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ANTI-STATIC, ANTI-REFLECTIVE COATING

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial
No. 62/130,502 filed March 9, 2016 entitled Anti-Static Anti-Reflective Coating, which is

hereby incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to coatings for optical articles and, more
particularly, to coatings that impart anti-static and anti-reflective characteristics to optical

articles.

BACKGROUND OF THE INVENTION

[0003] Anti-static coatings function by providing an electrical pathway to neutralize
accumulated static charge on the surface of an insulating substrate. In certain
applications, the pathway may be a conductive surface or coating formed upon a surface
of the substrate. In the field of ophthalmic lenses, the substrate may, for example, be a
polycarbonate or a casting resin or monomer, and the anti-static coating functions to
neutralize a static charge across the optical surface of the lens. Neutralizing the static
charge prevents or decreases the static attraction of lint, dust, debris, and other
particulates to the surface of the lens. Hence, the anti-static coating aids in the cleanliness

and ultimate optical clarity of the lens.

[0004] Anti-reflective, or AR, coatings are another type of coating that is employed on
ophthalmic lenses. Anti-reflective coatings reduce reflection off the front and/or back
surface of ophthalmic lenses and therefore are desirable for creating eyeglasses with
improved light transmission, visibility, and aesthetics. Typically, such anti-reflective
coatings are applied as a series of layers of different materials having different refractive

indices. This system of layers is often referred to as a “stack.”

[0005] Anti-reflective coatings are typically applied to optical surfaces through physical

vapor deposition techniques and machines, such as sputter coating systems and
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machines. One drawback to the use of sputter coating machines is that, due to physical
constraints within the machines, sputter coating systems can be limited in the number of
different targets employed in the system, i.e. limited in the number of different materials
that can be concurrently applied in a coating system. For example, it is common for
sputter coating machines to be operable to employ only two different targets and, hence,
sputter coat only two different materials at a time; one material for a high refractive index
dielectric and one material for a low or mid index dielectric. Hence, conventional sputter
coating machines may not be able to sputter coat both the desired high and low refractive
materials, as well as a conductive material that will function for providing anti-static

properties to the lens.

[0006] In order to form coatings that impart both anti-static and anti-reflective
characteristics, sputter coating applications have been developed in which high refractive
index transparent conductive oxides such as indium tin oxide, ITO, and tin-oxide are
employed as one of the two target materials in the sputter coating system and are thereby
incorporated into the anti-reflective coating stack. Such applications are discussed in U.S.
Patent No. 6,852,406 herein incorporated by reference in its entirety. However, for many
coating application ITO targets are expensive and also prone to problems such as thermal
induced cracking. Thermal induced cracking disadvantageously limits the attainable
power and therefore deposition rate and cycle time when using ITO targets in sputter
coating systems. Furthermore, small footprint or scale sputter coaters that are suitable
for relatively small prescription laboratory environments are limited to one or two targets
for both the high and low index materials. It is undesirable to use ITO as the high index
material for the above mentioned reasons of cost and fragility. Moreover, other high index
materials such as zirconium dioxide and titanium dioxide provide better performance in
terms of refractive index and low absorption. For lens manufacturers and eye glass
producers, these disadvantages are economically and practically problematic for cost

effectively producing lenses that have both anti-static and anti-reflective properties.

[0007] What is needed in the art is a coating system and method that imparts both
anti-static and anti-reflective properties on to an optical surface while minimizing the
number of different coating materials required and/or the necessity of employing costly

and problematic transparent conductive oxide such as indium tin oxide.
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OBJECTS AND SUMMARY OF THE INVENTION

[0008] The present invention provides coating systems and methods that impart both
anti-static and anti-reflective properties on to an optical surface while minimizing the
number of different target materials required and/or the necessity of employing costly and
problematic transparent conductive oxide target materials. These objectives are
achieved, in part, by providing a coating system incorporating alternating layers of low,
mid, and/or high refractive index oxide materials and one or more layers of conductive,
substantially non-oxide forms of the same target materials employed to form the
alternating layers of low, mid, and/or high refractive index oxide materials. For example,
an anti-reflective, anti-static optical coating according to the present invention comprises
a plurality of alternating layers of an oxide form of a first material and an oxide form of a
second material; and an electrically conductive layer formed of either the first material or
the second material. These objectives are further achieved, in part, by manipulating a
thickness and/or a quantity of such conductive, substantially non-oxide, opaque layers
below, on top of, or within alternating layers of low, mid, and/or high refractive index oxide

materials of the coating system.

