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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF MICHIGAN

GUARDIAN INDUSTRIES CORP. and
CENTRE LUXEMBOURGEOIS DE
RECHERCHES POUR LE VERRE KT LA
CERAMIQUE $S.A. (CR,V.C)

Plaintiffs,

Ya.

AFG INDUSTRIES, INC,

Defendant.

R, Terrance Rader (P28747)
Lisa R, Mikalonis (P394835)
RADER, FISHMAN & GRAUER, PLLC
39533 Woodward Avenue, Suite 140
Bloomfield Hills, Michigan 48304
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CaseNo. 03-73722: & -

Hon, Arthur J, Tamow

Magistrate Judge R. Steven Whalen

JURY TRIAL DEMANDED

David A. Breuch (P45368)

Brian M, Zif (P58124)

CLARK HILL PLC

500 Woodward Avenue, Suite 3500
Detroit, Michigan 48226-34354
Tel: 313-965-8300

Fax: 313-965-8252

Attorneys for Defendant

T AMENDED CO NT

Plaintiffs Guardian Industries Corp. (“Guardian”) and Centre Luxembourgeois de

Recherches pour le Verre et la Ceramique 8.A, (CR.V.C.) (collectively “Plaintiffs”), by their
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undersigned attorneys, for their First Amended Complaint against defendant AFG Industries, Inc.

(“AFG"™), allege as follows:

NATURE OF THE ACTION
1. This is an action for patent infringement arising out of AFG’s infringement of U.S.
Plaintiffs’ Patent No. 6,576,349, Guardian's U.S. Patent No. 6,602,608, and Plaintiff's U.S.

Patent No. 6,686,030, in violation of the patent laws of the United States, 35 U.S.C. §§ 271 and

281-285.

THE PARTIES

2. Guardian Industries Corp. is a corporation organized and existing under the laws of
the State of Michigan, having a principal place of business in Auburn Hills, Michigan,

3. Centre Luxembourgeois de Recherches pour le Verre et Ia Cararrﬁque S.A ({CRV.C)
is a corporation organized and existing under the laws of the country of Luxembourg, having a
principal place of business in Dudelange, Grand Duchy of Luxemboﬁrg.

4. On information and belief, AFG Industries, Inc. i3 a corporation organized and
existing under the laws of the State of Temnessee, l;ﬁving a pﬁncipal place of business in
Kingsport, Tennessee.

JURISDICTION AND VENUE

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

States Code.
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6. This Court has jurisdiction over the subject matter of this action pursuant to 28 U.5.C.
§ 1338(a).

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

BACKGROUND

8. On June 10, 2003, United States Patent No. 6,576,349 ("the 349 patent™), entitled
“Heat Treatable Low-E Coated Articles and Methods of Making Same,” was duly and legally
issued to Philip J. Lingie et al. The patent is assigned to Guardian Industrzes Corp. and Centre
Luxembourgeois de Recherches pour le Verre et la Ceramique S.A. (CRV.C.) A true and
correct copy of the ‘349 patent is attached hereto as Exhibit A,

9. On August 5, 2003, United States Patent No, 6,602,608 (“the ‘608 patent™), entitled
“Coated Article with Improved Bamier Layer Structure and Method of Making the Same,” was
duly and legally issued to Grzegorz Stachowiak. The patent is assigned to Guardian Industries
Corp. A true and correct copy of the "608 patent is attached hereto as Exhibit B.

10. On Pebruary 3, 2004, United States Patent No. 6,686,050 (“the ‘050 patent”), entitled
“Heat Treatable Low-E Coated Articles and Methods of Making Same,” was duly and legally
issued to Philip J. Lingle et al. The patent is assigned to Guardian Industries Corp. and Centre
Luxembourgeois de Recherches pour le Verre et la .Ceramiqua S5.A. (CRV.C) A true and

correct copy of the ‘050 patent is attached hereto as Exhibit C,
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COUN
(Patent Infringement)

11, AP has directly infringed the ‘349 patent by making, offering to sell, selling, or
using within the United States, articles covered by one or more of the claims of Plaintiffs’ ‘349
patent.

12,On information and belief, since at least June 10, 2003, ARG has had notice of
Plaintiffs’ exclusive rights secured by the ‘349 patent.

13, On information and belief, AFG has proceeded in a willful and deliberate manner to
infringe the ‘349 patent.

14. On information and belief, AFG’s actions constitute willful infringement of the 349
patent, in violation of 35 1U.8.C. §§ 271 and 281-284,

15. Plaintiffs have been imeparably harmed by AFG's infringing conduct.

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

COUNT II
(Patent Infringement)
17. AFG has directly infringed the ‘608 patent by making, offering to sell, selling, or
using within the United States, articles covered by one or more of the claims of Guardian’s ‘608

patent.
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18. AFG has directly infringed the ‘608 patent by making, offering to sell, selling, or
using within the United States, articles covered by one or more of the claims of Guardian’s ‘608
patent,

19. On information and belief, since at least August 3, 2003, AFG has had notice of
Guardian’s exclusive rights secured by the ‘608 patent.

20, On information and belief, AFG has proceeded in a willful and deliberate manner to
infringe the *608 patent.

21, On information and belief, AFG’s actions constitute willful infringement of the ‘608 |
patent, in violation of 35 U.S.C. §§ 271 and 281-284.

22, Guardian has been irreparably harmed by AFG's infringing conduct.

23, AFG's infringing conduet will continue unless enjoined by the Court.

COUNT 1Y
(Patent Infringement)
24, AFG has directly infringed the ‘030 patent by making, offering to sell, selling, or
using within the United States, articles covered by one or more of the claims of Plaintiffs’ ‘050
patent.
25. On information and belief, since at least February 3, 2004, APG has had notice of

Plaintiffs’ exclusive rights secured by the ‘050 patent,
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26. On information and belief, AFG has proceeded in a willful and deliberate manner to
infringe the ‘050 patent.

27. On information and belief, AFG’s actions constitute willful infringement of the *050
patent, in violation of 35 U.8.C, §§ 271 and 281-284,

28. Plaintiffs have been irreparably harmed by AFG’s infringing conduct.

29, AFG's infringing conduct will continue unless enjoined by the Court,

RELIEF REQUESTED
WHEREFORE, Plaintiffs respectfully request this Court to enter a judgment and order

- that;

A, AFG has directly infringed the 349, *608, and ‘050 patents;

B. | AFG’s infringement has been willful and deliberate;

C. AFG and its officers, agents, representatives, employees and all others in concert
or participation with them, directly or indirectly, be preliminarily and permanently enjoined from
infringiﬂg, i.nducing others to infringe, or contributing to the infringement of the 349, ‘608, and
050 patents;

D. Plaintiffs be awarded damages adequate to compensate for AFG’s infringement of
the 349, '608, and 050 patents together with pre-judgment interest pursuant to 35 U.S.C. § 284;

E. Plaintiffs be awarded treble damages and its costs and reasonable attorneys’ fees

and expenses in this action in accordance with 35 U.S.C, §§ 284 and 285; and
6
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F. Plaintiffs be awarded such other and further relief as this Court may deem just and
pIOper.

JURY DEMAND

Guardian hereby requests a trial by jury of all triable issues.

Respectfully submitted,

RADER, FIS N AND GRAUER PLLC

Date: JUL(\ H‘l W By:
"'Te

Lisa R, Mikalonis (P39485)

39533 Woodward Avenue, Suite 140

Bloomfield Hills, Michigan 48304

Tel.: (248) 594-0600

Fax: (248) 594-0610

Attorneys for Plaintiff

R0O247887.DOC
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CERTIFICATE OF SERVICE

I hereby certify that on July 19, 2004, T served copies of the First Amended Complaint
with exhibits via first class mail, on the [ollowing persons;

David A. Breuch Martin Zoltick

Brian M. Ziff Joseph A. Hynds

Clark Hill PLC Rothwell, Figg, Ernst & Manbeck
500 Woodward Avenue, Suite 3500 1425 K. Street NW, Suite 800
Detroit, M1 48226-3435 Washington, DC 20005

1 also hereby certify that on July 19, 2004, I served copies of the First Amended
Complaint without exhibits via facsimile, on the following persons:

David A. Breuch Martin Zoltick

Brian M. Ziff Joseph A, Hynds

Clark Hill PLC Rothwell, Figg, Emst & Manbcck
313-965-8252 202-783-6031

s Breto e

Raimi Blackerby
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57 ABSTRACT

A beat treatabls coated article (e.g., vehicls windshiald, 10
unit, ete.) is provided with a dual-silver low-E confing.
Before and/or after heat ircatment (HT), the coating and/or
coated exticle bax a visible transmittanes of at least 70%,
mare preferably at least 75%, Moroover, the conting andfor
coated article is designed 0 as to have spproximately the
same color when viewsd over a wide rangs of viewing
angles. In cerain embodiments, at Jeast oo contact layer
{¢.g. of or inaludipg NiCr0,) that contacts an infrared (IR)
reflceting layer (s.g., Ag) is oxidation graded so thet it
progressively becomes Yess oxidized through ifs thickness es
it mears Ihe IR reflacting layer, In still other embodiments, a
Sf-rich silicon nitrids layer(s) may ba wtilized to yeducs
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HEAT TREATABLE LOW-L COATED
ARTICLES AND IVSIJI;“’MIHDDS OF MAKING
E

This application claims priecity on U.S. Provisiooal
Patent Application Ser. No. 60/217,101, filed Jul. 10, 2000.
This invention relates to heat treatable (low-E) coated
artieles, and methods of making ths same. Such coated
articles may be used in the context of vehicle windshiclds,
insulating glass (I3) units, and other suitabls applications.

BACKGROUND OF THE INVENTION

Layer coutings provided for solar management purposes
are known in the art. Such coatings often seck o reflact
infrared (IR) radiation while at the same Lime ¢nabling &
high amount of visible light transmiltance, L the anlomobile
industry, for example, vehicle windshiclds often musi have
& visible Tight rrapsmittance of i least 70% in the United
Statss, and at least 75% in Ewape, sven when laminated
with a polyvinyl butyral &ryaﬂ) layer provided betwesn
opposing gliss substrates. This need for high visible trans-
mittance often confllets with the need for good IR reflection,
and it is difficult to obtain both simultaneously, Making
low-E couting desipns more difficult is the nccd for a
mechanically and/eor chemically durable coating, as well as
the need for & couting with low visible reflectance (glass
gide) that dbes not suffer radical color change when viewsd
ut different viswing angles. It 45 also desirable for such
coutings to be heat treatable, o that they may be uzed in
vehicls windshickds whers haat bending is reguired, tem-
peeed {£4 units, and the like.

1.8, Pat. No. 5,584,002 (commonly owned herswith)
diseloass & low-E coating system ineluding, from the
subatrate outward, a stack of ST,N/NiCr/Ag/MNiCH/S1:N,.
Unfortugately, whils thia coating is heat treatable and low-E
in panuge, it is characterized by tather high emizsivity and/or
shect resistance values which lead to mther low R, (total
salar emergy reflectance) values around 22-24%, For
cxemple, ona coating reporied in the 302 patent bad a sheet
reaistance (R,)of 14.4 o]ic::s{squm gnd a normal emigsivity
(B} of 0.15 befors heet trsatment; and @ R, of 10,3 ohas/
gsquare and 2 B, of 0.11 aftar beat treatment.

U.S. Pat. No. 5,557,462 {commonly owned hercwith)

discleses & dual silver low-E ecating including from the
glass outwardly a stack of:
SigN/NIC/ Ag/NICo/8i, N MNICo/Ag/NICk/Si,N,,. The coat-
ing system of the ‘442 patant is characterized by good
emissivity values and good R, ,,, valies. Unfortunately, the
copting systeme described in tha *462 patent ars not heat
treatable {e.g., upon heat trentment R, goes way up, such s
from sbout 35 o 'well over 10, and heze tends 1o set in).
Becauss the couatings described in the 462 patent are ot
heat trestabls, as a practical matisr they cannot be uszd in
applications such as vehicls windshields {whers heat bend-
ing is vequired) or other applications requiring heat treal-
ment (FT) such as tempering, beat strangthening, or bend-
ing.
Certain other dual-silver coatings are descobed in the
background sectivn of the aforesaid provisions) appHeation.
See glso U.S, Pat. No. 6,060,178. Unformoetely, thass
conting systoms Are plagued by poor durability before andfor
after heal treatment.

SUMMARY OF THE INVENTION

An chject of cortain exemplary smbodiments of this
pvention is 1o provide a heat treatsble low-E coating {or
layer systert) which is mechanically andfor chemically
durabls before apd after heat trestmsnt, the coating system
having a visible transmittance of at least about 70%.

5
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Another object of certain exemplary embodiments of this
invention is to provide a dual silver low-B coating which is
keat treatable and is mechanically and chemieally durable.

Another abject of certain exemplary cmbodiments of this
invention is to provids a dual-silver low-E coating including
at least one oxidation graded contact layer which contacts an
IR reflecting layer, where the degres of oxidation in ihe
contact layer is graded or changss (hroughout the thickness
of the layer. Graded contact layer(s) can help enable the
coating 1o have high visible transmittance coupled with beat
traatability.

Another object of cerlain exomplary embodimenis of this
invention i5 o provide a coeting includiog & Ni or NiCr
inclusive coatact layer(s) (c.g., MNiCr0, layer) which is
oxidntion graded in thickness so that one p of the layer
is mors exidized than another portion of the layer, Agein, it
is believed that graded contact laysr(s) can belp enable the
eoatlng to have high visible transmittancs eonplad with hoat
{reatability,

Another object of eartain exemplery embodiments of this
invention is 1o utilize a silicon nitride layer in a layer slack
in order (o reducs hazs sxperienced upon beat teestment,
This silicon mitdds layer may be Si-rich in certain embodi-
ments,

Anotber object of cartain exemplary embodiments of this
invention is to provide a heat treatable dusl-silver coating/
layer syetern designed to: a) bo mechanically durable, b)
have & visible transmittance of al lcast sbowt 70%, more
preforably of al least about 75%, and ©) have a R, value
of at least about 26%, mare praferably of at least sbout 28%,
and mest preferably of at least sbout 20%,

Another object of certain exemplary embodiments of this
inveation is to provide a coating according to one or more
of the above-listed objects which may be used in the contexl
of a0 10 window unit and/or & vebicle windshisld,

Another object of certain exemplary embodiments of this
invention is 1o provide a heat trsatable low-E coaling having
high visible transmittaoes combined with 2 normal emissiv-
ity (B, of po greater than 0.08 (mare preferably no greater
than 0.06) befors heat treatment, and/or an E, of no greater
than 0,07 {more preferably no greater than 0.05) afler heat
teeatment (HT).

