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chemical and/or mechanical protective coating, e.g. a coating of oxides of sil-
icon and aluminum over the functional coating. The protective coating exhib-
its color banding when viewed under a light source having spectrally narrow
emissions, ¢.g. a fluorescent lamp or light emitting diode, and adjacent ones
of the color banding of the protective coating have a Delta E of greater than
5. An anti-banding coating layer of the invention is applied over the protect-
ive layer, wherein the anti-banding coating layer exhibits a Delta E of less
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ANTICOLOR BANDING
TOPCOAT FOR COATED ARTICLES

BACKGROUND OF THE INVENTION

1. Field of the Invenlion
0001 This invention relates to an anti-color banding topcoat for coated

arficles, and more particularly, the invention relates 1o a coaled article having
a transparent substrate, a funclional coating, &.q. an infrared reflecting andior
electrically conductive coating, over a surface of the substrate; a protective
coating over the functional coating, and an anti-banding coaling layer over the
protective coating, and the invention further relates to a method of making the

coaled articls.

2. Discussion of the Present Technology
1860623 As is appreciated by those skilled in the coating arl, sputtersd

vapor deposited coatings are not as durable as pyrolvtically deposited
coating, and the usual practice is o provide a protective shest andior a
protective coating over the outer surface of the functional coating, e.g. as
disciosed in U.S. Patent No. 7,335,421, The protactive shee! is usually a
glass sheel laminated o the coated sheet. Although this method of protecting
the coating is acceptable there are limitations. More particularly, the added
cost of the protective glass sheet and the plastic layer to laminate the
protective glass sheat to the surface of the coating, and the additional weight
of the glass sheet and the plastic layer, make the use of protective shesls
unacceptable. The limitations associated with using a glass sheet to protect
the coating Is minimized, if not eliminated by applying a protective coating
layer over the outer surface of the funclional coaling, 8.9. but not limited to the
discussion presented in .8, Patent Nos, 8,816,542 and 7,335,421, The
disclosure of ULS. Patent Nos. 6,816,542 and 7,335,421 in their entirety are
hereby incorporated by reference.

{8003] Although the use of the protective costing layer sliminates the
drawbacks associated with the use of a protective sheet o protect the
coating, there are limitations {o the use of a protective coating layer. More
particularly, it is noted that coated articles having the protective coating as the
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external surface of the coated article oftan exhibit excessive color banding,
sspecially when the coated glass is viewad under tights having spechrally
narrow emissions such as florascent lights and light emitting diodes, also
known as LEDs. The term “banding” or "color banding” as used herein, Is an
effect that cccurs when the color depth is insufficient to accurately sample a
cortinuous gradation of color tong. As a rasult, a continuous gradient
appears as a series of discrete steps or bands of color.

16004] it can be appreciated, that coated fransparent substrates, for
sxampie but not limited {o residential and commaercial monolithic windows,
and monalithic vehicle side windows and rear windows, that exhibit banding
under lighting having spectrally narrow emissions, e.g. flugrsscent lighting of
the type used in a2 show room is noticeabls and aesthetically unacceptable.
Thereforg, sliminating banding caused by a protective layer over a funclional

coating without using the techniguas pressntly availabls is desirable.

SUMMARY OF THE INVENTION

[0005] This invention relates {0 a coated adtdicle having, among other
things, a substrate having a major surfacs; a coating over the major surface of
the substrate, wherein the coating exhibils color banding when viewed under
a light source having specirally narrow emissions, and adjacent ones of the
cofor banding of the coating have a first measurad Delta E,| and an anti-
banding coating layer over the chemical and/or mechanical protective laver,
wherein the anti-banding coating layer exhibits color banding when viewed
undsy the Hght source having spectrally narrow emissions, and adiacent ones
of the color banding of the anti-banding coating layer have a second
measured Della £ that is less than the first measured Della £,

{6008] in one non-limiting embodiment of the invention the coating is a
functional coating over the major surface of the substrate, and includes,
among other things, a chemical and/or mechanica! protective coating over the
functional coating, wherein the chemical and/or mechanical protective coatling

exhibifs color banding when viewed under the light source having specirally
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narrow emissions, and adjacent ones of the color banding of the chemical

and/or mechanics! protactive costing have the first measursed Delta E.

DESCRIPTION OF THE DRAWINGS

{6007} Fig. 1 is a cross-sectional view (not 1o scale) of a coaled article
having one non-imiting embodiment of the anti-banding coating layer of the
invention.

[0008] Fig. 2 is a graph showing a* and b* color co-ordinance (CIELAB
color system} of a prior art coated article viewead at different angles under an
F-7 florescent light {Series 1 curve) and viewed under a broad band light, e.g.
a -85 light source {Serles 2 curve).

U Fig. 3 is a view similar to the view of Fig. 1 of a coated artidle
having another non-limiting embodiment of the anti-banding coating laver of
the invention.

FO010] Fig. 4 is a view similar to the view of Fig. 1 of a coated article
having another non-limiting embodimant of the anti-banding coating layer of
the invention.

6011} Fig. 5 is a view similar to the view of Fig. 1 of a coated arlicle
having another non-limiting embodiment of the anti-banding coating layer of
the invention.

0043] Fig. & is a graph showing a* and b" color co-ordinance (CIELAB
color system) of a coated article having a non-limiting embodiment of an anti-
banding coating of the invention and viewed at different angles under an F-7
florescent light {Series 3 curve) and viewed under a broad band light, e.g. a
-85 fight source {(Series 4 curve). The coated article without the anti-banding
coating of the invention has the a* and b* color co-ordinance {CIELAB color

system) shown in Fig. 2.

DETAILED DESCRIPTION OF THE INVENTION

0013] As used hergin, spatial or directional terms, such as "ieft”,

"right”, "inner”, "outer”, "shove”, "below”, and the like, relate to the invention
as it is shown in the drawing figures. However, it is 1o be understood that the

invention can assums various alternatlive orientations and, accordingly, such
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terms are not to be considered as limiting. Further, as used herein, all
numbers expressing dimensions, physical characteristics, processing
parameters, quantities of ingredients, reaction conditions, and the like, used in
the specification and claims are o be understood as being modified in all
instances by the term "about”. Accordingly, unless indicated to the contrary,
the numerical values set forth in the following specificalion and claims can
vary depending upon the desired properties sought io be oblained by the
nresent invention. Al the very least, and not as an aftempt fo limit the
application of the doctrine of eguivalents to the scope of the clalms, each
numerical value should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding lechniques. Morgover, all
ranges disclosed hersin ara to be understood to encompass the beginning
and ending range values and any and all subranges subsumed therein, For
axample, a stated range of "1 {o 10" should be considered o include any and
all subranges between (and inclusive of) the minimum value of 1 and the
maximum value of 10; that i, all subranges beginning with a minimum value
of 1 or morg and ending with a maximum value of 10 or less, eg., 110 3.3, 4.7
o 7.5, 5.5 {0 10, and the like. Further, as used hersin, the tarm "over”, means
formed, applied, deposited, or provided on but not necessarily in contact with
the surface. For exampls, a coating layer formed or applied "over” a
subsirate surface does not praciude the presence of one or more other
coating layers or films of the same or different composition located betwesn
the formed coating layer and the surface of the subsirate.

[O014] For purposeas of clarity, an ultraviclet wavelength is a
wavelength in the range of 300 nanometers ("nm"} fo 380 nm; a visible
wavelength is a wavelength in the range of greater than 380 nm o 800 nmy; an
infrarad wavelength is a wavelength in the range of greater than 800 nm to
100,000 nm; of the slectromagnstic spectrum. Additionally, all documents,
such as but not imited to issued patents and patent applications, referred o
herein are to be considered to be "incorporated by reference” in their entirety.
The “‘ultraviclet tranamission”, "visible transmission” and "infrared
transmission” values are those delermined using conventional methods.
Those sidiied in the art will understand that properties such as ultraviolet,

visible and infrared transmissions can be calculated at an sguivalent standard

-4 -
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thickness, 8.q., 2.1 millimsters (‘mm”}, even though the actual thickness of a
measured glass sample is different than the standard thickness.

