of the Bio, film may be accompllshed by
reactive sputter deposition, actuated reactive
evaporation deposition and vacuum arcing deposition,
but reactive sputter deposition, as-illustrated in

" Figure 7, is presently preferred. Specifically, the

25 target 56c is comprised of bismuth and is sputtered
within a partial pressure atmosphere of oxygen, the
6xygen partial pressure being variable to produce a-
layer of synthetic bismuth oxide having an atomic ratio
of oxygen to bismuth of from at least 1.7 up. to about

'30 2.5, i.e., BiO, (x = 1.7 = 2.5). o
The thickness of the synthesized BiO, (x = 1.7 -
2.5) film deposited on the substrate 50 may be varied
from about 0.1 to about 50 nm (10 —. 500 A) depending
upon the performance characteristics desired. The

35 recommended thickness range is from 0.1 to 10 nm for

' solar films having a VLT = > 35%, and from 10 - 50
nm fbr'so;ar films having a VLT = < 35%. The rate of



ently known, Auger profiles have consistently yi el ded hi gher AR

not pres

val ues than Rutherford Back 25 Scattering neasurenents, especially at °

hi gher Iues Nevertheless, it is noted as a gen - !
obser va?:ﬁ())n Fﬁat as the OPP increases, the AR rises gﬁﬁ"ﬂfgsﬂzl m .
beconmes cl ear when the AR equals or exceeds 1.7. 30

graphically portrayed in Figure 8, BP#ferr] with an AR of 1.8 may be
deposited at an oxygen partlal pressure of about 7.5 E-5T (7.5 X
10[err] Torr. & Q [Iii out__3. nf*2 (t.hickness in nm
times areaPFRAUC 1%‘3] e Qﬁr\‘ﬁ %Waet%%gi? e&ﬁd Bfqerr] with

an 35 AR mineté (fgmbefqr cchickemtfidmsORp do bbEu‘ETsandtpa PoRrR of about

2.5 nmx
Is typic

lefii &éér +EONt 'St mddie aaﬁféyt/;fgg?@%%&nwaéaut pgring of Ti2

a out . nn1x VO 96

PCT/ US95/ 1tBe opresent 1nventlon, a film thickness)gf about 49an2/J Thus,

t he syht
deposite
econom ¢

heappl fed) ££ 14 fubstratle Bpaed \Gflabout 500fEpiheillvention may be

d 3§5&8¢vanté§€? %é?%é?aﬁﬁ Jaya'T|C2 which is a very S|gn|f|canf

|n VIeMFOf the fact that the 5

refracti ve i ndiiewever, éslb%rﬂe@n tgRtentn@f oxidatipnoe&r thehe enhanced

speed of
same web-
very eco
i nveniifo
quality

of 1.8 to
15 Big
el ectron
tinmes fu
film havi
becond$

absorpti
practice
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25

30

35

d@i’élﬁnhélh api f &&( enter fﬁfﬁd R %&o@ﬁ%&bh' eauahaﬁe oxi de at the
. eed as osition the netal, there rovide for
A FATHFE o RRT ERRS 3 (SRR CORB AL AoRO Ot FRe Eabe Pho |
n.reactive spﬂtﬂermﬁepﬁs1tmmnmo&bmgmthesnzeduoxmdesspfed and t he
of Ir Hffcer A I the rang
1}£§@ﬁ£ﬂ9 éjfé }CL e 2 prof i ea%qrfgasgﬁ\rlv&e’#%ﬂgg {égt% :le‘f\%ﬁt lgt the thi
erﬂ]le coEideg apd tim,e sqmelhtneritea@epfeeﬁprer within Shanning
NSPEOEEP ey idi) Gianayp thaiibed . mrmgaui:ecaf,l eneof 50, 000

o BEe T nfmeyre, ARy 1o R1oBSeR 1080 thE "coating 20
exabs¢m$§asrmhndenahxnndﬁpqqlﬂmm@rebye (DDRélgmongcehely r educi ng
oM &gl RAkY | Skdithatd iddd the atbmiicIRatsbr 38R)VE16AGeKnedeal for
qgléﬁgehand éé‘fﬁﬁéé?‘ The descending curve comprises

