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IN THE UNITED STATES DISTRICT COURT 5
FOR THE EASTERN DISTRICT OF MICHIGAN 1", '{s A-B

GUARDIAN INDUSTRIES CORP. and ) 5o 15728
" 0y C . 2:06-cv-
CENTRE LUXbMBDURGLDIS DF ) A::iagned To: Roberts, Victoria A
RECHERCHES POUR LE VERRE ET LA ) Referral Judge: Pepe, Steven D
| LRV.C. Filed: 12-26-2006 At 01:40 PM
CERAMIQUE S.A. (C.R.V.C) % CMP GUARDIAN IND CORP V. AFG INDUST
. RIES (TAM)
Plaintiffs, ) o . —_
) JURY TRIAL DEMANDED
V. )
)
AFG INDUSTRIES, TNC. )
)
Defendant. )
)

COMPLAINT

Plaintiffs Guardian Tndustrics Corp. (“Guardian™) and Centre Luxcmbourgeos de
Rc:clicrc;hes pour le Verre et la Ceramique S.A. (C.RV.C)) (collectively “Plaintiffs™), by their
undersigned attorneys, for their Complaint against defendant AFG Industrics, Inc. ("AFG™),
allege as follows:

NATURE OF THE ACTION

1. This is an action for patent infringement arising out of AI'G’s infningement of
U.S. Patent No. 6,936,347 (“the ‘347 patent”) and U.S. Patent No. 7,067,175 (“the ‘175 patent”),
in violution of the patent laws of the United States, 35 U.S.C. §§ 271 and 281-285,

THE PARTIES

2. Guardian js a corporation organized and existing under the laws ol the State of

Delaware, having a principal place of busincss in Aubum Hills, Michigan.
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3 Centre Luxembourgeois de Recherches pour le Verre et la Ceramique S.A.
(C.R.V.C.}is a corporation organized and cxisting under the laws of the country of Luxemhourg,
having a principal place of business in Dudelange, Grand Duchy of J.uxembourg.

4, On information and belief, AFG is a corporation organized and existing under the
laws of the Statc of Delaware, having a prineipal place of business in Kingsporl, Tenncssce.

JURISDICTION AND VENUE

3. This action arises under the patent laws of the United States, Title 35 of the
United States Code.

6. This Court has jurisdiction over the subject mattcr of this action pursuant to 28
U.S.C. §§ 1331 and 1338&(a).

7. Upon information and beliefl] this Court has personal jurisdiction over AFG. AFG
has conducted and continues to conduct business in this judicial district purposefully, has placed
its infringing low-cmissivity glass products into the stream of commerce knowing and intending
that this judicial district was and is a likely destination of those products, has caused injury to
Plaintiffs in this judicial district and has committed acts of infringemcnt in this judicial district.

5. Venue is proper in this judicial district under 28 U.S.C. §§ 1391(c) and 1400(b).

BACKGROUND

9. The U.S. Patent and Trademark Office (“PTO"} duly and Jegally issucd the *347
patent, enlitled “Coatcd Article with High Visible Transmission and Low Emissivity,” to Ronald
E. Laird et al. on August 30, 2005. The ‘347 patent is asgigned to Plaintiffs. A truc and correct
copy of the ‘347 patcnt is attached as Exlubit A,

10, The PTO duly and legally issued the ‘175 patent, cntitled “Method of Making

Hcat Treatable Coated Article with Diamond-Like Carbon (D1.C) Inclusive Layer,” to Vijayen 5.
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Veerasamy on June 27, 2006. The *175 patent is assigned to Guardian. A true and correct copy
of the ‘175 patent is attached hereto as Exhibit B.
COUNT I
(Patent Infringement)

11.  AFG has infringed the 347 patent by making, offering to sell, selling or using
within the United States low-cmissivity glass products covered by onc or more claims of the
‘347 patent, including but not Jimited to products that, on information and belicf, AFG markcts
as “Ti-AC 36.7

12, On information and belief, AI'G has had notice of Plaintiffs’ exclusive rights
secured by the ‘347 patent since at Teast August 30, 2005.

13. On information and belief, AFG has proceeded in a willful and deliberate manner
to infringe the ‘347 patent.

4.  On information and belicl, AFG’s actions constitute willful infringement of the
“347 patent, in violation of 35 U.S.C. §§ 271 and 281-284.

15.  Plaintiffs have been irrcparably harmed by AFG’s mlringing conduct.

16.  AFG’s infringing conduct will continue unless enjoined by the Court.

COUNT NI
(Patent Infringement)

17.  AFG has infringed the ‘175 patent by making, offering to scll, selling or using
within the United Statcs low-emissivity glass products covered by one or more claims of the
“175 patent, including but not limited to products that, on in formation and belicf, AFG markeis

as “Ti-AC 36.”

18. On information and belief, AFG has had notice of Guardian’s exclusive rights

secured by the 175 palent since at least June 27, 2006.
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19.  On information and beliel, AFG has proceeded in a wiliful and deliberate manner
to infrimge the *175 patent.

20. On information and belief, AF(3’s actions constitute willful infringement of the
“175 patent, in violation of 35 U.5.C. §§ 271 and 281-284.

21.  Guardian has been irrcparably harmed by AI'G’s infringing conduct.

22, AFG’s infringing conduet will continue unless cnjoined by the Court.

RELIEY REQUESTED

WHIEREFORF, Plaintiffs respecifully request that this Court cnter a judgment and order
that:

A AF( has infringed the ‘347 patent,

B. AF(s infringement of the “347 patent has becn willful and dehiberate;

C. AFG and its officers, agents, representatives, employees and all others in concert
or participation with them, directly or indircctly, be enjoined [rom infringing, inducing others to
infringe or contributing to the nfringement of the “347 patent,

D. AFG has mfninged the ‘175 patent;

E. AFG’s infringement of the ‘175 patcnt has been willful and dcliberate;

F. AFG and its officers, agents, representatives, employces and all others m concert
or participation with them, dircetly or indirectly, he enjoined from infiinging, inducing others o
infringe or contributing to the infringement of the 175 patent;

G. PlaintifTs be awarded damages adequate to compensate for AFG’s infringement ol
the ‘347 and ‘175 patents together with pre-judgment interest pursuant to 35 U.5.C. § 284;

H. Plaintiffs be awarded treble damages and their costs and rcasonable attomeys’

fces and expenses in (his action in accordance with 35 U.S.C. §4 284 and 285; and
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I. Plaintiffs be awarded such other and further reliel as this Court may decm just and
proper.
JURY DEMAND

Plaintiffs hereby request a trial by jury of all (riable issucs.

Datcd: December 26, 2006 Respectully submitted,

Reising, Ethington, Bames, Kisselle P.C.

PO

Andrew M. Grove (P48868)
Matthew J. Schmidt (P55649)
P.O. Box 4390

Troy, MI 48099-4390

(248) 689-3500
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COATED ARTICLE WITH HIGH YISIBLE
TRANSMISSION AND LOW EMISSIVITY

"This invention rclates to a coated article, and a method of
making the same. In particular, this invention relates 1o a
codled arlicle having high visible transmission (e.g., absent
tempering, heat bending, or olher sipnificant heat treatiment),
neutral color (lransmissive amdfor refiective), durability
{mechanical and/or chemival), and/or low emissivity (Tow-
Li) characteristics, and a method of making the same,

BACKGROUND OF THE INVENTION

Codled arlicles are koown in the arn. Vor example, see
U.s. Pat. No. 5,800,933 to Hartig (the '933 patent), The '933
patent discloscs, inter alia, a layer stack of: glass substate/
Ti0/51 N /NICH Ag/NiCHSi N, Tn columns 22-25 of the
'933 patent, 1§ ¢can be seen [rom non-heat-treatable Lxample
A that the resulting insulating glass (1G) unit used 2.3 mim
glags sheets and had a wvisible transmission of 09.5%, a
shading cocficient (SC) of 048, and thus a solar heat guin
cocfficicnt (SHGC) of about 0.4158 (Le., SC=SHGC/0.87).
Ewven using thess thin clear glass sheels (2.3 mm thick), the
IG umit was sill nol able ( achieve a visible traosmission ol
at least 70%; this is unforunate in certain non-limiting
situations. Morcover, it would sometimes be destrable to
have a 5C and/or SHGC thal was lower than those listed
nhove, [or solar managemeni reasons hat will be apprea-
aled by those skdlled in the art.

It will e apprecialed by those skilled in the arl that there
exisls 1 need in the arl for a ¢oaled article that can be used

in monolithic applications and/or applications such as IG

unils, s thal resulling IG unils can achieve high visible
(ransmission (e.g., visible (ransmission of at least 70%)
combined with one or more of () SHGE no greater than
about (.45, more preferably no greater than about 0.443; ()

5C no pgreater than abowt 019, more preferably no greater

than aboul 0.46; {c) chemical and/or mechanical durability;
{d) neutral transmissive calor such thal transmissive a* s
from =50 0 O (more prelerably from =335 w0 =1.5), and
transmissive b* i [rom -2.0 W 4.0 (more preferably Dom
1.0 10 3.0%; and (&) neutral relleciive color from the exlerior
of the IG unit (i.c., Rp/R,,,) such that reflective a* is from

=3.0t0 2.0 (more preferably from -2.0 to 0.5), and reflective
b* iy [tom =50 1o 1.0 {more preferably from -4.0 to -1.0).

BRILT SUMMARY Ol TTILE INVENTION

An ohject of this invention is 1 pruvide a coaled article
that can be used in applicalions such as insulating glass (1G)
unils, so thal resulting IG units can achicve hiph visiblc
transinission of at least 700% (c.0., when using clear glass
substrates from 1.0 10 3.5 mm (hick), combined with al least
one of: (a) SITGCT no grealer than aboul 0,45, more preler-
ably no greater than about 0,40; (b) SC no greater than about
0.49, more preferably no greater han about 0.46; (¢) chemi-
cal and/or mechanical durability; (d) ncutral transmissive
color such that transmissive a* s from =5.0 10 0 (more
prelerably [rom -3.5 (o -1.5), and lransmissive b* is from
-2.0 1 4.0 (more prelerably rom 1 to 3.0); and (¢) neutral
reflective color from the exterior of the [G unit (e, Rg/R )
such that reflective a* is from =3.0 to 2.0 (more preferat:ly
from =20 to (1.5}, and rellecijve b* is [rom =500 1.0 (more
preferabily from —4.0 o —1.0), '

Another object of this invention is ko provide an srlicle
having a layer stack comprising:
substrate/ 10 /Zo0 (Ay/NICIO, /300 /200, /Ag/NiCr(), /

Suld /BN In eertain example non-limiting cmbaodi-

ments of this invention, such a layer slack may enable one

or more of the above-listed objects and/or needs to be met.

Another object of this invention is to fulfill one or more
of the above-listed oljects and/or needs,
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In cectain example non-limiting cmbodiments of this
invention, onc or more of the above-lised objects andfor
needs is/are satisfied by providing a coated article compris-
ng

a substrate;

a first diclectric layer supported by the subsirale;

a lower contact layer comprising zine oxide;

an infrared (TR) reflecting layer comprising silver;

an upper contact layer comprising at least one of an oxide
of nickel, an oxide of chronuum, and nickel chrome oxide;
and

wherein the IR reflecting layer ¢omprising silver 1s
located between and in contact with the lower and upper
conlact layers,

In other example embodiments of this invention, one or
mare ol the above-listed peeds and/or objects is/are satsfied
by providing an insulaling glass (IG) window unil compris-
ng;

first and second substrales spaced [mom one another,

a coating supported by the first substrate, the coating
including first and sccond IR reflecting layers, cach of the IR
reflecting layers being sandwiched betwecn and contacting
a espective pair of contact layers;

whercin the coating has a sheet resistance (R,) no greater
than 3.5 ohms/sgquare; and

wherein the 16 window unit has a visible transmission of
at lcast 70%, a solar beat pain cocficicnt (SHGC) no greater
than 4%, and oulside refleclive color characlerized by
a* side refiecrive oM =3.0 to 2.0 and b* from
~5.0 10 1.0,

10 other example embodiments of this invention, one or
mare of the above-Tisted olyjects and/or needs s/are satisfed
by providing, a coated article comprising:

a coating or layer system supported by a glass substrate,
the coating or layer system comprising from the glass
substrate outwardly:

orrsfde refecrive

a) a titanium oxide inclusive layer,

b) a zine oxide inclusive comlagt layer;

¢ # silver inelusive laver;

d) a nickel chrome oxide inclusive Layer;

&) a un oxide inclusive layer;

[} a zine oxide inclusive layer;

g) a silver inclusive laycr;

hy a nickel chrame oxide Inclusive laycr; and

1} 4 silicon nitride inclusive layer;

wherein the coated article bas a visible transmission of at
least about 700% and the coating ar laver system has a sheel
resisanee (R) of no preater than 3.0 chims/square,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG, 1 is a cross sectiomal view ol a coated arlicle
aecording Lo an example embodiment of this invention.

FIG. 2 55 4 cross seclional view of an insulating glass (IG)
unil utilizing the coated ariicle ol FIG, 1 {or allemalively, the
couled artivle of FIG, 3 or FIG, 4) according to an ¢xample
cmbodiment of this inveation.

FIG. 3 05 2 crows seclions]l view of o woaled arlicle
according (o anolher example embodiment of this invention,
similar o the IG. 1 emtxrliment excepl that the lin oxide
layer is oot present.

