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AN ELECTRICALLY- CONDUCTIVE LIGHT*ATTENUATING
ANTIREFLECTION COATING

Background of the Invention

The present - invention relates to' thin film
5 antireflection coatings, and nore particularly to an

electrically conductlve, antireflection coating which
' fattenuates'light. . | '

Certain articles are fabricated to attenuate light for
-_#arious reasons such as heat reduction, eye protection
10‘;and'an'improved Visibility These articles may also
~ require an antireflection coating on at least one

surface thereof. - Such articles include sunglasses,
- solar control glazings.-and. contrast enhancement
filters. .

15 In sunglasses, llght attenuatlon protects the eye from
‘bright 1light, and the antlreflection coatlng reduces
reflected glare from the surface of the lens facing the

"'-',.e-Yé"' : Antireflectlon properties for sunglasses are
_.usually provided by a multllayer coat:mg comprlsing
~?xi2Qf'vacuum-depos1ted transparent dielectric films. The

' 'light attenuation feature may Ds an intrinsic property

'of the lens. This feature mnay ‘also be introduced

extrlnsically by. dying the 1lens. Preferably,
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sunglasses attenuate about 90 percent of the visible
light. '

Solar control glazings attenuate solar energy
transmitted to the interior of, for example, a vehicle

5 or building. These glazings preferably have a low
reflection treatment on their interior surface to
reduce distracting reflections. Low emissivity (E)
~coatings may be used to reduce reflections. Light
attenuation for solar control glazings may be achieved

10 by using a light absorbing glass. Light attenuation
may also be provided by a vacuum~-deposited, metal film

or by a plastic sheet coated with a metal film and
attached to the glazing by a suitable adhesive. The

light attenuation is about 50 percent of the visible
15  light.

A contrast enhancement filter is often used to enhance
1mage contrast and reduce glare from the screen of a
video display terminal (VDT) This fllter.ls located
between the VDT operator and the screen. . Contrast
20 enhancement filters may be made from light absorbing
' ' glass. The glass may transmit about 30 percent of
~incident light. Light from extraneous sources,' such as
windcws and light fixtures;‘passes through the filter
and 1s attenuated before it ls reflected from the
25 screen.. After it is reflecte_d from the screen, it must
‘agai‘n passthrough the filter before it is observed by
the operator. After the seccnd pass, light may be
attenuated to about 10 percent of the intensity that it _
would have had without the fllter If reflect1v1ty of
30 "'th_e screen 1s about 4 percent, che images of extraneous

light sources and objects may be reduced by more than
99.5 percent. '
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Light from the screen image passes through the contrast
enhancement filter only once. Thus, 1t may be
‘attenuated only about 70 percent. As such, visibility
of the image' 1s enhanced. A contrast enhancement
5 filter is effective only 1f its outer facing surface is
provided with an antireflection treatment. Preferably,
both its inner and outer surfaces should be so treated.
The antireflection treatment may comprise a multilayer,
antireflection coating. Such "a coating may have a
10 percelved reflectivity for visible 1light, usually
called the photopic reflection or the photopic
reflectivity, less than about 0.25 percent. Filters

having a photopic reflectivity of less than about 0.15
percent are preferable.

15 A contrast enhancement filter nay be made from glass or
plastic; If the filter is located close to the cathode
ray tube (CRT), it may build-up static charges. Thus,
one or both surfaces of the filter is preferably
electrically-conductive and grounded to prevent the

20 build~-up of static charges. If the filter surfaces are
provided with a multilayer, antireflection coating,
electrical conductivity may be an intrinsic property of
the coating. Electrically-conductive, transparent

films, such as indium tin oxide, may be used in such

25 coatings. '

The cost of an electrically-conductive filter may be as
great as about 30 percent of the cost of the VDT. The

high cost of these filters can discourage their use.

It 1is well known that l'ight-absorbing films may be used

30 to ‘construct antireflection layer systems. The
simplest 1light absorbing systems include a low
reflectivity metal film, such as chromium or
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molybdenum, in édﬁﬁact with a glass or plastic
substrate, and a layer of a transparent dielectric.
material, such as magnesium fluoride or silicon
dioxide, in contact with the low 'reflectivity film.
5 These metal films may be very thin, on the order of
about 5 nanometers (nm) . - The opticél properties of
such thin films are difficult to control as the metals
tend to oxidize during the initial part of the
deposition process. Subsequent oxidation or corroSion
10 of thé coating may also occur. A thin metal film may
also provide inadequate electrical conductivity and
only abOut 20 percent attenuation of visible light.

Figure 1 shows the computed transmission (curve A) and
reflection (curve B) values of a two layer system
15 comprising a chromium film' about 1.6 nm thick and a
- silicon dioxide film about 75.4 nm thick. The films
are disposed on a glass substrate having a refractive
index of about 1.52. The photopic reflection of the
‘system 1s about 0.35 percent when observed from the
20 side of the'SYStem-bpposite'the substrate, i.e. from

the air side of the system. The photopic transmission
is about 75 percent.

Another antireflection system 1is a low E coating
including a sllver film having a high refractive index

2> and bounded on either side by a dielectric £ilm. The
lowest reflection is obtained with relatively thin

films of silver, for example 6 to 8 nm thick.
Attenuation of visible light, however, is negligible.

- The silver-dielectric layer'system may be extended to
30 1nclude one additional silver film. This may increase

the system's electrical conductivity and improve its

antireflectlion performance. The silver films may be
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separated by a relatively hich refractive index
dielectric material having an optical thickness of

about one-half wavelength at a wavelength of about 510

- nm, which is about the middle of the visible spectrumn.
5 Each silver film will also be bounded by a layer of
dielectric material. Each dielectric layer will have

a refractive index of about one-quarter wavelength at
a wavelength of about 510 nm.

This system. 1is similar in function to the 1light-
10 transmitting, heat-reflecting coating described in U.S

Patent No. 4,799,745. The silver films of this coating
must be relatively thin to provide the lowest possible
reflection. Attenuation of visible light for this
'c'oatin,g. 1s on the order of about 10 percent. Sheet
15 resistance may be about ten ohms per square, providing
adequate electrical conductivity'for most purposeS.

Figure 2 illustrates the transmission (curve C) and
reflection (curve D) values for a system comprising two
silver films and three dielectric layers. The system

20 is deposited on a glass substrate. The layer sequence
- and physical thickness, beginning from the substrate,
are as follows: zinc oxide (45.7 nm),'silver.(6.9 nm) ,
zinc oxide (85.3 nm), silver (18.4 nm), and zinc oxide

(43.3 nm). The refractive index of the glass substrate
.25 1s 1.52.