the DDR and the ascending curve the AR. The DDR was

calculated from two test runs. The AR was determlned

by Helium Ion ‘Beam Rutherford Back 5catter1ng

measurements and Auger Electron Spectroscopy profiles,

calibrated against commercial bulk 31203. For reasons

not presently known, Auger profiles have conSLStently _

yielded higher AR values than Rutherford Back

Scattering measurements, espec1ally at hlgher AR

values. Nevertheless, it is noted as a general

observation that as the OPP increases, the AR rises

and the film becomes clear when the AR equals or

exceeds 1.7. B

As graphically portrayed in Flgure 8, BlO w1th an

AR of 1.8 may be deposited at an oxygen partial

pressure of about 7.5 E-5T (7.5 X 107> Torr.) and a DDR

of about 3.5mnm x cm**2/j (thickness in nm times area in

sq. cm. divided by energy in Joules); and BiO, with an

AR of 2.5 may be produced at an OPP of 12E~-5T and a DDR

of about 2.5 nm x cm**2/j. In contrast, the DDR for

reactive sputtering of TiO, is typically about 0.1 nm x-

kY



The invention thus provides for econom cal mass 25 production of highly
dur abl e solar control filns having | ow visual light transm ssion and

| ow visual Iyglknssze reflection. The objects and agyriRb99% Of
‘the invention have t herefore been shown to be attained in a convenient,

30 econom cal and practical manner - VWil e preferred enbodi nents
of the invention have been herein i IT%trated and described, it is to
be appreci ated that various changes, rearrangenents and

nodi fications WEY*Q?P”aththrEhE E&ﬁéﬁ%%lé tugg_sg 1f59nb}3giagape of
the-invention, as defi,ned 3 g

26 by the invention may be de osxte@l;§htp 35 times, fagter
control film hatag -xrmg,vwmbhelél ghvefya@isgmifmm agdbriomicvi si bl e |ight

refl ectance cogy% iHeie, ﬁ?ec1ail& %itvgg$ggf ‘ﬁfgkég.n ubstrate

mat eri al havin ere met al
ef fective o parefraqtive dadigesi Bre esgﬁntuhhxnthe asare and haV| ng a

presel ect ed Iomwe%d@ze, ldh@hlenh@hlgat 8 eea of aeg,oswl&s;%gbridﬂeet of
|

t t t | h

{ranspar ent 11 EAGIHAERE QePRELEIER, G Bhe| GFLJS RD 0G| SHHR 94 gh

transnittance spedhdsngepositdoal eft thel matal 5i 'bherébghto rEtdwideance, and

said first andfg¥: Qﬁﬁ&ﬁ %hﬂg angg %R é%?rvﬂé4¥%§§3f'lns of
a op |c

netal facing one another and sepa ecou rom one
anot her, 10 llﬂ%@%&h@eémﬁgnf-or mng a corrp05| te filmhaving a

conbined visible Ii giaking AREO hbalsaebheﬁsnngr@&xi@@:to@%e@w{@mmt ely
to the sum of ERF blOCkEn%oat&%%tae81reQ a preferred AR will fall
within the range of 1.8 to 2.2
Auger profile measurements establish that the thin
15 = BiO, coating on the substrate is very uniform.
Scanning electron microscope (SEM) photographs at a
magnification of 50,000 times further reveal that as
the OPP is increased to produce a BiO, film having an
AR of 1.7 or greater, the surface of the coating
20 becomes extremely smooth- -and uniform, thereby -
significantly reducing absorption and providing a film
of high refractive index ideal for practice of the
invention.
. The invention thus provides for economical mass
25 produétion of highly durable solar control films having
' low visual light transmission and low visual light
reflection. _ : _
. The objects and advantages of the invention have
therefore been shown to be attained in a convenient,
30 economical and practical manner. :

While preferred embodiments of the invention have
been herein illustrated and described, it is to be
appreciated that various changes, rearrangements and
modifications may be made therein without departing

35 from the scope of the invention, as defined by the
appended claims.



