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COATING WITH ADHESION LAYER FOR
UV OPTICS

[0001] This application claims the benefit of priority under
35 U.S.C. §119 of U.S. Provisional Application Ser. No.
62/206,521 filed on Aug. 18, 2015 the content of which is
relied upon and incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present specification generally relates to coat-
ings for optical elements, and methods for adhering an
optical element to an optical system. More particularly, the
present specification relates to coatings on optical elements
that protect adhesives used to mount the optical element in
an optical system from degradation caused by UV light.
Most particularly, the present specification relates to UV-
protective coatings with strong adhesion to optical elements.

BACKGROUND

[0003] Optical systems are used in a variety of end-user
applications that process or analyze samples with UV light,
including in lithography and semiconductor inspection
equipment. In these systems, one or more optical elements
with high transmission of UV light are aligned to direct and
collect UV light introduced to the optical system to perform
an operation on the sample. Optical elements include lenses,
prisms, beam splitters etc. The optical elements are typically
mounted in holders and fixed in position with an adhesive.
Reliable and precise operation of the optical system requires
that the positions of the optical elements remain fixed over
time to insure consistency of alignment. Many common
adhesives, however, are sensitive to UV light and subject to
degradation when exposed to stray UV light present in the
optical system. Degradation of the adhesive may cause an
optical element to slip in its holder and lead to misalignment
of the optical system. There is accordingly a need to prevent
degradation of adhesives used to mount optical components
in optical systems that utilize UV source light.

SUMMARY

[0004] According to one embodiment, an optical assembly
is described that includes an optical element; a holder for the
optical element; an adhesive configured to affix the optical
element to the holder; a blocking coating between the optical
element and the adhesive; and an adhesion promoter
between the blocking coating and the optical element. The
blocking coating includes a light absorber that does not
transmit light with wavelengths from greater than or equal to
about 250 nm to less than or equal to about 400 nm. The light
absorber may be positioned such that light having a wave-
length from greater than or equal to about 190 nm to less
than or equal to about 500 nm is not incident to the adhesive.
[0005] In another embodiment, an optical assembly is
described that includes an optical element; an adhesion
promoter on the optical element; and a blocking coating on
the adhesion promoter, where the blocking coating includes
a light absorber does not transmit light with wavelengths
from greater than or equal to about 190 nm to less than or
equal to about 500 nm.

[0006] In yet another embodiment, a method for reducing
degradation of an adhesive in an optical assembly is
described, including applying an adhesion promoter to an
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optical element; applying a light absorber to an optical
element, wherein the light absorber does not transmit light
with wavelengths from greater than or equal to about 190 nm
to less than or equal to about 500 nm; and configuring the
light absorber relative to an adhesive used to position the
optical element to a holder so that light with wavelengths
from greater than or equal to about 190 nm to less than or
equal to about 500 nm is not incident to the adhesive.
[0007] Optical elements include transmissive or refractive
elements such as lenses, prisms, and beam splitters.
[0008] The adhesion promoter may be fluoride or oxide
material. In one embodiment, the adhesion promoter
includes a fluoride material and the optical element includes
a fluoride material. The fluoride material may be an alkaline
earth fluoride. In another embodiment, the optical element
includes CaF, and the adhesion promoter includes MgF,.
[0009] The blocking coating includes a light absorber and
may also include an anti-reflection layer and/or an anti-
scratch layer. The blocking coating may include a plurality
of light absorbers or a plurality of light absorbers with a
plurality of anti-reflection and/or protection layers.
[0010] The light absorber may be a metal, metal oxide,
metal nitride, metal carbide, or combinations thereof The
anti-reflection layer may be a metal oxide, metal nitride,
metal carbide, or combinations thereof The anit-scratch
layer may be a metal oxide, metal nitride, metal carbide, or
combinations thereof. The metal present in the light absorber
may be the same or different from the metal present in the
anti-reflection layer. In embodiments with two or more light
absorbers, the metal present in one light absorber may be the
same of different from the metal present in other light
absorbers. In embodiments with two or more anti-reflection
layers, the metal present in one anti-reflection layer may be
the same or different from the metal present in other anti-
reflection layers.
[0011]
[0012]
[0013]
[0014]

[0015] a blocking coating positioned between the
optical element and the holder, the blocking coating
including a light absorber that does not transmit light
with wavelengths from greater than or equal to about
190 nm to less than or equal to about 500 nm;

[0016] an adhesion promoter positioned between the
light absorber and the optical element; and

[0017] an adhesive configure to adhere the optical
element to the holder;

[0018] wherein the light absorber is positioned such that
light having a wavelength from greater than or equal to
about 190 nm to less than or equal to about 500 nm is
not incident to the adhesive.