Another cbjsct of certain exemplary embodiments of this
invantion is to provide s heat trearshls low-E coating baving
kigh visible tranamittance combined with a sheet resistance
(R,) of oo grenter than 10.0 ohms/sy. (more preferably no
greater than 8.0 ohmafsy., and mosl preferably no greater
thag about 5,0 ohma/sq.) befora hest treatment; end/ora B,
of 1o preater than 8.0 ohms/sq, {mors preferably no groaler
than 6.0 ohma/eq., and most preferably oo graater than about
4.0 ohms/sq.) afler heat ireatment,

Another object of certain exemplary embodiments of this
invention is to provide s heal treatable low-B coating which
i charaeterizad by substantial reflective color stability with
shifts i viewing angle (VA). For example, in cerfain sxom-
plary embodiments, coated articles of this invention ma:
cxpericoos 4 glass sida reflective color coordinats a* shi
{i.2., A2*) of no mare than 4.0, mare preferably no more than
3.0, eod most preferably no more then 2.0, given & VA shift
of abow 60 degress,

Auother object of certain exemplary embodiments of (s
invention i5 lo provide a hest treatabls Jow-B dusl sfver
coating with a glass side reflective color coondinate 2* velue
within the range of from —2.0 (v 2.0 before and/or after a 60
degree VA shift from normal, so 25 to minimize or reducs
color change detectabls by the human naked eyz.

Anuother object of certain cxemplary embodiments of thia

invention is to provide & heat treatable low<E dua} silver
coating having 2 haze value after heat reatment of no greter
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than 0.40, more preferably no greater than 0.30 (monalithic
and/or in the context of a laminate such a5 2 windshield).

Another objeet of certain exemplary cmbodiments of this
iavention i o provide a heat trosted laminated arficls
having a dual silver low-E coating, with a glass side visiblo
reflectance (R_Y) (L. C, 2 dégree} of oo greater then 11%,
mora preferablly no greater than about 9.0%, and most
preferably no greater than 8.5%.

Anothier object of this invention is to fuliill ons or mora
of the abnve-fislnd objects.

Gcnaralg spraling, certain exampls cmbodiments of this
invention lfﬂl one or more of the ebove-listed objecs by
providing a conted articls jncluding 2 coating supported by
2 glass wubstrate, the conting comprising:

an infrared (IR) refiscting laysr contacting and sand-
wicked between first and second layers, maid secoud
tayer comprisieg NiCrQ,; and

whercin at loast said sscond Inyer comprising NiCrO, is
oxidation graded so that a fizst portion of said seennd
layer close to said infrarcd (IR) reflecting layse iz less
oxidized than 2 sccond portion of said scoond layer that
is further from said infrared (IR) reflecting layer.

Cerlain ofher cxampls cmbodiments of this ioventicn
fulfl] one or more of the abave-listed objects or needs by
providing a coated article fncluding 4 coating supperted by
a substrate, the coating comprising:

1 metallic infrared (IR) reflecting layer contacting and
sandwiched betwoen fivst and seeand contact layers;
and

wherein szid second contact fayer is oxidation graded and
beoomes progressively more oxidized through its thick-
niess procecding further from said fufraved (IR) reflects
ing layer

Certain other exwmple embodiments of this invention
fulfill oma or mors of the abeve-fsted noeds or objects by
providing & coatsd srticls comprising:

a coating provided oo a glass substrete, said coating

comprising from the glass subsieate outwardly:

a) at least one dicleatric layer;

1) a first contact layer that is st least partially oxidized;

<) u first IR reficcting layer eomprising Ag;

d) 2 second contect layer that is sl least parlially
oxidized, said first TR reflecting layer contacling
each of gaid first and sscond contact layecs;

e} al least ooe additional dicleetric laysr;

£) a third contact layer that is at least partially oxidized;

£) a sceond IR reflecting layer comprising Ag

h) & fourth comtact layer that is at least partielly
oxidizsd, said second TR reflecting layer contactng
each of said third end fourth contact layers;

1) at loast coe additiona] dielectrie Tayer,

whersin aftcr being beat teatcd (HT) snd laminated
anid coated article has a visibls transmitisnes of at
least about 70%, & Ty, D0 geater thas about 50%,
an R, of at least 26%, and 2 sheet resistance (R,
of o greater than 8.0 chos/sg; aod

wherein 1l least two of said first, sscond, (hid and
fourth conluct layers comprise at Jeast Ni or 2 Ni
allay.

Certain other exemple smbodiments of this invention
fulflll ope or mote of the thove lisied peeds or objects by
providing a coated article comprizing:

» coating provided on 2 glass substrate, said coaling

comprising from (he glass substrate ontwardly:

2) at least one dislectric layer comprisiog silicon
nitride,

b) a first contact layer comprising Mi or 2 Ni alloy at
least partially oxidized;

1%
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% a first IR, reflecting layer comprising Ag;
a sacond contact layer comprising Ni or a Ni alloy
at toast pattially oxidized;
€) at loast onm additione] dielectric layer;
f) & third contact layer comprising Ni or a Ni elloy al
least paniatly oxidized,
£) a stoond IR refecting layer comprising Ag:
h) a fourlh contact layst comprising Ni or a Ni alloy at
least panially oxidized;
1) at Jeast cne additional dielecirie layer;
whensia after boing heat treated (HT) said coated article
hat 4 visible transemittance of at least 70%, 8 T, 0O
groater than 50%, an R, of at lsast 26%, apd 1
shoet reaistance (R} of no greater than 8.0 ohmahg,
Certain other exemple embodiments of this invenlion
Fulfili one of mare of the above-listed noeds or objects by
providing a method of sputtering an oxidation graded layer,
the methed comprising:
providing a subsirste;
providing & sputtering spparatus including at least one
LAget

directing a first gas portion proximate & frat side of the
tarmet 4nd & second gas portion roximale a sceond side
of the target, tho flrst gas portion including mers
oxygen than the second gas portien so fhat as the
subsirate passes below the largel an oxidaion graded
layer iz formed on an IR rofisating layer, the oxidation
graded Tayer belog morc oxidizad at one portion thereof
than At another portion thereof,

Certrin ather cabadiments of this invention fulfill one or
more of the above Heied abjects by providing a coated article
comprising.

a layer system supported by a glass substrats, the layer

system comprising from the substrate sutwardly:

& Si-tich siicon nitrids Si,N,, layer where x/y is from
0.76 to 1.5 in at east part of the layer;

a firal contact layer; and

an IR reflocting layer,

1n diffarent cmbodiments of this invention, part of ail of
Si-rich eilicon nitride layors may be Si-ich.

This jnvention will now be described with respect 1o
certuin exampls embodiments thereof as illustrated in the
following drawings, wherein:

IN THE DRAWINGS

FIG. 1 is & side cross sectionel view of & coated article
zecording to an sxobodiment of this lovention.

FIG, 1 is » schematic partial cross sectional view of a
laminated vehicls windshisld aceording to 40 embodiment
of this invention, in which coatings according to soy
embodiment of this inveation may be wsed.

FI0, ¥) is cross sectional view of & portion of 2 coatlng
secording to an embodiment of this inventics Hlustrating »
puir of axidation graded coutact layers (s.g., NiCIO, layers)
surrounding an IR reflecting layer (c.8. Ag).

FIG, H(b) in cross sectional view of 2 portion of a coatiog
secording to another ernbodiment of this invention Bustral-
ing an TR reficcting layer {c.g., Ag) surrounded by 2 pair of
contact layers (c.§. 1%&&0! layers), only one of which is
axidation graded,

FIG. 4 is 2 schomatie and partial cross sectionsl view
fllustrating how a graded contact layer (8.g., NiCt0), layer)
is depoailed via spuliering in accordance with an cmbodi-
ment of this inverition.

FIQ. 5 is & cross sectional view of the layer stack of
contings of Examples 1-3.

FIG. 6 i a cioss gactional view of & coated anicle
acoording 1o another embodiment of this invention,
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DETAILED DESCRIPTION OF CERTAIN
EXEMPLARY EMEODIMENTS OF THE
TNVENTION

Referring now more perticulsrly to the accompanying
drawings in which like rferencs mumerals indicats Hke parts
or layers throughout the several Views.

Certaln embodiments of this inventios provide a low-E
coating ot layer system that may be weed in epplications such
a5 vebicle Windshiclds, other vehicle windows, skylights,
glass doars, 1G units, and the like. Coatings according {0
eertin embodiments of this invention preferably have low-E
characteristics as well as high visible iranamittanes, and v8
heat treatable, Preferably, coatings of cortain cmbodiments
hercin are mochanically durable before and/or after heal
sreatment (FFT), and HT does not cause 2 significant jump in
sheet resistance (R,) and/or beze. As is koown in the art,
such HT oftcn necsssitates heating the coated subsiralo 1o
tem]t?eram:na of from 11007 F. (593° C) to 1450° F. (788°
C.) for & sufficient period of ime ko attain the desited resull
{6.g., tcmypeting, bending, andfor heat strepgthening).

FIG. 1 i5 & side eross seetional view of  coated article
pecording to an embodiment of this invention, The conted
article includes substrats 1 (9.8, clear, green, bronze, of
bhuc-green glass subatrats from about 1.0 to 10.0 mm thick,
wmore prefsrably from about 1.8 mm to 4 mm thick), first
dalsciric anti-refection layar 3, sseond dislectric baze-
reducing layer 5, first lowey contact layer 7 {which contacts
leyer 9, first conductive metallic infrared (IR} reflecting
fiyer 9, first upper contact tayar 11 (which contacts layer 9),
third diclectric layer 13 (which may be deposited in oos or
altiple steps in different cmbodiments of this imvention),
fourth diclecltc layer 15, sccond fower contact layer L7
{which contacts layer 19), socond conductive matallic TR
reflecting layer 19, scoond upper contact layer 21 {which
contects layer 19), fifth dielectric layer 23, ond fioally sixth
protactive dielectric laycr 25. The “sontact™ Jayors sach
contact gt 1tast one IR reflecting layer. The aforesaid layers
328 muks up heat trcatable low-E (ic., low cmizaivity)
costiag 27 which is provided oo glass ot plastic substrate 1.

In cectaln embodiments of this iovention, first dislectric
layer 3 mpy be of or include titaninm dioxide (Ti0, where
xis from 1.7 1o 2.3, most preforably 2.0), silicon nitrlde
{8i,N, where %/y may ba about 0.75 (Le., SiaM,), or alter-
palively x/y may be from about 076 to 1.5 in Si-rich
embodiments), silicon dioxide (50, where x is from 1.7 to
2.3, most preferably sbowt 2.0), miobium oxide {e.g.
Wb, 0,), SiZeN, tn oxide, zinc oxide, silicon oxyodwide, ar
any oiner saitabls dislectris materisl, First dielectric layer 3
functions as an antirelection layer in certain embodiments
of this inventioa.

Second dislectric layer 5 may function to reduce haze ia
cortain ensbodiments of this {ovention, and is proferably of
or includes silicos nitride (s.2. SN of altcruatively
silienn-rich ailicon mitride SLN, whete x/y i8 from 076 o
1.5, more preforabl from 085 to 1.2). When spultsring
silicon nitride layer(s) hesein, & Si target may be used, or
alteraative & targel including Si admixed with up to 320%
by weight alumimem andfor steiniess stesl (e.g. SSH#316)
. may ba used, with about this smoust of aluminum snd/fer
stes] then appraring io (he layet(s) so formed, Qther mate-
ials may e uged for haze Teducing layer §, including
bt not Limited to SiZiN. ‘

Whils 51,N, may be used for laye: % (and/or layer 15) in
certain embodiments, it has been found that a silicon rich
- type of silicon nilride 23 layse is belter al reducing haze
aad/or improving mechanical durability in cerain embodi-
ments of this fnventinn, Absenl this layer 5 (and/or 15), hazz
1ends 1o be at least 0.45; whereas with this layex(s) it i
redueed to na greater than 0.4 &s discussed herein. In Si-rich
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gilicon nitride embodiments, Iayer 5 (and/or 1ayer 15) is of
or iocludes SiM, wher xfy is from 0.76 to 1.5, mors
preferably from fhout U85 fo 1.2, 51y, bas an fodex of
tefrackion "0 of about 2,04, and an extinctlon coefficient
«y of about 0, However, Si-rich silicon nitride according 1o
ceriin embodiments of this invention may have an index of
refraction of at least about 2,03, more preforably of at least
sbout 2.07, tad may be 2,08 (et 632 om) in sxemplacy
smbodiments, Alsa, Sirich sflicop nitride acootding (o
cortaln embodiments of this invention may bave an cxtine-
fon cosfoient “kK* of at Jesst about 0.001, apd more
preferably of at least about 0.003. It & fisst monolithic
example after HT of & Si-rich nitride layer % {aud/or 15), “a"
was 2,099 and “i* was 0.0034; while in & second monolithie
example afler HT “0” was 2.158 and “%" was 0.014. Si-rich
silicon nitride, in addition 1o being bettor at reducing baze
than 3i,N,, has also been found to adhere better to ths
fitanium oxide of layer 3 in cxamplc embodiments.
Surprisingly, it has lso besn found that Si-rich silicon
miiride under the NiCrO), and Ag Jayers io FIGS. 1,5 and 6
provides a lower sheet resislancs (%)

lafrared (IR) reflecting Ioyers 9 and 19 are preferably
retallic end conductive, and may be wade of or include
silver{Ag), gold, or any other suitable IR reflacting material.
However, metallic Ag is the material of chojee for the IR
refecting layers 9 and 19 g certuin example embodiments
of this iovention, Thess IR reflecting Iayecrs holp eoable
conting 77 to have low-B charactecisties.

Contact layers 7, 11, 17, and 21 are of or include mckel
(i) exide, or ¢ nickel alloy oxide such 25 pickel chroms
oxide (NICx0,), in preferred pobodimonts of this invention.
NiCrO)_ Inyers 7, 11, 17, endfor 21 may be fully oxidized in
cortain embodiments of this {nvention (i.e. fully
stochiometric), or may be at least whout 75% oxidized in
other smbodiments of this invention. Whils NiCrO, 52
prefemred material for leyers 7, 1, 1% wndjor 21, those
sldlled in the art will rscogaized that other materials may
jnstsad be wsed {e.g, oxidcs of Mi, oxides of Ni alleys,
oxides of Cr, oxides of Cr alloys, NICrO,N,, or any other
enitablo matsrial) for ons or more of these layers. 1t is noted
that contact layers 7, 11, 17 end/or 21 may or may ot be
conlingovs in differont embodisents of this inveation.