i ncoherent films and visible |ight reflectance substantially equal to the

visible light reflectance of just one of the incoherent fil s,

| ight rafbegismmse of each incoherent filmbeing such thg‘é_g}dsgw Ly bl et

| ight reflectance of the conposite filmon clear_glass d
about 12% when visible light transmittance i s about 50% or | ess and does

not exceed about 15% when vi si bl 2297 ght transm t”ml IR 0 or
| ess. 2. A solar control fiCLAMS set forth inf mm uﬂeul at | east.
one of said sheets of substrate nmaterial bears a layér o&f Mmaterial of high

refractive i ndex between the substrate and

the visible

ceed

t he i ncoherent film of netal

for furthdrs cohtfla¥ RPREEQD|IFEIN diavingdow vighbdeahdightsi bl e |i ght

ref | ect angpaRémi ar@eid t¥ov iYiBibled lightAréaehactafaserol filmas set
forth in claim2, wherein the material of high refractive index is selected
from sil i CYMPHE+?%e, the oxides of chronmi um niobiumand titanium and a
synt hesi zed oxadfixst Sheat rofhadxangpareattosubstzate matexygkn to bi snuth of

from abo o t . ineol :
9 %a@:sz% erlt 'ao% Dy gncoherent, transparent fiMRerein the thin

27 4.

ol'ar” contr Il m as set n-c

i ncoher er®f MiRtdl refipqlive die Rartimldy besk Yasdhdentt®BE- chroni um al | oys
and st ai ntfansmitdnce fand havihd¢ @ preselected Lbw #issBleforth in claim1l

i ncl udi ng]o%%é%h%gffg&eén@g transparent substrate material having thereon a

thin, inc

ranspar’ent filmof netal effective to partially block

visibl e |ight arsecond tsheet afd Uranspgrentssubstuate the same | ow visible

li ght 10 I efA€EF PAT ShaPird) G irEdn & ¢RI, €ihcbhbPBat$ai d third sheet being
sandwi ched bet ween a ‘

20

transparentt¥£1m of metal effective to. partially
block visible light transmittance and having a
preselected low visible light reflectance, and.

a layer of adhesive bonding said first and
second sheets to one another with the films of metal
facing one another and separated and optically
decoupled from one another, _ :

the bonded sheets forming a composite film
having a combined visible light transmittance
blocking effect equal approxiﬁately to the sum of
the blocking effects of the incoherent films and

visible light reflectance substantially equal to the

visible light reflectance of just one of the
incoherent films, the visible light reflectance of
each incoherent film being such that the visible
light reflectance of the composite film does not
exceed about 12% when visible light transmittance is
about 50% or less, does not exceed about 15% when

visible light transmittance -is about 35% or less and

does not exceed about 20% when visible light
transmittance is about 25% or less.

Thls Sheet HaS
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physically bonded to said fi rst d sheets with the incoherent film
of metal thereon separated fr i’m :ﬂ MEecoupl ed fromthe

i ncoherent fiwesesBroretal on sai Mcond sheets. Persosiif
solar control filmas set forth in claim5 wherein one, two or all of said
sheets of substrate material: bears a Ia_y% _of material of high refractive
i ndex between the substrate and the incofierent filmof metal for further
controlling the visible light transmttance and visible 1ight reflectance

of the conpositg, filiNgoYar contrd1SEidm &6t £hirkl 24 éf&:.ﬁgit hf | tnhC| aim
e o e

1 including a | ayer pof pressure sensifive . adhesive on one Sij
conposite fil m‘% o&h q3R: O qf, s21f Sh5RtS 8L SPPEEERR Ve  coating
on the ot her smist@hahd:mq)@rnaye‘n loB hrarterrﬁ.atleofl highherefractivem

damage. 8 o BRI duldPrdia s LAY YhabRbEL Plin of

transm ttance a OW VI S| ance co

first sheetdof metabpiorfurihen mn@rr@dtléngamseble%whmeon a thin
transparent | ayefanshitcdidedrtl vifsilbleh 15ghtacbieY8ctaned gfnderet hin,
transparent, mcohere,q_rfec%al ing of netal overlying the material of hi gh
refractive i ndeSCTRIR: B+ 'm being effective to partially block
visible light transmttance through the coated subst rate and havi ng a

presel ected | ow Vi siplg ) dd Ydnd:fdl %'tﬁ{]%% set fo h sheet of

transparent substrate material bearin I'n ransparent | ayer of

a material of HWRArein Hhe iMAreLiady ofndigh H'PﬁraFFéﬁgphF@?ﬁ igncoherent
coati-ng of met ageléevttdd Ve (diQ iGtirenidiride, hebl ofidast oF echisitdumt he

r2“89t al filmbeing 6 GCdNE %03, 2'dnd % %%thesued oxide of

5 bismuth having an atomic ratio of oxygen to bismuth of
from about 1.7 to about 2.5.

