Office de la Proprieté Canadian CA 2466450 C 2008/09/16

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 466 450
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2002/11/07 (51) CLInt./Int.Cl. CO3C 71//36 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2003/05/22 B325 17706 (2006.01), GOz5 1/10(2006.01)
- . (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2008/09/16 STACHOWIAK GRZEGORZ. US
(85) Entréee phase nationale/National Entry: 2004/05/07 L
(73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: US 2002/035638 GUARDIAN INDUSTRIES CORP., US

(87) N publication PCT/PCT Publication No.: 2003/042122 (74) Agent: FURMAN & KALLIO

(30) Priontes/Priorities: 2001/11/09 (US60/331,160);
2001/11/13 (US09/986,985)

(54) Titre : ARTICLE REVETU PRESENTANT UNE STRUCTURE DE COUCHE BARRIERE AMELIOREE ET PROCEDE
DE PRODUCTION DE CET ARTICLE

54) Title: COATED ARTICLE WITH IMPROVED BARRIER LAYER STRUCTURE AND METHOD OF MAKING THE
SAME

SizNg 15
NinOx 13
NiCr (or NiCrNy)
A 11
9

NiCr {or NiCrNy)

Substrate

(57) Abrégée/Abstract:
A coated article, and a corresponding method of making the same are provided. The coated article includes a coating supported
by a substrate, the coating including a thin metal or metal nitride contact layer (e.g., NICr, Ni, Cr, CrN, or NICrN ) located directly

between and contacting an infrared (IR) reflecting layer (e.g., Ag) and an oxide barrier layer (e.g., NICrQ, ).

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

I*I ] . Prven, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 @igmr -~

| SRR RO S 2 _,\‘.s
OPIC - CIPO 191 5




woO 2003/042122 A3 {0 O OO0 0 T AR R

CA 02466450 2004-05-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

CORRECTED VERSION

(19) World Intellectual Property
Organization

International Burcau

(43) International Publication Date

22 May 2003 (22.05.2003)

(51) International Patent Classification’: C03C 17/36,
B32B 17/10, GO2B 1/10
(21) International Application Number:
PCT/US2002/035638

(22) International Filing Date:
7 November 2002 (07.11.2002)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/331,160
09/986,985

US
US

9 November 2001 (09.11.2001)
13 November 2001 (13.11.2001)

(71) Applicant: GUARDIAN INDUSTRIES CORP.
[US/US]; 2300 Harmon Road, Auburn Hills, MI
48326-1714 (US).

(10) International Publication Number

WO 2003/042122 A3

(72) Inventor: STACHOWIAK, Grzegorz; 3712 Knollwood
Circle, Ann Arbor, MI 48108 (US).

(74) Agent: RHOA, Joseph, A.; Nixon & Vanderhye P.C.,
1100 North GLebe Road, Suite 800, Arlington, VA 22201-
4714 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN,

YU, ZA, ZM, Z.W.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),

Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[ Continued on next page]

(54) Title: COATED ARTICLE WITH IMPROVED BARRIER LAYER STRUCTURE AND METHOD OF MAKING THE SAME

SixNy

NiCr (or NiCrNy)

NiCr (or NiCrNx)

SigNy

Substrate

15

(57) Abstract: A coated article, and a corresponding
method of making the same are provided. The coated
article includes a coating supported by a substrate, the
coating including a thin metal or metal nitride contact
layer (e.g., NiCr, Ni, Cr, CrN, or NiCrN,) located di-
rectly between and contacting an infrared (IR) reflect-
ing layer (e.g., Ag) and an oxide barrier layer (e.g.,
NiCrOy).



CA 02466450 2004-05-07

WO 2003/042122 A3 [HINHVA!H WO AR 10 0 A AR VAN A

European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, (48) Date of publication of this corrected version:
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, 19 February 2004
TR), OAPI patent (BEF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG). (15) Information about Correction:

see PCT Gazette No. 08/2004 of 19 February 2004, Sec-

Published: tion II
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-

(88) Date of publication of the international search report:  arnce Notes on Codes and Abbreviations" appearing at the begin-
16 October 2003  ning of each regular issue of the PCT Gazette.



CA 02466450 2004-05-07
WO 2003/042122 PCT/US2002/035638

TITLE OF THE INVENTION

COATED ARTICLE WITH IMPROVED BARRIER LAYER STRUCTURE
AND METHOD OF MAKING THE SAME

[0001] This invention relates to a coated article including a metal or metal
nitride layer provided between an IR retlecting layer (e. g., Ag layer) and an oxide

“barrier layer (e.g,. NiCrOy), and a method of making the same.