IIG. 4 15 a cross sectional view ol a coaled article
according tu another example embodiment ol this invention,
illustrating thal o dismond-like carbon (DLC) layer may be
provided over top of any of the coalings or layer syslems
herein.
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DETAILEY DESCRIPTION OF EXAMPILL
EMBODIMENTS OF THE INVENTION

Referring now more parlicularly to the accompanying
drawings in which like reference numerals indicate like parts
throughout the scveral views,

Certain embodiments of this invention provide a low-E
coating or layer sysiem thal may be used in applications such
as insulating glass ([G) window umits, vehicle windows,
skylights, glass doors, and the like, Coaled anlicles (e.g.,

monolithic or 1G unifs) according to certain embadiments of

this invention preferably have high visible (rapsmission of at
least 70% (w.g., when using, clear glass substrates from 1.0
10 3.5 mm thick). In the example context of 1G units, this
high visible lransmission is coupled with af least one ol: (4)
SHGC no greater than alout 045, more preferably mo
greater than aboul 0.4k () SO no greater than about (.49,
more preferably no greater than aboul 0.46; (c) chemical
and/or mechanical durability, (d) neutral transmissive color
such that transmissive a* is from =5.0 to 0 (more prelerably

trom —3.5 to ~1.5), and transmissive b* is [rom -2.0 o 4.0

(more preferably from 1.0 to 3.0 and (¢) neulral relleclive
color from the exteror of the IG unil (i.¢., Re/R,,,..) such that
reflective a* (Lc., a*) is from —3.0 lo 2.0 {more prelerably
trom -2.0 to 0.5), and reflective b* {ic., b*,) is [rom -5.0
to 1.0 (more preferably from ~4.0 1o -1.0),

FIG. L is u side cross seclional view of a coaled article
accarding o an example noo-limiting embodiment of this
invention. The coated articls includes subwirate 1 (2.g., clear,
green, bronze, or blue-green glass subsirate Lrom about 1.0
1 10,0 mm thick, maore preferably from about 1.0 mm to 3.5
mm thick), and coaling (or layer system) 27 peovided on the
substrate 1 either directly or indircctly. The coating (or layer
syslern) 27 includes: first dicleetric anti-reflection layer 3,
first lower contact layer 7 (which contacts layer 9}, [irst
conductive metallic infrared (TR) reflecting layer 9, [irst
upper contact layer 11 {which contacts layer 9), sccond
dielectric layer 13 {which may bc doposited in one or
multiple steps in diflerem embodiments of this invention),
second lower conlact Tayer 17 (which contacts layer 19),
second conduclive metallic JR refllecting layer 1%, second
upper contact layer 21 (which contacts layer 19), third
dielectric layer 23, and finally fourth peotective diclectnic
layer 25. The “contact” layers 7, 11, 17 and 21 each contact
al leasi one IR rellecting layer (e.., Ag layer). The atoresaid
layers 3-28 make up low-E (i.e., low emissivity) coating 27
which is provided on pglass or plastic substrate 1,

In certain preferred embodiments of this invention, first
dielectric layer 3 may he of or include titanium oxide {(e.g.,
T, where % is from 1.7 to 2.3, most preferably x is about
2.0). However, in other embodiments, layer 3 may be of or
include silicon nitride (51N where x/y may be about 0.75
(Lo, SN, or alternatively %'y may be from about .76 to
1.5 in Si-rich embodiments), aluminum oxide, tin oxide,
zine oxide, Bi0,, SIiZrN, or any other suitable dicleetric
material. Preferably, first diclectric layer 3 has an index of
refraction “n” of at least 1.7, and preferably from 2.0 10 2.7,
andd most preferably from 2.2 1o 2.6, First diclectric layer 3
Tunctions as an antirellection layer in cerlain smbodiments
of this invention.

Infrared (IR} rellecting layers 9 and 19 are prefersbly
metallic and comductive, and may be made of or include
silver (Ag), gold, or any oher suitable 1R rellecting malerial.
However, metallic Ap is the matcrial of choice for the IR
refecting layers 9 and 19 in certain cxample non-limiting,
cmbodiments of this invention. These IR rcflecting layers
help ¢nable coaling 27 1o have low-E andfor pood solar
control characteristics.
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"The upper contact laysrs 11 and 21 (ic., “upper” means
the contact Jayers on Lop ol \he respective 1R reflective layers
9, 19) are ol or include nickel (Ni) oxide, chromivm/chrome
(Cr) oxide, or a nickel alloy oxide such as nickel chrome
oxide (NiCr0 ), in prefered embodiments of this invention,
The use al, for example, NiCr()_ for/in these layers cnables
durability o be improved, compared to the use of cerlain
other malerials (g2, compared o zine oxide). NiCr0, layers
11 and/or 21 may be fully oxidized in certain cimbodiments
of this invention {i.e., Lully sioichiometric), or may be at
least aboul 50% oxidized m other cmbodiments of this
invention. While NiCrO, is # prefecred material for upper
contact layers 11 and 21, ihose skilled in the art will
recognize that other malerals may inslead be used (e.g.,
oxitdes ol Ni, ovides of Ni alloys, oxides of Cr, oxides of Cr
alloys, NiCrQ,N,, or other suitable malerial) lor one or mors
of these layers in alternative cmbodimenls of this invention,
It is noled thal upper contact layers 11 and/or 21 may or may
not be continvous in dillerent embodiments of this
invenlion, depending vpun their respective thickness(cs).

When upper contact lavers 11 and/or 21 comprise NiCr0Q,
in certain embodiments, the Ni and Cr may be provided in
different amounts, such as in the [orm of nichrome by weight
ahout BO-90% Ni and 10-20% Cr. In other embodiments,
sputtering, tarpets used in sputlering layer(s) 11 and/or 21
may be 30750 Ni/Ce, 60/40 Wi/Cr, 70/30 Ni/Cr, or any other
suitable ralio, An exemplacy sputlering target for depositing
these layers includes not only $58-310 which consists cssen-
ally of 109 Ni and 90%, other ingredients, mainly 'c and
¢, but potentially Haynes 214 alloy as well (e.g., see U5,
Pat. No. 5,688,585). Upper contact layer(s) 11 andfor 21
(e.g., of or including NiCrQ,) may or may not be oxidation
wraded in difterent embodiments of this invention, Oxidation
grading means that the depree of oxidation in the layer(s)
changes throughout the thickness of the layer(s) so thal lor
example a contact layer may be graded so as (o be less
oxidized at the contact interface with the immediately adja-
cenl 1R reflecting layer than at a portion of the contact
layer(s) {urlber or mare/most distant from the immediately
adjacent [R reflecting laver.

The lowcer contact layers 7 and 17 (*lower” mesns the
conlact layers on lhe underneath side of the JR reflecting
layers 9, 19) arc of or include zinc oxide (¢, ZnO,, where
¥ it from 0.6 to 1.2 in differcat embodiments, more prefer-
ably x is from 0.7 10 1.0) in prelerred, bul non-limiling,
cmbodiments of this invention, For example, lower contacl
layer(s) 7 andfor TE may consist essentially of zine oxide in
gerfuin embodiments of this inveotion, while in other
embudiments of this invention Tower contact layer(s) 7
amlior 11 may include or consist essentially of ZnAlQ,,
where X is set to a value such that the % Al (by weight) in
the Tayer is from about 0-15%, moce preferably from about
069, and st prelerably from alout 1-4%. The use of
these materials (e.2., Zo0) , ZnAlQ, or the like) for lower
contact Tayer(s) 7 amdfor 17 enables visible transmission of
the resulting -coated article to be increased (compared to If
MNICr0), was used for these layers), enables shect resistance
R and/or cmissivity to be reduced, and overall cnables solar
performance (o be improved, In ZnQ, inclusive contacl
layer(s) 7 andfor 17, x may be sel so thal the layer is fully
sloichjomelric (g, Zn0), or allernalively may be sl o a
value frarm 0.4 to 0,99, more preferably from 0.7 w (099, and
most preferably trom 008 to .99 8o that the Jayer(s} is more
conductive (¢.g., this can be done by reducing the amount of
oxygen gas and increasing the amount of Ar gas used during
a spuitcr coating process). Additionally, in certain embaodi-
ments of this invention, layer(s) 7 andfor 17 bave an Iddex,
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of refraction of from 1.8 to 2.2, more preferably from about
.4 1o 2.1, so thal [or exsmple layers 3 and 7 clearly
repreaent scparate and distinet [ilms.

Surprisingly, il has been found that by using ZnO,,
ZnAlQ,, or the like for the lower contacl layer(s) 7 and/or
17, while using NiCrQ), for the upper conlact layer(s) 11
and/er 21, the resulting coated article can achieve a combi-
nation of high visible transmission snd reduced sheet resis-
tance K., as well as acceptable durability {mechanical and/or
chemical). The highly durable NiCrO_ is used for the upper
coatact layers 11 and/or 21 [or durability purposes, while the
solar controlling ZnQ,, ZnAl0, or the like is used for the
lower contact layer(s) 7 and/or 17 1o improve visible trans-
mission and/or other solar characteristics. In other words,
the NiCrQ, provides good durability, especially when on top
of the Ap layers, and the zine oxide inclusive contacl Layer(s)
cnable high visible (ransmission 1o be eombined with low
sheet resistance R, and/or pood solar perlormance,

Sccond diclectric layer 13 acls as a coupling layer
belween the two halves of the coating 27, and is of or
includes lin oxide (e.g., S0, or some non-stoichiometric
form thereol) in cerfain embadimenis of this invention.
However, wiher dielecine materials may instead be used for
layer 13, including bl nol limiled to silicon nitride, titanim
divxide, niolium oxide, silicon oxynitride, zine oxide, or the
like.

‘Third and fourth diclectric layers 23 and 235 cnable the
covironmental resistance of the coaling 27 1o be improved,
and are also provided for color purposcs. In certain cxample
embodiments, diclectric layer 23 may be of or include tin
oxide (e.g., $00);), although other materials may instcad be
used. [heleciric overcoal layer 285 may be of or include
stlicon nitnde {e.g., 5i;N,) n cortain embodiments of this
invention, although other materials may instcad be used
such as ttaninm dioxide, silicon oxynitride, tin oxide, zine
oxide, niobium oxidc, or the like.

Other layer(s) below ar above the ilustrated coating 27
may als be provided. ‘Thus, while the layer system or
coating 27 & “on” or “supported by” substrate 1 (dircetly or
indircctly), other layer(s) may be provided thercbetween,
I'hus, for example, coating 27 of FIG. 1 may be considered
on™ and “suppurted Ly” the sobstrate 1 even if other
layer(s) are provided hetween layer 3 and substrate 1.
Moreaver, cerlain layers ol coating 27 may be removed in
certain embodiments, while others may be added in other
embodiments of this invention withow! deparling lrom the
overall spiril of certain embodiments of (his mvenlion. For
example, in the IIG. 3 embodiment of this iovention, a

coating 27 is provided which is similar o the coating of 114G, 5

1 excepl that the vpper Sn0, inclusive layer 23 is nol present
in the FIG, 3 embodimenl.

II6. 2 llustrales the coating or layer system 27 being
utilized on sweface #2 of an 106G window unit. Coatings 27
aceording 1o any embodiment berein may be used in 1(3 units
as shown in FIG. 2. In order to differentiate the “inside” of
the 163 unit from its “outside™, the sun 29 iz schematically
presented on the outside. The 103 unit includes outside glass
pane or sheet (e, substrate 1 from FIG. 1) and Inside glass
pane or sheet 31, These two glass substrates (c.g. tloat glass
1-10 mm thick) are sealed at their peripheral edges by a
conventional sealant and/or spacer 33 and may he provided
with a conventional desiccant strip (not shown). The pancs
may then be rotained in a conventional window or door
retaining frame, By scaling the peripheral edpes of the glass
sheels and replacing the air in insulaling space (or chamber)
M) with a gas such as argon, a typical, high insulating value
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I1G unit is formed. Optionatly, insulating space 30 may be al
a pressure less than atmospheric pressurc in cortain allerna-
tive embodiments (wilh or without a gas in space 30),
although this of courss 15 nol necessary in all cmbodiments.
While the inner side of substrate 1 is provided with cosling
27 in FIG. 2, this invention % not so limiting (¢.g., codling
27 may instead be provided on ihe interior surface of
suhstrate 31 in other embodiments of this invention),

‘Turning back to FIG. 1, whils various thicknesses may be
uscd consistent wilh one ar more of the objects discussed
herein, exemplary preferred thivknesses amd example mate-
rials for the respeclive layers on the plass substrate 1 in the
I1GE. 1.2 embodiment are as lollows:

TARLL |
(Example Matevials/Thickoesses: FIG, 1 Embodimant)

Prefermod More . .
Layer Range (&) Preferred (A) Example (A)
1303, (layer 33 (=110 A 100400 A 200 &
Fnidy, (liyar 7) 25-200 A an-150 A 00 A
Ag (ayer ) S(-250 A H-200 A 130 A
Nica, (layer 11) 5-100 A 15-80 A 30 A
Suld, (layer 14) (1,000 A 500000 A 680 A
£y, (hayer 17) 25200 A 4-150 A an A
Ag (layer 17) 50 750 A sn-120 A 164 A
MiCr, (nyer 21) 5-100 A 15-601 A 3 A
Sa0, (layer 234) 0-500 A 000 A 125 A
SN, (layer 25) 0-500 A 120-320 A 220 A

In centain exemplary embodimenls ol this invention,
coating/layer systems 27 according to all embodiments
ahove have the following low-E (low cmissivity) characier-
istics sct forth in Table 2 when provided in the context of an
insulating plass (1G) window unit (sce FIG. 2), absent any
significant heat treatment such as lempering or heal bending
(although heat treatment may be performed in other embodi-
menis ol (his invention). I s noted that in Table 2 the term
F, means normal emissivity/emiltance.