When layers 7. 1, 17 andlor 21 comprise NiCrQ, in
certain embodiments, the Ni and Cr may be provided in
different amonnts, such as in the form of nichrome by weight
sbout 80-90% Ni aod 10-20% Cr. An exemplary spulicring
target for depositing (hese Yayers includey not cnly 55-316
which consists sssentially of 10% Ni and S0% other
ingredients, majnly Fe and Cr, but Hayoes 214 alloy as well,
which by weight comsiste essentially of (as & nominal
cumpo&iﬁnn} the following materials which tay slso show
up in these layers:

Elament Waight %
Hi 7545
Fe 4,00
Ct 14500
cC 04
Al &50
Y a1

Cne or more of contagt Jaysws 7, 11, 17, andfor 21 (2.2,
of or including NiCrO,) is/ace prefezably oxidation graded in
cerlyin embodiments of this invention 5o that the degree of
oxidation in the layex(s) changes thronghout the thickaess of
the layer(s). For example, ons ot mare of contact layes (7,
11, 17 zod/ar 21) may be graded 50 as to be loss oxidized AL

the conlact interface with the immediately adjacent [R
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rellecting Inyer (9 or 19) than a1 a portion of the contact
layer(s) Eurther or more/most distent from the immedata]y
adjacent IR reflecting layer. 1t is believed that oxidatisn
gracting of one or more af contact layen(s) 7, 11, 17 and/or
21 enables the low-E coating 27 to achievs the combingtion
of heat treatability and high visible transpmission (which was
not previously achievable using NiCr(), eontact layers in 8
dual silver low-E coating system; a.g., sea the aforesaid 462
patent). This will be explained in mors detail balow with
referencs to BIGS. 3(a) and 3(5).

Tuming back to FIG. 1, third dielectric tayer 13 acté a5 a
coupling layer between the twe halves of the coating 27, end
i8 of or includes tin oxide {n certaly embodiments of this
invention. However, other dielactric materials may instead
be used for Taysr 13, fncluding but not limited to sfiicon
mitride, titanium dioxide, niobitre axids, sillicon cxynitrids,
zne oxide, or the like, Fourth dielectric lays: 15 functions
8% 4 baze reducer in certain smbodiments of this invention,
and is preferably of or includes silicon nitride (e.g., Si,N,,
or aharnatively silicon-rich silicon nitride disousesd above),
However, in alterostive embodiments of this invedtion,
other materials (e.g., SiZeN) mry instead be usad for dielee-
trie layer 15,

Fifth dislactric Tayor 23 may be of or includs tin oxide {o
ceriain ¢mbodiments of this inveatlon, However, other
dielectric materials may insiead be used for layer 23, includ-
ing bul pot limited to siticon pitride, dnivem dioxids,
mobjum oxide, silicon oxynitrids, mine axide, or the like.
Protective overcoat dislectrle 1ayer 25 is provided at least for
durbility purposss, and may b of or include silicon niiride
(.2, SiyN,) fn certain embodiments of this fnvention.
However, ather diclestric materials may instead be nged for
Yayer 28, inchuding but not limited to titamlum dioxide,
gilicon oxynliride, tin oxide, zine oxide, niobium oxide,
SLZrN, ar the bike,

Other layer(s) balow or abave the Illustrated coating 27
may also be peovided, Thus, while the layer syatem or
coating 27 §s oo™ or “supportsd by* substrate I (directly or
indirectly), other lnyur(sg may be provided therchetwesn.
Thus, for example, coating 27 of FIG. 1 may bs considered
“on" and “supporicd by" the substrats 1 even if other
layer(s) arc provided between layer 3 and substrate 1.
Meareaver, certain layers of coating 27 may bé removed in
certain embodiments, while athers msy bo added in other
embodiments of this invention without departing from the
averall spirit of certain smbodivtents of this invantion.

HFG. 2 filustrates & laminete (a.g., vehicle windshield)
according 1o an embodiment of this invaptiny, including
coating 27 of FIG, 1. As shown in FIG. 2, the laminatc (s.g,,
windshicld) includes first glass substrate 1 oo which eosting
27 is provided, and second glass substrate 31. PV layer 33
is pravided between the substrales in a knowy waooer, 30 a4
to eontact coating 27 oo one side thereof, In the FIG, 2
embodiment, costing 27 is provided at/on tha second (or #2)
surface 37 of the laminate. The Best surface 38 is at the

. exterior of the laminate exposed to (he outside of the vehicls,
second sucface 37 i3 on the dptedor or inside of outer
substrate 1, third surfacs 3% is on the insids of the interior
subytrate 31, and fourth surface 41 is at the intorior of the
vehicle, Coatings 27 herein are prafarably provided on sithar
the second 37 or thivd 3% surface(s) of such laminetes (the

. 5aIme iz also tme with regerd {o IG units).

Turming back lo FIG. 1, whils various thicknesses may be
wesd eonsistent with one or more of the pbjects discussed
herein, exsoplavy peafecced thiclnesses and cxample mate-
rigls for the raspective layers on ke glass subatraie | in the
F1G. 1 cmbodiment arc as follows: -

10

k-

4]

8
TABLE ]
s Muterinty/Thi jent
Preferred

Laye: Ranga (A} Mom Prefomed (4} Brample (A)
TICY (ayer 3) o 4 50250 £ 00 A
5L, fizyey 5) 0400 A 50-250 § mA
NICIO, (ayr ) sgnp {1050 4 164
Ag (lnyer 5) 50250 f w03 4 105 A
HECIO, (e 1) & 3mp 1080 A WA
500, Qayer 13) (=800 S00-850 £ 50 A
Sty (ayer15) 0400 K 50-250 4 A
NICWO, (lyer17)  sgnp f 10.80 f m.i.
Ag (Iyer 18) 30280 B0z 4 1054
NiCrO, (lByer 21} 5_qap é 1030 164
500y {ayer 23) 0-500 100=300 150
SN, (aysr2)  o.gop f 100300 4 =

FIG, 6 llustiates a low-F heat tregtable coating 27 accord-
ing to eoother embodiment of this invention. The FIG, 6
contiog 27 is the same a4 the FIG. 1 coeting described above,
except that either (3) dialcctric layer 3 is removed, or {E)
leyers 3 and 5 are replaced with a singls silicay nitrids Juyer
40. Silican mitide Tayer 40 mey be of or include $i,N, in
certaln embodiments of this invention. [n ‘other
embodiments, silicon nitride layer 40 may be of or inclde.
SLN, whers xfy may be from about 0:65 to 080, or
altcmatively from abowt .76 to 1.5 in silienn rfeh ¢mbodi-
ments, In annther embodiment of the partieulsy FIG. §
embodiment, Inyer 40 may be of or include S{%N. Nitdde
layer 40 is rdvantageous bacanse if fanntions to rechics hazs,
end is preferably from uboutio to 500 A thick, mare
preferably from t 200400 A thick, In this embodiment,
uppes IR, rellccting layst 19 way also be thickened by about
010 10 A, sacfor the top dielectric 25 way be thickened by
sbout 0-10%. In anather aspect of the FIG. & embodiment,
silicon nitrids may be used for layer 40 but in & manpet such
that the lower portion of the layer I of ar includes SiyN.,
while the wpper portion is of the siliven rich type silicon
pitride discuszed above. As with all embodiments herein,
Si-rich silicon nitzide bas improved performance in reduting
hazs compared 1o Si M, The FIG, 6 cmbodiment tends to
have reduced visibls transmission (but still at Isast 70%)
relative to the F1Q, 1 szabodiment, but may be more dursble
under certain eircumstances, and R, may be higher than
in the FIG. 1 embodiment which is of courss benshcisl,

Io ceriain exemplary ¢mbodiments of this invention,
conting/laytr systems 27 aecording fo all embodiments
nbove have the fallywing low-E characteristios hefora/after
treat treatment (HT) when in monolithic form, as st forth in

Thhls 2:
TARLE 2

thi o I
Chamutsristic Goncml  More Preforred Mesl Prafened
R, (chmeps ybafore T «m 0.0 < 8.0 = 1.0
R, {ohmufey ){ufter BT PO Ry 1 4.
E, {tmfgra HT3 w008 o= 008 o/
£, (afler HT): am (.07 =005 o
Haze (aftar HT): < O] e 0,30 < 028

Coatings 27 acoording to eertain exemplary embodimenty
of this loveation (s.g., FIGS. 1-6) have the following
colar/transmission/reflaction/haze characteristios (o.g., pre-
frrred greyish eolor can be 3can balow) when on a elear sada
lime silica glass substeats (.2, 2.1 mm thick) in laminated
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form with another similar cloar soda tims silica glass sub-
sirate (.., it the form of a vehicls windshield with BVB or
index oil between the two substcates) ad shown in FIG. 2
1., 0m (he #2 surface of the Jaminate), as sat forth in Table
“Tu Table 3 below, RY is visible refiection from the
exietior of the vehicle as shown in FI0. 2, and RY is visible
reflection fram the other side of the laminats stch as from
the vehizle intorior io FIG, 2, and the a*, b* valuss under
thesa respective reflection parameters alse corespond to

glass (g) side (2.8, ontside vehicle in FIG. 2) end film (f)

side (&.g., vebicle interior in FIG, 2), respectively.
TABLE 3

Charmeteriatic Crenorat Mo Preferrad

Toe (BL A, 2 deg)t v 70 »= 75% (F10. 1 anly)

T (M G 2dog )i = T0% we 73% (FI0. 1 only)

R?‘c‘ (. A, €; 2 deg): 1% = 9%

aty O A, G 2% a0w4L0  ~LDw MO

¥ (1L, A, £ 2% 00w +ld  -EDw0 20

RYMLA G2 dog) < 1% - 0%

[RR {1, WY mr A =3.0 t0 +1.0 =20 ta 0.0

bR {{IL A, ©3 2% =5,0 10 0.0 4.0 ig =1.0

Foua! = 26% == 20%

Hazo: o 0.4 wa B3

Tean’ o= 0% e 48%

Surprisingly, it has been found thai layer stacks sceording 1o
certain embodizents of this invention are characterized b

ratber low visible rolor shifts duc to viswing angls EVA%
changs when viewsd from the glass side of the wicle (&g,
from the exterior of the vehicle in FIG, 2). For example,
Table 4 below illustrates the low Aa* , values agsociated with
laminated costed articles of certein embodiments of thip

' igvention when viswed from a normal viewing angle (ie.,

straight on) va. a 60 degree off axis viewing angle. I other
words, Table 4 below illustrates that aceording to certsin
embadiments of this invention A4*, can be kept rather low
cven given a viewing angle (VA) shift of 60 degrees so that
conted articies do ot appear to chango ealer lo the naked
eye when viewed at different angles. It s noted that Ab*
values are oot deemed as {mportant as Aa* values, because
a* changes are typicaly more noticeable 1o the naked human
eys [han ar¢ corrcsponding b® changes. In cont aig cxamplary
embodiments, 2*, is within the range of 2.0 1o +2.0 both
botore and sfter the 60 dogree vicwiog angle (VA) shiff, 50
that a*, remains proximate the b* xis (1.2., the b* axis is
vertical blue{=)/yellow(+), while the a* axis is horizontal
green{-)/red(+)) even through this radical cheoge in viewing,
angle thersby minimizing the appearanee of color changs,

TABLE 4
View] 1 By

Chamcteriatle Genaral Mo Profermed Bk
R:'\' {normal VA): o 11% = 3% o %
w* (normal VA) A0to+20 =10l+ld -10w 00
R (60 va): = 18% - 16% en 15%
a", (60° VA): «IOta+) Qw0 000
As® (60" VA change o= 30 o= L0

1t was mentioned above that the dual gilver low-E costing
sysicm of 1.5, Pat. No, 5,557,462 i.e., glass/Si N /NICr/
AgMNiC/3i, N MiCH/AR/MNICHS,H,) is not sl treateble al
1828t broauss upon heat trestment B, goes way p, 8.8 from
shout 3=5 to well over 10, and haze tends to set i, It is
eurrently belizved that if one were la signifieantly increase
tha thickoess of the NiCr layers of the *462 patenl in an
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altempt to achiieve heat treatability, this would unfortunately
cesult in visible transmittance going down well below 70%
which would of courss rendor the coated articles oon-
usasbls i vehicle windshield applications.
Hawever, it s surprisingly beeo found that by oxidation
ding one or more of the non-crystalline contact layers 7,
17, andjor 21, the resulting coated article can meintain
high vislls transmission, Yw-E charaeteristics inchading
low R, end good durability upan beat treatment (ﬂé»‘é'
lemp . hea! bonding, stc.), Referonce is made to FIGS.
3(z) and é(b] ig this regard.

Ax shown in FIG. 3(a), both contact [ayers 7 and 11
(and/or 17 and 21) on sither side of (he applicable IR
refincting layer & (and/for 19) are oxidation graded 2o that
thoy sre less oxidized (inciuding not oxidized at all i some
aptional embodiments) at the [R reflecting layer (g, AR)
interface. In other words, the two contact layess on either
side of the Ag layer 9 arc progressively less oxidized through
their respective thicknesscu es they near Ag layer g,
Accordingly, in cortain embodiments of this invention, the
portions (e.g-, 5 A thick pnr:‘lons? of layers 7 and 11 (or 17
and 21) closest to layer § (or 19} ars from aboul 0 o 40%
oxidizad, mors preferably from about 0 to 20% oxidized,
and most proferahly from about 0 1o 10% opxidized.
Mzenwhile, the poztions (e.g., 5 A thick portions) of layer 7
and 11 gm: 17 and 21 furthest from leyer & {or 19) aro at 1sast
abont 50% oxidized, more preforshly at least ahout 60%
oxidizad, even more preforably at Teast about 75% exidized,
and most preferably at least about 85% oxidized.

Thus, the contact layers become progressively less oxi-
dized through their respective thicknesses as they approach
the IR, reflecting layer 5, 19, Tn certsin smbodirents, this
causts the contzct layers 7 and 11 (or 17 and 21) to be
conductive or at least ssmi-couductive at the intcrfacs with
the IR reflecting layer 9 snr 19), and substantially non-
copductive at ofher perts of tho laysrs 7 and 11 (or 17 snd
21} such 25 in the 5 A thick portion furthest from layer 9 (o7
19), Thus, when the conlaci layers are of or ineluds graded
NiCr0),, the x valus progressively decpeases thrugh the
thickosss of the layer towerd the %'H. reflecting laysr 9, 19,
This value % may cven approach or equal Zero peay the
immediately adjacent TR rag,acling layer in cerfain instences.