[0018] For purpeses of the following discussion, the invention will be
discussed with reference to g costed article such as, i notlimiled to a
coated transparency. As will be appreciated, the invention is not limited to
any particular use, or any particular typs, of & coated articls or coated
tfransparency, and the coated article or coatad transparency of the invention
can ba usad in the manufacturing of, but not limited o, a vehidle
fransparency, such as but not limited to windshields, windows, rear lights,
sunroofs and moonroofs; laminated or non-laminated residential and/or
commercial windows,; insulating glass units, and/or transparencies for land,
air, space, on water and under water vehicles. Additionally, while a typical
"fransparency” can have sufficient visible light transmission such that
materials can be viewad through the transparency, in the practice of the
invention the "fransparency” nead not be fransparent o visible light but can be
fransiucent or opague {as described below). Non-limiting sxamples of vehicle
fransparencies, residential and commercial ransparsncies, and alreraft
fransparencies and methods of making the same are found In U8, Patent
Nos. 4,820,802; 5,028,769, 5,683,203, 8,301,858, and 7,335,421,

{G318] A non-limiting coated article or transparency 10 incorporating
faatures of the invention is Hlustrated In FIG. 1. The transpargncy 10 can
have any desired uliraviclet radiation transmission, visible light ransmission,
or infrared radiation, and reflaction. For exampile, the fransparency 10 can
have a visible light transmission of any desired amount, e.g., but not limited to
0% or greater than 0% to 100%, more preferably 50% to 85% and most
preferably 70%-85%.

0017 As best sean in FIG, 1, the transparency 10 of the invention
includes a transparent substrate 12 having & funclional coating 14 applied on
or over surface 18 of the subsirate 12; a protective coating or laysr 18 anor
over surface 20 of the functional coating 14 and an antl- banding coating layer
32 on or over surface 34 of the protective costing layver 18. With the coating
arrangement shown in Fig. 1, surface 28 of the funclional coating 14 08
apposite fo the surface 20 of the funclional coating 14 and is on or over the
surface 18 of the substrate 12; surface 35 of the prolective coating laver 18is

-5-
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opposite to the surface 34 of the profective layer 18 and is on or over the
surface 20 of the functional coating 18; a surface 36 of the anti-banding
costing layer 32 is on or over the surface 34 of the protective coating laver 18;
a surface 38 of the anti-banding layer 32 is opposite o the surface 36 of the
anti-banding laver 32 and is a first outer surface of the fransparency 10, and a
surface 39 of the substrate 12 is opposite to the surface 26 of the subslrale 12
and opposite to the surface 38 of the anti-banding cosating layer 32 and is a
sacond outer surface of the transparency 10.

10018] in the broad practice of the invention, the substrate 12 can
include any desired material having any desired characteristics. For exampls,
the substrate 12 can be opaque, transparent or transiucent to visible light. By
"opague” is meani having visible light transmission of 0%. By "ransparent” is
meant having visible light transmission in the range of greater than 0% to
100%. By "translucent” is meant allowing electromagnetic snergy {e.g.,
visible light) to pass through but diffusing this energy such that objects on the
side opposite the viewer are not clearly visible. Further, the substrate 12 can
be but is not limited to conventional soda-lime-silicats glass, borosilicate
glass, leadad glass or plastics, e.g. but not limited to the types used in the
making of aircraft fransparencies. In the preferred practice of the invention,
but not limited thereto, the subsirate 12 is glass. The glass can be clear
glass. By "clear glass” is meant non-tinted or non-golored glass. Alternatively,
the glass can be tinted or otherwise colored glass. The glass can be
annealed or haat-treated glass. As used herein, the term “heat treated”
means tempersd or at least partially tempered. The glass can bs of any type,
such as conventional float glass, and can be of any composition having any
optical properties, 8.g., any value of visible transmission, uliraviolet
fransmission, infrared transmission, and/or total solar energy transmission. By
*fioat glass” is meant glass formed by a conventional floal process. Examples
of float glass processes are disclosed in U.S. Patent Nos. 4,744,808 and
8,004,042,

16019} Although not limiting to the invention, examples of glass suitable
for the substrate 12 are described in U.S. Patent Nos. 4,746,347, 4,792 536;
5.030,593: 5,030,5094: 5,240,886 5,385 872; and 5,383,583, The subslrate

12 can be of any desired dimensions, e.g., length, width, shape, or thickness.

B
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{n one non-limiting embodiment of the Invention, the substrate 12 can be 0.1
milfimeter {mm"} to 12 mm thick, €.g., 1 mm {o 5 mm thick (e.g., less than 3
e thick), or 1.5 mm to 2.5 mm thick, or 1.8 svw to 2.3 mm thick, e.g., 2.1
e thick

10020} The glass subsirate 12 can have a high visible light transmission
at a reference wavelength of 550 nanomelers {'nm”} and a reference
thickness of 2.1 mm. By "high visible light transmission” is meaant visible light
fransmission at 550 nm in the range of greater than or egual to 85% to 2%,
such as graster than or equal to 87% to 80%. Particularly useful glass for the
practice of the invention is disclosed in US. Patent Nos. 5,030,583 and
5,030,594 and is commerciglly available from PPG Industries, Inc. under the
registered trademark Starphire.

0621} The discussion is now directed to the functional coating 14, As
used herein, the term “unctional coating” refers to a costing that modifies one
or more physical properties of the substrate over which i is deposited, e.g.,
optical, thermal, chemical or mechanical properties, and is not intended {o be
entirely removed from the subsirate during subssquent procsssing. The
coating 14 can have one or more funclional coating lavers or films of the
same or different composition or functionality. The functional coating 14 is not
limiting to the invention and can be any type of coating, applisd on or over the
surface 18 of the substrate 12 In any usual manner. More particularly, but not
limiting to the invention, the funclional coating 14 can be deposited by any
convertional method, such as but not limited {o conventional chemical vapor
deposition (CVD) and/or physical vapor deposition {(PVD) methods. Examples
of CVD processes include spray pyrolysis. Examplas of PVD processes
include electron beam evaporation and vacuum sputtering (such as
magnetron sputter vapor deposition (MSVD}). Gther coating methods could
also be used, such as but not limited to sol-gel deposition. In one non-limiting
ambodiment of the invention, the coating 14 can be deposited by MEVD.
Examples of MSVD coating devices and methods will be well understood by
one of ordinary skill in the art and are described, for example, in U.S. Patent
Nos. 4,379,040; 4,8681,860; 4,808,780, 4,888,780; 4,800,6833; 4,020,008;
4,938 857 5,328,768; and 5,482,750, In the preferred praclice of the
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invention, the functional coating 14 is appliad by magnstron sputter vacuum
deposition FMSVD").

6032} The invention is not limited to any particular type of functional
coating and any of the functional coatings known in the art can be used in the
practice of the invention. In the discussion of the invention, the coating is an
glectrically conductive coating 14 of the type disclosed in U.8S. Patent No.
7,335,421, however, the invention is not limited therslo and the funclional
coating 14 can be an electrically conductive coating, 2 heat freatable coating,
a radiation reflecting metal or metal oxide costing. For exampls and not
imiting o the Invention, the functional coating 14 can be a solar control
coaling 14 of the type disclosed in U8, Patent No. 7,311,861, oran
slactrically conductive coating 14 of the type disclosed in LS. Patent Nos.
7,335,421 and 5,653,803 and 5,028,759, or a single-film or multi-film coating
used as an antenna, or a reflective coating, 2.g. but not limited o titanium
oxide.