TABLE 2

Low-E Chisrsclerislios (no heat realmonl

Charneteristic Genern] More Prefered Munsk Preferred
R, (ohms/sq.); ==3,0 ECER =4
L, <m0.07 <mi,04 <=0.03

Moreover, coaled articles including coatings 27 according
to cortain excmplary cmbodiments of this invention have the
[ollowing solyr characleristios (v.g., when the coaling(s) is
provided on 4 clear soda Bme silica glass subsitawe 1 [rom
2010 3.2 mun thick) in monalithic form. Tr Table 3 below,
R.Y is visible rellection from the glass (g) side ol the
monolithic article, while RY is visible rellection [rom the
side of the monolithic article on which {ilo () (ie., coating
27) 1s located,

TABLE 3

Munalithic Malar Characlaristics

Characteristic Gonol Mure Freformed
T lor TYIIIL, €, 2 deg): w= 7N wmTE%,

o, (114, 2™ -5.0t0 0.0 -4.0ts -1.5
b (111 2 -4.0to 4.0 10tz 30
R,Y (111 2, 2 dep.): 1to 10% 3ta G
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TABLE 3-conlinwed

Monolithic Solar Chareteristics

Characteristio Cieneral Maore Preferred
At (1., 2% -20 e 40 00t 2.5
b, (1112, 2% =70 W 10 -0 ta DO
RY {11 <, 2 deg.): T 7% 1o 5%
a¥ {10, 2%, -201ta 50 -0.5t0 3.0
h*, (I 1., 2"‘): =490 W 1.0 =70t 0.0
S wmf) A =u(l45
S (). 56 il b
Toiuwvictet z=l1.4} =), 30
=i 501 () 48

Ty dvasige weighted?

Meanwhile, 16 window units utilizing coatings 27
aveonding 1o cerlain embodiments of this invention as shown
i 110, 2, have the following solar characteristics (c.g.,
where (he coated glass substrate 1 is a clear soda lime silica
glass substrale from 2 to 3.2 mm thick, and the other soda
lime silica glass substrate 31 s <lear and rom 2 10 3.2 mup
thick, absenl any signilicant heal treatment). In Table 4
below, Y is visible rellection from the oulside or exlerior
of the window (i.c., from whers the sun is localed in FIG, 2),

aml RY is visible reflection from the interior side (e.g., from

within the building interior), and the a*, b* values under
these respective reflection parameters also correspond to
plass (g} side (i.c., from cutside the window in FIG. 2) and
film () side (ic., from intcrior the window in FIG, 2).

TANBLL 4

IG Uit Solar Charsetenstivs

Characteristic Geneial Maore Preterred
Ty Cor TYNLIL € 2 deg.): 2mbY =70
a”, (111 2% -54 1o .0 -351W -1.5
b (I, 27 -0 to 44 1.0t 20
B.Y (IIL C, 2 dep.): Tto 13% Yto 11%
A% (L, 27 -30t0 240 -30to 0.5
b, UL C 27 -30to 140 -4.0to -1.0
BAY (111,00, 2 deg: Tw 4% 10l 12%
avp (11, O, 2 =30 20 -1.51a 05
b, (111, €, 2% L0 e 19 4.0l 1.5
BITGC: e}, 45 ==i], 40
b1 <), 4% ami). 44
U-value: Q.20 to 030 022 .25
Totrravictert w=0.36 ], 35
Tarv damage weighied® ==f).43 ==(1,30

15

A

40

43

It 15 noted that certain parameters can be luned by
adjusting layer thickncsscs. For example, ultraviolet (UV)

8

transmission (T, ) 30 be reduced much further by
adjusting, dielcetric thickness(cs),

FIG. 4 is a cross seclional view ol a coaled article
accarding lo yel anolher embodiment of this invention. The
IFIC3. 4 ernbodiment 18 the same as the FIG. 1 ecmbodiment,
except that a layer(s) of diamond-tike cartbon (DLC) 26 is
provided as an overcoat over top of {and oplionally
contacling) silicon nilride layer 25 (nole: the FIG. 3 embodi-
menl may be modified in a similar wanper). 1100 inclusive
layer 26 may bc hvdrophobic, hydrophillic, or neither in
diffcrent embodiments of this invention, For example and
withoutl limitalion, any ol the 131.0 inclosive layers
described and/or illustraled in any ol 7.5, Pal. Nos. 6,261,
693, 6,277,480, 4,280,834, and/or 6,284,377 (all of which
are herelyy incomporated herein by reference) may be uscd as
DLC inclusive layer 26 in dilfersnl embodiments ol ths
invenlion, DLC inglusive layer(s) 26 may be deposited on
the substrate 1 as an overcoal via an ion heam deposition
technique, or any other suitable deposition process.

CXAMI'LES 1-2

The following examples coated artieles (Uxamples 1 and 2)
were made in accordanee with the FIG, 3 embodiment above
(1., layer 23 was not present in the coating 27). [n Example
1, the FIG. 3 coating or layer system 27 was spultered onto
# 3 mm lhick clear soda lime silica glass subsirate, using a
koown Leybald sputter coater (27 cathode system) at 2 line
speed of 2.5 meters per minute. The sputter coater was sct
up/run as set forth below in Table 5 for Examples 1-2.
Power (P)y was measured in kW, curent 1) in amps, and
pressure (Press.) in mbar The pas How for Ar gas was
messured in scem, and included Ar gas How fTom luning gas
scpments. Thus, for example, for cathode 1, there was 330
seem of main Ar gas flow, and all three tuning pas segments
were each adjusted to output 50 scem each of Ar gas for that
cathode, which adds up 1o 300 scem of AT pas flow for
cathode 1, For cathodes 1 and 2, oxygen gas llow was
controlled and detcrmined by setting, all three sct polots (51)
for plasma emission monitor to 18 (this is what is meant by
S.P in Table 5 below). Note: the NiCr targel{s) was 80/20
Ni/Cr. The coaler sel-up was the same [or Examples 1 and
2, and monolithically the only diflerence belween the
examples being thal in Example 1 the coating 27 was
spultered onte a 3 mm thick ¢lear glass substrate, while in
Fixamnple 2 the coaling 27 was spullered onlo ¢ 4 mm thick
clear glass substrate.

TABLE &

Cathode  Tasget

Example Coaler Set-up (Hxamples 1-0)

Yoltz (V) P {EW) Ar (zecm) Qg (seom)] Ny (seem) Pross. (mbar) 1 (amp)

*) Ti
#4 Ti
w7 fnal
W Mg
#10 MiCr
#12 n
#13 sn
#14 Hn
#15 Sn
#16 Sn
#1% ZnAl

¥ Ag

04 75 00 5P 75 L7107 0
657 3 500 5P 75 487 % 1077 &9
§00 ) 350 530 0 483 % 1070 45
438 53 150 by 0 235 %107 118
438 o 250 &0 0 143 % 1077 187
44l i6 300 530 75 521 w10 34
474 Zl 00 4] 75 528 w107 50
423 2l 123 470 75 107 % 107 50
434 2.5 125 470 75 107 = 107 an
425 22 125 aH) 75 472 = 10 ? 55
373 i) 350 570 } 47] = 1077 72
3492 73 150 1] } 200 = 10 ? 8.8
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TABLE 5-continued
Example Coater Ser-up (Examplee 1-=2)

Cathode  Tarpet  Volta (V) P EW) Ar (scem) ()5 (scem) My (seenmn) Press. (miar) L (amp)

#21 Wil AQH 8 250 T 0 189 % 10 * 16.5

35 5 B 55 30 0 675 6.04 % 107 134

#26 & 444 55 350 1] 1200 604 % 107 140

Following, the sputtering, of the aforesaid coating 27 on
subsirale | (3 mm ithick in Example 1, and 4 mm thick in TABLE 7

Example 2), the coated articles were measured monoelithi-

Moenolithic & IG Uit Solor Characteristics (Exnmple 2)

cally (see Taliles 67 below). Thereatter, the coated substrate 13
including eoaling 27 and Sllbsl{'ﬂlu l_ <_)l each example wits S Manolithic (Kx. 2y IGs Unit (B, 2)
attached to another clear soda lime silica glass substrate 31
(the another sulmtrale 31 was 2.3 mm thick in Uxample 1, T e TYNUTL €, 2 degds 76.2% 69.54%
and 3 mm thick in Example 2) in order to form an IG unit ” a* (1. C, 2% -1.8 -2.3
for sach exarmpile as shown in F16G. 2. The G units werg also © b7 (11 &, 2% 2.0 2.0
measured [or solar properties. The measured solar properties Ry (1. "3:)% degJ: ﬁ'ﬁf L
of the monolithic units and the IG umits arc sct forth in amg (1L C_" = :’ 163 -0
Lables 6-7 helow: b, (- 5 27 4 a4
i ) RY ([11. 2, 2 deg. 3.8% 11.2%
25 - :
am; ([T 0 29y 6 -4
TABLE 6 b (111, € 2 -2.95 -1
. - ‘ . ‘ SHLR: {48 1397
Monolithic & IG Unit Solar Chaacteristics (Example 1) 5o 57 .46
. . ) Lyorzviater’ i34 {32
Charactesistic Monolichic (Ex. 1) IG Ut (Ex. 1) 30 1 avmage woighin 047 0.41
Ty (00 TYNLILL €, 2 dug): VL84S T
a” (110 4 29 -1% -2y
b=, (I14, €, 2 2.0 2.0
RGY (ILL. C, 2 deg.): 4.85% 8.59% 5
a*y, (11 < 2% 0.a5 -1.0 , .
\ LXAMILL 3
heg (111 ©, 2%, -2.75 2.0
ReY (F1L, ©, 2 deg.): 4% 11.5%
atp (11 G, 25 2.5 0.4
b (T, 2% -6.0 -3 ) ) ) ) .
SI-;-GC- 0,448 1,304 " Examplec 3 is a theorctical example, and its characteristics
0 0.52 148 are sel lorth below, ineluding both eoater sel-up data and
Tormmetetnd: .38 0,32 solar characteristic data. While Examples 1-2 dealt with the
Tiry duugt weighied 0.47 .41 IG5, 2-3 embodimenl, Example 3 relales Lo the FIGS, 1-2
embodimenl. Note thal cathode #23 is to be used in the
sputter coater to form tin oxide layer 23 as shown in 114, 1.
TABLL 8
Exainple Cossler Sel-up (Fxample 3)
Cathode  Target  Volis (V) P (kW) Ar (gocm) O, (scem) W, (scem) Press. (mbar) 1 amp)
#1 13 7t 75 500 sk 75 273 107 W
i Ti 457 TA 500 sP 74 487w 107 &9
7 Znal 600 2 A50 530 a 483« 107 4%
# Ag 438 5. 150 0 0 23w Int g
#0 N 484 Y 2501 &0 0 la3x 10 187
#12 Sn 440 16 300 530 EET 33 R [
#13 &n 476 1 30 965 7% ERR=IDY 50
#14 Sn 423 1 125 470 BT A0 50
#15 Sn 434 125 125 40 I LT w 107 50
#16 Sa 415 22 125 470 5 472w 107 55
#14 #nal 373 a7 350 570 0 d471x10® T2
#1 Ag 392 7.3 250 0 0 200107 183
#21 Wi 495 ] 250 75 0 199 % 107" 16N
w13 5 387 24 125 500 90 L8k 0 80
#15 51 At k) 350 [0 675 604w 10?7
#24 i 444 33 350 [ 1200 604 %107 19
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Following the sputtering of the aforesald cowting 27 on
2.3 mim thick subsirate 1, the coated article is theornelcally
measures] monolithically, Uhereafter, the coated substratc
including coating 27 and substratc 1 is to be attached 1o
amolher ¢lear sody lime silica 2.3 mm thick glass substratc
Al in order o lorm an IG wmil Lor Lxample 3. Solar
properties are as follows:

TABLE @

Monalithic & i Unit Solar Charactorisbios (Haam
Characierislic Monolithic {(Fx. 3) Ity Unit (Ex. 3)
T (or TYHUL €, 2 deg): 774 0%
a¥, (L L, 29 325 -2.5
b (UL 0, 2¥) an 2.0
RY (L, 5% 10%
a= (L. C 1.0 -5
b (U ¢ =30 =20
_Y (Il 4% 1.5

15 -5
-4.0 -2.5

Cenain terms arc prevalently used in the glass coaling art,
particularly when delining the properties and solar manage-
men!l characlenisies of coated glass. Such lerms are used
herein in sceordance with their well known mesning., For
examnple, as uhed herein:

Intensity of reflected visible wavelength light, ic. “reflec-
lance” is delined by its percentage and s reported as R,Y or
R, (ic. the Y value cited below in ASTM L-308-85),
wherein “X7 is etther “07 for glass side or “17 for film side.
“Cilass side” (.0, “G7) means, as viewed trom the side of the
glass substrate opposite that on which the coating resides,
while “film side” (ic. “F") means, as viewed from the side
of the glass substrate on which the coating resides.