BACKGROUND OF THE INVENTION

[0002] Coated articles provided for solar control purposes are known in the
art. For example, see U.S. Patent No. 5,344,718, which discloses a layer stack of:
. glass/SisNy/NiCr/Ag/NiCr/Si3Ny. In coatings such as this, NiCr barrier layers are

commonly used to protect the Ag (silver) in low-E type coatings.

[0003] Unfortunately, metallic NiCr is characterized by high absorption which
reduces transmittance of the final coated article. Due to this high absorption problem,
those in the art desiring products with high visible trénsmission have been forced to
use very thin NiCr barrier layers. For example, the NiCr layers in the aforesaid 718
patent are "less than about 7 A" thick, in order to obtain the desired visible
transmission. The thinner such layers are, the less barrier functionality and protecuon :
they prov1de Consequently, those skilled in the art have been seeklng to increase

barrier layer transmission by introducing oxygen and/or nitrogen to NiCr barrier

layers (e.g., see U.S. Patent No. 6,014,872 at col. 4, lines 40-50).

[0004] Consider a layer stack of glass/Si;Ny/NiCrO,/Ag/NiCrO,/SizNs. While
the NiCrOy protective barrier layers are more transparent than NiCr protective barrier
layers, they have their problems. For instance, the use of Ni1CrOx protective barrier
layers contacting the Ag layer on respective sides thereof can sometimes lead to

problems with respect to durability and/or heat treatability. It is believed that during
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deposition (e.g., via sputtering) of a coating including NiCrOy protective barrier
layers, the Ag layer is exposed to the oxygen plasma (and thus chemically active
atomiC oxygen in that plasma) used in depositing the NiCrOy; this is especially true
with respect to the top surface of the Ag layer when an upper NiCrOy protective
barrier 1s applied directly thereto. The exposure of the Ag to this oxygen inclusive

plasma 1s believed to sometimes lead to Ag adhesion problems.

[0005] . In view of the above, it will be apparent to those skilled in the art that
there exists a need for an improved barrier layer(s) structure for protecting an IR

reflecting layer (e.g., Ag).

BRIEF SUMMARY OF THE INVENTION

[0006] An object of this invention is to provide an tmproved barrier layer(s)
structure for protecting an IR reflecting layer such as Ag in a coated article, and a

corresponding method of making the same.

(0007] Another object of this invention is to provide a barrier layer(s)
- structure which is capable of protecting an IR reflecting layer, and which is both fairly

transmuissive to visible light and enables a durable final coated article.

[0008] Another object of this invention is to fulfill one or more of the above

listed objects and/or needs.

[0009] In certain example embodiments of this invention, one or more of the
above-listed objects and/or needs 1s/are fulfilled by providing a coated article
comprising: é gla.ss' substrate; a coating supported by the glasé substrate, wherein the
coating comprisés a first dielectric layer, a first NiCrOy inclusive layer, an Ag
inclusive layer, a second NiCrQ, inclusive layer, and a second dielectric layer,
wherein the Ag inclusive layer is located between the first and second NiCrO,
inclusive layers; and wherein the coating further includes a metal or metal nitride
protective contact layer located between and contacting the Ag layer and one of the

N1CrOy inclusive layers.

[0010] In other example embodiments of this invention, one or more of the

above-listed objects and/or needs is/are fulfilled by providing a coated article
2

i)
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including a coating supported-by a substrate, the coating comprising: a NiCrOy
Inclusive layer; an Ag inclusive layer; and a metal or metal nitride layer located

between and contacting each of the NiCrOy inclusive layer and the Ag inclusive layer.

[0011] In other example embodiments of this invention, one or more of the
above-listed objects and/or needs is/are fulfilled by providing a coated article
Including a coating supported by a substrate, the coating comprising: an oxide layer
Including an oxide of a metal or metal alloy; a metallic infrared (IR) reﬂect'ing layer; a
metal or metal nitride protective contact layer located between and contacting each of
the metallic IR reflecting layer and the oxide Iayer; and wherein the metal or metal

nitride contact layer comprises the same metal or metal alloy as is in the oxide layer.