Systems using cOmbinations'of a high light absorbing
metal, such as ,chromium;,‘ and a low light absorbing

- metal, such as silver or gold, may also be constructed.
Such combinations permit differe-t values of photopic

30 transmission while still prov.iing relatively low

reflection from at least one surface. In general,

however, systems including a thin soft metal film, such
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as silver, gold or copper, have poor scratch resistance.
Systems including thin films of silver or copper are also
vulnerable to corrosion and may deteriorate within a few

months when used on an unprotected surface.

The above described laver systems may produce any
one of the following: (1) high electrical conductivity and
low reflection, (2) adequate light attenuation and low
reflection, or (3) adequate light attenuation and high
electrical conductivity. These systems do not provide a
single structure which has high electrical conductivity, low

reflection and adequate light attenuation.

Summary of the Invention

The present invention provides an electrically-
conductive, antireflection layer system that provides a wide
range of attenuation values for visible light, while still
providing low photopic reflection. Further, the present
invention provides a light attenuating, antireflection layer
system which may have a sheet resistance less than about 100
ohms per square. The present invention also provides an
electrically-conductive, light attenuating, antireflection
layer system which is abrasion and corrosion resistant. The
present invention also provides a corrosion resistant,
abrasion resistant, electrically-conductive, adequate light
attenuating, antireflection system which may be deposited by
DC reactive sputtering 1n an in-line coating machine of the

type used for architectural glass coating.

The present invention 1s directed to a coating for
an article. The coating comprises a first layer 1including a
material substantially transparent to visible light and
having a refractive index between about 1.35 and 1.9. The
optical thickness of the first layer 1s about one-quarter

wavelength between about 480 and 560 nanometers. The first

L P SR P ppp—
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layer is the outermost layer of the coating. The coating
further includes a second layer substantially including a
transition metal nitride having a thickness between about 5

and 40 nanometers. A third layver of the coating includes a

material substantially transparent to visible light and
having a refractive index between about 1.35 and 2.65. The
optical thickness of the third layer 1s less than or equal
to about one-quarter wavelength at a wavelength between

about 480 and 560 nanometers. The fourth layer of the

coating also substantially includes a transition metal

nitride having a thickness between about 5 and 40

nanometers.

The coating may also include a fifth layer of a
material substantially transparent to visible light and

having a refractive index between 1.35 and 2.65. The

2 aA R A ___aa a5 ... ansa_ s o. Gt Rl A - &chb b e ok 20 B




&,‘3
WO 92/02364 ‘LQ%%Q

-

optical thickness of the fifth layer is less than or
equal to one-quarter wavelength at a wavelength between-
about 480 and 560 nanometers. This embodiment may also

include a sixth layer of a substantially transition

5 metal nitride having a thickness between about 5 and 40
nanometers. |

The present invention is also directed to a coating
comprising a first laver of a transition metal nitride
having a thickness between about 5 and 15 nanometers.

10 A second layer 1s located adjacent the first layer.
The second layer includes a material substantially
transparent to visible light and having a refractive

~ index between about 1.35 and 2.65. 'The thickness of

' the second laver is'betWeen about 2 and 15 nanometers.

15 The structure of the present invention provides an
electrically-conductive, " light- attenuating,
"Iantlreflectlon coating. The photopic reflection of the
structure may bé less than about 0.25 percent. The
degtee of light attenuation provided by the structure

20 may. be between about 50 and 90 percent. The electrical
sheet re.sista-nce‘off the structure may be about 200 ohms

per square or less. The structure is both abrasion ang
corrosion resistant.

The structure provides high electrical

25 conductivity ,. low reflection and light attenuation
suitable for many applications. The structure of the

- present 1nvent10n may be applled on a commer01al scale
by D.C. reactive sputterlng in an 1in-line c¢oating

machine of the type used for architectural glass
30 coating.'

—a- PCT/US91/0529¢™
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Additional aspects and advantages of the i1nvention
will be set forth in the description which follows, and 1in
part will be obvious from the description or may be learned
by practice of the invention. The advantages of the
invention may be realized and obtained by means of the

instrumentalities and combination particularly pointed out

in the claims.
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Description of the Drawings

The accompanying drawings, which are incorporated in-

and constitute a part' of the specification,

schematically illustrate a preferred embodiment of the
> present invention, and together with the general

description given above and the detailed description of

the preferred embodiment given below serve to explain
the principles of the invention.

Figure 1 graphically illustrates the computed
10 reflection and transmission values, as a function of
wavelength, of a two layer, light absorbing,

antireflection system comprising chromium and silicon
dioxide films.

Fiq-:.re 2 graphically 1illustrates the computed
15 reflection and transmission values, as a function of
wavelength, of a five layer, light absorbing,

antireflection system comprising silver and zinc oxide
films.

Figure 3 schematically illustrates a four layer system
20 1in accordance with the present invention.

Figure 4 graphically illustrates the computed
reflection and transmission values, as a function of
wavélengthq for an embodiment of the present invention
using silicon dioxide for the first layer, titanium ‘

25 nitride for the second and fourth layers, and tin oxide
for the third lavyer.

Figure 5 graphically illustrates +the measured

reflection and transmission values, as a function of

wavelength, for the embodiment referenced in Figure 4.
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Figure 6 graphically illustrates the computed
reflection and transmission values, as a function of
wavelength, for an embodiment of the present invention

using alternate optical constants for a titanium
5 nitride film.

Figure 7 graphically 1illustrates the computed
reflection and transmission values, as a function of

wavelength, for an embodiment of the present invention
using silicon dioxide for the first layer, titanium

10 nitride for the second and fourth layers, and titanium
dioxide for the third laver.

Figure 8 graphically i1llustrates the computed

reflection and transmission values, as a function of

wavelehgth, for the embodiment referenced in Figure 7
15 but using thinner films of titanium nitride.

Figure 9 graphically illustrates the measured
reflection and transmission values, as a function of

wavelength, for the embodiment referenced in Figure 8.

Figure 10 graphically illustrates the computed
20 reflection and transmission values, as a function of
| ﬁavelength, for an embodiment of the present invention
usilng silicon dioxide for the first layer., titanium
nitride for the second and fourth lavers, and silicon
dioxide for the third laver. |

25 Figure 11 graphically illustrates the computed
reflection values, as a function of wavelength, for
embodiments of the present invention using aluminum
oxide for the first layer, titanium nitride for the

second and fourth layers, and silicon dioxide or
30 titanium dioxide for the third lavyer.
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Figure 12 graphically illustrates the computed
reflection and transmission values, as a function- of
wavelength, for a five layer system of the present
invention using silicon dioxide for the first layer,
5 titanium nitride for ‘t,he second and fourth layers,

silicon dioxide for the third layer, and titanium
dioxide for the fifth layer.

Figure 13 graphically illustrates the computed
reflection and transmission values, as a function of
10 wavelength, for a six layer system of the present
invention usihg silicon dioxide for the first layer,
titanium nitride for the second, fourth and sixth
layers, and tin oxide for the third and fifth lavers.

Figure 14 schematically illustrates a two layer system
‘15 in accordance with the present invention.