Color characleristics are medsured and reporled herein
using the CIL LA a* b* coordinates and scale (e, the CT1
a*h* diagram, 11 C1L-(7, 2 degree observer). (iher similar
coordinates may be cquivalently uscd such as by the sub-
soript “h™ to sighify the conventional use of the Thinter Lah
Scale, or 111, CIE-C, 10° obscrver, or the CILE LUY u*v*
coordinates. ‘These scales are defined herein according 1o
ASTM D-2244-93 “Stamdard Test Method for Culeuluion
of Color Differences From Instrumentatly Measured (olor
Coordinates™ Y/15/93 as augmented by ASTM L-308-85,
Annval Book of ASTM Standards, Vol. 06.01 “Standard
Method for Computing the Colars of Objects by 10 Using
the C1L System” and/or as reported in ILS LIGIITTNG
HANDBOOK 1981 Refercnce Volume.

The terms “emittance™ and “transmittance” are well
underslood in the ant and arc used herein according to thelr
well known meaning. Thus, for cxample, the term “trans-
mittance™ herein means solar transmittance, which is made
up ol visible light transmittance (TY), infrarcd radiation
Iransmiltance, and ultraviolct radiation transmittance. "lotal
solar energy transmittance (TS) ix then usually charelerzed
as a weighted averape uf these other values. Wilh respeel (o
these transmittances, visible transmittance, as reported
herein, is characterized by the standacd CII2 Numinanl C, 2
degreee observer, Technigue al 380-720 om; near-infrared is
T20-2300 am;, ultraviolet is 300-K00 ome and wial solar is
300-2300 nm. Vor purposes of emittance, however, & par-
licular infrarcd range (i.c. 2,500 40,000 om) is employed,

Visible transmillance can be messured uvsing known,
conventional lechnigues. For exsmple, by using a
spectropholometer, such as a Peckin Elmer Lambda 900 or
Hiwechi U4001, a spectral curve of transmission is oliained.
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Visible transmission & then caleulated using the aforesaid
ASTM 308/2244 .93 methodology. A lesser number of
wavelength points may be cmployed than prescribed, if
desires]. Another technigque for measuring visible transmit-
lance 18 10 employ a spectrometer such as a commercially
available Spectrogard spectrophotometer manufactured by
Pacilic Scientific Corporation. This device measures and
reporls visible transmillanee direetly, As reported and mea-
sured herein, visible iransmiltance (i.e. the Y value in the
CIE (rislimulus syslem, ASTM F-308-85) uses the 0L (2,2
degree observer.

“Limittance™ (L) is 2 measure, or characteristic of both
absorplivn snd reflectance of light al given wavelengths.
When Iransiillance is zero, which is approximately the case
for float plass with wavelengths looger than 2500 om, the
emitlance may be represented by the formula:

L=1-Rellechmce,,

Vior archilectural purposes, emitlance valles become guite
imporlsnl in the so-¢alled “mid-range”, sometimes also
called the “far range” ol the infrared spectrum, ie. about
2300-40,000 nin., fur example, as specified by the WIN-
130W 4.1 program, [I31-35298 (1994) by [awrence Ber-
keley Laboratories, as referenced below. The term “emit-
tance” as used herein, s thus used 1o refer to emittance
values measured in this infrared range as specified by ASTM
Standard B 158593 for measuring infrared encrgy to cal-
culate cmittance, catitled “Standard Test Method for Mca-
smring and Caleulating Bmittance of Architectiral Flat (ilass
Products Using Radiometrie Measurements™. This Standard,
and 1l provisions, are incorporaled herein by relerence, In
this Standard, emittapce is reporled as hemispherical
emittance/smissivity (I5) and noonal emilance/emissivity
{E,).

The actual accumulation af data for measurement of such
emittance values is convenlional and may be done by using,
lur example, 8 Beckiman Modegl 4260 speciropholometer
with “VYW* attachment (Beckman Scientific Inst. Corp.).
This specirophoilomeler measures relleclance versus
wavelength, and from this, emittance iy caleulated vsing the
aforesaid ASTM E 158593 which has been incorporated
hercin by reference.

Another lerm employed herein is “sheet resistance™, Sheet
resistance (R,) i a well known lerm in the arl and is used
hercin in accordance with its well known meaning. It s here
reported in olins per square units. Cenerally speaking, this
term refers to the resistance in ohms for any square of a layer
systiem on a plass substrate to an electric current passed
lhrough the layer system. Sheet resistance is an indication of
how well the layer or layer system s reflecting infrared
cnergy, and is thus often used along with emittance as a
measure of this characteristic, “Sheet resistance” may for
example be convemently measured by using a 4-pomt peobe
ohmmeler, such as a Jdispensable 4-point resistivity probe
wilh 3 Mugnetron Instrumenis Corp. head, Model M-800
produced by Signatone Corp. of Santa (lara, Calif.

“Chemical durability” or “chemically durable” js used
herein synonymously with the term ol arl “chemically
resistant™ or “chemical stability™. Chemical ducabilily is
determined by boiling a 2"x53" sample ol a coaed gluss
substrate in about 500 cc of 5% [IC] for one hour (e al
about 2201 1%). The sample is deemed o pass this lest (and
thus the layer system is “chemically resislant” of s Jdeemed
to be “chemically durable™ ar ko have “chemical durabilily™)
if the sample’s layer systern shows no visible discoloralion
or visible pecling, and no pinholes greater than about 0.3
in diameler after this one hour boil.



2:06-cv-15728-VAR-SDP Doc #1 Filed 12/26/06 Pg 19 of 37 PgID 19

US 6,936,347 132

13

“Mechanical durabilifity” as vsed herein is defined by the
[ollowing lests. The test uses a "acific Scicntific Abrasion
Tester {ur equivalent) wherein a 2"%4"x1" nylon brush is
cyclically passed over the layer syslem im 500 cyeles
cmploying 150 gm ol weight, applied to a 6"x17" sample. In
this lest, i no substantial, noticeable seratches appesr when
viewed with the naked cye under visible light, the lest is
deemed passed, and the zeticle is said to be “mechanically
durable™ or to have *mechanical durability™.

The lerms “heat treatiment” and “hecat trcating” as used
herein mean heating the article to a temperalure sufficient (o
¢nabling (hermal 1empering, bending, or heat strengthening
of the glass inclusive srlicle. This definition includes, for
example, heating a coated article to a temperature of at least
about 1100 degrees F. (c.g., to a temperature ol from sbout
550 degrees C. to 900 degrees C.) for o swllicient periad o
coable lcmpering,

The term “U-value™ or “U-Faclor” (synonymous with

“thermal transmiltance™ is a teem well understood in the art

and is used hercin according to this well known meaning.
“U-value” herein is reported in terms of BT/ Qegrees
12, and may be determined according to the guarded hot box
method as reported in, and according (o ASTM designalion:
C1199-91,

The term “shading coefliciem” (SC) is a lern well under-
stood in the art and is used herein according to its well
known meaning. It is detcrmined according v ASHRAE
Standard 142 “Htandard Method for Determining and
Lxpressing the Heat 'Transfor and ‘Total Optical Prapertics of
Fenestration Producis™ by ASHRAE Siandards Project
Committes, SPC 142, Seplember 1995, SC may be obtained
Ty <lividing solar heal gain coeflicient (S1IGCY by about
(1.87. Thus, the following formula may be used: SC=SGEY
0.87.

While the invention has been deseribed in connection
with what is presently considered to be the most practical
and preferred embodiment, it is to be understood that the
inveniion is oot 1o be limiled lo the disclosed embodimen,
but on the conlrary, is inlended lo cover vanous modilicg-
lons and equivalen armangements inclucdsd within the spiri
ard scope ol the appended claims,

What is claimed is:

1. A coated article comprising:

a couling or laver system supported by a glass substrate,
the couling or laver sysiem compnsing [rom the glass
subsitate ouiwardly;

a) a titanium oxicde inclusive layer;

b} a vine oxide inclusive conlacl laver;

) # silver [nelusive layer conlacting the sne oxide
inclusive layer b),

d) 4 nickel chrome oxide inelusive layer contacting the
silver inclusive layer ©);

e} a tin oxide inclusive layer,

) a zine oxide inclusive laycr;

g) a silver inclusive layer;

h) a mickel chrome oxide inclusive layer; and

1) @ silicon nitride inclusive layer;

wherein the coated article has a visible travsmission of al
least abvnll 8 and the coating or layer system has a
sheet resistance (R)) of no greater than 5.0 ohms/
square.

wherein the coated atticle is not tempered ot heat bent.

2. The coated arlicle of claim 1, wherein (he coaled arficle

comprises an insulaling glass (1G) window unil.
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3. The coated article of ¢laim 1, further comprising a tin
oxide inclusive layer located between layers h) and i), and
whercin the layers have the [ollowing thicknesses:

a) tanium oxide inclusive layer: 100-400 &
b} sine uxide inclusive contact layer 40-150 &
Y wilver inclusive layer: s0-250 A
dy nickel chrome vatide incluzive layer 15-60 A
) tin oxigle inclusive |ayer: 1,000 é
) zine oxide inclusive layer; 4n-150 A
@) silver tnolusive lnyer; AD-250 A
h) nickel chrome oxide inclusive layer: 15-610 A
7y silivan nitdee inclusive layor: 2=500 A

4. The enated article of claim 1, wherein the coated article
comprises sn [G window unil and has the following char-
aeleristios:

A% (lensminsive): —50te 0.0
b=, [tronsmissive); N 44
R,Y (outaide reflectance); 7o 13%
a*, (ontaide reflective): =30t 2.0
b=, (outside reflective): =50te 1.0
B ). AS

i ca=(}.4y
Tutarieder ==0), 365,

5 'I'he enated articte of claim 4, wherein the coated article
compriscs an IG window unil and bas the ollowing char-
acteristics:

a*, (transmiselve ) =35w LS
b*, (tronsmissive): LDwe 30
B.Y (cutside refiectanee): St 11%
&% (outside refloctive): =201t 0.5
h*, (puiside reflective): =ddh e =110
BHGC: <=0,40

S =oll.44
Tamguvister: ==0.33,

6. 'I'he coated article of claim 1, wherain at least one of the
zine oxide inclusive layers by and f) comprises zine-
aluminum-oxide, and where the coated article further com-
priscs a tin oxide inclusive layer located between layees h)
and 1).

7. A non-heal-treated coated arlicle comprising:

a substratg;

a first dicleetric layer supported by the substrate,

a lower contact layer eamprising, zinc oxide,

an infrared(1R) reflecting layer comprising silver contact-

ing, the Tower contact layer comprising zine oxide:

an upper contact layer comprising at least one of an vxide

of nickel, an oxide of chromium, and nickel chrome
oxide which contacts the IR reflecting, layer comprising
silver;

wherein the IR ellecting layer comprsing silver is

[oeated between and in confact with the lower and
upper contact layers;

wherein the couled arlicle 1s nol heal treated;

a second dielectric layer provided over top of and in

contagt with the upper ¢ontact layer;

anulher lower contact layer comprising zine oxide;

another infrared (IR} reflecting layer comprising silver

which contacts the another Iower contagl layer;
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another npper wontact layer comprising nickel chrome
oxide, the apother IR reflocting layer being sandwiched
between and euptacting the anolber lowsr contact layer
and the another upper contact layer; and

a third diglectric Jayer provided over top of and in contact

with the anulber upper contacl layer.

8. The coated article of claim 7, wherein the lewer conlact
layer comprises 7ine aluminum oxide,

9 The coated arlicle of claim 7, whersin the coated article
has a visible transmission of al least 70% and a shoel
resistances (R,) of no greater than 3.0 ohms/sguare.

10. The coated article of claim 7, wherein the coated
article comprises an insulating glass (IG) windaw unit.

1. The coaled arlicle of claim 7, wherein (he first
dicleetmic layer comprises titanium oxide,

12, The coaled article of claim 7, wherein the first
diclectric layer compriscs tin oxide,

13, The coated article of claim 7, wherein the third
dielectric layer comprises one of silicon nilride and tin
oxide, and wherein the coaled article further comprises a
diamond-like carbon (121.C) inclusive layer provided as an
nvercoal.

14, The coated article of claim 7, wherein the coated
arlicle comprises an IG window unit and has the following
characlenslivy;

a", (trumsmissive): SAdV e 0.0
b, (transmissive): “2.0 0 4.0
R.Y (outside reflectince): Tl 13%
o, (ontside reflective): =0t 2.0
h*, (outside reflective): =50 1.0
SOGC: wml)dS

S0 <=l 4y
Tutsaviaci «=0.35.

15. The coaled arlicle of claim 14, wherein the coaled
article comgriscs an IG window wpil and has the following
characteristics;

A%, (hansmissive): =151 1.5
b*. (transmissive): 1010 30
R,Y (outside reflectance): Oo 11%
a", (outeide reflective): -201a 0.5
b*,, (outside reflective); -1t -1.0
SGC <=[1.4{]

B =146
Tomuvicder: wx(.33.