{0023] The functional coating 14 {(herainafier also referred o as
“slectrically conductive coating 147} is deposited over at lsast a portion of the
major surface 16 of the glass substrate 12. The slecirically conductive
cogting 14 can include one or more metallic films positioned betwsen pairs of
diglectric lavers applied sequentially over the glass substrate 12 and can
have one or more coating layers or films of the sams or different composition
andfor funclionalily. As used herein, the term "Him" refers 10 a coating region
of a desired or selected coating composition. A "layer” can include one or
more "fims® and a "coating” or "coating stack” can include one or more
“layers®. For example, the functional coating 14 can be 3 single layer coating
or a multi-ayer coating (as shown in Fig. 1) and can include one or more
metals, non-metals, semi-metals, semiconduciors, andfor alloys, compounds,
compositions, or combinations thereof. For exampls, the funcliona! costing
14 can be a single layer metal oxide coating, a multiple laver metal oxide
caating, a non-metal oxide coating, a metallic nitride or oxynitride coating, 8
nor-metatlic nitride or oxynitride coating, or a multiple layer coating including
ong or more of any of the materials mentioned above. In ong non-limiting

embodiment, the functional coating 14 can be a doped metal oxide coating.
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[og24] The functional coating 14 can be, for sxampls, an slectrically
conductive coating usad fo make healable windows as disclosed in U.S. Pat.
Nos. 5,853,903 and 5,028,759, or a single-film or multi-flm coaling used as
an antenna. Likewise, the functional coating 14 can be a conductive, solar
control coating. As used herein, the term “"solar control coating” refers to a
coating including one or more layers or films that affect the solar properties of
the coated article, such as but not imitad to the amount of solar radiation, for
axample, visible, Infrared, or ultraviclet radiation, reflected from, absorbed by,
or passing through the coated article, shading cosfficient, emissivily, efc. The
solar control coating can block, absorb or filler selecled portions of the solar
spactrums, Examples of solar conirol coatings that can be used in the
practice of the invention are found, for example but not {0 be considerad as
fimiting, in U8, Pat. Nos. 4,888,788; 5,821,001, 4,718,088, 4,810,771;
4,802,580; 4,716,080; 4,800,220, 4,888,730, 4,834,857, 4,048,677,
5,058,208, 5,028,758, and 8,485,281,

FR025] The functional coating 14 can also be an sleciroconductive low
emissivity coating that allows visible wavelength energy 1o bs transmitied
through the coating but reflects longer wavelength solar infrared energy. By
"low smissivily” is meant emissivity less than §.4, such as less than 0.3, such
as less than .2, such as less than 0.1, e.g., less than or equal to 0.05.
Examples of low emissivity coatings are found, for example, in U5, Pat, Nos.
4,952,423 and 4,504,108 and British reference GB 2,302,102,

{00286} Additional nor-limiting exampies of suitable functional coatings
14 for use with the invention are commaercially available from PPG Industriss,
ing. under the registered rademarks SUNGATE and SOLARBAN families of
coatings. Such coatings typically include one or more antirefiective coating
films including dislectric or anti-reflective materials, such as metal oxides or
oxides of metal alloys, which are transparent to visible light. The functional
coating 14 can also include one or more infrared reflective films including a
reflactive melal, e.g., a noble metal such as gold, copper or silver, or
combinations or alloys thersof, and can further include a primer film or barrier
film, such as titanium, as is known in the ar, located over andior under the

metal reflective layer. The funclional coating 14 can have any desired

-G
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number of infrared reflective films, such as, but not limited to 1 to 5 infrared
reflactive films. In one non-limiting embodiment, the coaling 14 can have 1 or
more silver layers, &.q., 2 or more silver layers, .g., 3 or more silver layers,
such as 5 or more silver layers. A non-limiting example of a suitable costing
having three silver layers is disclosad in US. Patent Publication No.
2003/0180547 A1, As can now be appreciated, optionally a titanium film can
be a functional film or a primer or barvier film,

(6027} Fig. 1 shows an exemplary non-limiting functional coatling 14
suifable for the Invention. This exemplary coating 14 includes a base layer or
first dislectric layer 40 deposited over al lsast a portion of the maijor surface
16 of the glass substrate 12. The first dielectric layer 40 can include one or
maore films of antireflective materials andfor dislectric materials, such as but
niot limited to metal oxides, oxides of metal alloys, nitrides, oxynitrides, or
mixiures thereof, The first dislectric layer 40 can be transparent to visible
light. Exampies of suitable metal oxides for the first diglsctric laver 40 include
oxidas of thanium, hafnium, zirconium, niobium, zine, bismuth, lead, indium,
tin, and mbdures thereof, These metal oxides can have small amounis of
other materials, such as manganess in hismuth oxids, tin in indium oxids, stic.
Additionally, oxides of metal alloys or metal mixtures can be used, such as
oxides containing zing and tin {e.g., zinc stannsate), oxides of indium-tin alioys,
silicon nitrides, silicon aluminum nitrides, or aluminum nitrides. Further,
dopad matal oxides, such as antimony or indium doped tin oxides or nicksl or
boron doped silicon oxides, can bs used. The first dislectric layer 40 can be a
substantially single phase film, such as a metal alloy oxide film, 8.g., zinc
stannate, or can be a mixture of phases composed of zinc and tin oxides or
can bg composad of a plurality of metal oxide films, such as those disclosed
in ULS. Patent Nos. 5,821,001, 4,888,789, and 4,888,780,

10028} in the lHustraled sxemplary embodiment shown in FIG. 1, the
first dislectric laver 40 can include a multi-film structure having a first film 42,
e.g., & matal alloy oxide film, deposited over at least a portion of the Inner
major surface 16 of the Tirst ply 12 and a second film 44, 2.q., a metal oxide or
oxide mixture film, depositad over the first metal alloy oxide film 42, Inone
non-limiting embodiment, the first film 42 can be a zincftin alloy oxide., The

zincftin alioy oxide can be that obtained from magneiron spudtering vacuum

- 14 -
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deposition from a cathode of zine and tin that can include Zine and tin in
proportions of 10 waight percent ("wi, %") to 80 wi. % zine, and 80wl % 10 10
wi. % tin. One suitable metal afloy oxide that can be present in the first film
42 is zinc stannate. By “zinc stannate” is meant a composition of ZnSnt-
x02-x {Formula 1) where "x" varles in the range of greater than 0 to legs than
1. For instance, "x” can be greater than O and can be any fraction or decimal
batwaen greater than 0 o less than 1. For example where x=2/3, Formula 1
is Zn2f38n1/304/3, which is more commonly described as "In25n4"%. A
zinc stannate-containing film has one or more of the forms of Formula 1 ina
predominant amount in the film. In oneg non-limiting smbodiment, the first film
42 includes zinc stannate and has a thickness in the range of 100 Angstroms
{"ANG") to 500 ANG, such as 150 ANG o 400 ANG, e.g., 200 ANG to 300
ANG., 2.g., 260 ANG.