Figure 15 graphically illustrates - the computed
reflection and transmission values of the-system of

Figure 14 using a titanium nitride layer with various
overcoatings.

20 Figure 16 graphically illustrates +the measured
reflection and transmission values ,as a function of
wavelength, for a titanium nitride layer.

Figure 17 schematically illustrates a contrast

enhancement filter used in conjunction with a video
25 display screen.

Figure 18 shows the measured reflection and
“transmission values, as a function of wavelength, for
a contrast enhancement filter coated on one side with

a four layer system in accordance with the present
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invention and coated on the opposite side with a single
layer of titanium nitride.

Detailed Description of the Present Invention

The present 1nventlon uses layers of nitrides of
5 certain transition metals to provide an electrically-
conductive, light attenuatlng, antireflection coating.
As such, it provides in one structurs or layer system
a range of properties which are usually provided by a

combination of structures having two of the propertilies
10 with a substrate having the other.

The transition metals known to form - nitrides, and
useful 1n the present invention, include titanium,
zirconium, hafnium, vanadium, tantalum, niobium, and
chromium. These transition metal nitrides may have
15 optical properties similar to metals, and they are
electrically~conductive. In the form of thin films,

they may be hard, abrasion resistant and corrosion
resistant. |

e T ..

A preferred method of depositing these films is by DC
20 reactive sputtering of the metal in an atmosphere
including nitrogen or ammonia. Films may also be
deposited by chemical vapor deposition. The properties
of the nitride films may be modified by the 1nclusion
of carbon. Such materials are generally referred to as
25 carbonltrldes The carbon may alter the refection
color, the conductivity or the morphology of the film.
The structure of the pfeSent invention includes lavers
which substantially comprise transition metal nitrides,

l.e., for the most part are transition metal nitrides.

30 The most common of the transition metal nitrides is

titanium nitride. Titanium nitride is used ‘'extensively

—12- PCT/US91/05299¢-
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as a plating material for watches and jewelry. It 1is
generally referred to as "gold tone" plating. When
deposited on a smooth polished surface, it 1s very
difficult to distinguish from gold. Unlike gold,
however, it 1s hard and has a high degree of scratch
resistance. It 1s also resistant to most corrosive
agents encountered 1in everyday use.

The optical properties of nitrides are discussed in the
paper "Selective Transmission of Thin TiN Films",

Valkonen et al., Proc SPIE Int. Soc. Opt. Eng.,
Vol. 401, pp. 375-81 (1983).

The optical properties of metals and light absorbing
materials are generally specified in terms of the
complex refractive index: n - jk. The values of n (the
real part of the complex index) and k (the 1imaginary
part of the complex 1ndex) are referred to as the
optical constants of a material. They may be different

for different crystalline and physical forms of a
material.

The optical properties of titanium nitride films are
dependent on the films' thickness. In the thicknesses
useful 1n the context of the present invention, i.e.
about 5 to 40 nm, the optical constants of the
transition metal nitrides may not vary by more than
about 20 percent. The present 1invention may be

configured to accommodate variations 1in optical
constants by adjusting film thickness.

The optical constants for titanium nitride films and
other transition metal nitrides may vary as a function

of process parameters such as sputtering gas flow rate,
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gas mixture proportions,
sputtering power.

14— _, PCT/US91/0529¢

sputtering pressure, and
These variations will be greater at-

wavelengths longer than about 600 nm. For wavelengths

less than about 600 nm, variations may fall within a

5 relatively narrow range,

~ for example, within about

fifteen percent.

Table 1 shows the optical constants (n, X) for titanium
nitride films about 15 and 25 nm thick.
constants

These optical

were reflection and

determined by

10 transmission measurements of

films of a known

thickness. The films were deposited by DC reactive

sputtering from a planar magnetron, using ‘a titanium

target, in a flowing argon/nitrogen mixture. The

sputtering voltage was 420 volts, the
l5 pressure was 3.17 millitorr,

sputtering
the flow rate for the
argon was 250 standard cubic centimeters per minute
(sccm), and the flow rate for the nitrogen was 220
sccm. The 25 nm thick films were deposited at a line

- speed of 75 inches per minute. The 15 nm film was

20 deposited at a line speed of 136 inches per minute.
TABLE 1

Optical Constants of Titanium Nitride

Wave- 15 nm Wave- 25 nm
length Thick length Thick

25 (nm) n. K (nm) N k
380 1.32 1.45 380 1.32 1.45
430 1.45 1.45 430 1.34 1.42
470 1.48 1.48 480 1.36 1.40
500 1.50 1.50 520 1.40 1.48

30 550 1.65 1.57 550 1.47 1.46
600 1.83 1.74 600 1.50 1.85
700 1.95 2.10 700 1.79 2.37
800 2.20 2.50 2.15 2.95

800
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The optical constants of Table 1 were used in computing
the optical properties of the various embodiments of
the present invention discussed below. Films of the
transition metals may be described as "metal like" with
respect to their electrical and reflection properties.
The values of the optical constants at wavelengths less

than about 600 nm are, however, significantly different
from metals.

‘The ‘difference between the optical properties of

titanium nitride and the common metals may be seen by

comparing the values n, k of Table 1 with the values n,
k for some common metals shown in Table 2.

TABLE 2
Wavelength (nm) Metal n K
500 Silver 0.2 2.9
500 Gold 0.8 1.8
580 Chromium 3.0 4.8
500 - Nickel 1.8 3.4
500 Molybdenum 3.1 3.0
500 Copper 1.0 2.8

The formula for computing the reflectivity and
transmission of thin metal films is complex. The

following "rules of thumb", however, may serve to help
in the understanding the present invention.

The reflectivity or brightness of metals in the form of

thick opaque films or polished bulk materials is

directly pr'oportional to the ratio of. k/n, 1i.e. the

higher this ratio, the brighter the metal. The light

transmission through thin metal films increases as the

value of n decreases, and, to a lesser extent, as the

value of k decreases. Silver is highly reflective in

the form of relatively thick films and transparent in

the form of relativ'ely thin films. Chromium films

15 PCT/US91/05299



za%%“&%

WO 92/62364 16— PCT/US91/05299 .~ -
having a relatively low value of kK/n are not highly
reflective. Chromium films are also strongly light
absorbing.