[0012] In still further embodimeﬁts of this invention, one or more of the
above-listed objects and/or needs is/are fulfilled by providing a method of making a
coated article, the method comprising: providing a glass substrate; depositing a first
dielectric layer so as to be supported by the substrate; depositing an Ag layer on the
substrate over the first dielectric layer; depositing a metal or metal nitride contact
layer on the substrate directly over and in contact with the Ag layer; depositing a layer

comprising IN1CrOy on the substrate directly over and in contact with the metal or

metal nitride contact layer; and

depositin g another dielectric layer on the substrate over the layer comprising

NiCrO.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIGURE 1 is a cross sectional view of a coated article according to an

embodiment of this invention.

[0014] FIGURE 2 is a cross sectional view of a coated article according to

another embodiment of this invention.

[0015] FIGURE 3 is a cross sectional view of a coated article according to yet

another embodiment of this invention.



CA 02466450 2004-05-07
WO 2003/042122 PCT/US2002/035638

DETAIL.ED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE
INVENTION

[0016] Referring now more particularly to the accompanying drawings in

which like reference numerals indicate like parts throughout the several views.

[0017] Coated articles according to ditferent embodiments of this invention
may be used in the context of architectural windows (e.g., IG units), automotive
windows, or any other suitable application. Coated articles herein may or may not be
heat treated (e.g., thermally tempered, heat bent, or the like) in different embodiments

'of this invention.

[0018] Figure 1 is a side cross sectional view of a coated article according to
an embodiment of this invention. The coated article includes substrate 1 (e.g., clear,
green, bronze, or blue-green glass substrate from about 1.0 to 10.0 mm thick, more
preferably from about 1.8 mm to 4 mm thick), first dielectric layer 3, lower barrier
layer ), lower barricr contact layer 7 (which contacts IR reflecting layer 9), first
conductive metallic infrared (IR) reflecting layer 9, upper barrier contact layer 11
(which contacts IR reflecting layer 9), upper barrier layer 13, and upper dielectric
layer 15. The "contact” layers 7 and 11 each contact IR reflecting layer 9. Example
non-limiting materials for layers 3-15 are illustrated in Fig. 1. The aforesaid layers 3-
15 make up a solar control coating (e.g., a low-E or low emissivity type coating)
‘which may be provided on glass or plastic substrates 1. The layer stack 3-15 :
illustrated in Fig. 1 may, in certain alternative embodiments of this invention, be
repeated on substrate 1 one or more times (.., another layer stack 3-15 may be

provided on top of the stack shown in Fig. 1 on the same substrate — this applies to

any and all embodiments herein).

[0019] In certain embodiments of this invention, first dielectric layer 3 may be
of or include titanium dioxide (TiO, where x is from 1.7 to 2.7, most preferably 2.0 to
2.6), silicon mitride (SixNy where x/y may be about 0.75 (i.e., SisNy), or alternatively
x/y may be from about 0.76 to 1.5 in Si-rich embodiments), silicon dioxide (S10y
where x is from 1.7 to 2.3, most preferably about 2.0), niobium oxide (e.g., Nby0s),

SiZrN, tin oxide, zinc oxide, silicon oxynitride, or any other suitable dielectric
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matenal. First dielectric layer 3 may function as an antireflection and/or cotor

modifying layer in certain embodiments of this invention.

[0020] Infrared (IR) reflecting layer 9 is preferably metallic and conductive,
and may be made of or inctude silver (Ag), gold (Au), or any other suirable IR
reflecting material. However, metallic Ag is the material of choice for IR reflecting
layer 9 in certain example embodiments of this mvention. The IR reflecting layer(s)
helps enable the coating to have low-E characteristics.

10021] Barrier layers 5 and 13 are preferably at least partially oxided, and in
certain embodiments of this invention are of or include nickel (Ni) oxide, or a nickel
alloy oxide such as nicke] chrome oxide (NiCrO,), or any other suitable material(s).
In the Fig. 1 embodiment, {ayers 5 and 13 comprise NiCrO, which may be cither fully
oxided/oxidized or only partially oxidized. In particular, NiCrOy lavers 5 and 13 may
be fully oxidized in certain embodiments of this inveation (i.e., fully stochiometric),
or may be at least about 75% oxidized in other embodiments of this invention. While
NiCrQx 1s a preferred material for baxrier layers 5 and 13, those skilled in the art will
recogmzed that other materials may 1nstead be used (e.g., oxides of Ni, oxides of Ni
alloys, oxides of Cr, oxides of Cr alloys, NiCrO;Ny, NiCriN,, NbO; or any other
suitable material) for one or more of these layers. It is noted that barrier layers 5 and

13 may or may not be continuous in different embodiments of this invention.