[0029] The sacond film 44 can be a zinc-containing film, such as zinc
oxide. The zinc oxide film can be deposited from g zinc cathode that includes
other materials {o improve the spuliering characteristics of the cathode, For
gxample, the zinc cathode can include a small amount {8.g., less than 10wl
%, such as greater than { o 5 wi. %) of tin to improve spultering. in which
case, the rasultant zine oxide film would include a small percentags of tin
oxide, e.g., § to less than 10 wi. % tin oxide, e.g., 0 o 5 wi. % tin oxide. An
gxide layer sputtered from a zincflin cathode having ninsty-five percent zine
and five percent tin Is written as Zn0.8585n0.0501.05 herein and is referred {0
8% a zinc oxide film. The small amount of tin in the cathods (e.q., less than 10
wh. %) is believed fo form a small amount of tin oxide in the predominantly
Fine oxide-containing second film 44. The second film 44 can have a
thickness in the range of 50 ANG 1o 200 ANG, such as 75 ANG to 150 ANG,
g.g., 100 ANG. In one non-fimiting embaodiment in which the first film 42 is
zine stannate and the second film 44 is zinc oxide {(ZnD.858n0.0501.05), the
first diglectric layer 40 can have a {otal thickness of less than or squal to
1,000 ANG, such as less than or sgual to 500 ANG, e.g., 300 ANG fo 450
ANG, 8.0., 350 ANG to 425 ANG, s.g., 400 ANG.

{00307 A first heat andfor radiation reflective film or laver 48 can be
deposited over the first dislectric layer 40. The first reflsctive laver 48 can

include a reflactive metal, such as but not limited to metallic gold, copper,
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silvar, or mixtures, alloys, or combinations thereof. In one embaodiment, the
first reflective layer 46 includes a metallic silver laver having a thickness in the
rangs of 25 ANG o 300 ANG, e.g., 50 ANG to 300 ANG, s.g., 50 ANG 10 200
ANG, such as 70 ANG o 150 ANG, such as 100 ANG fo 150 ANG, s.g., 130
ANG.

0031} A first primer film 48 can be deposited over the first reflective
layer 46. The first primer film 48 can bs an oxygen-capturing material, such
as titanium, that can be sacrificial during the deposition process {o prevent
degradation or oxidation of the first reflective laver 46 during the sputtering
process or subsequent heating processes. The oxygen-capturing material
can be chosen fo oxidize before the material of the first reflective layer 46, |
titanium is used as the first primer film 48, the {itanium would preferentially
axidize {o itanium dioxide before oxidation of the underlying sllver layer. In
one embodiment, the first primer film 48 is titanium having a thickness in the
range of 5 ANG fo 50 ANG, e.g., 10 ANG 10 40 ANG, e.g., 15 ANG 10 25
ANG, 8.9, 20 ANG.

032} An optional second dielectric laver 80 can be deposited over the
first reflective laver 48 {e.q., over the first primer film 48). The second
dislectric laver 50 can comprise one or more metal oxide or metal alloy oxide-
containing films, such as those describad above with respsct o the first
dislectric layer. in the #lustrated non-limiting embodiment, the second
diglectric layer 50 includes a first metal oxide film 52, e.g., a zinc oxide
{(ZnQ.858n0.0501.058) film deposited over the first primer film 48. A second
metal alloy oxide fim 84, e.g., 8 zinc stannate (Zn28n04) film, can be
deposited over the first zinc oxide (Zn0.858n0.0501.05) film 52, A third melal
oxide film 58, e.g., ancther zinaflin oxide laver (Zn0.858n0.0501.08}, can be
deposited over the zinc stannate layer o form a multi-lilm second dislectric
layer 50. In one non-limiting embodiment, the zine oxide
{£n0.858n0.0501.08) films 82, 58 of the second disleciric layer 50 can gach
have a thickness i the range of about 50 ANG {0 200 ANG, e.g., 75 ANG o
150 ANG, a.q., 100 ANG. The metal slloy oxide layer (zinc stannate) 54 can
have a thickness in the range of 100 ANG to 800 ANG, e.g., 200 ANG o 700
ANG, e.g., 300 ANG to 800 ANG, e.g., 550 ANG o 800 ANG,
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{8033} An optional second heat andfor radiation reflactive layer 58 can
be deposited over the second dislectric layer 50, The second reflective laver
58 can include any one or more of the reflective materials described above
with respect to the first refiactive layer 48, in one non-limiting smbodiment,
the sscond reflective layer 58 comprises silver having a thickness in the range
of 25 ANG to 200 ANG, e.g., 50 ANG o 150 ANG, e.g., B0 ANG 1o 150 ANG,
e.g., 100 ANG 1o 180 ANG, e.g., 130 ANG. In another non-limiting
ambodiment, this sscond reflactive layer 58 can be thicker than the first
and/or third reflactive layers (the third refiective layer is discussed in detall
below).

{00341 An optional second primer film 80 can be deposiied over the
second reflective laver 58, The second primer film 80 can be any of the
materials describad above with respect 1o the first primer film 48, In one non-
limiting smbodiment of the invention, the second primer film includes tilanium
having a thickness in the range of about 5 ANG {o 530 ANG, e.g., 10 ANG t©
25 ANG, e.g., 15 ANG 1o 25 ANG, e.g., 20 ANG.

16035} An optional third dielectric layer 82 can be deposited over the
second reflective layer 58 {s.g., over the second primer film 80). The third
dislectric layer 82 can also include one or more metal oxide or metal alloy
oxide-containing layers, such as discussed above with respeact to tha first and
sacond dislectric lavers 40, 50, In one non-limiting embodiment, the third
dislectric layer 62 is a multi-film layer similar o the second dislectric layer 50,
For example, the third dislectric layer 82 can include a first melal oxide layer
84, 8.g., a zinc oxide {(Zn.855n0.0501.05) layer, a second matal alloy oxide-
containing layer 86, e.g., & zinc stannate laver {(Zn25n(4), deposited over the
zinc oxide layer 84, and a third metal oxide layer 88, e.g., another zinc oxide
{Zn0.958n0.0801.08) layer, deposited over the zing stannate layer 86, Inone
non-limiting embodiment, the zinc oxide layers 84, 68 can have thicknesses in
the range of 50 ANG to 200 ANG, such as 75 ANG o 150 ANG, s.g., 100
ANG. The metal alloy oxide laver 86 can have a thickness in the range of 100
ANG to 800 ANG, e.g., 200 ANG to 700 ANG, e.g., 300 ANG o 800 ANG,
a.g., 550 ANG 1o 600 ANG.

13
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100383 in one non-limiting aspect of the invention, the second dislactric
layer 80 and third dislectric laver 62 have thicknesses that are within 10% of
aach other, such as within 5%, such as within 2% to 3% of each other.
0037] The coating 14 can further includse an optional third heat andfor
radiation reflective layer 70 deposited over the third dislectric layer 62. The
third reflective layer 70 can be of any of the materials discussed above with
respect fo the first and second reflective layers. In one non-limiting
embediment, tha third reflective layer 70 includes silver and has a thicknass in
tha range of 25 ANG to 300 ANG, e.g., 50 ANG to 300 ANG, e.g., B0 ANG o
200 ANG, such as 70 ANG to 150 ANG, such as 100 ANG to 180 ANG, e.q.,
120 ANG. In one non-limiting embodiment, when the first, second, andfor
third reflective layers have or contain sitver, the total amount of gilver for the
coating 14 can range in the amount of 28 to 44 micrograms per centimetears?
{ugmfcm?2), such as 38.5 ugm/om2. In one non-limiting aspect of the
invention, the first reflective layer 46 and third reflective laver 70 have
thicknassas that arg within 10% of #ach other, such as within 5%, such as
within 2% 1o 3% of each other.

{0038] Ar optional third primer film 72 can be deposited over the third
reflective layer 70. The third primer film 72 can be of any of the primer
materials describad above with respect o the first or second primar films. In
one non-limiting embodiment, the third primer film Is {lanium and has a
thickness i the range of § ANG 1o 50 ANG, e.g., 10 ANG 1o 25 ANG, e.g., 20
ANG.