Titanium nitride films are also very light absorbing.
5 However, the values_of n and k for the films are such
that they have to be at least about 30 nm in thickness
to absorb about 50 percent of visible light. On the
other hand, 4 nm thick chromium films may absorb about
>0 percent of the visible. light. Titanium nitride
10 films, about 25 nm or more thick, will meet %the low
sheet resistance objectives of the present invention,
i.e. about 200 ohms per square or less. As such, they

will provide adequate electrical-conductivity to
~Prevent static charge build-up. They will also provide
15 sufficient light attenuation. |

As shown in Figure 3, a preferred system or structure
15 of the present invention comprises four films 20,
22, 26, and 24 depos:Lted on a glass or plastic
substrate 28. The first and outermost film 20 is
20 substantially transparent to visible light and has a
refractive index preferably less than about 1.9 at a
wavelength of about 510 nm. It's optical thickness is
about one-qﬁarter of a wavelength at a wavelength
between about 480 nm and 560 nm. Film 26 is also
25 substantially transparent to visible light and has a
- refractive index in the range from about 1.35 and about
2.65 at a wavelenlgth of about' 510 nm. It's optical
thickness is less than or equal to about one-quarter
wavelength at a wavelength between about 480 and 560

30 nm. The optical thickness of the film may be less as
- the refractive index of the film increases.
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Layers 22 and 24 are transition metal nitride films
each having a physical thickness between about 5 and 40
nm. The exact thickness will depend on the degree of
light attenuation and reflection required, and on the
refractive index of transparent films 20 and 26. The
structure 15 1is designed to have the lowest
reflectivity when observed by an observer or observing
instrument 29 along the direction of arrow A. The

structure's reflectivity when viewed through substrate
28 may be higher.

Detailed examples of layer systems in accordance with
the present invention are described below. The

examples use titanium nitride for the transition metal

nitride component. In Tables 3 through 11, set forth
below and describing different structures in accordance
with the present invention, the materials designated
TiN(1) and TiN(2) have the optical constants n and k

listed in Table 1 for 15 nm and 25 nm thick films,
respectively. | |

In all the tables, the substrate is assumed to be glass
having a refractive index of about 1.52 at a wavelength
of about 510 nm. For all computations, the results

illustrated in the figures are transmission and

‘reflection Values through a 51ngle surface or boundary

In all computatlons, the layer systems have been

optimized to yield the lowest poss1ble.reflectlon in
the wavelength range from about 425 nm to about 675 nm,

i.e., within the generally' acc'e'p'ted limits of the

visible spectrum.

A preferréd structure 15 may 1include two titanium

nitride (TiN) films 22 and 24, a silicon dioxide (510,)

film 20, and.a tin/oxide (Sn0O,) film 26. Details of
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this structure are given in Table 3, and Figure 4
illustrates the structure's computed reflection (curve
E) and transmission (curve F) values. Figure 5 shows
the measured reflection (curve H) and transmission
5 (curve I) values for. an actual structure 15 constructed
as detailed in Teble 3. It can be seen that +the
structure provides a transmission of about 35 percent,

i.e., a light attenuation of about 65 percent The
structure also has a photopic reflectivity of about
10 0.12 percent, providing superior antireflection

properties. This structure also has a sheet resistance

Of about 66 ohms per square, providing good electrical-

conductivity.
| TABLE 3
15 Layer Material Thickness (nm)
Alr Entrance Medium
1 SlO | 75,2
2 TiIN{1) 12.7
3 SnO 48 .4
20 4 TiN(2) 20.9 ,
Glass Substrate

As noted above, the nitride film thicknesses of Table

3 were computed using the optical constants for
titanium nitride given in Table 1. For the TiN(1l) and

25 TiN(2) layers, the values for 15 and 25 nm thick films,
re'spectively, were used. In practice, however, the
optical constant values for the 12.7 nm and 20.9 nm
fllms of Table 3 may be slightly dlfferent
Furthermore, some dlfferences between the structure's

30 computed and actual optical properties (n, k) may be
- encountered if the structure is deposited by different

sputtering apparatus even though gas mixtures and flow
rates may be nominally the same. In practice, such
differences may be accommodated for by changing- the

- 35 film thickness. Using a continuous, in-line coating
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system this may be accomplished within three hours on
a trial and error basis

During deposition, substrates are transported through
the machine at a constant speed, i.e. the line speed.
> The sputtering conditions at each cathode are set to
'deposit the desired thickness of material during the
time the substrate is exposed to the cathode or group
of cathodes. Variations in thickness of a few percent
may be effected by adjusting the sputtering power.

10 The relatively simple adjustment from a computed
structure to an actual structure 1s an important
feature of the 'present invention. The adjustment
usually involves first an alteration of the thickness
of any one of the nitride films to reach the required

15 reflectivity level. The original thickness ratio of
the nitride films is maintained during the adjustment.
The antireflection region is restored to the desired
wavelength range by adjusting the thickness of third
film 26, i.e., the transparent.film between the nitride

20 films 22 and 24. The thickness of the third film is

usually adjusted in the opposite sense to the nitride
films. ‘

It has also 'been determiﬁed that the computed
structures may have a range of different thickness
25 values which will giye,optimum low reflection results.
The differences between two such structures may be seen
as. different values of transmissibn. It is believed
that this property' of the structure of the present

invention may be a reason why the actual optimizations
30 are relatively simple.
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Agreement between the computed values of Figure 3 and
the measured result of Fiqure 4 is good. The-

differences at any given wavelength may be accounted
~for primarily by the wavelength displacement of the
> curves. The measured curve H is displaced by about 2

the computed curve E.

Samples of the structure of Table 3 have withstood
boiling in a five percent solution of sodium chloride

10 (NaCl) for one hour. The structure also showed no
damage when subjected to fifty rubs of the standard
abrasion test of MIL-C-675A. Thus, the structure

demonstrated corrosion and abrasion resistance.

A'layer system was computed using the optical values of

15 titanium nitride given in a paper by Szczyrbowski et
al., "Optical and Electrical Properties of Thin TiN-
Layers", ‘Vakuumn Technik, 37, 14-18 (1988).  This

- structure is shown in Table 4. TiN(3) réprésents the
‘Szczyrbowski values and TiN(1) the. optical constant

20 values for the 15 nm thick film of Table 1. The

reflection (curve J) and transmission (curve K) values
- for this structure are shown in Figure 6.

TABLE 4
Layer Material Thickness (nm)
25 o Air ‘Entrance Medium

1 Sio, 65. 2
2 TiN(1)  16.1
3 Sno, 42 .4

. . 4 TiIN(3) "36.6 |

30 | Glass Substrate

‘The structure of Table 4 may have "a photopic
reflectivity of about 0.1 percent. The structure of
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Table 4 demonstrates that the present invention is not
limited to the specific opticallconstants of Table 1.

In the context of the present invention, layer 26 (See
Figure 3) may have é refractive index value from

5 between about 1.35 and 2.65. Although certain values
may be preferable, i.e., those between 1.9 and 2.35,

all wvalues may provide acceptable low reflection.
Different refractive indices for 1layer 26 may be
compensated for'by different thicknesses of layers 22

10 and 24 to provide optimum reflection reduction. For
any given refractive index, more than one combt:nation
of layer thicknesses may give a low reflection. The
difference .in the combination may also result 1in
different transmission values. This mechanism may be

15 used to produce a désired value of light attenuation

for the structure. ‘The examples below serve to
illustrate this principle.