[0009] These objectives are further achieved, in part, by providing an anti-reflective,
anti-static optical lens comprising: an optical substrate; a plurality of layers of an oxide
form of a first material applied over a surface of the optical substrate; a plurality of layers
of an oxide form of a second material applied over the surface of the optical substrate, at
least one layer of the plurality of layers of the oxide form of the second material interposed
between two layers of the plurality of layers of the oxide form of the first material, and an
electrically conductive layer of the first material applied over the surface of the optical

substrate.

[0010] These objectives are further achieved, in part, by providing a method for
forming an anti-reflective, anti-static optical coating comprising forming a plurality of
alternating layers of an oxide form of the first material and an oxide form of a second
material, and forming an electrically conductive layer of the first material on a surface of

one of the plurality of alternating layers.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other aspects, features and advantages of which embodiments of
the invention are capable of will be apparent and elucidated from the following description
of embodiments of the present invention, reference being made to the accompanying

drawings, in which:

[0012] Fig. 1 is a cross-sectional view of an optical article employing

o

coating

according to one embodiment of the present invention.

[0013] Fig. 2 is a cross-sectional view of an optical article employing

o

coating

according to one embodiment of the present invention.

[0014] Fig. 3 is a cross-sectional view of an optical article employing

o

coating

according to one embodiment of the present invention.

[0015] Fig. 4 is a cross-sectional view of an optical article employing

o

coating

according to one embodiment of the present invention.

[0016] Fig. 5 is a cross-sectional view of an optical article employing

o

coating

according to one embodiment of the present invention.

[0017] Fig. 6 is a cross-sectional view of an optical article employing

o

coating

according to one embodiment of the present invention.

[0018] Fig. 7 is a table showing the efficacy of a coating according to one embodiment

of the present invention.

[0019] Fig. 8 is a graph showing reflection curves for coated lenses according to one

embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0020] Specific embodiments of the invention will now be described with reference to
the accompanying drawings. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein; rather,

these embodiments are provided so that this disclosure will be thorough and complete,
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and will fully convey the scope of the invention to those skilled in the art. The terminology
used in the detailed description of the embodiments illustrated in the accompanying
drawings is not intended to be limiting of the invention. In the drawings, like numbers refer

to like elements.

[0021] Broadly speaking, the present invention provides coating systems and methods
that impart both anti-static and anti-reflective properties on to an optical surface while
minimizing the number of different target materials required and/or the necessity of
employing costly and problematic transparent conductive oxide target materials. These
objectives are achieved, in part, by providing a coating system incorporating alternating
layers of low, mid, and/or high refractive index oxide materials and one or more layers of
conductive, substantially non-oxide forms of the same target materials employed to form
the alternating layers of low, mid, and/or high refractive index oxide materials. These
objectives are further achieved, in part, by manipulating the thickness and/or the quantity
of such conductive, substantially non-oxide layers below, on top of, or within the
alternating layers of low, mid, and/or high refractive index oxide materials of the coating

system.

[0022] In certain embodiments, the coating system of the present invention imparts
anti-reflective properties, in part, by employing alternating transparent layers of low, mid,
and high refractive index materials. In this regard, high refractive index means an index
of refraction that is approximately greater than about 1.9 at a referenced wavelength, for
example a wavelength of about 550 nanometers. Low refractive index means an index
of refraction that is approximately less than about 1.5 at a referenced wavelength, for
example a wavelength of about 550 nanometers. Mid refractive index means an index of
refraction approximately between about 1.5 and 1.9 at a referenced wavelength, for
example a wavelength of about 550 nanometers. Low refractive index materials include,
for example, silicon dioxide. Mid refractive index materials include, for example, silicon
oxynitride or aluminum oxide, and high refractive index materials include, for example,

titanium dioxide, tantalum pentoxide, and zirconium dioxide.