T is believed that the less uxidized portions of iha contéct
layers 7 and 11 (andfor 17 and 21) near the IR reflecting
layer 9 (or L9 interface ensbls the conting 27 1o wilbistand
heat treatment (HT) and provide good adbesion Lo laye: 9,
19, However, thess lsss (or o} cxidized partions of Lhe
contact layers ara also less transpareat fo vigible light than
are the more oxidized portions of the contact lryess, Thus,
when oxidation graded: (#) the highly oxidized portions of
graded contact layers 7 ead 11 (and/or 17 and 21) are more
iransparct 1o viiib‘l: light ‘and coable ke coating 27 10
maiotain itz high vizible transmission characteristics, whils

- {b) the less oxidized portioas of the graded contact layers

Better sapport the IR wmilecting Jayed(s) 9, 19 during HT wnd
provids good adhesion thereto, and ensble the costing to
withstand the anme.

The FIG, 3(5) smbodiment of this invention is similar to
the FiG. 3(a} smbodiment, except that only ooe of the
contact layers contacting an IR refiecting layer is grded. In
this particulas embodiment, the upper conteel layee{s) 11,21
is oxidation graded s discussed sbove, whils the lower ono
is not and is substentially oxidized, or at least wbout 50%
oxidized, In certain cobodiments af this {nvention, all four
poo-crystellipe contact layers 7, 11, 17 and 21 may be
oxidation graded in such & manoer, whils i other srabodi-
ments only the upper contact laycrs 11 and 21 may be
graded. o stifl further crmbadiments of this inwvention, theee
of the cogtact layors may be graded, ot alternatively only
ouc of the contact layers may bo oxidation graded. Whils
MICTO, is & preforred matcrial for graded contact Jayers
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herein, it will be apprecisted by thoss skilled in the art that
oiber matsrials may instead be used (&.g., including but pot
mited 19 NMiCrO,N,, nicke] oxids, shivmium oxide, nickel-
lloy axide, etc.), and may be oxidation graded to enable 4
dual sitver coating systea 1o majntain high iraosmission and
good low-B characteristics aven in view of HT.

FIG. 4 flasteares how an oxidation graded contact layer 7,
17 may be deposiled on & substrate as part of a coating
according to an exernplary smbodiment of this {nvantion,
using an asymmele introduction of oxygen gas at 4 targel
ared, Substrate 1 with part of » layer system thereon pro-
¢eeds in direction D through the sputter coater, Sputtering
cathode targeat 87 within shisld 53 may comprise Nilr or any
of the Ni inclusive 1argets discussed above when the contact
Inyer {e.g., layer 7) is 1 be of or inchude NiCr0,, Other
msiallic or ceramic targets may be used when otber mate-
rials are to be used as conlact layer(s). When the substrate 1
is moving in directinn D bencath target 81, gas is introduged
around the target on two sides 57 and 59 thersef. On one side
57 of target 81, st lcast oxygen (6.5, O.) gas (8., oXxygen
flow of about 30-50 mI/min. at 4.1 kW), and optionally a
mixture of oxygen and an inert gas such as argon (Ar), i fed
into the eoating zone bepeath and/or proximate the targel.
However, on the other side 39 of target 51, Tess oxygen gas
is used apd moze of another gas such s Ar is introduced into
the coating zone bepeath andfor proximate the target. For
purposes of example, on side 27 of the target the gas How
roay cotapriss any of (&) 1009 oxygen, (b} a 70/30 mixture
of axygenfargon, (c) & 50/50 mixture of oxygen/argon, (d) a
30/70 mixture of oxygen/argon, or (¢) a 50/25/25 mixturs of
oxygen/erpon/nitrogen; while on the other eids 50 of the
. target the gas flow may comprise any of (1) 1009 argon of
some other inert gas, (P) & 50/50 mixture of argry/pitragen,
or (c) a 90/L0 mixture of argon/oxygea, Thus, there is more
oxygen gas flow on side 57 of the target then on the other
aide 59.$I‘hus, as the substrate 1 pesses under the target 51,
the first parion of layer 7 1o be deposited iz highly oxidized
becanse of the pressaee of the oxygen gas on side 57 of the
turget, but the latler podion of layer 7 lo be deposiied is
much [mss oxidized becauzs of the lack of oxygen gas at the
exil zide 59 of the targel. Thus, proximate target 51, the
substrate first pasges through an oxygen gas enclehed sputter
coating arca and thereafter passes through en oxygen pas
dopleted sputter coaling area having less oxygen gas. Afler
laysr 7 hea been deposited in FIG. 4, the subatrate moves on
40 that target 60 cao be used to sputier cost layer @ onto the
subsirate over the already deposited layers. ‘

The amonnts of oxygen and/or ather gas{es) can of courss
o adjuated to oxidation giade contact layers in any desired
menotr. When it {3 desired to grade the contact layso(s) 11,

21 oo the upper side of the IR reflecting layer 9,19, the gax.

flow shown in FIG. 4 and describad above 1= inverted 20 that
tbe higher oxygen inclusive ow is at the exil side 59 of the
target and the lower/oo oxygen gas fow is at the colry sids
57 of the targel.

5

20

0

k]

40

12
EXAMPLES 1-3

The following throe Bxample coated articles were made in
accordines with certain embodiments of this invention. For
each of the three Examples, the coeting/layer system 27
shown in FIG. 5 was sputiered onto a clear 2.1 mm thick
large socda lime silica fioet glass substrate 1, and then ¢t into
at least o 33" sample, A Leybold Tema-G. six-chamber
spuiter coating apparatus wae used to sputter the coatings 27
onfe the substrales 1. Five cathodes were in each ehamber,
50 there wera a total of 30 cathode targets in the sputier
coator. Cathode numbering utilizes the first digit to refer to
the coster chamber, and the second digit to refer 1o the
cathods position in that chambar, For example, cathade #32
was the second cathods (second digit) in the third {first digit)
sputter chamber. Cathade #5 C13, C14, C23, C62, C31, C32,

62, C64 and C65 werm Twin Mag 11 type cathodes; cathods
#C43 was a dual C-Mag type cathode; and cathode #s Cd4,
51, and C33 were planor cathodes, As will be sppresiated
by those sldlled in the att, the first half of & coating 27 may
be deposiied in & sputter coster, sod then the articls may be
again rua through the coater 1o sputter the sccond half of the
coating ooto the substrate. In the sputter coater, layers 7-11
and 17-21 wers sputtered onto the subsirats using T power
sputtering, while the other layers were spotiered cnto the
gubstrate using a mid-frequancy AC type system., Below, “**
means Al conient of approximately 109. The lins epead for
esch Example was 2.6 meters per minute {m/min). The
cozter/proceas satups for the thres Examples are in Table 5,
Al gas flows (2., oXygen, 20gon, nitrogen) are presented in
unils of mL/mime. Tn the below examples, though net
shown i the charts, the oxygen flow was turned off at tha
sides of the NiCr targels discussed shove in ordar to oxi-
dation grade the contact layers 11 and 21 as shown i FIQ,
3(b) (ie., only the two contaet Iayors 11 and 21 nbw&:ba
respactive silver layers wers oxidation graded in théze
Exnrples). Volts refers to cathode volts, aod amps (A)Y refers
1o eathods amps. “Tr™ stands for trim; and trim (Tr) console,
trim (Tr) Mid, and trim {1r) pump are all measured in
m! /minuta. Fressure is messnred in mbarx1072, Trim gag
refers to individuelly adjusted ges flows along the calhode
length to teke corrections regarding layer thickness unifor-
mity. The NiCr targets were approximately B0/20 NiCr, The
process for sach Example iz broken inla Iheee separale
charts (iz., Parl #s 1-3) becanse 50 much information is
presented; only the cathode and {arget data {5 provided for sll
thres charts in each example for case of reference. Both
gilicon nitride Iayers 5 and 15 were Sierich through their
entira thicknass(as(); a5 ¢ap be seen by the fact that much
more inart argon (Ar) gas than nitrogen gas was used io
spultering 1hese silicon milhde Jayers

Example 1
Exsmpls #1
Part #1

TABLE 5

Contar Setun Procoeses for Hxampim 13

Volu (V) Power (EW) A1 Flow (ml/mis) Oy Flow (mLfmic) Ny Flow

Cathode  Targel
#13 Ti
#é T
i T
#42 5l
#44 NGy
#51 Ag
#53 [2He]
w2 %n
#31 5o

T43 73 200 3 B0
a3 54 200 s 30
738 o35 200 35 50
456 w7 225 a 163
am 3 150 28 0
4312 32 100 4} 0
IBE 41 150 4B 0
431 183 20 40 100
Lrad k2 i pli] 100




2:03-cv-73722-AJT Doc # 23 Filed 07/19/04 Pg 24 of 50 Pg ID 300

US 6,576,349 B2
13 14
TABLE 5-contioued

Copter Folyn/Procevses for Exnpples 1-3
Cuthode Targst “olo (V) Power (kW) Ar Flow (mbjmin) O Flow (mlfnia) Ny Flow
] Sn 428 245 200 00 0
a1 5i= 453 02 228 0 185
it My 26D 4.2 150 L 0
w1 AR a0 32 160 o 0
#51 NiCr -+ 30 A1 130 @ 0
W2 Ea 43 184 200° 240 100
#h4 5l 554 40,6 200 a i)
wes st 545 403 250 o 200

15
Example #1

Par #2 Continued from Part #1 Above[Cathode/
‘ Target in Common] n

Thik
Cotbode  Thiget Am (A) Valtage (V) Freq Hz) Trim Gms

L
#13 T 18 364 267 o,
w14 T 125 T 262 o,
#24 T 110 344 253 [+
Wil a5 wa B0 o s Ny
i NiCr .4 "] b Ar
#51 Ap T4 I Al 30
#53 NiCr 17 Q. Q Ar
w2 M s a0 25,03 o,
#31 &n &, 4 284 o
#32 & 40 % 1aE . 2554 0,
2 & Wa 230 218 N, :
] HiCt 118 0 0 Ar 35
#51 Ag 7.4 ] a AT ‘
#53 MiCr- 105 0 o Ar
#52 &n 2 08 251 o
Hid 5l L i) 54 . 26.4 My
L4 giv s 3 6.2 Ny
40
Example 41 }
45

Farl #3 Cootipued from Paris #1-2 Above[Cathode/
Targst in Common]

Cwhods Twrgat TrContols TrMd TePump Prewurs Lambda Lambde potive

#13 Ti 75 15 .5 2BE 232 Trus
#ld T 12,5 25 125 303 253 True
w23 Ti Ty EL 7.5 483E® 262 Trita
il S 50 3 43 2.1EE= 1] Palea
4 NiCr 15 T 15 22689 a Film
1 Ag 13 70 15 13E ] Files
] MiCy 15 0 i5 216 0 Falm
Waz Sn 15 w 15 247843 a0 T
WAl &n 15 70 i5 29m* 270 Truz
[57) Sn 15 0 15 L ] True
#42 5 Eii) 5 L} 2528 Q Falin
4 NiCr 14 7 15 2,308~ i Falte
#31 Ag 15 m 3 144R70 o Falex
#53 WiCy 15 70 15 2.9 ] Frla

w2 En 15 0 15 IMET 1IN True
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—contimed

Cuthade  Theget T Comols TrMid TePump  Preasure Lamthds Lambds achive

wed Gi* 0 4] L] 2,580 4] Falsc
L -1 i 50 el 3.61E G Tl
Exampls 2
1B
Example #2
Part #1

Cathode  'Thipet  Vols (V) Power (0W)  Ar Flaw (mL/min) O, Flow (silymis) W, Flow

#1a 7 7 .6 200 2% &0
"4 T 703 84 20 31 £0
#i3 H 8 63,3 20 35 %
"z 5i* 451 207 228 B 165
it Nier 313 43 180 LT B
#51 Ag 434 32 100 g )
#53 NiCe 0 4l 130 43 9
#etd §a. 427 184 200 240 10
31 8a 4% 246 200 250 100
#32 Bn 47 253 90 Fl) 10
1 5i* 458 0.3 225 ¢ 165
Wik Micr 368 43 150 £ o
#31 Aj e 12 100 a o
#53 MiCr A 4.1 150 a5 0
w2 8a 435 184 200 240 10
woe Bi* 552 .4 200 a 200
64 i 7] atne 250 0 20
Example #2 Y

~continued

Part #2 Continued from Fan #1 Above[Cathode/

. Thok
Target in Common]) Cathode Thrget Amps (A) Voltage (V]  Freq. (z) Teim Ges

an Wz 5o 81 6 2544 04

w1 & wa 7 2618 Mg

Pk i Nty 1L 0 o At

Cathode  Targel  Amps (4) Voliagd (V) Frog (k)  Trim Gm #1 Ag 2.4 0 0 Ar

#53 MG IGS 0 o M

w3 - % 144 64 26,7 o, w2 B 44 208 251 0y

#14 T 1% LT 267 a ¥ a5 V54 Si+ 938 84 . 284 My

#23 T PRl Mi 265 a, w45 gi* 0.5 24 262 W
wil i W 230 2648 Ma
#id WiCr 1.4 D 0 Al
#31 Ag 73 a a Ar

#53 MiCr 10.3 o D Ar Exampls #2

#62 Sn a5 23 25,03 Oy

#3 &n 82 725 58 0, 50 Part # Continved from Parts #1-2 AbovefCathode/

“Target ip Common]

Cuhods Taget Ty Comscle TrMid T Pump  Fresur Lambda  Lambds sciive

w3 T 75 kE] 75 LWE  am . True
wid Tl 125 25 125 30iEST 452 Tax
#13 i1 73 33 74 ABET 2L True
il &= 50 5 45 2438 0 Falua
Rl HiCr 15 70 15 2,248~ a Falen
K5l Ag 1% 70 15 15 o Falee
#53 Wi L} i 13 ZI4E® a Frlsa
2 in 13 7 15 2138 21 True
#31 En i3 70 14 IRES W True
#32 5 15 0 14 ABET 0 True
Wil i 50 H 45 2HE 0 Falee
a4 NiCt 14 T 15 226n® 0 False
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~continuad

Cathods  Thrget TrComaol: Ty Mid T Pump Preawge Lambds Laghds nctive

#51 Ag 15 i 15 13 g Folw
#53 Hitr i5 k' 15 1B i] Falte
#82 E 15 0 13 LI5E 220 True
#id Si* 20 &0 20 2,758 0 Fils
L3 Bi= 0 60 Z0 313589 o False

Example 3

Example #3

Paxt #1

Cuhods  Terget ol (V) Powar (kW)  Ar Flow (ml/mis)  ©y Flow (mifmin) My Flaw

Lak] 11 T4 11 200 = 1]
4 T mn3 4 200 35 50
L= T T8 B35 200 35 L)
#42 B 436 29,7 22§ L 165
#i4 NIC: k1] 43 150 38 o
L3 Ag 432 32 106 o 1]
#E3 NiCy ) 41 15 L a
G2 3n 431 18.3 00 240 pleil
#31 Sz 481 52 200 &0 100
Wiz &n 439 259 200 Elv) i
wal 51+ dig 0.4 21 0 165
Ll NIy 34 LY 150 k] 0
#i1 Af £27 31 100 0 0
w53 NiCe 3as 4.0 159 48 L]
#52 &n 452 185 i 1] 40 100
ok 5 3 40.6 m 0 00
L] &= 345 1.3 250 [} 9
Example #3