Table 5 shows the details.of anotheriembodiment of the
present invention. The cOmputed reflection (curve.L)

20 and transmission (curve. M) values are shown in
Figure 7. In this emquiment, titanium dibxide'(TiOi)
"having. a refractive iridex of about 2.35 at a wavelength
of about 510 nm has been used for film"26. ‘

TABLE 5 i
25 Layer Material Thickness (nm)
Alr "Entrance Medium
1 510, © 80.0
2 TiIN(1)  11.3
B 3 - Tio, ©33.0
30 4 TiN(2) 29.8
Glass Substrate

" The structure of Table 5 may have a computed photopic
reflectivity of about 0.16 and photopic transmission of
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about 30 percent. It can be seen that the total

nm. In the embodiment of Table 3, the total thickness
of titanium nitride ls ,,a'i‘bout 34 nm and the photopic
5 transmission is ab‘ou’E""?:BS percent. The additional
titanium nitride méﬁerial in the embodiment of Table 5
provides dgreater attenuation of visible light. This

can be seen by comparing the transmission values of
Figure 4 to those of Figure 7.

10 Table 6 shows the details of another embodiment of +the
present invention wherelin the nitride layers are

thinner.
| TABLE 6
Layer Material Thickness (nm)

15 Alrxr Entrance Medium

2 TiN(1) 6.7

3 Tio, - 30.0

4 TiN(2) 19.9 .
20 | . Glass- Substrate

This structure has a computed photopic reflection of
about 0.08 percent, and a computed photopic
transmission of about 48 'percent. The computed values

of reflection (curve N) and transmission (curve O) are

25 shown in Figure_s. The measured reflection (curve P)
| and-transmission (curve Q)'values of the structure of
Table 6 are shown in Figure 9. As can be seen from
these curves, the structure of Table 6 provides high

- transmission while providing low reflection. The
30 electrical-conductivity of the structure of Table 6
would be lower than that of Table 5, but would still be

adequate for preventing a build-up of static charges.
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Table 7 shows the details of yet another embodiment of
the present invention. The computed reflection (curve
R) and transmission (curve S) values are shown in
Figure 10. Silicon dioxide (S10,) having a refractive

5 1index of about 1.46 at a wavelength of about 510 nm has
been used to form layer 26. |

~ TABLE 7 |
Layer Material Thickness (nm)
. Alr Entrance Medium
10 1 sio, 75.1
2 TiN(1) 21.0
3 Sio, 74.1
4 TiN(2) 30.5
Glass Substrate

15 The photopic reflectivity of the structure may be about

0.2 percent. The total thickness of the titanium
nitride layers is about 51 nm giving a photopic
transmission .of about 15 percent. Comparing the

struéture of Table 7 with the structure Qf Table 5 it
20 can be seen that materials with substantially different

refractive indices may be used for the third film while
still achieving a very low reflection value.

Generally, the lower the refractive index of outer film
20, the lower will be the reflection from the system.
25 The refractive index of layer 20 may be as low as 1.35,
although materials having such a low value may not be
sufficiently durable to be practical. If the refractive
index of film 20 is greater than about 1.46,'the'range
of refractive index values possible for film 26 becomes
30 narrower. Spec’ifically; ' only relatively high
' refractive index films may yield a :photopic
reflectivity of about one-quarter of. one percent or

less. By way of example, Table 8 shows the
construction of a system wherein outer film 20 is
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aluminum oxide'(Ang). Aluminum oxide films may have
a refractive index of about 1.65 at a wavelength of.
about 510 nm. Film 26 is tin oxide which may have a
refractive index of about ‘1.92 at a wavelength of about

5 510 nm. The photopic reflect1v1ty of the structure may
be about 0.49 percent.

TABLE 8

Laver Material Thickness (nm)
Air Entrance Medium
10 1 Al(D 50.9 .
| 2 TlN(l) 22.5
3 SnO 44,0
2 TlN(Z) 28.0
Glass Substrate

15 Table 9 1lists the details of a layer system or
structure wherein outer film 20 is aluminum oxide and
film 26 is titanium dioxide, which may have a
refractive J.ndex Oof about 2.35 at a wavelength of about

°10 nm. The photopic reflectivity of this system is
20 ‘about 0.3 percent.

TABLE 9
Layer Material Thickness (nm)
Air rntrance Medium
, 1 Al,O, 50.9
25 2 TlN(l) . 22.5
3 TlO 44.0
4 TlN(2) 28.0
Glass Substrate

Figure 11 shows the computed reflectlon values (curve

30 U and curve T) for the structures of Tables 8 and 9,
respectively.

It 's.hould' be evident from the above examples that a
practical upper limit for the rafractive index of first
layer 20 is determined by the ~availability of
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transparent materials having a sufficiently high
refractive index. Practically, the highest refractive
index for a material which is substantially transparent
to visible light may be about 2.65, which is about the

5 refractive index of the rutile crystalline form of
- titanium dioxide.

A structure including titanium nitride films 22 and |
24, an outer film 20, having a refractive index of
about 1.9, ana a film 26, having a rzfractive index of
10 about 2.65, may have a reflectivity of about 0.75
'pércent or less. A refl’ectivity of 0.75 percent may be

acceptable for certain applications such as for
sunglasses.

Other embodiments of the present invention may comprise
15 more than four layers. For example, a fifth film may
be added between titanium nitride film 24 and substrate
28. ° The details of such a structure are shown in |
Table 10. The reflection (Curve V) and transmission
- (curve W) values for this structure are shown ..in
20 Figure 12. ' -

TABLE 10
Layer ~ Material Thickness (nm)
Air Entrance Medium.
25 2 TiN{1) 12.4
3 5no, 49 .6
4 TiN(2) 21,7
. 5. Sno2 9.8 |
— | | ~ Glass - Substrate

30 The structure of Table 10 may be compared with the
' st:r':u'cture of Table 3 as the materials of ‘the first four
layers in each structure are the same. As can be seen,

the additional layer of tin oxide (Sno,) is

accommodated for by increasing the thickness of the
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titanium nitride layers and reducing the thickness of
the tin oxide layer therebetween.

Comparing the' curves of Figure 12 with <those of
Figure 4 illustrates that the addition of the fifth

> layer may not yield a significant improvement in
antireflection performance or a significant difference |

in the attenuation of visible light. Variations of the
above~described five layer structure wherein the
refractive index of -the fifth layer was varied from
10 1.35 to 2.865 at a wavelength of about 510 nm have been
investigated. It has been determined that for all
‘values of refractive index, a layér thickness sequence
may be established which may vield a photopic
reflectivity of about'o.zs'percent, For all values of
15 refractive index, the thickness of the fifth layer was

less than one-eighth wavelength in the wavelength range
from about 480 nm to 560 nm.