[G03%] An optional fourth dislectric layer 74 can be deposited over the
third reflactive layer {e.q., over the third primer film 72}. The fourth dielectric
layer 74 can include ons or more metal oxide or metal alloy oxide-containing
layers, such as those discussed above with respect to the first, second, or
third disleclric layers 40, 50, 62. In one non-limiting embodiment, the fourth
dislectric layer 74 is a multi-film layer having a first metal oxide layer 78, s.q.,
a zinc oxide {Zn0.955n0.0501.05) laver, deposited over the third primer film
72, and a second metal alloy oxide layer 78, e.g., a zinc stannate layer
{(Zn25n04), deposited over the zinc oxide layer 76. The zinc oxide layer 76
can have a thickness in the range of 25 ANG to 200 ANG, such as 80 ANG {o
150 ANG, such as 100 ANG. The zinc stannate layer 78 can have a thickness
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in the range of 25 ANG {o 500 ANG., e.g., 50 ANG 1o 500 ANG, e.g., 100
ANG to 400 ANG, e.q., 200 ANG o 300 ANG, e.g., 260 ANG.

[0040] The functional coating 14 can contain additional groups of
dislectric layerireflective metal laverfprimer layer units if desired. In one non-
Limiting smbodiment, the coating 14 can contain up to five antireflective metal
lavers, a.g., up fo five silver layers.

10041} in the non-limiting embodiment of the hwention under
discussion, the protective overcoat 18 is deposited over the optional fourth
dislectric layer 74 (if present) of the functional coating 14, o assist in
protecting the underlying layvers, such as the antireflaclive layers, from
meachanical and chemical attack during processing. The protective coating 18
can be an oxygen barrier coating layer to prevent or reduce the passage of
ambient oxygen into the underlving layers of the coatling 14, such as during
heating or bending. The protective coating 18 can be of any desired material
or mixture of materials. In one exemplary embodiment, the protective coating
18 can include a layer having one or more maetal oxide materials, such as but
not limited to oxides of aluminum, silicon, or mixiures thereof. For exampls,
the protective coating 18 can be a8 single coating layer including in the range
of 0 wi. % to 100 wi. % alumina and/or 100 wit. % to O wi. % silica, such as d
wi. % to 95 wi. 9% alumina and 85 wi. % to 5 wi. % silica, such as 10wt % o
90 wi. % alumina and 80 wi. % o 10 wil. % silica, such as 15wt % to 80 wi.
% aluming and 85 wi % 1o 10 wit. % silica, such as 80 wi. %o 75wl %
aluming and 50 wi. % o 25 wi. % silica, such as 30 wi. % to 70 wi. % alumina
and 50 wi. % 1o 30 wi. % silica, such as 35 wt. % to 100 wi. % alumina and 65
wh. % 1o 0wl % silica, e.g., 70 wi % o 80 wi % aluming and 30 wi. % to 10
wh. % silica, .., 75wt % 10 85 wi. % aluming and 28 wi. % to 15 wi. % of
silica, £.0., 88 wi % alumina and 12 wt. % silica, e.g., 88 wi. % to 78wt %
aluming and 385 wi. % 1o 25 wi. % silica, 8.g., 70 wi. % alumina and 30 wi. %
silica, .., 80 wt. % fo less than 75 wi. % alumina and greater than 25 wh. %
o 40 wi. % silica.

106421 Other materials, such as oxides and/or nitrides of chromium,
hafnium, yitrium, nickel, boron, phosphorous, tanium, zirconium can also be
present, such as 1o adjust the refractive index of the protective coating 18, In

one non-imiting embodiment of the invention, the protective coating 18 can
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have an indsx of refraction {i.e., refractive index) that is substantially the sams
as that of the substrate 12. For example, if the subsirate 12 is glass having
an index of refraction of 1.5, the protective coating 18 can have an index of
refraction of less than 2, such as 1.310 1.8, e.g., 1.5.4/-0.2. In another non-
fimiting embodiment of the invention, the refractive index of the protective
coating 18 can be hthe range of 110 3, such as 1 10 2, such as 1.4 {0 2, such
as 1410 1.8

{0043} in one non-limiting embodimant, the profective coating 18 is a
combination of silica and alumina. The protective coating 18 can be sputtered
from two cathodes {e.g., one siticon and one aluminum) or from a single
cathode containing both sllicon and aluminum. This silicon/aluminum oxide
protective costing 80 can be writlen as SxAlM-xO1.5+x/2, where x can vary
from greater than 0 {o less than 1.

{0044 Alternatively, the protective coating 18 can be a multiayer
coating formed by separately formed layers of metal oxide materials, such as
hut not limited fo a bilayer formed hy one metal oxide-containing layer{e.g., a
silica and/or alumina-containing first layer) formed over another metal oxide-
containing laver {a.g., a silica and/or alumina-containing second laver). The
individual lavers of the multiHayer protective coating can be of any desired
thickness.

[0045] Further, the protective coating 18 can be of any desired
thickness. In one non-limiting embodiment, the protective coating 80 is a
silicon/aluminum oxide coating {(SixAlM-x01.5+x/2) having a thickness in the
range of 50 ANG {o 50,000 ANG, such as 80 ANG to 10,000 ANG, such as
100 ANG to 1,000 ANG, a.g., 100 ANG to 5800 ANG, such as 100 ANG to 400
ANG, such as 200 ANG to 300 ANG, such as 250 ANG. Although the usual
grachice is to provide a protective coating 18 having a uniform thickness, the
invention can be practiced on a protective coating 18 having a nan-uniform
thickness. By "non-uniform thickness” is meant that the thickness of the
protective coating 18 can vary across its length and/or width.

[0048] in another non-imiting embodiment, the protactive coating 18
can include a first laver and a second laver formed over the first layer, Inone
specific non-limiting embodiment of the invention, the first laver can include

alumina or a mbdure or alloy including alumina and sllica. For example and
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not limiting to the discussion, the first layer can include a silica/aluming
mixture having greater than 5 wi. % sluming, such as greater than 10wl %
aluming, such as greater than 15 wi. % alumina, such as greater than 30 wi.
% alumina, such as greater than 40 wi % aluming, such as B0 wi. % 1o 70 wt,
% alumina, such as v the range of 70 wi. % to 100 wi. % alumina and 30 wt.
% to 0 wi % silica. In one non-limiting embodiment of the invention, the first
faver can have a thickness in the range of greater than 0 ANG to 1 micron,
such as 50 ANG o 100 ANG, such as 100 ANG to 250 ANG, such as 101
ANG to 250 ANG, such as 100 ANG to 150 ANG, such as greater than 100
ANG 1o 128 ANG. The second layer can include sifica or a mixture or alloy
including silica and aluming. For example, the second laver can include 2
silica/aluminag mixture having greater than 40 wt. % silica, such as greater
than 50 wi. % silica, such as greater than 80 wi. % silica, such as graater than
70 wi. % silica, such as grester than 80 wt. % silica, such as in the range of
80 wi. % to 80 wi. % silica and 10 wi. % to 20 wi. % aluming, e.g., 85wl %
silica and 15 wh. % alumina. In ong non-limiting embodiment of the invention,
the second layer can have a thickness in the range of greater than 0 ANG o 2
miorons, such as 50 ANG {o 5,000 ANG, such as 50 ANG 1o 2,000 ANG, such
as 100 ANG 1o 1,000 ANG, such as 300 ANG 1o 500 ANG, such as 350 ANG
to 400 ANG. Non-limiting examples of suitable protective coatings are
described, for example, in US, Patent Nos. §,8068,844; 8,016,542; 8,882,754,
and 7,311,861, and U5, Fatent Publication Nos. 2002-0172775A1 and 2003-
0228476.