16. An insulating plass (IG) window unit comprising:

first and second substrates spaced from one another,

a coaling supported by the first subsirale, Lhe cosling
ingluding first and second IR reflecling layers, each of
the IR reflecting layers being sandwiched berween and
contacting a respective pair of conlact layers;

wherein the coating hus a sheel resistance (R,) no greater
than 3.5 ohms/square;

wherein the 16 window unil has a visible fransmission of
al least 70%, a solar heat gain coclficient (SHGC) oo
greater than 0.45, and outside rellective color charac-
lerived DY 2%, o refecaye om ~30 to 2.0 aml
b ¥ arside refleantve from —3.0 to 1.0

wherein the pair of contact layers sandwiching (he lirst IR
reflecting layer therebetween includes a lower contact
layer and an vpper contacl layer, and wheeein the firat
IR roflecting layer includes Ag, wherein the lower
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contact layer compmses «inc aluminum oxide and is
located hetween the first IR reflecting layer and the
substrate, and (he upper contact layer compriscs an
oxide of NiCr,

17. The 16 window unit ol ¢leim 16, wherein the IG
window ynil has ¢ $116C no groater thao (.40 and a shading
coefficient (8C) no greater than (.46,

18. A gon-heat-lreated coated article comprising:

a coating supporied by a plass substrale, the coating
comprising an inlrared (TR) reflceting layer sandwiched
hetween and contacting first and second contact layers;
and

wherein (he first contact layer includes zine oxide and the
second contact layer compriscs nickel-chrome oxide.

19. The coaied article of claim 18, whersin the first
contact layer comprises an oxide of ZnAl,

20, The coated article of claim 18, wherein the coating is
durable, and the coated article has a visible transmission of
at least 70% and the coating has a sheel resistance (R;) no
gregler than 3.5 ohms/square, and wherein the first contact
layer is located between the IR rellecting layer and the glass
substrale,

21. The wouled article of claim 18, whersio the coated
arlicle comprises an G window wnil and has the following
characteristis:

w*, (Linamissive): -5l 0g
b* (transmissive): =2 e 4.0
KoY (oulaide reflectance): e 13%
a*, {vulside rofleorive): =3 o 20
b+, (ontside rellective): =50t 10
SHGC: ==0.45

S5 ==l 49
Totrravtarer ==0.36.

22, The coated article of ¢laim 21, wherein the coated
article has (he [uliowing characteristics:

a*, (iransmissive): =35t 15

b=, (transmissive): 1.0te 3.0

RY (outside relleclance): 9t 1%

&%, (outslde retlectiva): 2010 2.5

b=, (ontaide reflective): -4.0 te -1.0

SLECH: ]

S o=l].dfy

Tulnavicier x=(1.33.

23, A coated article comprising:

a coating or layer syslem supported by a plass substrate,
the coaling or layer system comprising from the glass
substrate oultwandly:

2) at least one dielectric layer;

b) a zine oxide inclusive contact layer;

) # silver inclusive layer conlacting the zinc oxide
inclusive layer b);

d) a contact layer including at least one of nickel oxide
and chrome oxide that is located over and contacts
the silver inclusive layer C);

e) a diclectric layer;

f) a zinc oxide inclusive conlact layer;

g) a silver inclusive layer;

h) a contacl layer; amd

iy at least one dielectne layer;

wherein the coated anicle has a visible transmission of at
least about 70% und the coaling or layer system has a
sheet resistance (IR} no greater than 5.0 ohma/sguare;
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whereln the coaled article is not thermally tempered or
heat bent; and

wherein the e) dielecrric layer(s) comprises tin oxide, and
wherein the contact layer d) comprises an oxide of
MNiCr.

24, The coated article of claim 23, wherein the at least ooc

diclecine layer a) comprises titanivm oxide.

2% The coated anticle of ¢laim 23, wherein the diclecloie

layer i) com prises at least one of silicon nitride and tin oxide.

26. A coated article comprising:

a coaling or layer system supported by a glass substrale,
the coating or layer system comprising from the glass
substrate oulwardly;

a) a dicleetric layer;

b) a vine oxide inclusive contact layer;

¢) a silver inclusive layer contacting the zinc oxide
inclusive layer b);

d) a contact layer including at least one of nickel oxide
and chrome oxide (hat s located over and contacts
the silver inclusive layer c);

c) a diclectric layer,

f) a zine oxide inclwsive conlact layer;

£) 2 silver inclusive layer;

h) 2 contact layer; and

1) a dieleciric layer,

wherein the eoated article has a visible transmission of al
least about 70% and the coating or laycer system has a
sheel resistance (R,) no greater than 5.0 chms/square,

wherein the coated article is not thermally lempered or
heatl benl; amld

wherein the contact layers d) and b) cach comprise an
axide of NiCr

27. T'he coated article of ¢laim 23, wherein al least ong ol

the #ine oxide inelusive contact Bayers b) and [} comprises an
oxide ol ZnAl

28, The coated article of claim 23, wherein the coated

article compriscs an IG window voil.

29. A non-hcat-trcated coated arlicle comprising:

a coating supported by a gluss subsicale, 1be coaling

comprising from the glass sulsirale cgutwardly:

a) a layer comprising an oxide ol ltaniun,

b) a layer comprising zine oxide;

) a layer comprising silver localed over and co ntacting
the layer b) comprising #ine oxide;

dj a layer comprising an oxide of nickel chrome Tocated
over and eontacting the layer ©) comprising silver;

) & dicleetric layer;

[} a layer comprising Zine axide;

¥) a layer comprising silver;

hy a contact layer, and

i) a diclectric laycr.

3. The coated article of claim 29, wherein (the coated
article has a visible transmission of at least aboul 70% and
the coating or layer system has a sheel resistance (K;) of no
greater than 5.0 ohms/sguare,

31, The coated arlicle of claim 29, whereln said contact
layer h) comprises an oxide of NiCr.

32, The coated article of elaim 29, wherein at least ons of
ibe layers 1) and g) comprising zinc aluminum oxide.

33 'The coated article of claim 29, wherein the dicleciric
layer ¢) comprises (in oxide, and wherein another dielectric
layer is provided belwesn layers h) and i),

3. 'The coated article of claim 29, wherein the dicleetric
layer i) comprises at least one of tin oxide and silicon aitride.
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35. The coaled article of claim 29, wherein the coated
arlicle is part of an 1G window unil,
36. A non-heat-treated coatsd article comprising;

a voaling suppurted by a glass subsirale, the coating
comprising, from the glass substrate autwardly:

a) a dielectric layer;

b) a layer comprising zinc oxide;

¢) a layer comprising silver located over and contacting
the layer b) comprising zinc oxide;

d) a layer comprising an oxide ol al least one of Ni and
Cr Incated over and conlactling the layer c) compris-
ing silver,

¢) 2 dicleetric layer;

f) a layer comprising zinc oxide;

¢) a layer comprising sibver;

Y 2 layer comprising, an oxide of NiCr; and

i) a diclectric layer

37, The coated article of claim 36, whersin said diglectric
layer a) compriscs an oxide of Ti

38, A coated article comprising:

4 woaling or layer system supported by a glass substrate,
the coating, or layer syslem comprising {rom the glass
substrate outwardly:

1) 4 dielectric layer;

D) a »ine oxide inclusive confact layer,

¢) a silver inclusive layer conlacling the zine oxide
imclusive layer 1)),

d) a layer comprising an oxide of NiCr conlacling the
silver inclusive layer ¢);

) a laycr comprising lin oxide;

1) a layer comprising zinc oxide,

¢) a silver inclisive layer;

by a Yayer comprisiog an oxide of NiCr; amd

1) al Izasl one dielectric layer.,

3. The eoated article of claim 38, wherein the couted
arlivle has a visible transmission of at least about 70% and
the coating or layer system has a sheel resisiance (R) of no
greater than 5.0 ohms/squarc.

4. The coated article of claim 38, wherein the coated
aricle is not tempered or heat bent.

41. 'The coated article of claim 38, wherein the layer i)
comprises at least a layer comprising (in oxide,

42 The coated article of claim 38, wherein the zine oxide
inclusive Jayer 1) further compriscs sluminum.

43, A couled arlicle comprising:

a coating supported by a glass substrate, (he coaling
comprising an infrared (IR) rellecting layer comprising
silver sandwiched belween and conacting first and
sccond conlact layers; and

wherein the first contact layer s under the layer compris-
ing silver and comprises zine oxide, and the second
conlact layer is over the layer comprising silver and
compriscs nickel-chrome oxide,

44, 'I'he coated article of claim 43, wherein the coated
article has a visible transmission of at least abouwl 709 and
the coating or layer system has a sheet resistance (R} of no
greater than 5.0 ohms/square,

45, The coaled article of claim 43, wherein the coated
article is nol lempered or heal henl.

46. The coated article of claim 43, wherein the first
contact layer compriscs an oxide of Znal,

[ T TR
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METHOD OF MAKING HEAT TREATABLE
COATED ARTICLE WITH DIAMOND-LIKE
CARRBON {DLC) INCLUSIVE LAYER

This application is a division of Ser. No, 09/915,552, (iled
Ful. 27, 2000 (now LS. Pat. Mo, 6,713,178), which is a
divizion of Ber, No, 09/80%,345, {iled Mar. 15, 2001 (now
(15, Dar. No. ¢,303,220), which 15 o division ol Ser. No.
09/303,548, liled May 3, 1999 (now L8, Pat. No. 6,261,
693), the disclosures of which are all herehby incorporated
herein by reference.

Thiz invention relates to a diamond-like curbon (DLC)
coating provided on (directly or indirectly) a glass or olher
substrate. More particularly, in certain prelemred cmbodi-
ments, this invention relates to a hiphly tetrabedral amor-
phous diamond like carbon coating on a soda inclusive glass
substrate (2. on a soda lime silica glass subsirate) for
putposes of repelling water and/or reducing corrosion on the
coated article, Ion beam and fillered carbon cathodic are

depogition are preferred methods of deposilion for the

goaling,

BACEKOGROUNLY OF TEI INVENTION

Soda inchisive plasses are known in the art. lor is

example, see U8, Pal, No.o 5,214,008, which s herchy
mmeorporated herein by relerenee,

Sody lime silica gluss, lor example, is wsed {or srchitee-
tural ghass, automolive windshields, snd the like, The alore-
sated 008 patent discloses ane type of soda lime sihica glass
kpown in the ad,

Unfortunately, conventional soda inclusive plasses are
sumceptible o environmental corrosion which occur when
sodium (Na) difTuses Trom or leaves the glass inferior. This
sodinm, upon reaching the surface of the glass, may react

with water to produce visible stains or smears (e, stains of

sodium hydroxide) on the plass surface. Such glasses are
nlso suseeplible W relalning waler on teir surlaces in many
ditferent environments, including when used s aulomotive
winlows (c.g. buckliles, side windows, and/or windshiclds),
These glusses wre wlso susceplible 1o logging up oo the
interior surface thereof in automotive and other environ-
ments.

In view ot the above, it is apparent that there exists a need
in the art to prevent and/or minimize visible is stains/
corrosion on soda inclusive coated plass surfaces. There also
exists o need in the art to provide a strong protective coating
o window substrates, Other needs in the art include the
need lor a coaling on glass thal reduees the coated article’s
suseeptibility to fogging up in automotive and other envi-
ronments, snd (he need for 2 coated glass arlicle that can
repel water and/or dint,

[t w known W provide dismond like carbon (DLC)
coatings on glass. 1.5, Pat. No. 5637353, for caumple,
states that 121.00 may be applied on glass. The "353 patent
teaches that because there is a bonding problem between
gluss and that type of DLC, an intenmediate layer is provided
therehetween. Morcover, the "353 patent does nol disclose or
mention the highly Wwirshedrl smorphous type ol DLC used
1 meny etbediments set forth below, The DLC of the "353
patent would not be an efficient corrosion minimizer on glass
i many instances due o its Tow densily (likely less than 2.0
gmiem®). Still further, the 131.0 of the *353 patent is depos-
ited in a less than efficient manner for certain embodimens
of this invention.

It 15 koown thal meny glass substrales have small is cracks
defined i their surface, The stress needed to crack plass
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typically decreuses with incruasing exposure o water. When
waler enters such a crack, it causes intetatomic bonds at the
lip ol the crack (o rupture, |his weakens glass. Water can
accclerale the rale ol erack growih more than a thousand
times by allacking the steocture of the glass at the root or tip
of the crack, Strength ot glass s i part controlled by the
growth of cracks that penetrate the glass. Water, in these
cracks, reacts with glass and causes It to crack more easily
as described in “The Fracturing of Glass,™ by T, A, Michal-
ske and Broce O, Bunker, herehy incorporated herein by
relerenee, Water molecoles cimse o concerted chemical
reaction in which o silicon-oxygen bond (of the glass) at the
crack 1ip and on oxygen-hydrogen hond in the water mol-
eeule sre both eleaved, producing 1w silanol groups. The
length of the crack thus inercases by one bomd rupture,
(hereby weakening (he glass, Reaction with water lowers the
cnerry necdaed (o break the silicon-oxygen bends by o [aetor
of about 20, and so the bond-ruplure allows glass eracks o
grow [asler,

Thus, there also cxisls 4 need in the arl for preventing
water from reaching silicon-oxygen bonds at tips ol cracks
n & glass substrale, so as 0 stengthen the glass,

It is a purpose of different embodiments of this invenlion
to fulfill any or all of the above described needs in the art,
and/or other needs which will become apparenl o the skilled
artisan once given the following disclosure.

SUMMARY OF THE INVENTION

An object of this invention is to provide a coated article
that can shed water (e.g. automotive windshield, antomotive
backlite, sutomotive side window, architectueal window,
ate.).

Another object of this invention is to provide a system or
means for reducing or minimizing corrosion on soda inclu-
sive coated glass articles.

Another object of this invention is to provide a coated
plass article wherein a 12100 coating protects the glass from
acids such as HY, nitric, and sodiwm hydroxide (the coating
may be chemically inert).