[0023] According to certain embodiments of the present invention, as shown in Fig. 1,
a lens or optical article 10 has a coating imparting anti-reflective properties, i.e. an anti-

reflective stack. For the sake of clarity, the coatings or stacks disclosed herein will be
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described from the bottom up. That is to say the various layers of the coating or stack will
be described starting from a first or bottom layer of the stack that is applied directly to an
optical substrate and proceeding sequentially with each subsequent layer of the stack
applied. Inthis manner, a “top layer” of the coating or stack is the last layer of the relevant

coating or stack applied during the coating process.

[0024] An anti-reflective stack according to the present invention has, for example, an
adhesive layer 14 applied directly to a surface of an optical substrate 12. A first high
refractive index layer 16 is applied directly on top of the adhesive layer 14. A first low
refractive index layer 18 is applied directly on top of the first high refractive index layer 16.
A second high refractive index layer 20 is applied directly on top of the first low refractive
index layer 18, and a second low refractive index layer 22 is applied directly on top of the
second high refractive index layer 20. The adhesive layer 14 is, for example, formed of a
silicon oxide, SiOx where x is less than or equal to two; zirconium; and/or a zirconium
oxide, ZrOx where x is less than or equal to two and has, for example, a thickness of

approximately 1 nanometer or less.

[0025] The first high refractive index layer 16 is, for example, formed of zirconium
dioxide and has a thickness of approximately 5 to 15 nanometers, for example, 13
nanometers. The first low refractive index layer 18 is, for example, formed of silicon
dioxide and has a thickness of approximately 20 to 40 nanometers, for example, 30.2
nanometers. The second high refractive index layer 20 is, for example, formed of
zirconium dioxide and has a thickness of approximately 100 to 150 nanometers, for
example, 121.5 nanometers. The second low refractive index layer 22 is, for example,
formed of silicon dioxide and has a thickness of approximately 60 to 100 nanometers, for

example, 81.7 nanometers.

[0026] It will be appreciated that the above-described stack is only one example of an
anti-reflective stack according to the present invention and that variations in the number
of the layers, the individual thickness of the different layers, and the various materials from
which the different layers are formed are contemplated and within the scope of the present
invention. Furthermore, the lens 10 may further employ additional functional coatings and

treatments applied over or on top of the anti-reflective stack, for example, easy-cleaning
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and/or hydrophobic coatings. In certain embodiments of the present invention, the

adhesive layer 14 is omitted from the coating stack.

[0027] For ophthalmic applications, in certain embodiments, a separate hydrophobic
or anti-fouling layer or coating may be applied on top of the above-described alternating
layers of low, mid, and high refractive index materials. This hydrophobic or anti-fouling
layer or coating provides for easier cleaning and maintenance of the ophthalmic lens. For
sputter applied films, a hydrophobic or anti-fouling layer or coating is typically applied by
a dip process which achieves a low surface energy on the coating, i.e. achieves a water
contact angle greater than 100 degrees. Such hydrophobic or anti-fouling layer or coating

have a thickness in the range of approximately five to ten nanometers.

[0028] In order to achieve the desired anti-static properties to the lens or optical article
10, according to the present invention, one or more conductive layers are incorporated
into the above-described anti-reflective stack. The one or more conductive layers may be
formed of an opaque metalloid semiconductor material such as silicon or a transition metal
material such as zirconium. If a plurality of conductive layers are employed, the individual
conductive layers may be formed of the same or different materials. In the present
invention, these additional conductive layers are advantageously derived from the same
target materials used to form the above-described different dielectric layers of the anti-

reflective stack.

[0029] For example, in certain embodiments, a silicon target or a silicon doped target
is employed to form the low refractive index silicon dioxide layers within the coating stack,
as well as to deposit one or more electrically conductive silicon layers under, within, and
or on top of the low, mid, and high refractive index layers of the coating. In certain
embodiments, a zirconium target or a zirconium alloy target is employed to form the high
refractive index zirconium dioxide layers within the coating stack, as well as to deposit
one or more electrically conductive zirconium layers under, within, and/or on top of the

low, mid, and high refractive index layers of the coating.