[0022] - Still refemring to barrier layers 5 and 13, these layers may or may not
be oxidation graded in different embodiments of this invention. In some
embodiments, bartier layers 5 and 13 are approximately uniformly oxidized
throughout their respective thicknesses (i.e., no grading). However, in other
embodiments, barrier layers 5 and 13 may be oxidation graded so as to be less
oxidized at the contact interface with the immediately adjacent contact layer(s) 7, 11
than at a portion of the barrier layer(s) further or more/most distant from the
immediately adjacent contact layer. This may improve adhesion of the metal or metal
nitride contact layers 7, L1 to the bartier lajars 5, 13, respectively. Such grading may
also enable the coating, in certain example non-limiting embodiments, to achicve the
combination of heat treatability and high visible transmission. For a2 more detailed
discussion of how layers 5 and/or 13 may be oxidation graded, see US Patent No. 6,576,349

5
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[0023] Contact layers 7 and 11 (which contact IR reflecting layer 9) are
preferably more metailic and/or less oxidized than their respective adjacent barrier
layers 5 end 13. For example, in certain embodiments of this invention, contact layers
7 and 11 may be of or include Ni, Cr, NiCr, CrN; or NiCrlN, (it is noted that the term
NiCrN; as used herein includes situations where the Ni in the layer is metallic and the
nitriding is mostly with respect to the Cr). In such embodiments, layers 7 and i1 are
either not oXidized, or only slightly oxidized to an extent significantly less than barrier
layers 5 and 13. Thus, in certain preferred example embodiments of this invention,

contact layers 7 and/or 11 are substantially free of oxygen (i.e., iess than about 10%

oxidized), or are even oxidized from only 0-5% in certain embodiments,

[0024] Surprisingly, it has been found that by providing thin metal or metal-
nitride protective contact layers 7 and 11 {¢.g., NiCr, Ni, Cr, CrN,, Nb, or NiCrN,) on
the substrate between the IR reflecting layer 9 (e.g., Ag) and the respective barrier
layers 3 and 13 (e.g., NiCrQ,), durability can be improved compareg to a situation
where NiCrQOy barrier layers 5 and [3 where entirely in direct contact with Ag layer 9.
The use or thin metal or metal nitride contact layers 7 and/or 11 in contact with barrier
layers § and/or 13 enables the resulting coated article to have both a high visible
transmission (e.g., at least 70% in certain example embodiments), and be durable both
before and/or after heat treatment. It is noted that metal or metal nitride contact layers
7 and 11 are provided to be rather thin (to reduce adverse affects of visible light
absorption) in certain embbdiments, so that the contact layers 7 and 11 may or may

not be continuous in different embodiments of this invention.

[0025] When NiCr is used in layers 5, 7, 11 and/or 13 in certain embodiments
of this invention (i.e., when a NiCr target 1s used in sputtenng any of these layers
regardless of whether they are oxided, nitrided, or neither), the Ni and Cr may be
provided in different amountis, such as in the form of nichrome by weight about 80-
00% Ni and 10-20% Cr. An exemplary sputtering target for depositing these layers
includes not only $S-316 which consists essentially of 10% Ni and 90% other

ingredients, mainly Fe and Cr, but Inconel™ and Haynes 24 1™ galloy as well, which by

0
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weight consists essentially of (as a nominal composition) the following materials
which may also show up in these layers: Ni: 75.45%; Fe: 4%; Cr: 16%: C: 0.04%: Al:
4.5%; and Y:0.01%. In other embodiments, the NiCr target may be 50/50 Ni/Cr, or

any other suitable ratio.