Another object of this invention is to provide a coated
@lass wrticle that 1s not readily susceptible o [ogging up.

Another ohject 14 o provide o bamer luyer with no pin
holes on a gluss substmie.

Another object of this invention is to provide a coated
glass article that Is abrasion resistant, and/or can repel dirt
and the like.

Another object of this invention is to provide a plass
substrate with o DLC coating inclusive of a highly tetrahe-
dral demse amorphous carbon layer, either in direct or
indirect contact with the substrale,

Anather object of this invention 15 1o provide o DLC
coating an a subsirate, wherein the coating includes dillerent
portions or layers with ditferent densities and different sp®
carbon-carbon bond percentages. The ratio of sp® W sp®
carbon-carbon bonds may be difterent in different Tayens or
portions of the cosling, 3wch a coating with varying com-
positions therein may be continuously formed by varying the
ion energy wsed In the deposilion process so that stresses in
The coaling are reduced in the interfacial portion/layer of the
1310 coating imroediately adjacent the underlying substrate.
Thus, a 1210 coating may have therein an inlerlacial laver
with a given densily and sp” carbun-carbon bond percentage,
and another layer with » higher density and higher sp?
carbon-curbon bond percentage,
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Crenerally speaking, this invention fulfills certain of the
above descnbed necds/objocts in the st by providing
coated plass comprising;

a plass substrate inclnding at least about 5% by weighl

soda/Na,O,

an amorphous carbon layer provided on the glass sub-
strate in order to reduce cormosion or slaing on the
coated glass, wherein said amosphous carbon layer
includes sp® and sp* carbon-carbon bonds; and

wherein the amorphons carben layer has more sp* carbon-
carbon honds than sp? carbon-carbon bonds.

Lo other embodiments, this invention fulfills certain of the
above described needs in the art by providing a coated glass
comprising;

a soda inclusive glass substrate comprising, on a weight
bayls, [rom abowl 60-80% 510, [rom aboul 10-20%
Nu, (2, [rom aboul (-16% Culd, frorn yhoul 0-10%
K., [rom about 0-10% MgQ, and ltom aboul 0--5%
Al O, und

a non-crystalline diamond-like carbon (DLC) coating
provided on the glass substrale, whenein the DLC
coating ncludes at least one highly tetrahedral amor-
phous carbon layer having al least abow 35% sp®
carbon-carbon bonds,

in certain embodiments, the glass substrate is a soda lime
silica float glass substrate.

In prefeired embodiments, the entire DI coating or
allermatively only a layer within the DLC coating, has a
density of Jrom aboul 2.4 o 3.4 gm/em®, most prelerably
from about 2.7 to 3.0 gmiem®.

In cerlyin embodiments, the telrahedral amorphovs car-
bon layer lay the aloresaid densily range and includes at
Teast ahout 70% sp? carhon-carbon bonds, and most prefer-
ably al least aboul §0% sp carbon-carbon bonds.

In eeruin embodiments, the DLC coating includes a top
layer (&g from about 2 to & atomic layers, or less than about
20 A) that is less dense than other portions of the 114
coaling, thereby providing a solid lubricanr portion at the top
surface of the DIC coating, Tayered geaphene connected
carbon atoms are provided in this thin layer portion. The
eaellicient ol lrielion is less than abouwl 0.1 for this thin layer
portian.

Aunother advantage of this mvention is that the tempera-
lure ol the glass substrate 15 less than about 200° C.
preferably less than about 1507 C., most prefervbly from
abuyl 60-80° C,, duning the deposition of DLC material.
This is to minimize gruphilization during the deposition
PrOCLSS,

This invention luriher 15 the above deseribed needs in
the art by providing a window having 4 substrate and a
highly tetrahedral smorphous carbon layer thercon, wherein
the substrate is or includes at least one of harosilicale glass,
soda lime silica plass, and plastic.

This invention will now be described with respect
cerlain cmbodiments thereaf, along with reference o the
nceompanying lustrations,

IN T DIRAWINCGS

FIGE 1 s a side cross sectivnal view ol a coaled arlicle
gecording to an embodiment of this mvention, wherin
subsimle is provided with a 1L coating including at least
twor layers therein,

FIG. 2 is a side cross sectional view of a coated article
secording to another embodiment of this invenlion, wherein
a highly letrshedral amorphous carbon 1M.00 coating 15
provided on and in contact with a substrate.
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FIG. 3 is 9 side cross sectional view of a coated article
according, 1o yet another embeodiment of this invention
wherein w low-E or vther coating is provided on a substrate,
wilh he DLC coating ol cither of the FIG, 1 op FICE 2
cmbodiments wlsa on the substeate but over top of the
mtermediale low-E or olher coating,

FIG. 4 illusimates an exemplur spt curbon stom hybrid-
ization bond.

FIG. 5 illustrales an exemplsr sp® curbon stom hybrid-
ization bond.

FIG. 6 illustrates exemplar sp hybridizations of a carbon
alom.

FIG. 7 is a side cross sectional view of carbon ions
penctraling the substrate or DLC surlace so as lo strongly

3 bond a DLC layer according to any embodiment herein,

FIG. 8 15 o side eross seclony] view of a costed gluss
substmte secording (0 oo embodiment of this inveniion,
illustrating DLC bonds penclaling cracks in the surlace of
o glass subslrale.

PITATLLLY TSCRIPTION O CHETAIN
EMBODIMENTS OF THIS INVENTION

Relemring now more purlicularly le the accompanying
drawings in which ke reference nomerals indicale like
clements throughout the accompanying views,

FIG. 1 is a side cross sectional view of a coated glass
ariicle according (0 an embodiment of this invendion,
wherain al least one diamond-like carbon (DLC) protective
coating(s) 3 4s provided dirccetly on sodu-inclusive glass
subsirgle 1, DLC coaling 3 in the FIG., 1 cmbodiment
inchudes at least one highly letwhedrl smorphous curbon
(14-C) layer 7 thut has o high densily (e.g, greater than about
2.4 grams per cubic centimeter) and functions to repel water
smd seal soda within the soda inchisive glass substrate.
Coating 3 further includes at least ane interfacing layer 8
direclly adjacent substrate 1, where layer 8 has a lesser
density and a lesser percentage of sp' carhon-catbon honds
than ta-C layer 7. Even though layer 8 differs from layer 7
in lhese manner(s), interfacing layer 8 may or may oot
qualify as 1@-C with a density of at least about 2.4 pm/em®,
4y deseribed below, 1 is notled that in certain embodiments,
coating 3 may include multiple ta-C? layers 7 and/or multiple
luyers 8. Loyers 7 amd 8 ol (he coaling may be formed in a
conlinuous or non-conlinuous deposilion process in different
vmbodimenlts of this invention.

FIGE 2 15 a0 side crosy sectiona] view ol a coated glass
aricle secording 1o another cmboediment of this invention,
wherein ot least one 1210 conling(s) 3 35 provided on glass
substrate 1. In the FIG. 2 embodimenl, substantially the
entire 121.0 coating 3 is made up of highly telmhedmal
atorphons carbon (ta-(0), similar to layer 7, having a deosily
of at least about 2.4 grams per Gubic centimeler wil o high
percentage (e.g. at least about 35%, more prefarably at least
about 70%, and most preferably at least about 80%) of sp’
carbom-garbon bonds, In other words, ta-C layer 7 from the
FIG. 1 embodiment forms the entirety of 1.0 coating 3 n
the P63, 2 cmbodimenl. DLC coaling 3 in the FIG. 2
cmbodiment may or nay not have equal densities and/or the
same percentapes of sp’ carbon-carbon bonds thoughout
the (hickness of coating 3, as these parameters may be vaned
throughout layers 3, 7 and & in the I'IGS. 1 and 2 embodi-
ments by changing the ion cnergy vsed during the deposition
process of coating 3.

In the FIG. 3 embodiment, a low-10 ar other coaling S is
provided belween substrate 1 and DI coating 3 (i.e. the
DLC coaling of either the FICG. 1 or FIG. 2 embodiment).
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Hewever, DLC coating 3 is still on substrate 1 in the VIG.
3 cmbodiment, along with s W< portion 7 of coaling 3.
Thus, the term *on™ herein meuns that substrate 1 supports
1.4 coating 3 or any layer (e.g. 7, 8) thercol, regardless of
whether or nol other layer(s) 5 are provided therehetween.
Thus, protective coating 3 may be provided directly an
substrale 1 a5 shown in TGS, 1 2, or may be provided on
subsirate 1 with a low-11 or other coaling(s) § therebetween
as shown in IIG. 3. Coating 5, inslead of its illustrated
position in FIG. 3, may also be provided on (op of DI
goating 3 so that coating 3 (ol cither the TG, 1 or FIG. 2
embodiment) is localed belween coating(s) 5 and substrate
1. In still other embodimenls, a 19147 coating 3 may be
provided on both sides of a low-1 coating 5,

Exeniplar coalings (in full or any portion of these cout-
ings) thut may he vsed as low-E or olher coating(s) 5, either
on fop ol or helow DL coating 3, are shown and/or
deseribed in oany of UK. P'at, Nos, 5,837,108, 5,800,933,
5,770,321, 5,557,462, 5.514,476, 5425861, 5344,71%,

5,376,455, 5,298,048, 5,242,560, 5,229,194, 5,188,887 and .

4,960,645, which are ull herchy incomorated herein by
relerence. Simple silicon oxide andlor siicon nitride
coaling(s) may also be used as coaling(s) 5.

As will be discussed in more detail below, highly tetm-
hedral amorphous carbon (ta-C) layer(s) 7 1s a speeial lonm
ol dismond-like earbon (DLC), and inclodes at leust about
35% sp” carbon-carbon bonds (Le. il is highly ietrahedral).
In certain embodiments ol (his imvention, ta-C layee(s) 7 has
al least about 35% sp™ carbon-carbon bomds of the total sp

bonds in the layer, more prelerdbly al least about 70%, and 3

most preferably at teasl dboul 80% sp? carbon-carbon bonds
40 a8 to increase the density wf layer 7 and its bonding
strength. The amounls ol sp* bonds may be measured using
Raman finger-printing and/or ¢leciron coergy 10ss spectros-

copy. The high amount of sp® bonds ingreases the density of

Jayer thereby allowing it to prevent soda diflusion to the
surluce of the coated article.

Ta  Clayer 7 forms the enfirely of 1200 coating 3 in the
IIti. 2 embodiment, and 1a-C layer 7 formas only a portion
of DLC coating 3 in the FIG, 1 embodiment. This is because
interfacial amorphous earbon layer 8 in the UIGL 1 s
cmbodimen! sometimes has a density less than about 2.4
grams per cuhic centimeter and/or less than about 35% sp’
carboncarbon bonds, However, it 18 aoted that 1.0 coating
3 has un interfuciv] layer immediately adjacent substrate 1in
each of the FIG. 1 and FIG, 2 embodiments, with the
dillerence being that the interfacial layer in the FIG, 2
embodiment has & density of at least about 2.4 prams per
cihic centimeter and at least about 35% sp (more prelerably

at least about 70%, and moest prefirably at lewst aboul 8064)

carban-carbon bonds. Thus, layer 7 hewin relers 1 buth
layer 7 as illustrated in the FIG. 1 embodiment as well as
130 coating 3 in the FIG, 2 cinbodiment.

At least some carbon atoms of D10 ceating 3, and/or
some sp” and/or ¥p” curbon-carbon bands, are provided in
Lissures or cracks in a suetace (e.p. top swrface) of the glass
substrule, or may penetrate the glass surface of substrale 1
itsell or the surlace ol wrowing 13107, 80 as to strongly bond
cualing 3 &y substrate 1. Suhimplantation of carbon sloms
il the surface of substrate | enables coating 3 o be
strongly bonded to substrale 1.

lor purposes of simplicity, FIG, 4 illustrates an exemplar
sp? carbon-carbon or C—C bood (ie. carbon to carbon
diamond like bond} in coaling 3, FIG. 4 un exemplar sp®
C C bond in coating 3, and FIG, 5 an exemplar sp,

The provision of dense (density vl al least about 2.4
gmfcm") la-C layer 7 on soda inclusive glass subsinele 1
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reduces the amount of soda which can exit the substrate or
reach the surface of (he subsimate or coated article (e w-C
limits soditm dillusion Ironn the substrate). Thus, less soda
is allowed (o resct with water or other materiul(s) on the
surface of the article. The end resull 1s that the provision of
ta-C' layer 7 on the substrate reduces staings sod/or corrosion
on the glass article which can fomm over time. The large
number of 5p? varbun-carban bonds Increuses {he density of
layer 7 and allows the layer o repel waler and minimize
soda diffusion [rom sodda inclusive glass,

Coating(s) 3, and layer(s) 7, 8, also strengthen the glass
article, reduce stress al the bonding surfaces between coating
3 und substrate 1, and provide a solid lubricant surface on the
article when coating ¥ is lovated ut a surface of the arlicle,
Coating(s) 3 and/or layer 7 may includes a top layer porfion
fe.g. the lop 3 o 15 A) that is less dense Lhan enlra) areas
of coating 3, lherchy providing a solid lubricanl al the top
surface of coating 3 [urthest from the substrate so that the
arlicle is resistant W seratching. Ta  C layer 7 also provides
resislance 1o walerinedstiee entering or coming inky sub-
strale 1, Costing 3, and thus ta-C layer 7, are preferably
formed/deposiled continuously across glass subsirale 1,
abzent any pinholes or apermres.