[0030] In one embodiment of the present invention, as shown in Fig. 2, the thickness
of the adhesive layer 14, shown in Fig. 1, is manipulated, for example the thickness is

increased, so as to form a conductive adhesive layer 24 having a desired degree of
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conductivity. The conductive adhesive layer 24 is, for example, formed of silicon or
zirconium that is partially oxidized during the application process but that maintains
enough metallic phase to provide the necessary electrical conductivity. The conductive
adhesive layer 24 has a thickness of approximately 2 to 12 nanometers or approximately

4 to 9 nanometers.

[0031] In one embodiment of the present invention, as shown in Fig. 3, a conductive
layer 26 is formed on top of the adhesive layer 14 and below the first high refractive index
layer 16. In this embodiment, the adhesive layer 14 and the conductive layer 26 may be
formed from the same target material or from different target materials. For example, the
adhesive layer 14 may be formed of silicon oxide, SiOx where x is less than or equal to
two, i.e. a substoichiometric oxide non-conductive suboxide, and the conductive layer 26
may be formed of zirconium. The conductive layer 26 has, for example, a thickness of

approximately 2 to 12 nanometers or approximately 4 to 9 nanometers.

[0032] In one embodiment of the present invention, as shown in Fig. 4, the conductive
layer 26 is formed on top of the first low refractive index layer 18 and below the second
high refractive index layer 20. The conductive layer 26 has, for example, a thickness of
approximately 2 to 12 nanometers or approximately 4 to 9 nanometers. The conductive

layer 26 may, for example, be formed of silicon or zirconium.

[0033] In one embodiment of the present invention, as shown in Fig. 5, the conductive
layer 26 is formed on top of the second high refractive index layer 20 and below the
second low refractive index layer 22. The conductive layer 26 has, for example, a
thickness of approximately 2 to 12 nanometers or approximately 4 to 9 nanometers. The

conductive layer 26 may, for example, be formed of silicon or zirconium.

[0034] In one embodiment of the present invention, as shown in Fig. 6, the conductive
layer 26 is formed on top of the alternating layers of low, mid, and high refractive index
layers, for example, on top of the second low refractive index layer 22. The conductive
layer 26 has, for example, a thickness of approximately 2 to 12 nanometers or
approximately 4 to 9 nanometers. The conductive layer 26 may, for example, be formed

of silicon or zirconium.
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[0035] The thickness of the above-described conductive adhesive layer 24 and/or
conductive layer 26 is sufficient to provide adequate electrical conductivity while being
thin enough to provide adequate transmission. Depending upon application and product
design, such transmission can be greater than 85 percent and preferably above 95
percent. For example, testing showed that a silicon layer less than one nanometer thick
does not provide adequate conductivity; a silicon layer near, approximately, or
substantially three nanometers thick provides adequate conductivity and transmission;
while a silicon layer greater than ten nanometers thick provides adequate conductivity but
results in too large of a reduction in transmission for clear ophthalmic lens applications.
A specific thickness between one and ten nanometers will depend upon the stack design

and the desired transmission.

[0036] In certain embodiments, multiple conductive layers are employed within a single
coating system. For example, a plurality of conductive layers 26 may be employed within
the coating system of the present invention. The individual conductive layers 26 of the
plurality of the conductive layers 26 are applied separately under, between, and/or on top
of the alternating layers of low, mid, and high refractive index layers. Alternatively, the
coating of the present invention may employ the conductive adhesive layer 24 in

combination with one or more of the conductive layers 26.

[0037] In certain embodiments, in order to achieve the desired transmission,
reflectance, absorbance, color, and/or conductivity of an anti-reflective, anti-static coating
according to the present invention employing a conductive layer or layers as described
above, the thickness and/or number of alternating dielectric layers of low, mid, and high

refractive index materials are manipulated.