4. A solar control film as set forth in Claim 1
wherein the thin incoherent metal film is selected from
gold, silver, nickel, chromium and alloys thereof and
stainless steel.

5. A solar control film as set forth in Claim 1
including a third sheet of transparent substrate
material having thereon a thin, incoherent, transparent
film of metal effective to partially block visible

5 light transmittance and having substantially the same
low visible light reflectance as the other incoherent
films, said third sheet being sandwiched between and
physically bonded to said first and second sheets with
the inéoherentAfilm of metal thereon separated from and

10 optically decoupled from the incoherent films of metal
on said first and second sheets.

This Sheet Has Been Reﬂ
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visible light transmttance through the coated substrate and having a

preselected lowvisible 1lig nwuﬂ d said first and
second %Es Z»,ei ng bonded tf”ll[l I llmlllﬂnlﬂﬂ the films gﬁﬁﬁﬁ facing
one anot and optical ly decdupl®edtan¥ skpadr at ed from oh

t he bonded sheets formng a conposite filmhaving a conbined visible |ight
transmttance bl ocking effect equal™283proxi mately to the sumof the.

bl ocking effects of the incoherent filnms and low visible Iight reflectance

substantially eq (o] s ci.ance. s ust one of the
[ ncoherent% fil ?ﬁsg@b’ﬁg CB E¥i #Pilﬁt g$+ ncrg Jg?r}:‘g’eacl%; |§ncoherent film
bei ng schhemsnntpgeV|§W9|er|ayhtoies¢b%t$hgg;3ﬁoﬁrauhaﬁqana te filmon

clear g aiﬁc@e&slnsbaraxae@éyaboaf neta¥hen of &ii&orﬁ rdfictivansm ttance is
not great t hap about gg Yo and does not ceed out .1 @6mh%&‘V|S|ble

light tra gtueen Lpe; gubgbrat %O@%d e inc filmas set
forth 3n mexiah Eornfurthey aonhroﬂljamethe)fvismﬁm:)alrzfgnt substrate materi al

pear 10, et Rehila apHCORSIEN. LIGRSROEAILCARA (00 e MU effective

substratecsﬂﬂoﬁéﬁﬁn§1§9bstant|aIIy the same |OM/VISIb|e light reflectance
as the other incoherent filnms, said third sheet being sandw ched between

and physigal |l y_bonded to_ sai | [st_and se she s mnth t he i ncoherent
filmof méral £hBPEBR §8B§F3£e%i"£fﬁaa%pﬁ%af‘?’3’qb fir om t he i ncoher ent
films of derduding saldyerref pressure sensideira adhhswe Ansonar control
filmas S%&dfe%!ehtha ebﬁp&g:&fr?igh rféfl%}?&ﬁ{q Plsdiiedtd @f ractive index

conpri ses synt hesi zed 0oxi react y spytter deposited on

t he substW&P@°WnéP rPaPrQHGCF%V?Hﬁ°%ﬁF%Qcﬂﬂ(FQQHQQ?QH &F to bisnuth of
from 5 7 the2cbmpodite £ilmsbrrprovéciing ithe &lueifrion damagec! ai m 8
wherein the material of high refractive 1ndex is selected fromthe oxides
of chrom um niobiumand titaniumand silicon nitride. 12, A et hod of
meki ng soBar c8nspéarf coptrahviihbm | havingilawe vigjhle dded®i ttance and | ow

visible | tﬂ'ﬁhsfuii:i:aﬁ&énﬁﬁdcmwﬁéﬂﬂlé hei gtite e fAfectance
comprising

a first sheet of transparent substrate material

5 Dbearing thereon a thin transparent layer of a material
of high refractive index-and.a thin, transparent,
incoherent coating of metal overlying the material bf.
high refractive index, the metal film being effective