In certain embodimenls, layer 7 andfor & adjacenl the
glags substeate 1z depusited al un ion energy that allows
sipnificant numbers of carbon atoms to penetrale cracks in
the glass surface ws shown in UlK 8. The small size of
carbon wloms i the 1on energy utilized prevent substantial
water from reaching e tip of the crack(s). This strengthens
(he whass in the Jonyg teem by slowing down aod/or slopping
the uplure ol silicon-cxygen bonds at erack 1ips covsed by
water exposure,

Advanluges wssociated with certaln embodimenlts ol this
invention includy; (1) vosted window articles that can shed
water in dillerent environments (e.g. automotive windows
such as backlites and windshields, or commetcial and resi-
dential windows); (i) anti-log coaled articles that are resis-
tant 1o fogging up; (1) strengthened coated windows; {iv)
abrasion esislant cowied windows, (V) coated articles thal-
can repel dirl; and (vi) cooted plass articles less suscoptible
to visible corrosion on surlaces thereof. For example,
gulomotive window embodiments, the outer surlace ol sub-
sirale 1 exposal to the environment s coated wilh coaling 3
in accordance with any of the 'I{;. 1-3 embodiments, In
anli-log sulomotive embodiments, the inner surlace ol aulo-
molive window subsirates 1 may be coated with coating 3 in
secordsnee with any of the FICG 1.3 embodiments,

In ¢erlain embodiments, coating 3 is at least about 70%
trunsparent to of transmissive of visible light rays, preler-
ubly at least about 0%, and most preferably al leust about
W4 transparent to visible light rays,

In certain embodiments, DLC couting 3 (and thus layer 7
in the I1G. 2 embodiment) may be [rom about 30 1o 3,000
A thick, most prefersbly Trom sbout 50 t0 300 A thick, As
for glass substrate 1, il may he from about 1.5 to 3.0 mm
thick, preferably from about 2.3 to 4.8 mum thick, and most
prelerably [rom sboot 3.7 to 4.8 mm thick. Ta € layer 7,
in cerlain embodiments, hus o density of at least about 2.4
grams por cubic centimeter, more prefarably from aboul 2,4
(0 3.4 gmfem®, und most preferably from about 2.7 to 3.0
gm/em?.

Substrate 1 includes soda or Na, O in ¢ertain combodiments
of this invention. Thus, (a-C layer(s) 7 minimize the amount
of soda that can reach the surface of the coated article und
cuuse stns/corrosion. In certain embodiments, substoale 1
wchides, on a weight basis, from aboul 60 0% 510, [rom
ahort 10-209% Nag(), from about O 16% Ca0, from aboul
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0-10% K0, from about 0-10% MgQ, and from about
0 5% ALO,. In coruin other embodiments, substrate 1 may
be soda lime silicu wlass including, on a wuight basis, from
about 66 75% S0, lrom-about 10 20% Na,0, [ about
5 15% CuO, trom ghout 0 5% MgO, Irom about 0. 5%
ALO,, and from about 0 5% K0, Most preferably, sub-
strate 1 i3 soda lime silics glass including, by weighl, lrom
shont 70-74% 810, from aboul 12-16% Na,(, from abou
7-12% Ca, [rom aboul 3.5 to 4.5% MgQ, lrom aboul O t
2.0% ALC),, front about D-5% K (), and from about 0,08 o
0.1 5% iron exide. $oda lime vilics gluss sccording to any of
ihe above embodiments may have a density of from about
150 to 160 pounds per cubic fool (preterably about 136), an
averape short term bending, strength of from about 6,500 to
7,500 psi (preferably about 7,000 psi), a specific heat (0 100
degrees () of aboul 0.20 Bu/1hl, a softening point ol from
abont 1330 1o 1345 degrees T, u thermal condnetivity of
from abeut 0.52 to 0.57 Btw/hriil, and a coefficient of linear
expansion (room lemperstuee to 330 degrees C.) ol from
abont 4.7 to 5.0=107° degrees 1 In certain embodiments,
any glass diselosed in (LS. Pat. No. 3.214,008 or 115, Pal,
Ne. 5,877,103, cach incurporaied herein by reference, may
be peed as subsimute 1. Also, soda lime silica float glass
available [tom Guurdian Industries Corp., Aubum Hills,
Mich., muy be uswed ag substeate 1.

S Any such aforesald glass subsuste 1 muy be, for
example, green, Blue or grey in color when appropnale
colorant{s} are provided in the glass,

In certain other embodiments of thizs invention, subsirale
1 may be of borosilicate glass, or of substanlially iranspacent
plastic, In cerlain borosilicate embodiments, the subsimte 1
may inelude from about 75-85% 810, from aboul 0-5%
Nu, O, from ahout (0 to 4% ALY, from about 0-5% K,0,
from about 8-15% 13,0,, and from about O 5% Liy0O.

In still further embodiments, an gulometive window (e.g.

windshield or side window) including any of the above gluss
subsipries lmmnated to a plastic substmle may ¢ombine 1o
make up substrate 1, with the coaling 3 ol any of the FIGS.
1-3 embodiments provided on either or bolh sides wl such a
window. Cther embodiments would have substrate 1 made
up of a sheet of soda lime silica pluss lamineted o 4 plastic
shest for automotive window purpose, with coating(s) 3 of
unty of the I'li. 1 3 embodiments on (he inner side of the
subsimle bonded to the plastie, In other cmbodiments,
substrate 1 may include first and seeond glass sheets of any
of the above mentioned glass maternials laminated w one
another, for use In window (e sutomative windshield,
residential window, gommercial window, automotive side
window, sutomotive backlite or back window, cle.) and
ather similur envimnments.

In cerlain cmbodiments, coating 3 and/or ta-C layer 7 may
have an average hardness of from about 30 80 GPa (mos!
preferably from about 40-7% (tPa), and a bandpap of from
abont L8 (0 2.2 eV, 115 noted that the hardness and densily

af couling 3 andfor layers 7, 8 thereof may be adjusted by 33

varying the ion energy of the depositing apparatus or process
described below.

When substeate 1 of any of the aforesaid malerials is
coaled wilh 2l least DIC couting, 3 according to any of the
FIGS. 1-3 embudiments, the resulting coated article has the
following characteristics in corain cmbuwdiments; visible
teansmittance (I, A) greater than about 0% (profermbly
preater than about 70%0), UV (ullrmvivlet) tmnsmittance less
than about 38%, total solar lransmiftance less thun abuout
45%, and IR (infrared) transmittance less (han aboul 35%
(preferably less than about 25%, and moest prelerably less
than about 21%). Visible, “total solar™, UV, and IR trans-

3
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mittance measuring echuigues are set forlh in ULS. Pat. No.
5,800,033, us well as the 008 paienl, incorparated herein by
referenee,

Diamond-like curbon (121.00) and the special tetrahedml
amorphous carbon (ta-¢7) form 7 of DLC utilized in certain
embodiments herein will now be deseribed in detuil. All
DLC 3 shown in deawings herein is smorphous. Ta. C7 is
amorphous snd yet has substantial C— wirahedral (sp-
type) bonding end hence is termed (elrahedral amarphous
carbon (ta-C) [or highty ta-C] as it las alleast 35% sp? C—C
bonds, prefierably al least about 70% and most prelersbly at
least sboul 80% sp* C-—C bonds, Digmond-like bonding
gives this ta-C malerial gross physical propertics approach-
ing (hwse of damond such as high hardowess, high density
and chemiesl ipermess. However, 1a-C alsu includes sp?
€2 wigonal bonding aml its optical and elecironic prop-
entivs wre largely determined by this bonding component.
The fraction ol sp* bonding, and thus the densily, in 4 -
layer depends for example on the carbon jon energy used
during, deposition of coating 3 and/or layers 7 and &
Propertics o » given 1DIC coating are o lunvtion of the
fraction of sp* o sp* honding throughout the couling and
thus throughoul layers 7 and 8.

It is noted that the sp® honds discussed herein are sp®
carbon-carbon bonds which result in a high density coaling
3 and/or 7 und are pot sp® carboa-hydrogen bonds which do
not provide as high ol density.

Depending on the technique of deposition, many ta-(
Tayers 7 herein contain amounts ol H (up W about 4%) which
cither include the ¢ atom 1o take cither u letrahedral con-
liguration vr an sp® planar configuration or o be sp-hyhed-
dised within a linear polymeric-like lorm. Iu other words
Co-C, C—H andl 11— correlations all contribute 1o the
average structure of layers 7 in some embodiments.

In the case of ta-() which is fully ar al least ahout 9%
hydrogen-lres, C—L bonding deseribes the loval structune.
Ta—&: films also have some fTaction of sp® or graphic
bonding. ‘The spatial distribution ol tigonal (sp”) and tet-
tahedral carbon atoms may delermine the honding strength
ol laver(s) 3 to glass, as well as the layer's densily, strength,
siresy, cte. Tetrahedral amorphous carbon (la-C) und its
hydrogenated form ta-C:H (which conluins no more than
aboul 10 at % or so H) have the highest pereentupe of
carbun-carhon (C—C) sp® bonding, and are used as luyer 7
in the MG 1 embodiment and coating 3 in the FIG. 2
embodiment, and either of these in the FIG. 3 ambodiment.
This diamond-like bonding conlirs upon ta-€ 7 properties
which are nnrivaled by other [onms ol so called [H.C which
have lower densities apd/or greater proportion of graphitic
sp® and polymeric sp C—C and C—1 bonding,

Ta C 7 has high densily (at least about 2.4 grams per
cubic centimeter), hardness, Youny s muodaius (700-8X)), as
well as a low coefficient of {riclion (see Tuble 1 below).

TARLE 1

ta-CiH
Properties - iamand Tn-€] (10% at H)
Bandgap (2V) 45 20 2.2 2.4
Breakdown voltage oo 23 3y
(V emr1) 1074
Dnelectric Congtant 55 4.5 4.7
Resintivity (olun - en) 10" 1o 164
Thermud Conductivity 20 0.1 0.l
(Wem 'K 1)
Young's modulus Gpa 1000 T00-800 S0}
Hureugss (i) 100 30-80 380
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TABLE 1-continued

[P I

Properties -Diamond ta-C {10l 10)
Refractive index 2.4 2.0 L1414
Structe erysialline ariorphous  amorphous
Deposition Digh trop CVIZ O fow Lup low temp
cunlition/rate um/hr <200

20 Afs
wetnahilily contact

angle 5 to

50
Mat thickness =1 um =201) nin =200 am

sITENS

lirnnited
Coellicienl of Fricuan =02 single cryetal  =0.0 =1

Methods ol depositing coating 3 on subsizate 1 are
described below for cartain embodiments ol this wmvention.

Prior 1o coaling 3 being {ormed on the glass substrate, the
1op surlice of subsirale 1 is preferably cleaned by way of an
ion bewn uilizing oxygen gas in each of the FIG, 1 umd 2
embodiments. Oxyyen gas physically cleans the surface due
{0 its alomic weight of tham about 28 40 amu, most prel-
crubly nbout 32. Substeate 1 may also bo clesned by, lor
cxample, spulter cleaning the substeate prior to actual depo-
gition of (w-C or other 0.0 material. This cleaning may
utilize oxygen and/or carbon aloms, and can be al an ion
energy ol lrom sbowl 800 1o 1200 eV, most preferably about
1,000 &V,

[n plasima ion heam embodiments for deposiling coulings
3, 7 and/or 8, carbon ions may be encrgized to form a stream
Trom plasma Towanl substrate 1 8o that carbon from the ions
I deposited o substrate 1. An lon beam from gas phase
produces a beam ol C+, CH+, C,H, und/oc CyH+ tons (1e.
carbon or carbon hased radicals). Preferably, acetylene feed-
stock gas ((C,015) is used to prevent or minimize polymer-
ization and to obtain an appropriale energy 1o allow the jons
o penetrate the substrale 1 surface and subimplant therein,
thereby causing coaling 3 sloms o interix with the surface

of substrate 1 a fow atom layers thereinto, Impuel cnergy of

icms for the bulk of coating 3 (e.g. layer 7in the FIGS, 1 and
2 embodiments) may be from about 100 10 200 ¢V per
carhon atom, preferably from about 100-150 ¢V, (o cunse
dense sp* ¢ C bonds o form in the DLC Tayer. The ions
impact the substrate with this cnergy which promeltes for-

mation of sp* carbon-carbon bonds. The impset energy of

the energelic carbon ions may e within a range o promote
formation of the desired labice stmcture, such bonds in an
imlerleing portion (e, layer 8 in the FIG. 1 embodiment)
of coaling 3 apparently being formed at least in part by
subimplaptaiion intey the substeate as shown in FIG. 7. The
slream may he optionally composed of ions having approxis
malely unilorm weight, so that impact energy will be
approximately wniform. Effectively, the energelic ions
impact on the growing film surface and/or substrale 1 and
are driven into the growing [ilm and/or substrale 1 1o cuuse
densification. Cloating 3, and especially layer 7, ame prelur-
ably free of pinholes, to achicve salisfaclory waler repulsion
and suppression of soda dillusion,

Thus, the C—C sp’ bonding is prelermbly formed by
laving a predetermined range of ion energy prior to reaching
suhsirate 1, or prive o reaching ta-C growing on the sub-
slrie. The wptimal don energy window for ta-C0 layer 7
formation in the FIGS. 1 and 2 embodiments is from about
100 200 2V (preferably from aboutl 100-150 &V, and most
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preferably from about 100540 ¢V) per cachon jon. At these
energics, {ilms 7 (i< Jayer 3 in the I'IG. 2 embodiment)
emulate diamond,

However, compressive stresses can develop in ta-C when
being deposited at 10-150 eV, Such stress can reach us high
as 10 Gpa and cun polentially cause delamination lrom
muny substeates. It has been found that these stresses can be
controlled and decreased by incressing the ion energy the
deposition process to a range ol Irem about 200-1,000 eV,
The plasma lon beam source enables fon energy to be
conteelled within differenl ranges in an industrial process for
large area deposition viilized hercin. The compressive stress
in amorphous carbon is thus decreasid significantly at this
higher lon energy range of 200-1.000 V.