[0026] Still referring to Fig. 1, while various materials and/or thicknesses may
be used consistent with one or more of the objects discussed herein, exemplary
preferred thicknesses and materials for the respective layers on the glass substrate 1 in

the Fig. 1 embodiment are as follows:

Table 1 (Example Materials/Thicknesses; Fig. 1 Embodiment)

Layer Preferred Range (A) More Preferred (1&) : Exa:mple (A)
SiNy (layer 3)  0-600 A 300-550 A 410-520 A
NiCrOy (layer 5)  5-100 A “ 10-50A 15-30 A
NiCr (layer 7) 1-25 A 1-10 A 3-4 A

Ag (layer 9) 50-250 A 80-160 A 100-140 A
NiCr (layer 11)  1-25 A T 1-10A 3.4 A
NiCrOy (layer 13) 5-100 A 10-50 A 15-25 A
Si,Ny (layer 15)  0-800 A 300-600 A 410-540 A
[0027] Other layer(s) below or above the illustrated coating may also be

- provided. Thus, while :the Fig. 1 layer system or coating is "on" or "supported by"

substrate 1 (directly or indirectly), other Iaye'r(s) may be pro"vided therebetween.
Thus, for example, the coating of Fig. 1 may be considered "on" and "supported by"
the substrate 1 even if other layer(s) are provided between layer 3 and substrate 1.
Moreover, certain layers of the coating may be removed in certain embodiments,
while others may be added in other embodiments of this invention without departing

from the overall spirit of certain embodiments of this invention.

[0028] Figure 2 is a cross sectional view of a coated article according to
another embodiment of this invention. The Fig. 2 embodiment is the same as the Fig.

1 embodiment, except that lower contact layer 7 from the Fig. 1 embodiment is not
7
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present in the Fig. 2 embodiment. In particular, a metal or metal nitride contact layer
11 is provided only on the upper side of Ag layer 9 because this is where the Ag layer
is most susceptible to problems arising from exposure to oxygen plasma as discussed

above. In still further, but less preferred, embodiments of this invention, a metal or
metal nitride contact layer may be provided on the bottom of Ag layer 9 but not on

top of layer 9 (i.e., the inverse of Fig. 2). In the Fig. 2 embodiment, those skilled in
the art will recognize that layer 5 need not be NiCrOy, but instead may be any other
suitable material including but not limited to an oxide of titanium (e.g., T102),

ZnAlQy, or the like.

[0029] Figure 3 is a cross sectional view of yet another embodiment of this
invention where metal or metal nitride contact layer(s) 7 and/or 11 can be used. It
will be appreciated by those skilled in the art that these layers may be used in a
variety of different coating stacks, and dielectric materials of the coating(s) and the
number of IR reflecting layer(s) of the coating, are not always of particular relevance
with respect to the contact layers described herein. While a metal or metal nitride
contact layer (contact layer 11 over the bottom Ag layer 9, and contact layer 11" over
the top Ag layer 9), in other embodiments of this invention metal or metal nitride
contact layer(s) may be provided below one or both of these Ag layer(s) as well (e.g.,

see contact layer 7 in Fig. 1). In the Figure 3 embodiment, example materials and

thicknesses (which are of course non-limiting) are provided below in Table 2.

Table 2 (Example Materials/Thicknesses; Fig. 3 Embodiment)

Layer Preferred Range (A) More Preferred (A) Exainple (A)
TiO, (layer 2) 0-400 A " 02504 100-160 A
SNy (layer 3) 0-500 A 50-400 A 170-360 A
NiCrOy (layer 5) 5-100 A 10-50 A 1530 A

Ag (layer 9) 50-250 A 380-120A  105A

NiCr (layer 11) l-éS A 1-10 A | 3-4 A
NiCrO, (layer 13) 5-100 A 10-50 A 1530 A
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SnO; (layer 16) 0-800-A 500-850 A 650 A

Si,N, (layer 18) 0-800 A 50-250 A 170 A

NiCrO; (layer 5) 5-100 A 10-50 A 15-30 A

Ag (layer 9) : 50-250 A | 80-120 A 105 A

NiCr (layer 11') 1-25 A 1-10 A 3-4 A

NiCrOy (layer 13) 5-100 A - 10-50 A 15-30 A

SnO, (layer 20) 0-500 A 100-300 A 150 A

SisN, (layer 22) 0-500 A , 100-300 A 250 A

[0030] An example of the Fig. 1 embodiment of the instant invention was

made and tested, as set forth below. During the sputter coating process in which
layers 3-15 were deposited: the line speed for lower silicon nitride layer 3 (using a Si
sputfering target) was 55 inches/minute using & passes, the line speed for upper silicon
nitride layer 15 (using a Si sputtering target) was 50 inches/minute using 8 passes; the
~ line speed for the NiCr contact layers 7and 11 was 100 inches/minute using 1 pass;

and the line speed for the NiCrOy barrier layers 5 and 13 was 37.5 inches/minute

using 2 passes.