. to partially block visible light transmittance through

10 the coated substrate and having a preselected low
visible light reflecténce,

a second sheet of transparent substrate material
bearing thereon a thin transparent.layér of a material
of high refractive index and a thin, transparent,

15 incoherent coating of metal overlying the material
of high refractive index, the metal film béing
effective to partially block visible light
transmittance through the coated substrate and having a
preselected low visible light reflectance, and '

20 a layer of adhésive bonding said first and second
sheets to one another with the films of metal facing
one another and optically decoupled and separated from
one anothef, |
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29 depositing onto a t rate a thin, incoherent,

transparent coating of netal t l{leﬂl]ﬂﬁfﬂ'ﬂto partially block visible
| isght transgéepagm t hr ough the and that |m§ﬁ§,§?ﬁ7§nt Iy
thin and incoherent as to have a preselected |ow visible |ight ect ance,

assenbling into a conposite filma plur ty of the coated substrates such
that the incoherent netal coatings face ne another internally of the
conposite filmand are separated and optically decoupled from one anot her

and such that the r@teal bonddld gggettgggbgﬁg_ngrgvb%?%%* ’fiﬂ@%é@ﬁi l e |ight

bl ocking gffect sufficient to_provid vel si bl e
:

light trafdnm t& sembined,ydsible é-éEBGsFFGnFWM:a‘&‘FﬁI b1°Ck1n9 effagtating the
coat ed subst rasqiﬁalt Qpproxdf@teal to ehevsdm afcemqsma:itnd reffadty a

conbi ned vi si bl ht transmt ance bl ing. effe approximately to
t he sum of thé*’ieﬂ:ll"é"(cg ?lgf“st AR Eggh‘é?’%iﬁf?‘ref%%%toatl ngs and. | ow
visible |ight :raﬁllem:taaxm sslblssztaama&lyyequqbatomhe eisdlslie| la.ghtyht

reflectance ofydgictueelbs! l}%s'tnBﬂﬁebﬁnihgeiﬁéoﬁéféﬂf'gﬂlﬁé‘e i bl e
Ilght reflectance_qf egch incCgherent netal Coat#r;]%qp fquh at the

vi si bl e | #ght WHRde dtgdt FeflRctaBRgoSft 8afk| dIRE not
exceed about Fuch what the bisiblehllightapeflédtatee iGf thegr eat er than

"aUp to abouts Lt 2116° R Hbn Sk AR bR "t 6o lH w2
coat ed subst r dightatransmitieaget 4sone gueaterrthan anaut 5k adeesand

f)pt i cal y dgﬁ%ﬂ Wk deedMaiR 218k  Fhell) viBEBTe Ol i G FarBiittandles' | eaved
ayers o 3? essI no greater than about 35% and does not exceed about
. 12% when visible light transmittance is up to about

50%.

9. A solar control film as set forth in Claim 8
including a third sheet of transparent substrate
material bearing thereon a thin, incoherent,
transparent coating of metal effective to partially

5 block visible light transmittance through the coated
substrate and having substantiaily the same low visible
light reflectance as the other incoherent films, said
third sheet'being sandwiched between and physically
bonded to said first and second sheets with the

10 incoherent film of metal thereon separated and
optically decoupled from the incoherent films of metal
on said first and second sheets.

10. A solar control film as set forth in Claim 8
wherein the material of high refractive index comprises
a synthesized oxide of bismuth reactively sputter
deposited on the substrate material and having an

-5 atomic ratio of oxygen to bismuth of from 1.7 to 2.5.

This Sheet Has Been Re’i aced




14. A nmethod as set forth in claim12 including the step of first

depositing onto the substrat ent |layer of material of .-hi-.gh
re]l‘or acti w%g’mggefg and t hen depﬂmlll nmrmllfmmm coating teri-al

of high refractive index. 15.* ‘A hethod ad set forth % JE wher ei n
the material of high refractive indgxonas_a refractive index of at |east
2.0. 16. A nmethod as set forth AOC1 ai m 12 I ncl udi ng the step of

reactively sputter depositing onto the substrate a synthesized oxi de of

bi t h hayi ' ' ' h .