1ligh stress is undesirable in the thin interfucing portion 8
of coating 3 that directly conlacis the surfioe of a glass
substrale 1. Thus, for example, the first 1 40% thickoess
(prelirubly the first 1-20% and niost preferably the first
5 10% thickness) 8 wl coating 3 is deposited on substrate 1
nsiny high unli-siress cuergy levels of from about 200 1,000
eV, preferably [rom shout 400-500 eV. Then, afier this
initial interfacing portion & of cuating 3 has been grown, the
ion coergy in the jon deposition process is decreased (either
quickly or gradually while deposition continues) to about
100-200 ¢V, prefershly from about 100 130 eV, to prow Lthe
remuinder 1a-C layer 7 of coanng 3.

For cxample, assume for exemplary purposes only wilh
reference to IIG. 1 that DLC coating 3 is 100 A thick. "The
fics1 10 A luyer 8 of coating 3 (Le. interfacing portion 8) may
e deposited using an jon energy of from about 400 to 500
eV 5o Lhal layer 8 ol couting 3 that contacts the surface of
substrate 1 has reduced compressive stresses relative to the
remainder 7 of coaling 3. Interfacing portion 8 of coating 3
at least partially subimplants inio the surface of substrate 1
to allow inlenmixing with the glass surface. [n certain
embodiments, only C' jons are wsed in the deposition of
inlerlucing layer 8, with the graded is composition interface
being muinly 3iC. This interface 8 between substrate 1 and
coating 3 improves adhesion of couting 3 to substrate | and
the grulual compesttion change distributes strain o the
inlerlacial region inslesl of narmowly concentrating it. Layer
8 ol DLOC coating 3 may or may oot have a density of at least
aboul 2.4 grums pur cubic centmeter in different embodi-
wents, and may or may not have at least about 35%, 70%,
or 80% sp? curhon-catbon honds in different embodimenis,
Alter the limt 10 A (ie. layer 8) of coating 3 has been
deposited, then the lon energy is pradually or quickly
deercased 1o 100 1 150 @V for the remainder [may be either
ta-C ar ta-C:L] 7 of coating 3 so (hat layer 7 hus a higher
density and a higher percentage of sp® C—C bonds (hun
layer 8.

Thus, in certain embodiments, bovsuse of the adjustment
in ion energy during the deposition process, 1a-C coating 3
in FIGS. 1 3 has different densilies und diflerent percent-
ages ol spt C—C honds wt different areas therein. | lowever,
al lewsl o portion of coating 3 15 a Taghly tetrahedral ta-C
Layer 7 having a density of at Teast about 2.4 grams per cubic
cenlimeter and at least about 35% sp®. The highly tetrahedra]
12-CC portion s the portion tirthest trom substeate 1 in FIG,
1, but mmy uplionally be at other areas of coating 3. [n a
similar manner, the portion of coating 3 having a lesser
petcentage of sp® C—C bonds is preferably the portion
immueliately mljacent substrate 1 (e.g. interfacing layer ¥).

In certain embodiments, CH, may be used as a feedstock
gas during (he deposition process insicad of or in combinu-
lion with the aloressid C.H, gus.
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Referring w FIG. &, it is noted that the surfsce of o glass
subsirale hos tiny cracks or microcracks defined therein.
These cracks muy weaken glass by orders ol magnitude,
especially when water seeps therein and ruplures further
bonds, Thus, snuther advantage ol this iuvention is that in
cerlain embodiments amorphous carbon sty and’/or net-
works of layer 7 or 8 fill in or eullect in these small cracks
buguuse of the small size ol carbon sloms (e.p. less than
abuyt 100 pm radins atomic, most prelerahly less than about
#0 pmy, snd most preferably aboul 76.7 pm) und hecause of
the lon energy 0 200 to 1,000 eV, prelembly sbout 40-500
&V, uid momenmum. This inereases the mechanical strength
ol the glass, The nane cracks in the glass surluge shown in
FIG. 8 may sometimes be from aboul 0.4 nm to 1 nm is in
widih, The inert nature and size of the carbon atorns in these
nonacracks will prevenl waler Irom stwcking honds at the
vruck tip 14 and weakening the gluss. The carbon atoms
muke their way to posilions adjacent the tips 14 of these
cracks, due to (heir size and enerpy. Tips 14 of these eracks
are, typically, from aboul 0.3 tu 50 nm below the plass
substrate surface, The top surface of layers 7 and/or 8
remaing smooth andfor spproximately flat within about less
than 1.0 nm cven above the cracks.

Carbon is now deseribed genemly, in many of its forms,
1o aid in the understanding of this invention.

Carbon has the ability to form structures based on dirceted
covalent bonds in all three spatial dimensions. Twoa out of
the six electrons of a carbon alom lie in the 1y core and hence
do not parlivipate in bending, while the four remaining 2s

and 2 clestrony wke part in chemical bonding to neighbor- -

ing aloms. The carbon atom’s one 2y and three 2p clegiron
orbilals cun hybeidise in three diflerent ways, This enahles
carben 1o exist as several allotropes. In nalure, three allot-

E=)
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b
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rupic crystalline phase exists, namely dismend, graphile and

the Tullerenes wnd o plethora of non-crystalline {forms,

For the diamond crystalline allotrupe, in etrahedral or sp”
bonding all the four bonding clectrons form «F bonds. The
space lattice in diamond is shown in FIG. 4 where each
carbon atom 1s telrhedrally honded to foure other carbon
atorns by o bonds of length 0.154 nm and kond angle of 109
53", The strength of such a bond coupled with the fact that
diamond 15 2 macromolecule (with catirely covalenl bonds)
wive dinmond unique physical properties: high alomic den-
sity, teansparency, exireme hardness, cxceptionally high
thermal conductivily and extremely high clectrical resistiv-
ity (10'* L2-cm)

‘The properties of graphile are governed by ils irigonal
bonding, The outer 2y, 2p, and 2, orbitals hybridise in a
manner o give three co-planar sl:llg orbitals which [orm o
bonds and a p-type 7 orbital 2, perpendicular to the sp®
arbital plane, as shown in FIG. 5. Graphile consists of
hexaponal layers separated from cach other by a distance ol
0.34 nm. lach carbon atom iz bonded W three others by
0,142 nm long « bonds within an hexagonal plane. ‘|These

planes ure held wgether by weak van der Waals bonding

which explains why graphitc is so[i along the sp® planc.

As for [ullerenes, it 13 known thal O and C, are the most
accessible members ol the family of clusxl-cage molecules
called [ullerencs, [onmed entirely of carhon in the sp?
hybridised state, Each fullerenes C,, consists of 12 pentago-
nal rings and m hexaponal rings such (hat m=(n-20)/2
(satisfying Euler's Theorem). The o honds are wrapped such
that the fullerene has o highly strained structure and the
molecule is Hgid.

Az for amorphous carbon, there exists a class ol carbon in
the metastable state without any long range order.

N
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Material propertivs chanpe when using different deposi-
tion lechnigues or even by varyiny 1he deposition parameters
within a single technique. [n this category of materials on
one exireme we have ta-C {ep. layer 7) which is the most
diamond-like with up to 90% C C sp” honding in certain
prefemred cmbodiments and on the other »-C (amorphous
gurhon), produced by thermal evaporation of carbon, in
which more than 95% graphilic bonds are prevalent. In this
respuct, these two materials reflest (he intrnsic diversity of
non-cryslalling tormns of carbon,

Amorphous materiuls, such as layer(s) 3, 7 und 8, are
melastable solids. [nan amorphous solid (there exists & set of
equilibrium positions ahout which atoms oscillate, The
atoms in an amorphous material are often extended into a
three dimensional netwuork with the absence of order beyond
the second nearcst neighbor distance.

Relferring agsin wta-C layer 7, the sp*/sp® C—C bunded
fraction or percentage (%), e.g. in a vacuum are depasilion
technigque or teehmigues used in the *477 patent or depositin
fechniques discussed above, can be controlled by changing
the cneney of the incident C* ions. The films deposiled being
metastuble in natuee ave under high compressive stress. The
sp® hybridised carbon atoms are clustered and cmbedded
within a sp” mairix. The extent of the latter bonding confirs

* onto ta-C its diamend-like physical properties. The fruction

of the sp® hybridised aloms determines the extent of clus-
tering. The degree of clustering, which is seen as a slrain
relief mechanism, implics that the & and x* states become
delocalised 1o such an extent that they control the ¢lectronic
and aptical properties of the films, Al high depsity of states,
(e n bunds merge with the o states to lorm (he comluction
and valence mobility band-cdyes. Their lower density tail
stutes are Iocalised piving a pseudo-gap. The lenn “tetrahe-
dral amorphous carbon (1a-C)" is thus used to distinguish
this lughly tetrahedral material from olher “diamond-like
carbon” which have C--( correlations mostly ol the sp®
type.

The sp” bonding in coatings 3 is believed to arise from a
densification process under cncrgetic ion bombardment con-
ditions, Hybridizalion ol the corhon atom s expected to
adjusl lo (he local densily, hecoming more sp” if the density
is high and moee sp® if low. This can oceur if an ineident ion
penetrates the first atomic layer and then enters an interstitial
subsurface position. The local bonding then reforms around
this atom and its neighbours (o adopl the most appropriate
hybridisation. High energy ions o panciple can penetrate
the surface layer of the substrale or growing DLC, increase
{he density ol deeper layers which then forces sp* bonding,
Tans ol lower enetgy than the penetration threshold only
append W the surface forming sp? bonded a-C.

Coated articles according to any of the aloresaid cmbodi-
ments may be used, for example, in the conlexl ol auloma-
tive windshields, automotive back windows, sulomotive
side windows, archilectural wlass, 1 plass units, residential
or comumereial windows, and he like.

In any of the aforesald embodiments, a layer of non-
porous tungsten disulfide {W3,) 12 may e providid on top
of layer 7 to prevent the DLC lrom buming oll upen
exposure to air if taken to high lemperatures s lier the cosling
depoasition. 1.ayer 12 (e.g. see FIG. §) may be applicd by
plusina spraying to a thickness of from about 300 to 10,000
A W8, layer 12 is removeable in certain embodiments,
(Hher suitable materials may instead be uscd for layer 12,

Onee given Lhe above disclosure, many othor leatores,
madilieulions, and improvements will become apparent to
the skilled arlisan, Such other Reatures, modifications, and
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improvements are, therefore, considered 1o be a part of this
invention, the scope of which is (0 be determined by (he
following claims.

| elaim:

1. A method ol making a heat trealed coated article [or use
in o window comprising diamond-like carhon (1.C), the
method comprising:

providing a glass substrate thal supposts at least a layer

comprising diamond-like carbon (11L.C);

lonming a protective layer over at least the layer com-

prising 1)1, the protective Jayer for protecting the

layer comprising DLC fram signiticantly burning ofT

during heat treatment;
heat treating the glass substrate together with the layer
gomprising LG and the protective layer; and
uxing the heat treated gluss substrate in a window,
2. The method of claim 1, wherein the protective layer
comprises WH2.
3, The method of elaim 1, wherein the layer comprising
DLC hus un average density ol al Jewst 2.4 gm/em3.

4. The method of c¢laim 1. wherein at least 35% ol

gurbon-carbon bonds in the luyer comprising DLC are of he
ST type.

5
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5. ‘The method of claim |, wherein al least 70% of
carban-carbon bunds in the layer comprising [31.0 are of the
sp3 type.

6. The method af cluim 1, further comprisiog cansing the
protective layer (o be removed after the heat treating.

7. A method of muking 2 coated article, 1he method
compreising:

providing a low-E coating on a glass substrate; and

forming a layer comprising carbon over the low-E coal-

ing, the layer comprising carbon [or protecting the
low-E coaling, snd wherein the layer comprising car-
bon bums oll during heating of the couted article.

% I'he method ol claim 7, wherein the layer comprising
carbon comprises DFLC.

9. The method ol cluim 7, wherein the layer comprising
carbon comprises D] and has an average density of at leasl
2.4 gmjem3,

10. The method of claim 8, wherein the DLC furthar
mchides hydrogen.

11 The method of ¢laim 7, further comprising using the
coated article in & window unit after said heating.

L * * h
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1. s this a case that has been previously dismissed? ] Yes
No

If yes, give the following information:

Court:
Case No.:
Judge:
2. Other than stated above, are there any pending or previously
discontinued or dismissed companion cases in this or any other [:l Yes

court, including state court? (Companion cases are matters in which No
it appears substantially similar evidence will be offered or the same
or related parties are present and the cases arise out of the same

transaction or oceurrence. )

If yes, give the following information:

Court:

Case No.:

Judge:

Notes :

e e