Anofher embodiment of the present invention comprises
S1x layers. This embodiment includes three transition
20 metal nitride layers separated by a film of material
substantially transparent to visible light. The layer
system of such a structure is illustrated by reference
to‘Table ll. The structure's reflection QCurve X) and

transmission (curve Y) values are shown in Figure 13.

25 j | TABLE 11 .
' Layer Material Thickness (nm)
Alr 'Entrance Medium
1 SlO 75.1
2 'TLN(l) 14.5
30 3 Sno 49 . 2
| 4 TlN(2) 23.6
5 SnO 38,2
6 TlN(l) 7.9

Glass Substrate
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The structure of Table 11 may have a photopic
reflectivity of about 0.1 percent. The reflectivity is
not significantly lower than the four film structure of
Table 3. The additional titanium nitride layer,
5 however, provides a photopic transmission of about 17

percent compared with about 35 percent for the four
film structures.

In any of the above-described embediments, it may be
possible to replace one or more transparent materials

10 with a combination of thinner layers, ;LQ‘subwlayers,
having about the same total Optiéal thickness but
different refractive indices. This technigque is well
Known in the art as a way of simulating a layer of

- material having a specific refractive index. The
15 technique may be used when a material having some
desired value of refractive index does not exist, is
not easily deposited, or does not have suitable
physical propérties. Such modificatiqns are possible

without departing from the spirit and scope of the
20 present invention.

The reflectivity values given for the above-described
embodiments are the values observed from the side of
the structures farthest from the substrate. It is well '
known that structures including 1light absorbing films

25 may have different reflection values on different sides '
of the structure.

A structure including titanium nitride, or another
transition metal nitride, may be designed to reduce
reflection as observed from the substrate side of a
30 coa.ted article or device. Such a structure ma'y require
only two layers, one of which is a nitride layer, to

provide a very low photopic reflection.
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- Such an embodiment of the present invention is shown in
Figure 14. The structure 25 includes a thin film of
nitride 30 deposited on a substrate 32. a film 34 of
a material substantially transparent to visible light
5 1s deposited.on nitride film 30. The film thicknesses
are adjusted to provide the lowest reflectivity for
visible light as observed in the direction of arrow A.
The nitride layer 30 may be between about & and 9 nm
thick. Preferably, it is about 8 nm thick. The
10' transparent layer is between about 2 and 15 nm thick,
depending on the refractive index of the transparent
material. The refractive index of this layer 1is

between about 1.35 and 2.65 at a wavelength of about
510 nm.

15 Layer 30 may be titanium nitride, and layer 34 may be
~ silicon dioxide, tin oxide or titanium dioxide. The
optical constants of titanium nitride can be those
shown in Table 1 for a 15 nm thick film. The thickness

,0of layer 34 can be about 2.5 nm for titanium dioxide

20 having a refractive index of about 2.35 at a wavelength
- of about 510, nm and about 10.8 nm for silicon dioxide

- having a refractive index of about 1.46 at a wavelength
of about 510 nm.

Figure 15 shows the computed feflectivity' of a
25 tita'nium nitride film (curve 2), and of a titanium
nitridé film overcoated with silicon dioxide (curve
AA), tin oxide (curve BB), or titanium dioxide (curve
CC). The reflectivity values in Figure 15 are shown on

a scale of 0 to 1 percent to highlight the difference
30 in reflection obtained with different overcoating

materlals. As can be seen, the reflection value is

very low for a wide range of refractive indices of
different overcoatings or lavers 34. Any refractive
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index in the range from about 1.35 to about 2.65 at a

wavelength of about 510 nm may be used to produce an
effective coating.

1" 192/02364 29

Figure 16 shows the measured reflection (curve DD) and
5 transmission (curve EE) values for a single film of
titanium nitride about 80 nm thick on a glass substrate
(n=1.52). The figure includes the reflection from an |
uncoated surface of the substrate (curve FF). The
measured reflection curve DD (Figure 16) may be
10 compared with the computed curve Z (Figure 15). The
measured curve DD shows a minimum value more or less
the same as the computed curve Z. The minimum value of
- the measured curve occurs at a larger wavelength than
the computed curve. The measured data is for the
;5 reflection as viewed through the substrate.

In th-e -above-_—described embodiments, titanium nitride
was used as the transition metal nitride. It will be
apparent , however, that any of the transition metal
nitrides may be used in the structure of the present
20 invention. For example, other transition metal
nitrides may be useful to provide different levels of
transmission or different values of sheet resistance.

It may also be useful to use two or more different
transition metal nitrides in a structure.

25 In the above-described embodiments, metal oxides have
been used as the transparent materials. It will be

- apparent, however, that other materials may be used,
for example.a substantially~transparent nitride, such

as silicon nitride, or an oxynitride, such as silicon

30 oxynitride., Materlals such as fluorides and sulfides

may also be used although they may not be easily
deposited by reactive sputtering.
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The coating of the present invention may be used to
construct contrast enhancement filters. Such filters

are most effective_if they have antireflection coatings

on both surﬁaces; The light attenuating,

5 antireflection coating may be applied to one surface

- only. The other surface may receive another type of

antireflection coating. This other coating may be the

two layer embodiment of the present invention shown ln
Figure 14 or a 31ngle £film of tltanlum nitride.

10 As is shown in Figure 17, a ccntrast enhancemsnt filter

' 50 may be disposed in front of a VDT screen 52. The
filter 50 includes a transparent substrate 40 coated on
its surface 42 with the four-layer structure 15 of
Table 3. The surface 46 of substrate 40 may be coated

15 with the two-~layer structure 25. Structure 25 may

include a layer of titanium nitride about 7.8 nm thick.

The low refleétion sides of coatings 15 and 25 face an
observer or operator 54. The direction of observation

is - indicated by arrow A. The 1light attenuating

20 property of filter 50 causes the suppression of
reflection 56 from screen 52.

'Flgure 18 shows the measured transmission (Curve GG)
and reflection (curve - HH) wvalues of contrast
enhancement filter 50. The refleétion measurement was

25 taken in the direction of'arrow,A. - Surfaces 40 and 46
have a sheet resistance of about 150 and 250 ohms per
square, respectively. As such, if surface 40 is

electrically grounded the build-up of static charges
will be prevented.

30 A contrast enhancement filter is but one application of

the present invention. It will be apparent from the
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embodiments described that the present invention may be

used in other applications, including solar control
glazings, sunglasses and protective eyewear.
Embodiments of the present invention may be used on one

5 or both surfaces of an article or device. Embodiments
of the present'invéntion may be used on one surface of
an article having another type of thin film

| interference coatihg' on the opposite surface.
Embodiments of the present invention may also be used

10 on one surface of an article having an antireflection
treatment, such as a chemical etch, on the opposite
surface. The cholce of coating combinations 1is

determined by the specific requirements of the article.