-gontinued
Part #2 Continned from Part 43, Abova[Cathode/

i h Tank .
Targe: in Common} Cdods  Target  Amps (4) Vellags (V) Freq, (kx) Trim Gas
Mz En 67 1Y 2854 0y
M3 Si= i 230 26.18 Ny
Tatk 4 Bicr 1.4 o o At
Caothode & Am alta, Fren. Trim Gaa LT A 5 o 0 Ar
Rial ok $0) Frea () a1 Niég 10.5 4 ¢ Ar
#3 T 128 354 26.7 0y w63 En 454 213 L% ] Q
"4 T 135 a4 267 Oy w4 5i* 4 264 264 It
23 i3 110 144 26.3 0z #45 Sit 3.5 M3 262 My
iz s[= o 73 26.18 Ny
A4 G 14 q 0 At
#51 Ag T4 L] 1] Ar 50
#53 NiGr 0.7 0 a Ar Hxample #3
wal So 45 203 2503 Oy
#3 Y & 226 25.4 (o8 Part #3 Continved from Paris #1-2 Above{ Cathode/

Target in Common]

Cothode  Tugat  Tr Conwets  TrMid TrPtmp Presun  Lambdn Lambds active

#3 n 73 15 15 LTET 282 Trog
#d Ti 125 25 125 AMES 252 - Tre
¥ n 75 35 14 4BEP Trug
L] Bi* 0 5 43 2,18 [} Filn
Hid HiCr 1% 70 18 226 1] Falan
#51 Ag 13 0 15 1378 q Fulau
w3 RICr 18 0 15 2,16 0 Falax
Me2 8n 15 kL] i LE® Trua
3 St IE) m 15 IQNE™ 220 Trua
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~continued
Cathode Targat T Console TrMid TrPusp  Prewwre Lembds Lomibdo active
2 Ba 15 L 15 348 oy Tros
42 Sir )] 5 45 158 0 Fules
LI ice 15 70 18 227870 0 File
¥ Ag 18 70 ¥ 1ME™ ¢ Falmo
#51 WGy 2§ 70 15 2.3E0 q Foles
#52 Sa 15 70 15 22E Trea
54 i 0 ] 0 2 q Fules
#55 &i® 0 &0 i d.g9p-m L] Fules
After costings 27 of Examples 1-3 wers sputtored onto
respective substrates 1in accordance with the above, they 15 TABLE 7-continued
were tested/measured as follows in Thble 6 (ie., in a
menolithic state). Heat treatment was performed by placing
B foated artices (?)tt:;imm beated to about 625 degrees yyuapupctrement Bampie 1 Fmmpls 2 Exampls 3
20 #"g! o6 057 8.0
b*q -5.17 =703 -5.58
TABLE 6 ;tla;ﬁ;mm l&)\'i:wud fram 784 748 B2
: eemting (F) sida: RyY (%)
B refAlles Honl Teew "y i -7 —l4@ -18m
Chiracteriatic Bumjol Bwepisl Eooped W', 2 M e -3
T DL A, 2 [bafars HT): 704 a=10% % .
Ty M. A, 2° (pfter ﬂ%ﬂ waTB saTER n% Tmoambsaion (FY or Ty %: woomn o un
R, (shmuieg Yaekore HT): 443 437 427 iy 1.9 e
R, (chms/aq, (afte ELTY: 34 3.3 344 BT e 2.2 3 3.8
P, (bafste HTY: <mil08 :-u.ng «=0.06 LG et
By (afer HT): wnil 08 <=0 «=d05 3p T .
. (TY or Ty, 75.16 2508 491
Hiza (pflor HT): G5 0.28 022 e Al g kg 2
byt 19 4ds 402
Reflacance os vigwad from B 8.4 88
Thereafter, the monolithic heat trexted coated articles of glam(Gwider RgY (%)t
Examples 1-3 were each laminated o another comespond- . ;:ﬂf gg Mﬂg 015
ing clear 2.1 mm thiek 3 inch by 3 inch soda lime silica Roat Rafvcragos 2 viewod from Ers -.';-.91: 'i'gg
glass zubstrate 1, with & layer of PVB (2bowt .8 mm thmkg Blwfecating (F) mide: ReY (F): i
bniuP located hetween the substrates in a known mamoer, oo By =154 —130 -1.62
coating 27 provided on the #2 swrface as shown in FIG, 3, b -2 -378 a2
The resulting laminated coated articles (sco FIG. 2) were “ L pas, w00
then tested/measured and were found to axhibit the follow- N )
ing charscteristics set forth in Table 7. In Table 7, the glass ::?'mm (¥ or T '_F;g: 3::3 j;:::
() side is the same as outside the vehicle in PIGL 2, wille  pey: 192 445 199
the film (P} side is the sawe ag the vehicle interiar in FI3,  Refiectance ax vicwed fom a0 814 a3
3 gl {0) aide: B ¥ (%):
a5 o =0.08 0.1 -0,37
Bt =310 ~102 =353
TABLE 7 :q?'l:ctlﬂcc u vivwed £, .58 781 816
ida; :
-3 In (tmied Form Poit-ET (ie llr::fcmllng (F) side: Ry ¥ (%) —1.69 =145 1,78
: L = ; -2,
alus/Mesnsencnl Ermple 1 Example 2 Baampla 3 5 lll-'A. 10* i s 28
mc 2t Thwaamisalon (T or Ty} ! WM 715 T4
o ~14] =143 -1.7%
Trassmisei Tug) %t BIT I M6 o
A e (Y et T -2 =317 -2.28 - 24 348 "
by 3.87 435 407
:ﬂ?;?w: \}fll:;{azi;;m 743 s B 55 Morcover, each of Examples 1-3 was found i be chemi-
g 053 043 0.8 cally and mechanically durable 2s thess terms are defined
bar . -523 =710 -5.64 belew, botk before and after HT.
m;:ﬁ;’&"mﬂmw 742 745 84 As can be seen above, in depositing each of the siticon
any: ' _159 173 158 nitride layers, more Ar gEns than N ges was used in the
by 27 3% 273 % sputtering process. In the Examples tho ratio AN &5 about
I DA, 3t 223/165(or L36) ascan 1}:10 seon above, In preferred embadi-
ments of this invention the eatia Az/N is from about 1.15 to
:‘:'?’m’[“ (T o5 T o _gg zgg; 3;'.1": ‘ 3.0, morc preferably from aboul 1.20 to 2.0, and mos!
b n.gs 438 a0 preferably from about 1,2 to 1.5. This ratie which uses more
Raflasinnce m viawad Erom 753 B.03 822 65 of an inert gus (e, Ar) than nitvagen in spultering the

gl (3) nide: RgY (%)

silicon pitride layers enables the resulting silican nfidde
layers to be Si-rleh ns discussed abave,
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Tahle 8 balow comperes, for the HT lamingte of Example
1, viewing characiardstics at & normal viewing angls (VA)
versus st a 60° off axis VA (ie., the 60° VA is 60 degresg
from the normal VA), As can be seon, Exampls 1 is char-
actenized by substantial solor stability over this wide range
of vicwing angles, 5o that a viewer Iooking at the lamigate
of Exarmple 1 &t bath & normal VA (Le., straight on so that
the line or aite i perpendicular to thes plane of the article) and
& 507 VA would ool potles much if any color change. ‘This
is due {o the low reBeetive Aa® valus from the glass f:}) side
(ie., An® means the difforence between a* at the normal VA
and the 50° off-awis VA). Note: the sixiy degree color is 1,
D635, 10 degree stendard observer,

TABLE 8
lor with 40°
Characteristic Ex. 1 (Normtl VA) Bk 1 (60* offaxis YA)
Tt TAT% wh
o] 232 ah
b 432 nia
Tyl 4TSS
B! 3045 3611
H?Y‘: T4% 14.56%
vy ~123 18
b =539 -133
davy (80° VA change): 183 anm
© 47 (60° YA chaage): 114 wne
As can be seen above in Table 8, Aa* (60° VA change)

reflective in asoordance with corlain cmibodiments of this
invention is prefersbly no greater than 3.0, and more pref-
crably no greater thap 2.0, In Table 8, it was 1,83, Morcover,
T, ior 18 Preferebly oo greater than S0% in certain embodi-
ments of this ipvention, evan more preferably no greater
than 48%, rod most prefecably no greater than about 47%.

Corain embodiments of this invention afler beat troats
ment and lamination are cheraclerized ag follows; regarding
glazs () side roflective color: ‘

TARLE 9
PRrametet Hormat VA 40* olfuxls VA
A" =20 10 +20 =30 W +30
b =1.0 0 -12.0 Q=540

Cartain terms are prevaleotly used in the glass coating art,
particularly wheyn defining the properties and solar mapags-
wment characteristes of coated plass, Such terms are used
hersin in accordance with thelr well knewn meaning. For
example, 24 used berein:

Intenzity of reflecied visiblé wavelengih lghl, i, "relec-
tance” iz defined by its percentage and {s reported as RY or
R, (lLe. the ¥ valus cited below in ASTM E-3J8-83),
wherein *X" 18 aither G* for glass side or “F for film side.
“(Hags side’ (g.g. “G”") meany, as viewed from the side of the
glass substrate opposits that on which the costing resides,
while “81m side" (Le. “F") means, ax viswed from the side
of the glesa substrale oo which the coating resides,

Color characteristics are measured mnd reported herein
using the CIE LAR 1976 a*, b* coordinates and scale {i.c.
tha CIE 1976 a*b* diagram, Il CIE-C 2 degree ohserver),
wherein: ‘ , .

L* is (CIE 1976) lightness units

a* i (CIE 1976} red-grees unils

b* is (CIE 1976} yallow-blue units

Othar similar poordinates may be equivelently vsed such
p5 by the sehscript “B" to signify the conveational uss of the
Hunter method (or uaits) 1. C, 10° absarver, or the CIE

10

43

35

v}
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LUV u*v* enordinates, These scales are defined hersin
according 1o ASTM D-2244.93 “Standard Test Mathod for
Calewlation of Color Differences From Tostrumentally Mea-
sured Color Coordinates” Sep, 15, 1993 as augmented by
ASTM E-308.95, Annual Book of ASTM Standards, vol.
06,01 “Standard Method for Computing the Colors of
Objects by 10 Using the C1E System™ and/or as reported in
IES LIGHTING HANDBOOK 1981 Refereace Volume,

The terms “emissivity” (or smittagee) and “tranemit-
tanee” are well wodecsiond o the et end ate used berein
azcording to their well known meaning, Thus, for exampls,
the term “iransmittance” hersin means solar ransmittance,
which is made up of visihle light transmitinncs {TY of T,,.},
infraved energy trapsmittance (Ty,), and ultraviolst light
ternsmittanes (T,,) Total solar ensrgy transmittance (TS of
T, ar) tan bo characterized as a weighted average of these
other values. With respect to these transmittacces, visible
iransmittance may be characterized for architcctural pur-
posss by the standard IHluminant C, 2 degree lechnique;
while vizihla transmitinnes may be characterized for anto-
molive purposcs by the standerd Il A2 degree technigue
{for these techniques, sco for cxample ASTM E-308-85,
meomporated harsin by reference). For purposes of emissiv-
ity a particnlar infrared range (Le. 2,500-40,000 nm) is
smployed, Various standards for celoulating/measuring any
andfor all of the sbove parameters mey bé found in the
sforcsaid provisionsl application wpoo which prcrity is
cleimed berein.

The term R,y refors to total solar encrgy reflectunce
(gless sids herein), and is a weighted average of IR
reflectapes, visible reflectance, and UV refisctance. This
term may be caleulated by accardance with the known DIN
410 aod IS0 13837 (Dectmber 1998) Table 1, p. 22 for
jutomotive applications, apd the koowa ASHRAE 142
standard for acchitactural applicstions, both of which are
incorporated bereln by refercnce. o

“Haze" is defined as followa. Light diffused in many
dirsctions causes 2 lose in contrest. The term “haze” is
defined berein in accordance with ASTM D 1003 which
defines haze as that percentage of light which in passing
through deviates from the incident beam greazter tham 3.5
degrecs on the average., “Haze® may be measursd herein by
8 Byk Cardner haze meter (2]l hazs valuss hersin are
measured by such & baze metor and are unifless).

“Hmissivity" (g; emittance) (B) is a measyre, or charac-
teristic of both absorption and reflectance of light at given
wavelengths, Il is usually represented by the formula:

zqrmumm,,_

For architoctural 545, cmissivity valugs beeame
quits importeot in the so-called “midstzoge”, sometimas
alsn called the “far range” of the infrared spectrum, ic.
about 2,500-40,000 om., for example, as spacified by the
WINDOW 4.1 program, LBL-35208 81994) by Lawrence
Berkalsy Laboratories, as referenced below. The 1erm
“emissivity” as usad hersin, is thus ussd to refer to smis-
sivity valuaz measured in this infrared range as specified by
ASTM Standard E 1585-93 entitled *Standard Tost Method
for Meastelng and Caleulating Pimittance of Architectural
Flat Qlass Products Using Rediometric Measuwrsments”,
This Stendacd, and its pravisions, are incorporated borain by
reference. In this Standard, emissivity is raported a3 hami-
epherical cmissivity (B,) snd oormal emissivity (E,).

The wctual accumulation of data for measurement of such
emissivity valucs is conventional and may be dooe by using,
for exsmple, 2 Beckman Model 4260 spectropholometer
with “VW*" attachment (Beckman Scientific Inst. Corp ).
This spectrophotometsr measures raflectance versus
wavelength, and from this, cmissivity 1s calouleted nging the
aforesaid ASTM Stapdard 1585-93,
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Another tarm empioyed herein is“shéet resistance”, Shest
resistance (R) is a well known term ig the art and is vsed
herein in accordance with its well known meaning. It is here
reported in ohms per square units. Generally spedddng, this
term refers to the rosistance i ohms for any seuare of a layer
gystery on 2 glasa suhstrate to an electric curent passed
threugh the layer syatem. Shest rezistance iz an indication of
how well the fayer or layer system is reficcting infrared
coeTgy, and i thus often used along with emissivity a2 a
teasurs of this characteristic. “Sheet resistance” may for
example be converiently measured by using 2 4-point probe
atrcoeter, such a8 a dizpensable 4-pofat resistivity probe
with 2 Magnetron Instruments Corp, head, Model M-800
produced by Signelope Corp. of Santa Clara, Calif,

“Chemical durability” or “chemically durable” is used
bercin symonymously with the term of arl “chemically
resistant” or "chemical stability”. Chemical durability is
determined by boiling 2 2"x5" sample of & coated gkl,ass
substrate fn abowt 300 cc of 3% HCI for 5 minutes (L. at
ahout 220° ). ‘The sample is decmed to pess this test (and
thus the leyer syster is “chemically resistant” or is decmed
{5 be “chamically durabls” or to have “chemical durability™)
berein if at loast half of the sample’s layer system rempins
efier {he 5 minutes.