COATER SET-UP FOR EXAMPLE OF FIG. 1 EMBODIMENT

Target Mat'l Power (kW) Volts (V) Ar(sccrm) O; (scem) Nj (sccm) Thickness (13&)

 Si(layer3) @ lkW 485V 40 0 40 470 A
NiCr (layer5) 1kW 415V 40 Q 10 0 ' ’22 ‘fﬁ
NiCr (layer7) 0.38kW 370V 30 0 0 3A
Ag (layer 9) 295kW 465V 30 0 0 Ry=16 ohm/sq.
NiCr (layer 11) 0.38kW 370V 30 0 0 3 A
NiCr (layer 13) 1kW 415V " 40 10 0 22 A
Si (layer 15) 1 kW 485 V 40 0 40 510 A
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[0031] As will be appreciated by those skilled in the art, the aforesaid coater
set-up resulted in a layer stack on glass substrate 1 of (from the substrate outwardly):
Si3NyNiCrO,/NiCr/Ag/NiCr/NiCrO,/SisNs.  Of course, in alternative embodiments of
this invention contact layer(s) 7 and/or 11 could be nitridéd'(fully or only partially) by
adding nitrogen gas to the sputter coating process of those layers 7 and/or 11. Optical
characteristics of this particular example were measure as follows (1ll. C, 2 degree

observer technique was used for transmission characteristics):

OPTICAL CHARACTERISTICS OF EXAMPLE

Transmission (TY) %: 81.25 %
a%*r: -2.24
b*TZ 0.81

Reflectance as viewed from

olass (G) side: RgY (%): . 7.54
L*qg: 33.01
a*q: 0.56
b*g: -7.13

Reflectance as viewed from

ﬁlm/coath;g (F) side: RgY (%): : 5.07
b*e: o -5.30
‘R, (sheet resistance in ohms/sq.): 160
[0032] This example was characterized by better durability than a comparative

example w here the metal contact layers were omitted.

[0033] Coated articles according to certain embodiments of this invention
have a visible transmission of at least 65%, more preferably of at least 70%, and most
preferably of at least 75%, and even sometimes at least 80%. Moreover, coated

articles according to certain example embodiments of this invention have a sheet

10
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resistance (R;) of no greater than 20 ohms/sq., more preferably no greater than 16

ohms/sq., and sometimes no greater than 12 ohms/sq.

[0034] While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to be
understood that the invention is not to be limited to the disclosed embodiment, but on
the contrary, is intended to cover various modifications and equivalent arrangements

included within the spirit and scope of the appended claims.

11
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CLAIMS

[. A coated article comprising:

a glass substrate;

a coating supported by the glass substrate, wherein the coating comprises a first dielectric

layer, a first oxide of NiCr inclusive layer, an Ag inclusive layer, a second oxide of NiCr
inclusive layer, and a second dielectric layer, wherein the Ag inclusive layer is located
between the first and second oxide of NiCr inclusive layers; and wherein the coating

further includes a metal or metal nitride contact layer located between and contacting the
Ag layer and one of the oxide of NiCr inclusive layers, the metal or metal nitride contact
layer being deposited using one sputtering target and the oxide of NiCr inclusive layer

being deposited using another sputiering target.

2. The coated article of claim |, wherein the metal or metal mitride contact layer

comprises NiCr.

3. The coated article of claim 2, wherein the contact layer comprising NiCr 1s more

metallic than said one oxide of NiCr inclusive layer that the contact layer 18 in contact

with.

4. The coated article of claim 2, wherein the contact layer comprising NiCr 1s less

oxidized than said one oxide of NiCr inclusive layer that the contact layer is in contact
with.

5. The coated article of claim 1, wherein the metal or metal nitride contact layer

comprises a nitride of NiCr,

6. The coated article of claim 5, wherein the contact layer comprising nitride of NiCr 1s
more metallic than said one oxide of NiCr inclusive layer that the contact layer is in

contact witi.

12
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7. The coated article of claim 5, wherein the contact layer comprising nitnide of NiCr is

less oxidized than said one oxide of NiCr inclusive layer that the contact layer is in

contact with.

8. The coated article of ¢laim 1, wherein the coating further comprises another metal or

metal nitride contact layer located between and contacting the Ag inclusive layer and the

other one of the oxide of NiCr inclusive layers.

9. The coated articie of claim 8, wherein the another contact layer comprises at ieast one

of NiCr and nitride of NiCr.

10. The coated article of claim 1, wherein the coated article has a visible transmission of

at least 70%.