The materials used to construct the above-described
15 embodiments may also be, and have been, deposited in
commercially~-available machines, using commercially
‘avalilable sputtering cathodes. The materials may also
be deposited in a continuous, 1in-line sputtering or
other machine. The materials'may be deposited by DC
20 réactive sputtering or :-other process. The optical
properties of the films, however, as already noted, may

be different and the differences must be considered in
determining suitable film thickness.

The machine used to'depésit‘the structure or coatings

25 of Tables 3 and 6, and of Figures 14 and 17 was an in-
line sputter coating machine.  The macﬁine' includes
five separate chambers separated by vacuum locks. Each
chamber may contain up to 3 sputtering cathodes which
| may be planar magnetrons or rotating cylindrical “
30 magnetrons. The apparatus wil-l accept' substrates up to
~ two meters long by one meter wide. In the above
described _émbodiments', the titanium nitride films were

‘deposited using planar magnetrons. The silicon dioxide
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and tin oxide films were deposited using rotating
cylindrical magnetrons.

The above-described, in-line sputtering machine is a
modified D1 model coater supplied by Airco Coating
Technologies Inc. of Fairfield, CA. Modifications to
the machine include: replacement of the original
Edwards oil diffusion pumps with Varian (Palo Alto,
CA.) Model 185 oil diffusion pumps to provide a two
fold increase in pumping capacity; the addition of a
separate pump aperture over the vacuum lock tunnels to
reduce pressure fluctuations during substrate passage
through the vacuum locks; and the replacement of the
original plastic gas 1nlet tubes with stalnless steel
tubes. The rotating magnetrons were equipped with an

arc suppression structure and shielding.
The rotating magnetrons may

also be equipped with electron arc diverters avallable
from Airco Coating Technologies, Inc., Fairfield, CA.

The present invention has been described 1n terms of a

number of embodiments. The invention however 1s not

limited to the embodiments depicted and described.

Rather the scope of the 1invention 1s defined by the

appended claims.
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CLAIMS:

1. A coating for an article, comprising:

a group of three layers wherein two of said layers
substantially include a transition metal nitride, each
of said two layers having a thickness between about 5
nm and 40 nm, and a third laver between said two
layers, said third 1layer including a material
substantially transparent to visible light, and having
an optical thickness less than or equal to about one-
quarter wavelength at a wavelength between about 480 nm
and 560 nm and a refractive index between about 1.35
and about 2.65 at a wavelength of about 510 nm; and
fourth layer adjoining said three layer group on the
side thereof farthest from the article, said fourth
layer including a ma 2rial substantially transparent to
visible light and naving a refractive index between
about 1.35 and 1.9 at a wavelength of 510 nm and an

optical thickness of about one-quarter wavelength
between about 480 nm and about 560 nm.

2. The coating of Claim 1 wherein said transition
metal nitride layers comprise a material selected from
the group consisting of titanium nitride, zirconium
nitride, hafnium nitride, vanadium nitride, niobium
nitride, tantalum nitride and chromium nitride.

3. The coating of Claim 1 wherein said twolayers
comprise titanium nitride.

4. The coating of Claim 1 further including a fifth
layer of a material substantially transparent to
visible light, said fifth layer having a refractive
index between about 1.35 to about 2.65 and an optical

thickness 1less than one-eighth wavelength at a
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wavelength in the range from about 480 nm and 560 nm
and said fifth layer adjoining said three layer group
on the side thereof closest to the article.

5. The coating of Claim 1 wherein at least one layer
of material substantially transparent to visible light
comprises at 1least two sublayers having different
refractive indices.

6. An electrically conductive, reflection reducing
coating for a substrate, comprising:

a group of five layers wherein three of said
layers substantially include a transition metal nitride
having a thickness between about 5 nanometer and 40
nanometer, and said three layers being arranged
alternately with two other layers of said five layer
group, said two other 1layers 1including a material
substantially transparent to visible light and having
an optical thickness less than or equal to about one-
quarter wavelength at a wavelength in the range from
about 480 nm to 560 nm and a refractive 1index between
about 1.35 and 2.65 at a wavelength of about 510 nm;
and an additional layer adjoining said five layer group
on the side thereof farthest from the substrate, said
additional layer including a material substantially
transparent to visible light, and having a refractive
index between about 1.35 and 1.9 at a wavelength of
about 510 nm and an optical thickness of about one-

quarter wavelength between about 480 nm and 560
nanometers.

7. The coating of Claim 6 wherein said transition
metal nitride layers comprise a material selected from

the group consisting of titanium nitride, zirconium



CA 02066043 2002-08-12

67394-32

-3 =

nitride, hafnium nitride, vanadium nitride, niobium

nitride, tantalum nitride and chromium nitride.

8. The coating of Claim 6 wherein said transition

metal nitride layers comprise titanium nitride.

5 9. The coating of Claim 6 further including a seventh
layer of a material substantially transparent to
visible light, said seventh layer having a refractive
index in the range from about 1.35 to about 2.65 and an
optical thickness less than one-eighth wavelength at a

10 wavelength in the range from about 480 nm to 560 nm and
said seventh layer adjoining said five layer group on
the side thereof closest to said substrate.

10. The coating of Claim 6 wherein at least one layer
of material substantially transparent to visible light

15 comprises at least two sublayers having different

refractive indices.

11. A coating for a substrate, comprising: a first
layer substantially including a transition metal
nitride and having a thickness between about 6 nm and
20 9 nm, and a second layer adjacent to said first layer,
sald second layer 1including a material substantially
transparent to visible light, having a refractive index
between about 1.35 and 2.65 at a wavelength of about

510 nm, and a thickness between about 2 nm to 15 nm.

25 12. The coating of Claim 11 wherein side transition
first layer comprises a material selected from the
group consi.sting of titanium nitride, zirconium
nitride, hafnium nitride, vanadium nitride, niobium
nitride, tantalum nitride and chromium nitride.
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13. The coating of Claim 11 wherein said first
comprises substantially titanium nitride.

14. An electrically conductive, reflection reducing
coating for an article, comprising:

a group of three layers wherein two of said layers
substantially include titanium nitride, each of said
two layers having a thickness between about 5 nm and
about 40 nm, and a third layer between said two
layers, said third layer including a metal oxide having
an optical thickness less than or equal to about one
quarter wavelength at a wavelength between about 480 nm
and 560 nm and a refractive index between about 1.35
and 2.65 at a wavelength of about 510 nm; and a fourth
layer adjoining said three layer group on the side
thereof farthest from the article, said fourth layer
including a metal oxide having a refractive index
between about 1.35 and 1.9 at a wavelength of about 510

nm and an optical thickness of about one-quarter
wavelength between about 480 nm to 560 nm.

15. The coating of Claim 14 further including a fifth

layer of a metal oxide, said layer having a refractive
index between about 1.35 and 2.65 and an optical

thickness less than one eighth of wavelength between
about 480 nm to 560 nm and said fifth layer adjoining

sald three layer group on the side thereof closest to
the article. |

16. The coating of claim 14 or 15 wherein at least one

layer of metal oxide comprises at least two sublayers
having different refractive indices.