(60477 Although the protective coating layer 18 protacis the funclional
coating 14 and improves the emissivity of the functional coating 14, # has
been observed that when the thickness of the silicon and aluminum protective
layer 18 is within a certain thickness range, the color banding on the surface
34 of the protective layer is more noticeable when the coated surfacs of the
protective layver 18 is viewed with the unaided eve, in an area llluminated by
lights having spectrally narrow emissions such as fluorescent light and light
emitting diodes. More particularly, the banding is noticeable when viewsd
with the unaided eye when the thickness of the silicon and aluminum
proteclive layer 18 has a thickness in the range of 1 micron to less than 10

microns, however, color banding is also noticeable in the range of greater
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than 0.5 microns {o 2 microns and 1-2 microns, when viewed with the unaided
eye in an area iluminated by lights having spectrally narrow emissions such
as fluorescent light and light emitting dicdes. As used hersin the term "the
unaided eye” means that no oplical enhancing equipment such as but not
limited to polarized lenses and magnifving equipment is used other than
aquipment, e.g. clear, or uncolored eye glasses, to provide 20-20 eye vision.
{O048] The banding is particularly noticeabls in an Indoor area
fluminated by lights having specirally narrow emissions such as florescent
lights and LEDs. The banding is also noticeable in the cutdoors when the
protective layer is Hluminated by the sun and viewed by the unaided ave.
However, the color banding of the protective coating is more noticeable In an
indoor area lighted by lights having specirally narrow emissions than an
outdoor area because the Delta E of the coated ariicls in the Indouor lightsd
area is greater than 1. As is appreciated by those skilled In the art, for the
majority of people the difference between two colors can be obsarved by the
unaided eve when Delta E is greater than 1. For a better appreciation of the
invention o reduce color banding observed on a surface of a silicon and
aluminum protective coating over a functional coating, the following is
preseanted.

(30487 A computer generated sample coated article had a 80
nanometers thick titanium axide functional film on the air side of a piece of §
millimeter thick clear soda-lime-silica float glass, and a 4 microns thick
aluminum siticon oxide {15% aluming, 85% silica) protective film on the titania
film. The air side of the float glass is the side of the glass apposite to the side
floating on the molten metal bath. Fig. 2 shows &* and b* color co-ordinance
{CIELAR color system) of the protective film of the coated article viewed under
an F-7 florescent light {(Serles 1 curve) and viewed under a D85 light source
(Series 2 curve) at different lines of sight forming angles in the range of 20-40
degrees. For this discussion the “L* component is along a sight line normal
o the plane of Fig. 2 and for purposes of this discussion has minimal if any
change in ransmission with changes fo the a* and the b*. Tharefore in
discussing the invention, ‘L™ is considered to be a constant. The curve of
Series 1 at end 80 provides 8%, b* values of the color of the coated glass

sample viewed at a ling of sight that forms an angle of 20 degress with & ling
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normal {o the glass surface, e.g. normal o the surface 34 of the proteclive
coating 18. The curve of series 1 at end 81 provides &%, b* values of the color
of the coated glass sample along a line of sight that forms an angle of 40
degrees with a line normal o the glass surface |, e.g. normal to the surface 34
of the protective coating 18. Tha curve of Serles 2 at end 82 provides &, b*
values of the color of the coated glass sample along a line of sight that forms
an angle of 20 degrees with a line normal to the glass surface, e.g. normal to
the surface 34 of the protective coating 18, and the curve of Series 2 at end
83 provides &%, b* values of the color of the coated glass sample along & iing
of sight that forms an angle of 40 degrees with a fine normal to the glass
surface, a.g. normal to the surface 34 of the proteciive costing 18. The
portion of the Series 1 curve between the ends 80 and 81 and the portion of
the Series 2 curve between the ends 82 to 83 are the a* b* valuss for the
viewing angles from 200 to 400.

[0050] As can be appreciated by those skilled in the art, the difference
between two colors or “Delta E” is determinad by the following Equation using

two colors in the CIELAB color system.

Equation: Delta E = the square root of {{L¥~ L5 + (@ — a%) + (b*2— b%))
Where:  L*, a%, b is the designation of a first area of color, and

L¥, &%, b%s is the designation of a second area of color,

(0051} n 1978 the definition of Delta E was extended to address
perceptual non-uniformities, while retaining the L*, a*, b* color space, by the
introduction of application-specific weights derived from an automotive paint
test's folerance data. For purposes of defining the invention, the Equation
presented above is used without extending the definition of DeltaE as
adopted in 18786.

00521 As noted above, for the majority of people the difference
betwesn two colors can be observed by the unaided eve when Delta E is
greater than 1. The Delta E for points ¢ and d for the Series 1 curve can be
determined as follows. From the above discussion, L% is a constant k; and
from Fig. 2 a%. 15 -5.5, and b’ is 8, and L 4 is the constant k; a*d is -0.5, and
b*s is 1.5. Using the above Equation, the Delta E betwsen color points a and
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b is equal to the square root of {{k — k)? + (-5.5 ~ (-0.8)F + (8 - 1.8}, which is
ggual to 8.98. Consider now the Delta E between points ¢ and f of the Series
2 curve. From the above discussion, L% is a constant k; and from Fig. 2 2% is
~3.0, and b, 18 5.3, and L% s the constant k; ™ is -3.1, and b% is 3.8, Using
the above Equation, the Delia & betwsen color points s and 1 is egual i the
square root of {{k — k¥ + (- 3.0 - & 311 + { 4~ 5,39, which is equalto 1.3
{00531 The above calculated Della B's are not used for a direct
comparison becauss the angle of sight for extreme points c and d of the
Series 1 curve are not the same angle of sight for extrems points ¢ and fof
Series 2 curve. However, the calculated Delta E’s do show the significant
banding of the coating betwsen tha points when viewed under different
fighting. More particularly, from the above discussion i can now be
appraciated, that the Delta E of the color bands s increase whan the coated
article is viewed under lighting having specirally narrow emissions, e.g. F-7
florescent light.

[0054] in ona non-limiting embodiment of the invention, the anti
banding coating 32 of the invention reduces the reflsction of the undarlying
surface to reduce the Delta £ betwaen adjacent color bands on the underlying
surface, e.g. the surface 34 of the protective laver 18 of the coated article 10
shown in Fig. 1 1o 2 Delta E value of less than §, mors preferably less than 3
and most preferable less than 2 or less than 1 when viewed under lighting
having spectrally narrow emissions, e.g. an F-7 florescent light at a sight
angle within the rangs of 0° ko 80°% ard more preferably within the range of 20
io 40 degrees.

[0085] In one non-limiting embodiment of the invention, the anti
handing coating 32 includes alternating lavers of relatively high and low index
of refraction materials. A "high” index of refraction material is any material
having a higher index of refraction than that of the "low” index material. In one
rion-imiting embodiment, the low index of refraction material is 3 material
having an index of refraction of equal to or less than 1.75, and the high index
of refraction material is & material having an index of refraction of greater than
1.75. Although the dividing lines for these ranges is not a stark ling and the
index of refraction (hereinafier also referred o as “RI”} at the extremeas of

adioining ranges can cross gver between the adjacent regions to a degres.
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10058] Non-limiting examples of suitable materials for the high and low
refractive index coating lavers include various metal oxides, nitrides, and thelr
atioys and mixiures thereof. For the higher refractive index, the materials
include: zing oxide {refractive index = 1.80), tanium oxide {TIO2) {refractive
index = 2.3-2.7), Cal2 {refractive index = 1.85}, antimony oxide (Sb2085)
{refractive index = 1.71), 8n02, ITO {refractive index = 1.88}, Y203 {refractive
index = 1.87), La203 {refractive index = 1.85), zirconium oxide (Zr02)
{refractive index = 2.058} and tin oxide, and indium oxide. Nonexclusive
gxamples of the materials for the low index of refraction can include but are
not imited to silicon dioxide, SI02 {refractive index = 1.458}, Al203 {refractive
index = 1.88), B203 (refractive index = 1.60), magnesium fucrids {refractive
index 1.38), silicons polymaer, and oryolite.