31)Smcj)f frg\rinh'?.g%tn g@%?? G%é\gi.éf%eﬁ{]é%ﬁs?g‘%%g%ﬁn}i%g ctlﬁé'm[ F?i n coating of
metal ont o¥BRESiPnthespaterial ofihigkirgfrackive indexedsod as set forth in
~ claim 12 wselettedlhfromt the dspddd a5 QhridiiunsUkSbbdug an@Pri ses chronium

a ni ckel - cheoni all oy st ai n) ess, steel . 18 A nmethod as set forth
in clain11gi§%%¥g*n£+§e§£i&%ﬁni%&%ﬁﬁﬂﬁ%ﬂ’ deposited onto the substrate.
19. A solar control filmas set forth in claim1l wherein the netal

d ited : tEf s | ) 3 i =ch ium al | oy or
stainl ess oF éza‘s“"sef%%? S e st CoiToll eidnR BAG1RE"I6U, TR
control fiVﬁ§%§1§ef gQﬁt?F*hFQ&ﬁFQﬂﬁ?(ﬁn@ﬂkﬁﬂﬁylﬁlbieaﬂaghg wherein the

visual |igaflectasee ssomprididdemEyeps off i I mlies within the range of
25%to 50% depositing onto a transparent substrate a thin,

5 incoherent, transparent coating of metal that is
effective to partially block visible light : ‘
transmittance through the coated substrate and that is
sufficiently thin and incoherent as to have a
preselected low visible light reflectance,

10 assembling into a composite film a plurality of
the coated substrates such that the incoherent metal
coatings face one another internally of the compdsite
film and are separated and optically decoupled from one
another and such that the metal coatings together

15 provide a combined visible light blocking effect

' sufficient to provide a preselected low level of
visible light transmittance through the composite film,
and ' |

laminating the.cdﬁted substrates to one another to

20 provide a composite film having a combined visible

light transmittance blocking effect equal approximately
-~ to the sum of the blocking effects of the incoherent
metal coatings and low visible light reflectance

substantially equal to the visible light reflectance of

25 Jjust one of the incoherent metal coatings, the visible.
light reflectance of each incoherent metal coating
being such that the visible light reflectance of the
composite film does not exceed about 20% when visible
light transmittance is no greater than about 25%, does

30 not exceed about 15% when visible light transmittance
is no greater than about 35% and does not exceed about
12% when visible light transmittance is up to about 50%.

—_— _
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- 31- 13. A nethod as set fouumL llﬂmum E“{\Inerei n the coat ed
substrates aweskassmwated to one separ at edpgﬁ@smltsmal Iy
decoupl ed from one anot her by means of oné of nore interleaved | ayers of
adhesi ve. 14. A method as set forth I 1(:1 aim 12 including the step

of first depositing onto the substrate a T transparent | ayer of
mat eri al of high refractive index and then depositing the nmetal coating

onto the materygl 5AQf1ei‘htSH‘ éélfée?}.thdiQ:H Gﬁetlam 121\5he£eifﬁt+3§é| as set
forth in daiml4 V\Qer&ﬁ matler high refra géIVEI has a
refractive FAAESR IS. am.natfg R AReHBRC egeﬁn o?’f?ﬁ in
Claim12 incl uslepgrated and togticfallyacecoaipl edpfiromr odepasother oyt o t he
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oxygen to bi snﬁ%ﬂﬁ rom 1&? n%ré; € %gggspu £ Q&%ep%‘g‘itl ng the
thin coating of metal onto the synt heS| zed bi smut h oxi de. :

14. A method as set forth in Claim 12 including the

step of first depositing onto the substrate a thin

transparent layer of material of high refractive index

and then depositing the metal coating onto the material

5 of high refractive index.

15. A method as set forth in Claim 14 wherein the
material of high refractive index has a refractive
index of at least 2.0.

16. A method as set forth in Claim 12 including the
step of reactively sputter depositing onto the
substrate a synthesized oxide of bismuth having an
atomic ratio of oxygen to bismuth of from 1.7 to 2.5,

5 and then sputter depositing the thin coating of metal
onto the synthesized bismuth oxide.
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