17. An electrically conductive, reflection reducing

coating for a substrate, comprising:

e . aaamasanae amas 22a0a men A
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a group of five adjoining layers wherein three of
said layers substantially include titanium nitride
having a thickness between about 5 nm and 40 nm, said
three layers being arranged alternately with two other
layers of a metal oxide having an optical thickness
less than or equal to about one-quarter wavelength at
a wavelength between about 480 nm and 560 nm and a
refractive index between about 1.35 and 2.65 at a
wavelength of about 510 nm; and a sixth layer
adjoining said five layer group on the side ther  -f
farthest from the substrate, said sixth layer incluc. «g
a metal oxide having a refractive index in the range
from about 1.35 to about 1.9 at a wavelength of about
510 nm and an optical thickness of about one-quarter
wavelength at a wavelength between about 480 nm to 560
nm.

18. The coating of Claim 17 further including a
seventh layer of a metal oxide, said layer having a
refractive index 1n the range from about 1.35 to about
2.65 and an optical thickness less than one eighth
wavelength at a wavelength 1n the range from about 480
nm to 560 nm and said layer adjoining said five layer
group'on the side thereof closest to said substrate.

19. The coating of Claim 17 or 18 wherein at least one

layer of metal oxide comprises at least two sublayers
having different refractive indices.

20. A coating for an article, comprising:

a first layer comprising a material substantially
transparent to visible light and having a refractive
index between about 1.35 and 1.9, and an optical
thickness of about one-quarter wavelength at a
wavelength between about 480 nm and about 560 nm, said
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first layer being the outermost layer of said coating;
adjoining said second layer comprising substantially a
transition metal nitride and having a thickness
between about 5 nm and 40 nm; a third layer adjoining
said second layer and —comprising a material
substantially transparent to visible light and having
a refractive index between about 1.35 and 2.65 and an
optical thickness less than or equal to about one
quarter wavelength between about 480 nm and about 560
nm; and adjoining said third layer a fourth layer
comprising substantially a transition metal nitride
having a thickness between about 5 nm and 40 nm.

21. The coating of Claim 20 wherein said transition
metal nitride layers comprise substantially a material
selected from the group consisting of titanium nitride,
zirconium nitride, hafnium nitride, vanadium nitride,

niobium nitride, tantalum nitride and chromium nitride.

22. The coating of Claim 20 wherein said transition

metal nitride layers comprise substantilially titanium
nitride.

23. The coating of Claim 20 further including a fifth
layer of a material substantially transparent to

visible light, said layer having a refractive 1index
between about 1.35 to about 2.65 and an optical
thickness 1less than one eighth wavelength at a
wavelength between about 480 nm and 560 nm and said
layer adjoining said fifth layer adjoining said fourth
layer.

24. The coating of Claim 20 wherein at least one layer

of material substantially transparent to visible light
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comprises at least two sublayers having different
refractive indices.

25. A reflection reducing light attenuating coating
for an article, comprising:

a first layer including a material substantially
transparent to visible light and having a refractive
index between about 1.35 and 1.9 and an optical
thickness of about one quarter wavelength a between
ibout 480 nm and about 560 nm, said first layer being
the outermost layer of said coating; a second layer

including substantially a transition metal nitride and
having a thickness between about 5 nm and 40 nm; a

third 1layer 1including a material substantially
transparent to visible light and having a refractive
index between about 1.35 and about 2.65 and an optical
thickness less than or equal to about one-quarter
wavelength between about 480 nm and about 560 nm; a
fourth layer including substantially a transition metal
nitride and having a thickness between about 5 nm and

40 nm; a fifth layer including a material substantially
transparent to visible light and having a refractive
index between about 1.35 and about 2.65 and an optical
thickness less than or equal to about one-quarter
wavelength between about 480 nm and about 560 nm; a
sixth layer including substantially a transition metal
nitride and having a thickness between about 5 nm and

40 nm.

26. The coating of Claim 25 wherein said transition
metal nitride layers comprise substantially a material
selected from the group consisting of titanium nitride,
zlrconium nitride, hafnium nitride, vanadium nitride,

niobium nitride, tantalum nitride and chromium nitride.
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27 . The coating of Claim 25 wherein said transition

metal nitride layers comprise substantially titanium

nitride.

28. The coating of Claim 25 wherein at least one layer
of material substantially transparent to visible light

comprises at least two sublayers having different refractive

indices.
29. A coated article, comprising:
a transparent substrate; and

on one surface of said substrate, a coating
including a first layer including a material substantially

transparent to visible light and having




CA 02066043 2002-08-12

67394-32

10

15

20

25

30

-]~

a refractive index between about 1.35 and 1.9 and an

optical thickness of about one-quarter wavelength at

some wavelength between 480 nm and 560 nm, said first
layer belng the outermost layer of said coating, a
second layer including's-ubstantially a transition metal
nitride having a thickness between about 5 nm to 40 nm;
adjoining said second layer a third layer including a
material substantially transparent to visible light and
having a refractive index in the range from about 1.35
to about 2.65 and an optical thickness less than or

equal to about one-quarter wavelength at a wavelength
between about 480 nm to about 560 nm, a fourth layer

including substantially a transition metal nitride and

having a thickness 1in the range from about 5 nm to
40 nmn.

30. The article of Claim 29 whereiln said
antireflection coating further includes a fifth layer
comprising a material substantially transparent to
visible light and having a refractive index between
about 1.35 and about 2.65 and an optical thickness less
than one eighth wavelength at a wavelength between
about 480 nm and about 560 nm, said fifth layer being
located between said fourth layer and said substrate.

31. The article of Claim 29 further wherein said
antireflection coating further includes: a fifth film,
adjacent said fourth film, comprising a material
substantially transparent to visible light and having
a refractive 1ndex between about 1.35 and about 2.65
and an optical thickness less than or equal to about
one gquarter wavelength at a wavelength 1n the range
from about 480 nm to 560 nm; and a sixth film, adjacent

saild fifth film, said sixth film including
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substantially a transition metal nitride and having a

thickness between about 5 nm and 40 nm.

32. The article of Claim 29, 30, or 31 further
including an antireflection treatment on the surface of said
substrate opposite said conductive light attenuating

coating.

33. The article of Claim 32 wherein said
antireflection treatment is a multilayer antireflection

coatling.

34 . The article of Claim 33 wherein said multilayer
antireflection coating includes a layer adjoining said
substrate comprising substantially a transition metal
nitride and having a thickness in the range from about 5 nm
to 15 nm, and adjoining said nitride layer, a layer of a
material substantially transparent to visible light and
having a refractive index in the range from about 1.35 to

2 65 and a thickness in the range from about 2 nm to 15 nm.
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