[0019]

[0020]
[0021]

[0022] a blocking coating, the blocking coating
including a light absorber that does not transmit light
with wavelengths from greater than or equal to about
190 nm to less than or equal to about 500 nm;

[0023] an adhesion promoter positioned between the
light absorber and the optical element.

The present description extends to:
An optical assembly comprising:
an optical element;
a holder for the optical element;

The present description extends to:
An optical assembly comprising:
an optical element;
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[0024] The present description extends to:

[0025] A method for reducing degradation of an adhe-
sive in a optical assembly, the method comprising:
[0026] applying an adhesion promoter to an optical

element, the adhesion promoter comprising a fluo-
ride material;

[0027] applying a blocking coating to the adhesion
promoter, the blocking coating including a light
absorber that does not transmit light with wavelengths
from greater than or equal to about 190 nm to less than
or equal to about 500 nm;

[0028] applying an adhesive to the blocking coating;
and
[0029] configuring the light absorber and the adhesive

so that light with wavelengths from greater than or

equal to about 190 nm to less than or equal to about 500

nm is not incident to the adhesive.
[0030] Additional features and advantages will be set forth
in the detailed description which follows, and in part will be
readily apparent to those skilled in the art from that descrip-
tion or recognized by practicing the embodiments described
herein, including the detailed description which follows, the
claims, as well as the appended drawings.
[0031] It is to be understood that both the foregoing
general description and the following detailed description
describe various embodiments and are intended to provide
an overview or framework for understanding the nature and
character of the claimed subject matter. The accompanying
drawings are included to provide a further understanding of
the various embodiments, and are incorporated into and
constitute a part of this specification. The drawings illustrate
the various embodiments described herein, and together
with the description serve to explain the principles and
operations of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The embodiments set forth in the drawings are
illustrative and exemplary in nature and not intended to limit
the subject matter defined by the claims. The following
detailed description of the illustrative embodiments can be
understood when read in conjunction with the following
drawings, where like structure is indicated with like refer-
ence numerals and in which:

[0033] FIG. 1 schematically depicts a cut-away front view
of an optical system having a lens coupled to a lens holder
according to one or more embodiments shown or described
herein;

[0034] FIG. 2 schematically depicts a top view of a optical
assembly having a lens coupled to a lens holder according to
one or more embodiments shown or described herein;
[0035] FIG. 3 schematically depicts a sectional front view
of a optical assembly having a lens coupled to a lens holder
shown along line A-A of FIG. 2 according to one or more
embodiments shown or described herein;

[0036] FIG. 4 schematically depicts a detailed sectional
front view of a optical assembly having a lens coupled to a
lens holder shown at view I of FIG. 3 according to one or
more embodiments shown or described herein;

[0037] FIG. 5 schematically depicts a top view of a optical
assembly having a lens coupled to a lens holder according to
one or more embodiments shown or described herein;
[0038] FIG. 6 schematically depicts a sectional front view
of a optical assembly having a lens coupled to a lens holder
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shown along line B-B of FIG. 5 according to one or more
embodiments shown or described herein;

[0039] FIG. 7 schematically depicts a layered structure for
adhering a lens to a lens holder according to one or more
embodiments shown or described herein;

[0040] FIG. 8 schematically depicts a layered structure for
adhering a lens to a lens holder including an anti-reflective
layer and an anti-scratch layer according to one or more
embodiments shown or described herein;

[0041] FIG. 9 schematically depicts a layered structure for
adhering a lens to a lens holder including multiple anti-
reflective layers and multiple absorbers according to one or
more embodiments shown or described herein;