{GO5T] The anti-banding color coating 32 can be, for example, but not
Himiting to the present invention, a multi-ayer coating as shown in FIG. 14
having a first metal alloy oxide layer or metal oxide layer 86 (first laver}, a
sacond metal alloy oxide layer or metal oxide laysr 88 {second layer), a third
metal alioy oxide layer or a metal oxide layer 80 {third layer), and a fourth
metal alloy oxida layer or metal oxide layer 82 (fourth laver). In one non-
limiting embodiment, the fourth layer 82 is an upper low index layer of silica or
alumina or a mixture or combination thergof, the third layer 90 is an uppsy
high index layer of zinc stannate or zirconia or mixtures or combinations
thareof, the sscond layer 88 is a bottom low index layver of siiica or alumina or
a mixtura or combination thereof, and the first layer 86 is a bottom high index
laver of zinc stannste or zirconia or mbdures or combinations thereof. Inthis
ambodimeant of the invention, the refractive index of the anti-banding color
coating 32, which includes the layers 88, 88, 80 and 82 are combined {o
reduce the reflection of the protective layer 18 o reduce the Delta E
difference betwesen adjacent bands of anti-banding color coating 32,

{0058] Shown in Fig. 3 is ancther coated transparency or coated article
of the invention designated by the numeral 88. The coated arlicle 88 includes
the functional coating 14 over or on the surface 18 of the substrate 12; the
protective laver 18 over or on the surface 34 of the functional layer 14, and an
anti-banding coating layer 100 over or on the surface 38 of the protective

layer 18. In the practice of the invention, providing an anti-banding coating
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that is aqual {¢ the square root of the index of refraction of
IDL1EDL2IDLIJDL4]the protective coating eliminates the banding viewed on
the protective coating; in other words, the anti-banding coating has no
banding when viewsd under an F-T florescent light,

(6658} in the embodiment of the invention shown in Fig. 3, the
protective layer 18 is a single layer of mixed oxides of sHicon and aluminum
having an index of refraction of 1.54 and a thickness as measurad between
the surfaces of the protective layer 18 of 2 microns, The anti-banding coating
laver 100 is a layer of magnesium fluoride having an index of refraction of
1.38, which is lower than the index of refraction of the protective laver 18,
which in this embodiment of the invention is 1.54. The squars root of 1.54
{the index of r¢fraction of the protective layer 18} is 1.24. The index of
refraction of tha anti-banding coating 100 is 1.38. it is expected that the Della
& difference between adjacent banding of the anti-banding coating layer 100
will be less than 1

[eaag) Although it is expected that the anti-banding coating layer 100 of
magnesium flucride reduces the color banding of the protective layer 18, #ts
use has limitations. More particularly, magnesium Huoride has very low
mechanical and chemical durability and during the handling of the coated
article, the magnesium fluoride coating 100 can be accidentally rubbed off
causing optical distortion of the underlying ocoating.

[0061] Shown in Fig. 4 is ancther non-limited embodiment of a coated
fransparency or coaled article of the invention dasignated by the numeral 108,
The coated article 108 includes the functional coating 14 over the surface 16
of the subsirate 12; the protective laver 18 over the surface 20 of the
functiona! layer 14, and an anti-banding coating layer 108 of the invention
over the surface 34 of the protective layer 18, The protective layver 18is 8
single laver of mixed oxidss of silicon and aluminum having a high Index of
refraction of 1.80 and a uniform thickness as measured between the surfaces
of the protective layer 18 of 2 microns. The anti-banding coating layer 108
includes a homogenous laver 110 of a metal oxide over or on a graded layer
112 of two or more metal oxids layers. The ferm "homogenous layer” 8
defined as 3 layer that has a constant concentration of a metal oxide between
opposed outer swiaces, e.g. surfaces 114 and 115 of the homogenous layer
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110. The term “graded layer” as used herein is defined as a layer having two
or mora mixed metal oxides with the concentration of each metal oxide
varying as the distance from one surface foward an opposite surface
decreases.

0083} By way of illustration and not limiting fo the invention, the graded
layer 112 of the anti-banding coating layer 108 has opposed swrfaces 118 and
120, with the surface 120 of the graded layer 112 on or over of the swiface 38
of the protective laver 18. The graded layer is a mixture of silicon oxids or
silica ("SIO2") and Hitanium oxide ("TIOZ"). The surface 120 of the gradient
layer 112 of the anti-bonding coating laver 108 has 88-100% Si02 and 0%-
19 TIOZ2. As the distance from the surface 120 increases the concentration
of the SIQO2 decreases and the concentration of the TIOZ increases. Althe
surface 118 of the graded layer 112 there is 98-100% Ti0O2 and 0%-1% SI02.
Further, the surface 120 of the layer 112 of the anti-banding color layer 108
has an index of refraction of 1.5, and the surface 118 of the layer 112 of the
anti-banding color layer 108 has an index of refraction of 2.5, With continued
refarence to Fig. 4, the layer 110 of the anti-banding color layer 108 iz a
homogenous layer of silicon oxide having an Index of refraction of 1.6,

68633 Based on the forgoing, the protective layer 18 has a high Ri, the
layer 112 of the anti-banding color layer 108 has a low Ri at the surface 120,
and a high Rl at the swrface 115, and the layer 110 of the anti-banding color
layer 108 has a low Rl and a thickness of one quarter wavelength., With this
arrangement i is expected that the Delta E between adjacent banding will be
less than 2.

(0084} Shown in Fig. 5 is another non-limited embodimant of a coated
fransparency or coated article of the invantion designated by the numeral 124.
The coated ariicle 124 includes the functional coating 14 over the surface 16
of the subsirate 12; the protective layer 18 over the surface 20 of the
functional layer 14, and an anti- blocking color layer 126 over the surface 34
of the protactive layer. The protective color layer 18 at the surface 36 has a
high index of refraction. The anti- banding color layer 126 is a melal oxide
having & graded density to vary the porosity of the metal oxide 1o vary the
index of refraction of the metal oxide layer. More pacticularly, the porosity of
the metal oxide of the layer 126 changes as the distance from surface 128 in
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the direction of surface 130 of the layer 1208 increases. in one ambadiment of
the invention, the protective layer 18 has a high index of refraction and the
matal oxide of the layer 128 is Si02. The Si02 has a porosity of zero at the
surface 128 and a porosily of 20% at the surface 130. The index of refraction
of the layer 126 is 1. 4 at the surface 128, and 1.75 at the surface 130, The
invention is not Himited fo the manner in which the SI02 is elched and any of
the techniques known in the art e.g., but not limited o, the msthod disclosed
in the Dynamic Etching of Sllicon for Broadband Antirefiection Applications,
published in Applied Physics Lelters, American Institute of Physics Volume
81, Number 18, dated 14 QOctober 2001 can be used.