[0038] In certain embodiments, rather than a single conductive layer 26 disposed
between layers of low, mid, and/or high refractive index oxide materials or a conductive
adhesive layer 24, a plurality of conductive layers 26 and/or conductive adhesive layer 24
are employed. In such embodiments, a maximum transmittance through the coating that
is greater than that possible with a single layer of equivalent conductance can be

achieved.
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[0039] The inventors have discovered that as a thickness of an absorbing conductive
layer increases the anti-static properties imparted by the conductive layer also increase
and the transmission of light through the conductive layer decreases. Accordingly, in
certain embodiments of the coating system of the present invention, a single conductive
layer has a thickness in the range of approximately 1 to 10 nanometers. At a conductive
layer thickness of less than 1 nanometer, the anti-static properties are diminished and at
a thickness greater than 10 nanometers, transmittance of the coating system diminishes

to undesirable levels.

[0040] In certain embodiments of the present invention, the optical, static dissipation,
and robustness of the coating is improved by inserting additional conductive layers within
the coating system of the present invention. For example, additional conductive layers
can be inserted into the coating stack to provide increased conductance and/or to modify
the coating’s properties of, for example, abrasion resistance and improved resistance to

degradation in humidity.

[0041] For example, in one embodiment of a coating method according to the present
invention a plastic lens is coated using a sputter tool designed with a small footprint
suitable for use in a small prescription processing lab. Aspects of such a sputter system
are detailed in the assignee’s U.S. Publication No. 2014/0174912 which is herein
incorporated by reference in its entirety. The relatively small footprint of such a machine
limits the number of sputter targets, or materials, to a maximum of two. The targets are
formed of metallic-type materials and oxygen is added during processing to form the
desired transparent dielectric layers of low, mid, and/or high refractive index oxide
materials. One target is used to form a low index material, such as silicon dioxide, from
a silicon target exposed to oxygen gas. The other target is used to form a high index
material, such as zirconium dioxide, from a zirconium target exposed to oxygen gas. A
plasma source in the system provides an activated oxygen plasma to assist in the

formation of the absorption free oxide layers.

[0042] At the start of the sputter process, the lens to be coated is transferred into the
coating chamber. At a chosen pressure, typically below 5x10-° mbar a mixture of argon,
and oxygen are passed into the chamber by mass flow controllers. The plasma source is

energized to form a plasma in order to treat the lens surface increasing the adhesion of
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deposited film material to the lens. Following plasma cleaning, an adhesion layer of silicon
is deposited at an argon flow of 40 standard cubic centimeters per minute, SCCM, and a
power of 1500 watts. No oxygen is added into the process which allows the formation of
a silicon film with minimal oxygen incorporation. The thickness of this layer is set by the
deposition time. Typically a film thickness of less than one nanometer is deposited. If a
layer thickness of three nanometers or greater is deposited the film is sufficiently
conductive to impart antistatic properties. For antistatic applications, an important step
between the plasma clean and the adhesion layer deposition is to provide a sufficient wait
time to remove residual oxygen from the chamber to allow the formation of a layer with
the desired conductive properties. On top of this layer alternating layers of low and high
index material are deposited to prescribed thicknesses using a suitable process such as

pulsed direct current reactive sputtering.

[0043] The low and high index materials are deposited at powers sufficient to achieve
the desired cycle time while not causing unwanted heating of the lens. A typical power
level is 1458 watts for a target approximately six inches in diameter. For the silicon dioxide
film formation from a silicon target, 16 SCCM of oxygen is added to the plasma source
running a discharge current of 300 milliamps at a voltage of near 250. Argon is supplied
to the sputter head at a flow rate of 10 SCCM. The result is a high quality transparent
silicon dioxide film using a process compatible with most plastic lenses. For the zirconium
dioxide film formation from a zirconium target, 20 SCCM of oxygen is added to the plasma
source running a discharge current of 300 milliamps at a voltage of near 250. Argon is
supplied to the sputter head at a flow rate of 20 SCCM. The result is a high quality
transparent zirconium dioxide film formed from a process compatible with most plastic
lenses. The individual layer thicknesses are set by the coating design, as understood by
anyone skilled in the art. These thicknesses will vary depending upon the desired design
and the number of layers may vary, typically between four and seven, with the total coating
thickness of between 200 and 500 nanometers. The process conditions described above
provide an example for reference only and may vary depending upon the materials

employed, the desired film properties, and the coating machine employed.