“Mechanica) durabilility” as wsed herein is deflued by the
following tests. The text uses o Pacific Scicntific Abrasion
Tester (or equivalent) wherein a 2*x4"x1" nylon brush Su.g..
a5 made by Wright Bornet of Pranllin Pa.tk.},ll.,Modﬁl 280
Hend & Nail Brush) is cyclically passed over the layer
gystem in 500 cycles employing 150 g of waight, applisd
to & 6%17" zample. In this test, if 53 substantial, noticeabls
scratches appoar when viewed with the oaked sye under
visihle Hght, the test is deemed pessed, and the article is said
to be “mechanically durable” or to have “mechanical durs-
bility".

The torms “hoat troatment” and “heat treating” as wsed
* her#in mean healing the article to a rempératurs sufficient 10
enabling thennal temparing, bending, or heat strengthening
of the glass inelusive article. This definition includes, for
exagiple, heating a coated article o a temperaturs of at least
about 1100 degress F. {a.g., t0 & lemperature of from about
550 degrees . to 900 degrees C.) for a suficient period to
enabls tampering.

Onece given the above disclosure many other features,
modifications end improvements will become L:}Jpﬂl’:ilt to
ths skilled artisan. Por example, end without limitation, tha
aforesaid oxidation graded contast layer(s) and Si-rich sili-
con witride layer(s) can be used with singls sdver Jayer
stacke, as well ag the ilhistrated dual silver layer stacks. Such
ather features, modifications and improvements are there-
fore eonsidersd to be a part of this inventton, the scops of
which is to be determined by the following claims!

What is cleimed is:

1. A heat treated copted articls including a coating sup-
ported by a plass subsirate, the corting comprising:

at infrared seflecting layer contacting aod sandwiched

belwesn first and second layers, said second layer
comprisigg an exide of NiCr; and

whercin at Jeest said seeond layer comprising the oxide of

" MiCr is oxidatinn geaded =0 that a firsi portion of said
second layar closer to said infrared reflecting layer is
‘less oxidized than 4 seeand portion of said second layer
that is further from said infrared reflecting layer;

whereln the second layer comgprising the oxide of NiCy
that i oxidetion graded is sandwiched betwesn and
contacts each of the infrared reflectiog layer and a2
nitride laysr,

2. The coated aticle of claim 1, wherein $aid infrared
reflecting layer comiprises sitver.

3, The voated etticls of claim 1, wherein snid ficst portion
of said second layer comprising the axide of NiCr is from 0

n
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1o 40% oxldized, and gaid zecond portion of said sccond
layer comprisiog the oxide of NiCr i at least about 50%
oxidized.

4, The coated ardicle of claim 3, whersin std Srst portion
of said second layer comprising the oxide of NiCr is from 0
o 20% oxidized.

5. The couted article of elajm 3, wherein seid first portion
of said sccond layer cowprising the oxide of NiCr is from 0
10 20% oxidized, and said second portion of sud second
layer comprising the oxide of NiCr iz at least sbout 80%
oxidized. :

6. The coated article of claim 1, wherein said second layer
comprisiog the oxide of NiCr becomes progressively less
i}xidizc.d through its thickness as it nears said IR reflecting

ayer.
y';. The coated article of claim 1, wherein s0id frst portion
of said second layer comprising (he oxide of NiCr is
copductive or semi-conduetve, and said second portion of
said second layer comprising the oxide of NiCr is dielectric,
8. Tho coated article of ¢laim 1, whersin both of said first
and second layers comprise an oxide of NICr and are
oxidation graded 3o that each of said first and second layers
comptises & first portlon elose to said infrared reflecting
layer being less oxidized than a s2eond portion further from
sazd lnfrared refiacting layer than said first poction,
9. The coated acticle of claim 1, whersin said costing
somprizes, from the glass substrate cutwardly, the follawing
laysrs:
at lcast one diclectrc layer;
said first layer comprising an oxide of NiCr,
said infrared reflecting layer:
szid second Layne comprieing the oxide of NiCr;
at Teast ooe additioo] dislectric Iayer,
t third layer comprisiog an oxides of NiCr,
e stcond Infrared reflscting lnyer;
s fourth layer comprising an oxide of NiCr; and
at least onc additionsl disletrie Jayer.
10. The coated article of claim 9, wherein said infrared
reflecting layers comprise silver, and whersin said at least
one dieleciric layer between suid subsicale and said first
layer comprising the oxide of NiCr cormprises silicon nitride.
11, The opated asticls of claim 9, whersln said coated
aiticle bns a visible iransmitance of at least about 70%, an
Hygrar OF at least 260, and a shest resistance afier heat
treatment of oo greater than .0 ohma/sq.
12, The epated article of claim 11, wherein said coated
article bas A visible trapsmittancs of at least sbowt 759, en
Riorer OF 3t loast 28%, and a sheet resistance after beal
treatment of oo greater than 6.0 chms/sq.
13, The coated articls of claim 1, whersin sad second
layer is provided between said infrared reflecting fayer apd
said substrato.
14. The coated article of claim 1, wherein said infrared
reflecting layer is provided between said sscond layer and
said substrate,
15. A heat ireated cosled article inchiding 2 coating
supported by a subatrate, the coating comprising:
an infrared reflecting layer sandwiched between first and
second layers, said second layer comprising an oxide of
Ni;

wherain at least said second layer comprisiog an oxlde of
Niis oxidation graded and beconmes progressively more
oxidizad through its thickness proceeding further from
583 nfrared refiecting layer; and

wherein the sscond laysr comprising an oxide of Ni, that
ie oxidation graded, is sandwiched betwcon and cone
tacting the infraved reflecting layer and a nitride layer.
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16. The coated srticle of claim 15, wherein said second
layer comprises an oxids of NiCr.

17. The eosted article of claim 15, wherein said infrared
reflecting layer comprises metallic silver.

15 The coated articls of clum 1%, wherin a fisst portion
of said second layer closcr to said infrared reficcling layer is
fraen O to 40% oxidzed, and » second partion af siid second
layer further from said inftared reflecting Jayer is at loast
about 50% oxidized.

19, The coated article of claim 18, wherein said first
portion is from 0 to 20% wxidized, and said sewond portion
is at lcast about 60% oxidized.

20. The coated arlicls of claim 15, wherein both of smd
firat and second layers comprise an oxide of NiCr and are
oxidation graded so that sach of said first and second layers
comprises a first portion close to said infrered refiecting
layer being less oxidized than a second portion further from
gaid infraved reflecting layer thap said fizst portion,

21, The coated artiale of claim 15, wherein suid coating
comprises 1ha following laysts:

al east one diclectris layer;

said figst Inyer;

said infrared reflecting layer;

3aid secopd layer comprising an oxids of Ni;

at least one additienal dislectriz layer;

& third layer comprising an axide of Ni;

a s2cond infrared refecting layer;

a fourth layer comprising an oxide of Ii; and

at least ope edditional dislsetric tayer.

22, A hoat trested comted wiicle inchuding & coating
supported by a substrats, the coating comprising:

“a metallic infrared reflocting layer contacting and sand-

wiched batween first and second contact layems;
wherein at least said sccond gontact layer is oxidation
graded mnd becomes progressively more oxidized

through its (hickness procecdiog farher from said

infrarcd rcfectiog laysr; and

wherein maid second contact layer, that is oxidation
greded, 18 sandwiched berwoen and contacting the
metallic infrared refloeting layer and a nitride layer

73, The coated article of claim 22, wherein said coated
article kas a visible transmittanes of et least about 70%, ko
R, O 8t lonst 26%, and a sheet resistance after heat
treatment of oo granter than B.0 ohms/sg, '

24, The coated article of claim 23, wherein said coated
article Burther compriscs a seoond metallic infrared reflect-
ing layer contacting and sandwiched between third and
fourth contact Iayers, at loast one of said thisd snd fourth
contact layers being oxidation graded 50 as to become
progressively more oxidized through its thickness proceed-
ing further from said second metallic infrared reflecting
layer.

25, The coated article of clajm 24, whereio said first and
second infrared reflecting layers cach compriss sibver,

26. The coated article of claim 22, whercin said second
conlact layor compriscs an oxide of MiCr, wherein & fiml
* portion of 2aid second contact layer is closer to said infrared
refiecting layer ihan a second portion of suid secord contact
layer, and wherein said first portion is from 0 to 40%
oxidized, and said seeond portion is ai leust sbouwt 50%
oxidizad 50 a3 to be more transmissive to visible light than
seid fivst postion,

27. The conted article of claim 25, whersin said coating
camyrises, from the substrate outwardly, the following lay-
arsl

at lonst ooe dielectric dayer;

s4id first contact layer;
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gald infrarad reflecting layer comprising Ag,

said second contect layer; ‘

at least ons edditional diclectric layer;

said third contact laycr;

gafd second infrared reflacting layer comprising Ag;

said fourth lager contact layer, this leyer being nxidation
graded; and

st least one additional dieleciric layer.

. 2R, The coated erticle of elaim 27, whersin said ar least
one dielscitc Jayer between ald substrate and szid frst
contecl layer comprises at least a smlican nitride layer

29, The coated articls of claim 27 wherein said coated
articla has a visible transmittance of at least about 75%, an
Ryoer OF at lnast 28%, and u sheet resistance after heat
treatment of ng greater than 6.0 olis/sq.

30, A heat treated coated article comprising a1 glass
substrate supporting a coating, the coating comprising:

at loast firzt and second dieleelric layers;

8 layer comprisiog Ag;

o, layer comprising NiCr, wherein the laycr comprising
NiCr 2pd the layer comprising Ag are provided
batwean at least the first and sccond dislectric layers;

wherein the layer comprising NiCr is more wxidized a2
Iocation further from the layer comprizing Ag than at 8
lneation cloger to the layer comprising Ag; and

wheysin the Yayer comprising NiCr, that is mote oxidized
at & location further from the layar comprising Ag thag
at & logation closer to the layer comprising Ag, is
sindwiched between aod coutscting sald layer com-
prising Ag and one of said dielectde layers which
comprises a oitrida. _

31, The coited article of claim 30, wherein the first and

sccond dieleeisic layers comprise silicon nitride. :

32, Ths coated #rticls of claim 30, whersin the laysr
comprising Ag is yrovidad at a location between the plasa
substrate and the laycr comprising NiCr.

/33, The coated article of claim 30, wheroio the layer
comprising MiCr is at least abowt 50% omidized at the
location further from the layer comprising Ag and from
0-40% oxidized at the loeation closer to the laysr compris-

ing Ag.

34, Tos conted article of claims 30, wherein the coating

has & sheet resistance of no greater than 8.0 chras/zquare.

3%, The costed article of claim 30, wherein the coatsd

griicls furiher comprises another layer comprising Ag, and
bas a vizble transmillance of at least 7%,
36. A heat treated coated article comprizing a glass
substrate supporting 8 coating, the coating coropwising:
first and second layers comprising Ag;

a layer comprisiog NiCr located betwees the first and
second leyers comprising Ag, the layer comprising
MiCYy beipg closer to the first layer comprising Ag thao
o the second Iaysr comprising Ag;

wherein the layer comprising NiCr is more oxidized at a
location Further From the firat layer comprising Ag than
at A Incation closer to the first layer comprising Ag; and

wherein the Inyer comprisiog NiCr, that is more oxidized
1t a location further from the first lnysr comprising Ag
than et a location closer to the first layer comprizing Ag,
is sagdwriched between aod contacting each of the first
layer comprising Ag and a layer comprixing silicon
nitride.

34. The coated article of claim 36, wharein the costing has

a sheat resistance of no greater than 8.0 ohms/square,
38, The coated arlicle of claim 36, wherain the coated
article has a visible transmitance of a1 least 70%.
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39, The coated article of claim 36, funther comprising a
layar comprizing eilicon nitride located betwean the sub-
slrate aad fhe layem comprizing Ag.

40, The coated aticle of claim 36, wherein the coating
forther comprised & layer comprising Htanivm oxide (hat
contacts a layer comprising silicon nitride.

41. A henl weatsd coaed anicle comprising 4 glass
aubstrats supporting & costing, the contng comprising:

firet and sscond layers comprising Ag:

a layer comprising NiCr that is closer 1o the fiest Taycr

comprising Ag than to the sscond layer comprising Ag;
wherein the layar comprising NiCr is more oxidized at
location further from (ke Arst layer comprising Ag thao
a1 a location closer o the Arat layer comprising Ag: and
whatein the laysr comprising NiCr, that is mors oxidized

at a location Furthet from the first layer comprising Ag

than al 8 ocation closer to the first layer comprising Ag,
is sandwiched batween and contacting Lhe first layer
comprising Ag and 2 layer comprising a nitrids.

42. The coaisd article of claim 41, wherein the coating has
z sheel tesistabes of no greater than 8.0 ohms/squsre,

43, The costed articlt of elaim 41, whersin the coatsd
articls has a visible transmitiance of at least 70%.

44 The coated articls of claim 41, further comprising &
leyer comprising silicon nitrate localad between the sub-
strats and the layers comprising Ag.

45, The coated articl of cleim 41, wherein the coating
further comprises 1 fayer comprising titendum wxide thul
conlaets a layer comprising silicon pitrete,

46, A heat treated coated article including a coating
supportsd by & glass substraie, the coating compriting:

firat and second layera comprising Ag, the first layer

comprising Ag belng located closer to the glass sub-
strate than the second layer comprising Ag;

first, second and third layers comprising silicon nitrida,
wherein the first layer comprising eilicon pitrids is
Ipcated berween the glass substrate and the first layer
comprising Ag, wherein the sscond layar comprising
sllicon nitride {s loceted between the first and second
layers compriting Ag, eed wherein the third layes

16
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cooprising slicon nitride is Iocated over both of the
izt and sscond layers comprising Ag;

& eottact layer that is in direc! contact with one of the
Tayers comprising Ag, wherein the contact layer com-
prises at least ooe metal apd is mors oxidired at a
location further from the layer cornprising Ag that it
conlacts thap at a location closer to the layer compris-
ing Ag that it contaets; and

wherein the contact leyer, in addition o contacting one of
the luyers comprising Ag, also eontacts one of the
layers comprising silicon mitride on o opposits side
thereof. ]

47. The coated article of claim 46, whersin the contact
layar comprists au oxide of Ni andfer Cr.

48. A heat treated coated articls incliding a coating
supported by a subatrate, the cosling comprising:

a laycr comprising Ag contasling and sandwiched

between first and secood comtast layers; and

whearein at least snid second contact layer comprises o

metal and iz more oxidized at a location further from
sadd Fayer comprising Ag than at a Jocation closer 1w
geid layer comprising Ay, and whereie said second
contast layer is sandwiched between and contacting the
layer comprizing Ag and =z nitride layat.