100851 A non-limiting embodiment of the invention is practiced on the
sample coated article discussed above and having the color co-ordinance
{CIELAB color system) shown in Fig. 2. A computer generated anti-banding
{(MSVD) coating laver of the invention is applied {o the surface of the
protective layer. The anti-banding coating layer, e.¢. the coating layer 100
includes a first zinc stannate film having a thickness of 20,88 nanomelers on
the protective aluminum silicon oxide film, a first 85% alumina 15% silica fim
having a thickness of 27.74 nanometers on the first zinc stannate film; a
second zing stannate film having a thickness of 74.8 nanometers thick on the
firat 85% alumina 15% silica film, and a first 85% alumina 15% silica film
having a thicknsss of 88.53 nanometers on the second zinc stannate film.
{00887 Shown in Fig. 8 are Series 3 and 4 curves. The Series 3 curve
shows the coated article of the invention viewsd under a fluorsscent lighting
F-7, and the Series 4 curve shows the coated article of the invention viewed
under a DES lighting. The Delia E for points g and h for the Serles 3 curve
can be determined as follows. From the above discussion, L’g is a constant
k; and from Fig. 6 8°g is -4, and b*g is 7.8, and L h is the constant k; a*his ~
2.8, and b*h is §. Using the above Equation, the Deilta E bebtwaen color points
a and b is equal to the square root of ((k — k32 + {- 4 —~ {-2.8)32 + {7.688- 5)2},
which is equal to 2.88. Consider now the Delta E between points and | of the
Seriag 4 curve. From the above discussion, L% Is a constant k; and from Fig. 6
g'iis-3, and b'is 8, and LM is the constant k; a* fis -3, and 1" 18 5.2, Using
the above Equation, the Dells E between color points | and | is equal to the
square root of ({(k-- K32 + {- 3 - {- 3})2 + { 6~ §.2)2), which is equal io 0.8
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100871 As can now be appreciated, the practice of the invention (see
Series 3 and 4 curvas of Fig. 8) reduced the Delta E of the prior art coated
sample from 8.98 (see Series 1 curve of Fig. 2} {0 2.88 {sec Series 3 curve of
Fig. 8}, and reduced the Delta £ of the prior art coatled sample from 1.3 {(sae
Series 2 curve of Fig. 210 0.8 (ses Series 4 curve of Fig. 8).

{0068} twill be readily appreciated by those skilled in the art that
modifications can be made v the invention without departing from the
concepis disclosed in the foregoing description. Accordingly, the particular
embodiments described in detaill hergin are Hustrative only and are not
limiting to the scope of the invention, which is {0 be given the full breadth of

the appanded claims and any and all equivalents thereof.
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What is claimed is:

A coated article comprising:

a substirate having a major surfacs;

a coating over the major surface of the substrate, wherein the
coating exhibits color banding when viewed under a light source having
spactrally narrow emissions, and adjacent ones of the color banding of the
coating have a first measured Delta &, and

an anti-banding coating laver over the chemical and/or
meachanical protective layer, wherein the anti-banding coating laver exhibils
color banding when viewed under the light sourca having specirally narrow
emissions, and adjacent ones of the color banding of the anti-banding costing
layer have a second measured Delta E that is less than the first measured

Dalta E.

2. The coated article according to claim 1, wherein the coating
comprises:
a functional coating over the major surface of the subsirate, and
a chemical andfor machanical protsctive coating over the
functional coating, wherein the chemical and/or mechanical protective coating
axhibits the color banding when viewed under a light source having spectrally
narrow emissions, and adiacent ones of the color banding of the chemical

and/or mechanical protective coaling have the first measured Delia E
3. The coated article according o claim 2, wherein the light source
having spectrally narrow emissions is seleclted from the group a florescent

light and a light emitting diode.

4. The coated article according to claim 3, wherein the Hght source

having spectrally narrow smissions is an F-2 florescent light,

5. The coated article accurding to claim 3, wherain the second

maasured Delta E iz less than 3 determined using the following Equation:
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Delta E = the squara root of (L — L4F + {@% - a4 + (b5 -
b*1¥)
Where: Li, 8%, b% Is the designation of color for a first band, and
Lz, &%, b% is the designation of color for a second band

adiacent the first band.

6. The coated article of claim 2 wherein the functional coaling
comprises three matal films and four metal oxide films, whearain one of the
metal films is between adjacent ones of the metal oxide films, and the
protective costing comprises oxides and nitrides of sHlicon and aluminum, and

combinations thereof.

7. The coated article according o claim 2 whersin the functional
coating comprises a metal film belwesn metial oxide or matal alloy oxide films,
and the protactive coatling comprises oxides and nitrides of silicon and

aluminum and combinations thereof.

8, The coated arlicle according fo claim 7, wherein the anti-
banding coaling comprises a first melal oxide layer or metal alloy oxide layer
over the profective laver, a second metal oxide layer or matal alloy oxide laver
over the first layer, a third metal oxide or metal alloy oxide layer over the
second layer, and a fourth metal odde layer or metal alloy oxide layer over

the third layer.

g. The coated article according o claim 8 wherein the first metal
oxide layer or metal alloy oxide layer has a high index of refraction; the
sgcond metal oxide layer or metal alloy oxids layer has a low index of
refraction; the third metal oxide layer or metal alloy oxide layer has g high
index of refraction, and the fourth metal oxide layer or metal alloy oxide layer

has low index of refraction.

18, The coated article according to claim 8 whersin the first metal
oxide layer or metal alloy oxide layer comprises zine stannats or Zirconia or

mixtures or combinations thereof; the second metal oxide layer or metal alloy
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oxide layer comprisas silica or aluming or a mixture or combination thereof;
the third metal oxide layer or metal alioy oxide layer comprises zinc stannate
of zirconia or mixtures or combinations thereof, and the fourth metal oxide
layer or metal alloy oxide layer comprises silica or alumina or a mixture or

combination thereof.

it The coated article according to claim 2, whersin the protective
layer is a single layer of mixed oxides of silicon and aluminum having an index
of refraction of 1.54 and a uniform thickness as measured between opposed
major surfaces of the protective layer up to 2 microns, and the anti-banding
coating layer comprises a laver of magnesium Huoride having an index of

refraction of 1.38.

12. The coated article according 1o claim 2 wherein the anti-banding
coating layer has an index of refraction, which is the square root of the index

of refraction of the protective laver.

13. The coated article according to claim 2 whersin the anti-banding
coating layer comprises a homogenous layer of a metal oxide over a graded

layer of two or more metal oxide layers.

14. The coated article according to claim 13 whersin the graded
layer of the anti-banding coating layer has & first surface and an opposite
second surface with a first surface of the graded layer in facing relationship to
and over the protective layer, wherein the graded layer is a mixture of silicon
oxide {"Si0.") and titanium oxide (“TiC,") and the first surface of the gradient
layer of the anti-banding coating layer has 88-100% SI0; and 0%-1% Ti(,
and second surface of the graded laver has 88-100% TiC; and 0%-1% Si0,.

18. The coated article according to claim 14 wherein the first surface
of the graded layer of the anti-banding color layer has an index of refraction of
1.5, and the second surface of the anti-banding layer has an index of

rafraction of 2.5,
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18. The coated article of claim 18, wherein the homuogenous layer of

the anti-banding layer is silicon oxide having an index of refraction of 1.5

17. The coated article of claim 13, wherein the protective layer has a
high index of refraction, the graded layer of the anti-banding color layer has a
fow index of refraction at a first surface of the graded layer in facing
relationship to and facing the protective laver, and a high index of refraction at
a second surface of the anti-banding coating laver opposite fo the first
surface, and the homogenous layer of the anti-banding color layer has a low
index of refraction and a thickness of one quarter wavelength, and the Delta &

betwaen adiacent bands is less than 2.

18, The costed article of claim 2, wherain the protective coating
layer has a first surface and an opposite second surface, wherein the first
surface has a high index of refraction, and the anti- banding color layeris a
metal oxide having a graded density to vary the porosity of the metal oxids to
vary the index of refraction of the metal oxids layer, wherain the porosity of
the metal oxide of the anti-banding coating layer changes as the distance

from the protective laver increases.

18, The coated article of claim 18 whersin the melal oxide of the
anti-banding laver is 8i0; and has a porosity of zero at the first surface and a
porosity of 20% at the second surface o provide the anti-banding layer with
an index of refraction of 1. 4 at the first swface, and 1.75 at the second
surface 130

20, The coated article of claim 18, wherein the coated articls has a
visible transpargncy of greater than 0 percent and less than 100 percent and
the Della £ between adjgcent bands of the anti-banding coating is less than 2.
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