[0044] In certain embodiments, the coating system of the present invention is formed

and optimized for specific applications by manipulating the deposition conditions
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employed in forming the coating system. For example, deposition conditions of each of
the different target materials is varied to achieve the desired reflectance, transmission,

absorbance, and anti-static properties of the resulting coating system.

[0045] It will be appreciated that deposition conditions or parameters are numerous for
different sputtering techniques and machines, and meaningful deposition parameters
and/or figures can often only be supplied for one given deposition system or machine.
Accordingly, for any given system, a skilled operator will appreciate that it will be
necessary to determine the variation of the desired properties of a coating as a function
of the specific deposition conditions of the deposition machine employed. The system
parameters that may alter from one machine to the next include: the geometry of the
deposition chamber, the target size, the power applied to the target, the target voltage,
the distance between the substrate and the target, the target composition, gas flow-rates,

pumping speed, total pressures, and the like.

[0046] In certain embodiments, coatings according to the present invention are applied
to optical substrates and articles, for example, ophthalmic lenses, windows, safety
goggles, shields, and sun glasses. The coating system of the present invention is applied
to a front, a back or a front and back surface of the optical article. The ophthalmic lenses
may, for example, be a finished or unfinished lens and/or a single or multifocal lens. The
optical article can, for example, be formed of glass, crystalline quartz, fused silica, or soda-
lime silicate glass. In an alternative embodiment, the optical article is formed of a plastic
bulk material or resin suitable for cast or injection molding. For example, such materials
include polymers based on allyl diglycol carbonate monomers (such as CR-39 available
from PPG Industries, Inc. and SPECTRALITE and FINALITE Sola International Inc.) and

polycarbonates (such as LEXAN available from General Electric Co.).

[0047] Such optical articles may be transparent or may employ an active or static
coloring substrate mixed directly into the bulk material or resin. Such optical articles may
further employ additional functional characteristics in the form of coatings, laminates, thin
film inserts, and/or thin film laminates. The functional attributes of such films, laminates,
or coatings may include, for example, coloration, tinting, hard coating, polarization,
photochromism, electrochromism, UV absorption, narrow band filtering, and easy-

cleaning.
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[0048] EXAMPLES

[0049] In order to evaluate the efficacy of the present invention, six control sample
lenses were prepared, each having a coating formed of alternating dielectric layers of low,
mid, and/or high refractive index materials but not employing a conductive layer or
conductive adhesive layer. Six test sample lenses were prepared with an anti-static, anti-
reflective coating according to the present invention, i.e. were prepared with a coating
formed of alternating dielectric layers of low, mid, and/or high refractive index materials
and one or more conductive and/or conductive adhesive layers. The control sample
lenses were formed according to the design shown in Fig. 1 and had a total of four layers
of high and low refractive index materials. The test sample lenses were formed according

to the design shown in Fig. 2 and had a conductive adhesive layer formed of zirconium.

[0050] Voltage measurements were obtained for each sample (1) prior to rubbing the
sample lens surface with a cloth (Po); (2) five seconds after rubbing the sample lens
surface with a cloth (Pmax); and (3) 30 seconds after rubbing the sample lens surface
with a cloth (P1). The residual voltage (AP) of the samples was determined as the
difference between the measured voltage 30 seconds after rubbing the sample lens
surface with a cloth (P1) and prior to rubbing the sample lens surface with a cloth (Po),
l.e. AP=P1-Po. Fig. 7 shows the results of this study. Testing of the antistatic properties

were performed in accordance with SOP L-20-11-03 from Colts Laboratories.