49, The couted article of claim 48, wherein the coated
article is thermally tempared.

50. The coated articls of claim 48, whersin the second
gontact layer, that eomprises a metal and iy more oxidized at
4 Jacation further from said Yayer comprising Ag than at 2
location closer to xaid layer comprising Ag, comprises an
axide of NI

§1. The coated article of claim 48, wherein the seeond
contact layer, that comprises & metal aod i mors oxidized at
a location further from said layer mmpnmng Ag than at a
location clossr 1o said laysr comprising Ag, comprises an
oxide of Cr.

- 82, The conted articls of claim 48, wherein the nitddes
layer comprises silicon mitride,
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COATED ARTICLE WITH IMPROVED
BARRIER LAYER STRUCTURE AND
METHOD OF MAKING THE SAME

This applieation claims pdority on Provisional U.S.
putent application Ser, Ne. 60/331,160, filed Nav. 5, 2001,
{be disclosure of which 15 bereby incorporated hereln by
reference.

TITLE QF THE INVENTION

This invention relates 16 1 coated articlo including » metal
or taetal nitrids layer provided berween an IR reflecting
layer (¢.8. Ag layer) and an oxids bacder layer (e.g.
NiCr(,), and a methed of meking the sams.

BACKGROUND OF THE INVENTION

Coated articles provided for solar coattol purposes are
lmown in the art. For exemple, see 1.5, Pat. No. 5,344,718,
which diselnscy o layer stack of: plass/BiyN /NICr/AgMNICY
SiyN,. In coatings such ag this, MiCr barrier layers are
commenly used to proteat the Ag (silver) in low-E typs
coakings.

Unforeunately, metailic MiCr is characisrized by high
absorption which reduces transmittzncs of the fina] coated
article, Due to this high absazption problem, thoss in the art
desiring producis with high visible transmission have heen
feeed to use very thin NiCr bartier layers, For cxample, the
NiCr layers in the aforeseid *718 patent ara “Jess thag about
7 A” thick, in order to obtain the dusired visible tranamis.
sion, The thinner such layers are, the less barier function-
ality wnd protection they provide. Consequently, those
skdlled in the art have been secking to incraass bageier Inyer
iransmisalon by intreducing oxygen and/or nittegen o NiCr
barrier layers (s.g., ses U.S. Pat. No. 6,014,872 at eql. 4,
Hnes 40-50).

Consider a layer stack of glass/SiN,/NiCr0./Ag/
NiCrO/5i,N,. While the MiCrO, protective barier layers
are mora transparent than NiCr protective barrier layers,
they have their problems. For instance, the use of NiCrO,
Erotective barriee fayers contacting the Ag layer on respec-
tiva sides tharsof coo somelimes lead 1o problems with
respect to durability aod/or heat treatability. T is believed
thel during deposition {s.g., vix sputwering) of a coating
fnelwdiog NiCr0, protactive batrier teyers, the Ag layer s
exposed 1o the oxygen plasma (and thus chemically active
atomie oxygen in that plasma) used in depositing the
NiCrQ,; this is especially s with respect to the top surface
of the Ag Inyer when an upper NiCr(),, protective barrizr is
applicd directly therztn. The exposure of the Ag to this
oxygea inclusive plasme is believad to sometimes leed to Ag
adhesion problems,

In view of the above, it will ke apperent o those skilled
in the arl that (hers sxists a need for an improved barder
layer(s) strecrure for protesting ao [R reflecting layer (e.g.,
Ap).

BERIEF SUMMARY OF THE INVENTION

An object of this Invention is to provide an Impreved
barrier layer(s) struenure for protecting an R reflacting layer
such as Ag fu a eoated articls, and a correspanding method
of making the sare,

Apatber object of this invention is to provide & barrfer
layer(s) structirs which iz capable of protecting an IR
refleciing layer, and which 8 Both faltly tmusmissive to
visible light and enables = durable final conted article,
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Another object of this invention is wo fulfill one or more
of the ebove Hsted objscts apd/or needs.

In certain exampls ¢mbodiments of this invention, one or
mare of the above-listed objects and/or needs is/ars fulfilled
by providing a coated agticle comprising: 2 glass substrate;
2 coating supporied by the pglass substrate, wherein the
conting eamprises a fiest dielectric layer, & fist NiCrO,
inclusive layer, a1 Ag inclusive layer, a sscond NiCrO,
inclusive layer, and a second dielectric luysr, wherein the Ag
Inclusive layer i3 loeated between the firet and sécond
NiCrQ, inclugive laysrs; and wherein the costing further
includes & metal or metal nitride protective coptact layer
located between and contacting tha Ag layer and one of the
NiCrQ, inclusive layers,

In other exaropls cmbodiments of this invention, coe or
mors of the abgve-Ysted objects and/or tecds is/are fulfilled
by providing a eoated asticle inchuding a coating supported
by a subslrate, the costing comprising: & NiCrQ, inclusive
layer; an Ag inclusive layer; and a metal or metel nitrida
layer located betwesn and contacting cach of the NiCrO,
inctusive luyer and the Ag fpclusive layer.

I other cxsmple embodiments of this invention, one ar
mors of the above-fisted objocts and/or nesds isfare fulflled
by providiog a coated article including a soating supparted
by A substrate, the coating comprising: en oxids layer
incleding an oxide of & metal or metal alloy; a metallic
infrared (TR) reBecting leyer; a metal or matsl pitride pro-
tective contact layer locared between and contactiog cach of
the metallic IR mfiecting layer and the oxide layer; xad
wherein the metal or metal aliride eontact layer comprises
the same metal or matal alloy 8z {5 in the oxide layer.

In siill further embodiments of this inventiog, cas o more
of the sbave-lisied objccts and/or nesds iz/are fulfilled by
providing a method of making & coated articls, the meihod
comprisiog; providing & glass substrate; depositing a fiest
dislectric layer 20 a5 0 be supported by the subsirate;
depositing an Ag layer om the substrate over the first dielee-
tric layer; depositing a metal or metn] pitride contact layer on
the substrate directly over and in contact with the Ag layer;
deposiiing a layer comprising NiCr0, oo the substrate
dircetly over and in contact with the metal or mera] pitride
comlzct layer; and

depnsiting snother dislectric Jayer on the substrate over
the layer compdsing NiCiO,.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a croes ssotjomal view of & coated article
aceording to an cmbodiment of this iaveation.

FIG, 2 is a cross ssctional view of a coated articls
scrording to another embidiment of this invention.

FIG. 3 is a cross sectonal view of a coated article
ageerding 1o yot another smbodiment of this invention.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS OF THE INVENTION

Referring now more particularly to the accompanying
dravings in which like referance numerals indicats like parts
thraughant the several views.

Coated xriicles acoording to differant smbodiments of thig
invention may be used in the comtext of architoctural win-
dows (e.g., 1G units), automotive windows, or any other
suiteble application, Costed articles hersin may or may not
be heat treated (a.g., thermally tempered, heat bent, or the
like) in different embodiments of this invention,

FIG. 1 is 1 side cross scotional view of & coaled arlicle
aceording to an embodiment of his invention, The coxted
aricle includes substrate 1 (e.g., cloar, groen, bronze, or
blue-green glazs substrats from about 1.0 to 10.0 mu thick,
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morte prefecably from about 1.8 mea to 4 mm thick), first
diclectre layarg. lower barrer layer 8, lower bamier contact
layer 7 {which contacts IR refiecting [ayer 9), first condue-
tive metaflie infrared (IR) reflecting laysr 9, upper barmier
cootact laycr 11 (which contacts IR rellecting layer 9), upper
bareier layer 13, and wpper dielectric layer 15, The “contact”
layers 7 and 11 each contact [R reflecting layer 9. Bxample
ooe-limiting reaterials for layers 3-15 are iltestrated in FIG,
1. The aforesaid layers 3=15 make up a solar control coating
{t.5., & low-E of low amissivity type coating} which may be
gmviﬂnd on glass or plastic subsirates 1 The layer stack

-15 iliustrated in FIG. 1 may, in certaln aliemative embodi-
ments of this invention, be repeated on substrate 1 one or
more times {¢.g., another layer stack 315 may be provided
on tap of the stack shown in FIG, 1 on the same subsirate—
1his applies to any and all smbodiments berein).

Ino cortaln embodiments of this invention, fisst diclectrie
Iayer 3 may bo of or inglnde ftanium diexide (TI0, where
% is from 1.7 to 2.7, most preferably 2.0 to 2.5), silleom
mitride (SLI, whers x/y may be abeul 0.75 {ic., 1300, ot
alternatively 2y may be from about 0.76 1o 1.5 in Si-rich
¢mbodiments), siticon dioxide (510, whers x is from 1.7 to
2.3, most preforsbly about 2.0), niobium oxida (e.g.,
Nbg(y), SiZiM, tin oxide, #ine oxide, silicen oxyaitride, or
any other suitable dieleotric material, First dielectrie layer 3
may function a5 sn antivsfiestion andfor color medifying
layes 1o certain embodiments of this invention.

Infrared (IR) reflecting layer 9 is Prsf“ﬂbllj'):' metallic and
conductive, sod m1ay be mads of or include silver (Ag), gold
(Aw), or any other suitable IR reflecting material. However,
metellic Ag is the materinl of choics for IR reflecting Iayer
9 in cartain exemypls embodiments of this invention. The IR
reflocting layer(s) helps endble the coating to have low-E
characteristics. ,

Farrier layers 5 and 13 are preforably at least partially
oxided, aud {n cartain ambodimeats of this invention are of
or include nickel (Ni) oxide, or 2 nicke! alloy oxids such as
nicke] chrame oxide (NiCr0,), or sy other suitable matcrial
(s). [n ths FIG. 1 embodiment, layers § and 13 comprize
NiCrO, which may be either fully oxdded/oxidized or oaly
Emially oxidized, In particular, NiCrO, layers 5 and 13 may

¢ fully oxidized in certein embodiments of this invention
fic, fully stochinmetric), or may be at least about 75%
oxidized in oibec embodiments of this invention. While
MiCrQ, is a preforred materipl for barrier layors § and 13,
thiase siriiled in the art will recognized that other meterlals
may instead be used (c.g., oxides of Ni, axides of Ni alloys,
oxides of Cr, axides of Cr allays, NiCrO_ N, BiCIN,, NbOQ,
or soy other suitable materis]) for ens or more of thess
layers. It is noted that barrier layars 5 and 13 may or may not
be contitiuous in different crnbodimants of this invention.

&till refering to bacrier layers 5 and 13, thess layers may
of may nat bs oxidation graded in different cmbodiments of
this invention. In some ¢mbodiments, barricr layers 5 snd 13
are approximetely uniformly oxidized rhroughout their
respective thicknesses (ie., 0o grading). However, in other
embodiments, barder layers 3 and 13 may be oxidation
graded &0 a5 to be less oxidized 11 the conlact interface with
the {mmedistely sdjacent contact layer(s) 7, 11 than at 2
porticn of the barricr layer(s) further or mure/most distant
from the immediately adjrcent contact layer This may
improve sdhcsion of the metal or metal nitride coritact layers
7, 11 to the barrier layers 5, 13, respectively, Such grading
taay alzo enable the coaling, in cortzin exampls nnn-ﬁmiliug
cmbndinents, to achicve the combination ofheat treatability
and high visible transmission. For & mere detailed digeus-
sion of bow layers 5 andfor 13 may be oxidation graded, see
pending U8, Sar. No. 09/704,224, the dizelosure of which is
hereby incorporated herein by reference.

Coatact Tayers 7 end 11 {which contact IR reflecting layer
9% are preforably more metallic and/or less oxidized than
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their respective adjacent barrler layers 5 aod 13, For
cxample, in certain embodimeats of this invention, conlact
layers 7 and 11 may be of of inchude Ni, Cr, MiCr, il or
NG, (it is noted that the teom NiCEN, as used heroin
includes mituations whrrs the Ni in the layer is metallic and
the nitiding iz mostly with raspsct to the Cr). [n such
erbodiments, ayers 7 and 11 aze either not axidized, or only
slightly oxidizad o an extent signifieanily lesa thao barrier
layers 5 and 13, Thus, in certain preferred example ombodi-
ments of this lnvention, contact layers 7 and/or 11 arc
substantially free of oxygeo (le., less than sbowt 10%
oxidized), or are even oxidized from only 8-5% in certais
embodiments.

Surprisingly, it has been found that by providing thin
metel or metal-nitride protective contact layars 7 and 11
{&.g, NiCr, Ni, Cr, Cri¥,, Nb, or NiCrN,}) on the subsirate
between the YR reflacting leyer % {¢.g., Ag) and the wspre-
tive barrisr layers 5 and 13 {8.g., NiCr0,), durability can be
improved compared to 4 sitiation where NiCrO, bacrier
layers 5§ and 13 whare entirely in direet contact with Ag layer
9, The uss of thin metat or metal nitride contact leyers 7
and/or 11 i contuct with batrier layers 3 and/for 13 enables
the resuliing coated article 10 heve both a high visible
transmission (e.g., at least 70% in certain example
embodiments), and be durabla both befors and/or after heat
troamment. It 15 noted that metal or melal nitrids contact
layers 7 and 11 pre provided to be rather thin (fo reduce
adverse affects of visible light azbsorption) in cerlain
embodiments, so that the contact layess 7 and 11 may or mny
not be eontianons in different embodiments of his inven-
non.

When NiCr is used in layars 5, 7, 11 snd/oy 13 in certain
embodiments of this fnvention (i.e., when 8 NiCr target is
ustd in sputtering any of thesc leyers regardless of whether
they are oxided, nitrided, or neither), the I¥i and Cr may be
pravided in different smounts, such as in the form of
Dichrome by weight about 30-90% Ni and 10-20% Cr. An
cxcmplary spultering target for depositing thess luyeos
includes not oaly S5-316 which consists essentially of 10%
Mi and 90% other i‘l;lfﬂ.‘-dimll, mainly Fe and Cr, but Incone]
and Hayaes 214 alloy as well, which by weight consists
essentially of (a5 a oominal compositiod) the fallowi
materials which may alse show up in thest layers: Ni:
15.45%; Fe: 4%; Cr 16%; C: 0.04%; AL 4.5%; and
Y:0.01%. In other embodiments, the MiCr target may be
50750 Ni/Cr, ar aoy other silable ratio.