11. The coated article of claim 10, wherein the coated article has a visible transmission of

at least 75%.

12. The coated article of claim 1, where the coating has a sheet resistance (Rg) of no

ereater than 20 ohms/sq.

13. The coated article of claim 1, wherein the first dielectric layer comprises silicon

nitride,

14. The coated article of claim 13, wherein the second dielectric layer comprises silicon

nitride.

15. The coated article of claim 1, wherein the first diclectric layer comprises an oxide of

titanium.

16. The coated article of claim 1. wherein the contact layer is provided on the upper

surface of the Ag inclusive layer.

13
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[7. A coated article including a coating supported by a substrate, the coating comprising:
an oxide of NiCr inclusive layer;

an Ag inclusive layer; and

a metal or metal nitride layer located between and contacting each of the oxide of NiCr

inclusive layer and the Ag inclusive layer.

18. The coated article of claim 17, wherein the metal or metal nitride layer comprises

NiCr and is more metallic than the oxide of NiCr inclusive layer.

19. The coated article of claim 17, wherein the metal or metal nitride layer comprises at

least one of a nitride of Cr and a nitride of NiCr.

20. The coated article of claim 17, wherein the metal or metal nitride layer 1s less

oxidized than the oxide of NiCr inclusive layer.

21. The coated article of claim 17, wherein the coating has a sheet resistance (Rs) of no

greater than 20 ohms/sq.

22. A coated article including a coating suppotted by a substrate, the coating comprising:
an oxide layer including an oxide of NiCr;
a metallic infrared (IR) reflecting layer;

a metal or metal nitride contact layer located between and contacting each of the metaliic

IR reflecting layer and the oxide layer;
wherein the metal or metal nitride contact layer comprises the same metal or metal alloy
as is in the oxide layer,

23. The coated article of claim 22, wherein the IR reflecting layer comprises Ag.

24, The coated articie of claim 23, wherein the meial or metal nitride contact layer

comprises at least one of NiCr and a nitride of Cr.

14
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25. The coated article of claim 22, wherein the coaled article is characterized by a sheet

resistance (R s) of no greater than 20 ochms/sq., and a visible transmuission of at least 70%.

26. A method of making a coated article, the method comprising:

providing a glass substrate;

depositing a first dielectric layer so as to be supported by the substrate;

depositing an Ag layer on the substrate over the first dielectnic layer;

depositing, using a first sputtering target, a metal or metal nitride contact layer on the
substrate directly over and in contact with the Ag layer;

depositing, usinga second sputtering target different than the first sputtering target, a
layer comprising oxide of NiCr on the substrate directly over and in contact with the

metal or metal nitride contact layer; and

depositing another dielectric layer on the substrate over the laver comprising oxide of
NiCr.

27. The method of claim 26, wherein the contact layer comprises a metal nitride, and the
method further comprises using oxygen gas in depostting the layer comprising

oxide of NiCr, and using nitrogen gas in depositing the contact layer.

28. The method of ctaim 26, wherein each of the layers claimed is deposited via.

sputtering.

29. The method of claim 26, wherein the contact layer comprises at least one of

NiCr and Cr.

30. The method of claim 26, wherein the layers are deposited to respective thicknesses
and in a manner so that the resulting coated article 1§ characterized by a 15 visible

transmission of at least 70% and a sheet resistance (R 8) of no greater than 20 ohms/sq.

31. The coated article of claim 1, wherein the metal or metal nitride contact layer is of a

15
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Icsser thickness than the oxide of NiCr inclusive layer which the contact layer contacts.

32. The coated article of claim 1, wherein the metal or metal nitride contact layer i1s from
about 1-10 A thick, and the oxide of NiCr inclusive layer which contacts the contact layer
is from about 10-50 A thick.

33. The coated article of claim 17, wherein the metal or metal nitnde layer 1s from about

1-10 A thick, and the oxide of NiCr inclusive layer which contacts the metal or metal
nitride layer is from about 10-50 A thick.

34. The coated article of claim 22, wherein the metal or metal nitride contact layer 13
from about 1-10 A thick, and the oxide layer which contacts the metal or metal nitride

contact layer is from about 10-50 A thick,

35. The coated article of claim 1, whercin the metal or metal nitride contact layer is

substantially free of oxygen.

36. The coated article of claim 17, wherein the metal or metal nitride layer is oxidized
from 0-3%.

10
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