[0051] The average residual voltage of the control sample lenses not employing a
conductive layer or conductive adhesive layer was approximately minus four (-4) kilovolts.
In contrast, the average residual voltage on the surface of the test sample lenses
employing one or more conductive and/or conductive adhesive layers according to the
present invention was approximately minus twenty (-20) volts. Minus twenty volts was
also approximately the minimum measured voltage in the test. The study demonstrates
the efficacy of the anti-static properties imparted by the anti-reflective, anti-static, coating

system of the present invention.

[0052] Representative reflection curves for the control and test sample lenses are

shown in Figure 8. As can be seen, the addition of the conductive adhesive layer has
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minimal effect upon the reflected spectra. Transmittance of the samples was in excess

of 95% with and without the conductive layer.

[0053] Although the invention has been described in terms of particular embodiments
and applications, one of ordinary skill in the art, in light of this teaching, can generate
additional embodiments and modifications without departing from the spirit of or
exceeding the scope of the claimed invention. Accordingly, it is to be understood that the
drawings and descriptions herein are proffered by way of example to facilitate

comprehension of the invention and should not be construed to limit the scope thereof.
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What is claimed is:

1. An anti-reflective, anti-static optical coating comprising:

a plurality of alternating layers of a transparent oxide form of a first material and a

transparent oxide form of a second material; and

an electrically conductive layer formed of either the first material or the second

material.

2. The optical coating of claim 1 wherein the oxide form of the first material has a high

refractive index.

3. The optical coating of claim 1 wherein the oxide form of the second material has a

low refractive index.

4. The optical coating of claim 1 wherein the oxide form of the first material is

zirconium dioxide.

. The optical coating of claim 1 wherein the oxide form of the second material is

silicon dioxide.

6. The optical coating of claim 1 wherein the first material is a transition metal.
7. The optical coating of claim 1 wherein the first material is zirconium.
8. The optical coating of claim 1 further comprising an adhesive layer formed of either

the first material or the second material.

9. The optical coating of claim 1 wherein the electrically conductive layer has a

thickness in the range of approximately 1 to 10 nanometers.

10.  The optical coating of claim 1 wherein the optical coating comprises at least five

layers.
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11.  The optical coating of claim 1 wherein the optical coating has a transmittance of

approximately 95 percent or greater.

12.  An antireflective, anti-static optical lens comprising:
an optical substrate;

a plurality of layers of an oxide form of a first material applied over a surface of the

optical substrate;

a plurality of layers of an oxide form of a second material applied over the surface
of the optical substrate, at least one layer of the plurality of layers of the oxide form of the
second material interposed between two layers of the plurality of layers of the oxide form

of the first material; and

an electrically conductive layer of the first material applied over the surface of the

optical substrate.

13.  The optical lens of claim 12 wherein the optical substrate is a cast resin.

14. The optical lens of claim 12 wherein the first material is a transition metal or a

metalloid.

15. A method for forming an anti-reflective, anti-static optical coating comprising:

forming a plurality of alternating layers of an oxide form of a first material and an

oxide form of a second material; and

forming an electrically conductive layer of the first material on a surface of one of

the plurality of alternating layers.

16. The method for forming an anti-reflective, anti-static optical coating of claim 15
further comprising the step of applying an adhesive layer formed of either the first material

or the second material directly on a surface of an optical substrate.

17.  The method for forming an anti-reflective, anti-static optical coating of claim 15

further comprising the step of forming at least a total of five layers.
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18. The method for forming an anti-reflective, anti-static optical coating of claim 17

wherein the adhesive layer is electrically conductive.

19. The method for forming an anti-reflective, anti-static optical coating of claim 15
wherein the step of forming a plurality of alternating layers of an oxide form of the first
material and an oxide form of the second material comprises forming high, mid, or low

refractive index layers.

20. The method for forming an anti-reflective, anti-static optical coating of claim 15
wherein the step of forming an electrically conductive layer of the first material on a

surface of one of the plurality of alternating layers comprises forming a zirconium layer.

21. The method for forming an anti-reflective, anti-static optical coating of claim 15
wherein the step of forming an electrically conductive layer of the first material on a
surface of one of the plurality of alternating layers comprises forming a layer having a

thickness in the range of approximately 1 to 10 nanometers.
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