Still refardng to FIG. 1, while various materials and/or
thicknessae may be used consisteut with one or mom of the
chicels discussed harein, exemplary preferred thicknemes
and materials for the respoctive layers on the gliss substrale
1 in the FIG, 1 cmbodiment are 19 follows:

TABLE 1
JBmmmpls MapriplpThickpeses; F16G: 3 Epbodimest).
More

Layer Prefarrad Bange (A) Prefecrad (R)  Examplo (&
5LM, 3 0-600 A W0-500 A 410-520 A
mcm,(: ?t:"yu)n 5100 A 10-60 A 1530 A
MHCE (ayer 7 125 & 1=10 A
Ag (ayer 5) s0-250 A 0160 100140 i
HICx (lnyer 11) 175 A -0 A 34
HICHO, (lnyer 13} s-300 A. 10-50 A 1525 A
SN, {layar 15) 0800 300-400 A A10-540 A

Ottyer layar(s) below or ebove the illustrated coating may
glsp be provided. Thus, whils the FIG. 1 layer system or

conting 18 “on” or “supporied by” substrate 1 (direcily or
indirectly), other layer(s) may be provided therehstoreen,
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Thus, for exampls, the coating of FIG. 1 may bs considered
“on" mnd “supported by" the substrale 1 even if othec
layer(s) arc provided betwesn laysr 3 and subsirats 1.
Mortover, carlain layers of the coating may be removed in
cartain sgbodirents, while others may be sdded in other
embodiments of this invention without departing from the
overall epirit of certain cmbodiments of thia invention.

FIG. 2 it a cioss sectional view of a coated article
according 1o anottier embodiment of this ioveotion. The
FIG, 2 embodiment ia the seme as the FIG. 1 embadiment,
except that lower cogtact layer 7 from the FIQ. 1 embodi-
ment 14 not present in the FIG. 2 embediment. In particular,
a melal or melal nittide contact tayer 11 is provided only on
the upper side of Ag layer 3 because this is whers the Ag
layer Is most susceptible to problems arising from sxpasure
to oxygen plesroa as discnssed above. Io still fudher, et less
prefarred, embodiments of this invention, a metal or melal
nitride contact layer may be provided on the bottom of Ag
layez 9 but not on top of layer 9 (i, the inverse of FIG, 2).
In fhe FIG. 2 combodiment, those skilled in the st will
recognizs that layer § need not be NiCrO,, but instzad may
bi amy other suitabls material ineluding but not limitad 1o a0
oxide of tisninm (e.g., Ti0,), ZoAIO,, or the like,

FIG. 3 i5 a cross sectionyl view of yet another embodi-
meat of this invantion where metal or metal nittlde contact
Jayer(s) 7 acdfor 11 can be used. It will be appraciated by
those gkilled in the art that these layers may be used i 2
varisty of different coeting stacks, and dielectric materials of
the coatlngls) and the number of IR reflacting layer(s) of the
coating, dre uol always of particular relevance with respect
1o the eontact layers described herein, While 2 metal or metal
aitride contact layer (contact layer 11 over the bottom Ag
layer 9, and cantact layer 11' over the tap Ag layer 97, in
other embodiraent= of this inveation metal or meta] aitride
cootact layex(s) may tx provided below ons or both of these
. Ag layer(g) a5 well (.8, 50¢ contact layer 7 in F1G. 1). In
- the FIG. 3 smbodiment, example maletals and thickneeses

{which are of courss non-limiting) are pravided below in
Table 2. :

TARILE 2
Mom
Layer Preferred Range (&) Prefored {A)  Exomphe (A)
Ti0, (layer 3 0400 A s0-280 A 200-160 A
S, (yer %) 500 A 50-400 A 170-360 A
NiC0, (layer 5) =100 A 1050 A 1530 A
Ak (layer 9) 50-250 A 80-120 105 A
Nit"r {layar 11) 125 A 110 4 A
NiCeD, (layer 13) 5100 A 10-50 A 1530 &
Sn0 (ftyer 16) 4400 A 500-850 A 650 &
BN, (wyez 18) 0800 A 50250 A i A
M0y (ayor 59 =100 A 150 A 1530 A
Ag (lnyor ) 50-250 A 80190 A 105 A
NiCr {Inyer 119 121 A 1=10 A 34 A
WitO, (layar 139 5100 A 050 A iRa30 &
8nt; (ager 20) 0500 A 100200 4 250 &
LN, (myer 27) om0 A 100-300 A 230 A

An example of ihe FIG. 1 embodiment of the ipstant
invention was mads and lested, as zot forth below. During
the sputier conting process in which layers 3-15 were
deposited: the line spoed for lower silicon tride layer 3
{using & Si sputlering targot) was 55 inches/mimte using 8
passes, the lina speed for upper silicon nitride layer 15
{using a Si sputtering targel} was 50 inches/mimuls using 8
passes; the line speed for the NiCr contact luyers 7 and 11
was 100 inches/minuts vsing 1 pass; and the line spoed for
the NiCr(, barrier layers 5 and 13 was 37.5 inchea/minuts
using 2 passes.

a3
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COATER SET-UP FOR EXAMPLE OF FIG. 1
EMBODIMENT
Target Power el As N. Thiek-
Mat T e Gem) (eon) wa (D
5 (yer 1kW 48y« 0o 0 4704
3
HiCr 1EW 45V 40 0 P 224
{layer 5) .
WG DI XW AV a0 ] ] 34
(Inyer T)
Ag 285 kW 485V a0 0 0 R, rib
{loyer %) chmig,
Nilx QKXW IV W ) o Ak
{layar 11)
MICr kW 415V 4D o P 22 A
(ayar 13}
a8 1kW 485V 40 0 40 S10A
(layer 15)

As will bs approciated by those skilled in the e, the
aforesaid coater setup esulted in 4 layer stack on glss
substrate 1 of {from the subsirate outwardly): SipN./
NiCr0, NiCr/Ag/NiCr/MNiCr0,/5i;N,. Of cowss, in altema-
tive embodiments of this invention contast layer(s) 7 andfor
11 could be nitrided (fully or only pa:ulnlf;) by adding
nitrogen gas to the spufler coating process of those layers 7
and/or 11, Optical characteristies of this particular cxamiple
were measure as follaws (11, C, 2 degree ohserver technique
was used for trangmission characteristics):

QPFTICAL CHARACTERISTICS OF EXAMPLE

Trankmising (TY) B 81.25%
[ ~1.74
b7yt v D&l
Refectance oy viewed {rom 754
s () side: RgY (%):

jAFY 3H
"y 0.54
by =743
Reflactanca as viewed from 507
Elmjapating (F) alda: Ry (%):

| ] a1
b=y u5.30
Ry (shect resistance in ohmsid.): 180

This cxemple was characterized by better dursbilily than
& epmparative sxample where the metal ecntact layers were
omitted,

Coated articles according to eertain smbodiments of (his
invention have a visible lranspedasion of at beast 65%, wore
preferably of at least 70%, and most preferably of at lsast
75%, and aven sometimes at loast 80%. Moreover, coatad
articles according (o cerlein sxsmple embodiments of (his
invention have a sheet resistance (Rg) of no greater than 20
ohms/sq,, more prefarably no greater than 16 obhms/eq., and
sometimes oo greater than 12 chma/ag,

Whils the invention has boen described in connection
with what is presently considered to bo the mosl practical
and prefermed smbodiment, it i to be understood that the
invention is not to be Limited to the discloscd cmbodiment,
but on the coptrary, i intendad to cover various modifica-
tons and equivalent amangemants Inchuded within the spirit
and seope of the appendad claims.

‘What is claimed is!

1, Ahest treated conted articls comprising:

a glass substrate,
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a coating supported by the glass substrate, whersin the
coaling comprises a first dielectric layer, an Ag incly-
sive layer, 4 lager eomprising o oxide of NiCr, aod a
second dielectde layer, wherein the Ag {nelusive Jayer
i located between the feal dielectric layor and the kayer
which compriss an oxide of NiCr; fmgo

wherein the coating further includes 2 metal or metal
nitride contact layer Incated dirsetly batwasn and con-
tacting ench of the Ag inclusive layer and the luyer
comprising an oxide of NiCr, whereln said metal or
melal nitode coctact Jayer is mors metallio than gaid
adjacent layer comprising an oxide of NiCr.

2. Tha coated article of claim 1, whersin the contaet layet
is op an upper side of the Ag inclusiva layer, and {5 metallic
and consists eszentially of micke].

A The coated wiicls of claim I, wherein the layer
comprising an oxids of NiCr is located directly barween and
contacting cach of & layer comprising silicon nitride and said
coutact layer,

4, The coated article of claim 1, whersin the contact layer
eomprises A nifride of NiCr and is less oxidized than said
layer comprising an oxide or NiCr that the contsct layer is
in contact with.

5. The coatsed acticle of claim 1, wherein the layer
comprising an oxide of NiCr is more motallic at & loeatinn
closzr to the silvar inclusive lnyer than at anothar location
further from the silver fnelusive lxyer,

6, The coated articla of claim 1, wherein the metal or
metal nitride contact layer comprizes at least one of Ni and
3 nitride of NiCr.

3. The coated articls of claim 1, whersin the coated article
has & visible transmission of at least T0%.

8. The coated article of claim 7, wherein the coated article
has » visible transmission of ar least 75%.

9, The coated articls of claim 1, wheee the coating bes a
sheet resistance (R,) of no greater than 20 ohms/sq.

10. The coated article af claim 1, wherein the first
dielsctric layar comprises sillicon nitride.

11, The coated article of cism 10, wherein the second
dieleatde layer comprises silicon nitride,

12. The coated arlicle of clalm 1, wherein the firsl
diclcctric layer comprises an oxids of titaninm,

13. The coated article of cleim 1, wherein the cantaet

layer is provided on the upper surface of the Ag inclusive -

layer. -

14, A heat treated costed srticls including » coating
supported by a substrate, the coating comprising:

a layer comprising an oxide of NiCr; L

a0 Ag inclusive layer; and -

& matel or metal piteide layer located between aod cod-

tecting cach of the layst corprising an oxide of NiCr

" and the Ag inclusive Jayer, wherein the metal or molal

nitride layer is more metallic than is the layer compris-
ing an oxids of NiCr.

1%, The coated article of claim 14, wherein the layer
comprising an oxide of NiCr iz oxidetion graded so a3 to be
more metallic 6t a location closer to the matel or matal
nitride layer than at a location further from the metal or
mstal nftrlde layer

16, The coated srticls of claim 14, wherein the metal o
metal nitride layer i5 of at legst ons of Ni, a nitride of Cr, and
a nitride of NiCr.

17. The coated articls of ¢leli 14, whereln the coating has
& sheet resistance (Ro) of oo grester than 20 ohims/zq.

18, A hept traated coated article including a coating
supporied by & subsirals, the coaling comprising:

i alclnlxin:ha tayer including an oxide of a metal or metal

oy; .
art infrared (IR) reflecting [ayer;
a mate] or meital nitride contact 1ayer lacated between and
1n:t:unl'.ac:ti:lg; cich of the IR reflecting layer and the oxids
ayer;
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wherein the oxide layer it more metallic et a location
eloser to the metal oy metal nitride contact tayer than at
sncibier location furiber from the metal or metal nitride
coutaet laysr; aond

wherin the metal or melal alicids contact lnyer compriscs

at least one metel which is alan in the oxide layar

19. The conted article of claim 18, wherein the oxide taycr
comprises an oxide of NiCr, and whersin the metal or matal
nitrids contact layer comprises INi 2o that said at 14ast one
metul that lbe contact layer and the oxide layer have in
commen comprises Ni.

20, The coated article of claim 19, wherein the IR
refiecting layer compriscs Ag.

M, The coatad aniicls of claim 18, wherein the metal or
metal nitride contact layer is metallic and i of N, and is
located on en upper side of the IR reflecting layer, and
wherein the IR reflacting laver comprises Ag.

22. The enated article of claim 18, whertin the coated
article i5 ebaracterized by a sheet resistance {R) of no
greater than 20 ohma/sq., end & visible transmisston of at
1engt 0%,

23, Tha coaied artlels of claim 1, wherein the metal or
metal nitride contact layer is of 4 lesser thickness than tha
layer comprising 2n oxide of NiCr.

24, The coated article of clajm 1, wherein the metal or
metal pitride contact layer I from about 1-10 A thick, and
the Jayer comprizing an oxide of NiCr is from about 10-50

thick.

25, The eoated articls of claim 14,
eta] nitride layer is from about 1-10

erein the metal or
thick, and the tayer
mmgrismg an oxida of WICr §s from about 10-30 A thick.

25. The coated article of claim 18, wherein the metal or
wea] pitride contact layer is from shout 1-30 A thick, and
the oxlds Jaysr whizh conlacts the metal or metal nitdde
contact layer is from about 10-50 A thick. -

27. ‘The coated article of claim 1, wherein the contact
layer is sbstantially free of oxygen.

28. The coated anticle of claim 14, wherein the metal or
metal nitride layer is oxidized from 0-5%.

29. The coated article of claim 14, wherein the contact
layer has at lepst ome metal in common with the layer
comprising an oxide of NICr which i in 8 contset with the
contact Jnyer.

30. The coated article of claim 14, wherein the metal or
matal pitride layer has at loast one metal in common with the
Jayer comprising an oxide of NiCr which is in contact with
the metal or metal pitride layer.

31, A beat treated coated article comprising:

& plass gubsirele;

a eoating supperted by the glass substrate, whersin the
coating comprises & firt dielocinic layer, an Ag inch-
sive layer, & layer comprising an oxide of NiCr, aod &
second diclectnic layer, wherein the Ag {nchusive leyer
is located between the first dielectrie layer and the laysr
comprising an oxids of NiCr,

wherain the coating further ineludes & contact 1ayer com-
prising a metal located between And contacting the Ag
jnclusive Iayer and the layer comprising en oxide of
NiCr; and

wherein the Ieyer comprising an o%ide of MiCr i3 oxida-
tion graded so as to ke mors metallic at a location closer
to the contact layer thanm at another Iocaton Furiher
from the contact layer.

32, The coated article of claim 31, wherein the contact

layer is metallic and is of Ni.

33, The coated articls of clajm 31, wherein the contact
layer is mors metallic and less oxidized than is the layer
comprising an oxide of MiCr.
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