[0042] FIG. 10 schematically depicts a layered structure
with adhesion promoter for adhering a lens to a lens holder
according to one or more embodiments shown or described
herein;

[0043] FIG. 11 schematically depicts a layered structure
with adhesion promoter for adhering a lens to a lens holder
including an anti-reflective layer and an anti-scratch layer
according to one or more embodiments shown or described
herein;

[0044] FIG. 12 schematically depicts a layered structure
with adhesion promoter for adhering a lens to a lens holder
including multiple anti-reflective layers and multiple
absorbers according to one or more embodiments shown or
described herein;

[0045] FIG. 13 shows a fixture for depositing materials on
to the outer radial or circumferential portions of a lens.
[0046] FIG. 14 shows images of surface damage following
indentation and cleaning of various layered stacks applied to
a CaF, lens.

DETAILED DESCRIPTION

[0047] It is noted that the term “substantially” may be
utilized herein to represent the inherent degree of uncer-
tainty that may be attributed to any quantitative comparison,
value, measurement, or other representation. This term is
also utilized herein to represent the degree by which a
quantitative representation may vary from a stated reference
without resulting in a change in the basic function of the
subject matter at issue.

[0048] As used herein, contact refers to direct contact or
indirect contact. Direct contact refers to contact in the
absence of an intervening material and indirect contact
refers to contact through one or more intervening materials.
Elements in direct contact touch each other. Elements in
indirect contact do not touch each other, but do touch one of
one or more intervening materials that establish indirect
contact of the elements. Elements in contact may be rigidly
or non-rigidly joined. Materials or layers adjacent to each
other are in contact. Materials or layers that are directly
adjacent to each other are in direct contact.

[0049] Reference will now be made in detail to embodi-
ments of optical assemblies having optical elements and
holders for optical elements as well as to methods for
adhering optical elements to optical assemblies. Embodi-
ments of optical assemblies may comprise an optical ele-
ment and a holder for the optical element. The optical
element may be secured to the holder by an adhesive. The
adhesive may be arranged in a number of configurations at
positions where the optical element is configured to contact
the holder. In embodiments, the optical assembly including
the optical element and the holder may be incorporated into
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an optical system that includes a light source to provide light
to the optical element. The light source may have a wave-
length that is capable of degrading the adhesive if the
adhesive is exposed to light from the light source. Stray
light, for example, is often present in optical systems. The
potential for degradation of many adhesives is particularly
problematic when light from the light source includes UV
wavelengths. To prevent degradation of the adhesive, the
optical assembly comprises a light absorber that is posi-
tioned to prevent exposure of the adhesive to light.

[0050] In the description that follows, the discussion will
refer to lenses as embodiments of optical elements. It is
understood, however, that optical elements include trans-
missive or refractive optical components generally. Repre-
sentative optical elements include lenses, prisms and beam
splitters.

[0051] Referring to FIG. 1, a portion of an optical system
90 is schematically depicted with certain components cut-
away for clarity. In the depicted embodiment, the optical
system 90 includes a light source 92, at least one beam
shaping element 94, an optical assembly 100, and a part
carrier 96. The optical assembly 100 includes a lens holder
110 and a lens 130. Light provided by the light source 92 is
directed through the lens 130 of the optical assembly 100,
which transmits and refracts the light towards a workpiece
80 that is supported on the part carrier 96. The optical system
90 may be used to perform a manufacturing operation on the
workpiece 80, for example, inspecting the workpiece 80 or
modifying the workpiece 80, such as in a lithography
process.

[0052] Referring now to FIG. 2, one embodiment of the
optical assembly 100 is depicted. In this embodiment, the
optical assembly 100 includes a lens holder 110 and a lens
130. The lens holder 110, shown in cross-section in FIG. 3,
includes a fastening portion 112 and a lens support portion
118. The fastening portion 112 includes a plurality of
mounting elements 114 that provide securement locations to
fasten the lens holder 110 in the optical system and/or to
other lens holders within the optical system. In the embodi-
ment shown in FIG. 2, through holes pass through the
fastening portion 112. The fastening portion 112 may also
include a clocking element 116, for example, a key and/or
keyway. The clocking element 116 may provide an orien-
tation reference between adjacent components of the optical
system 90 so that alignment of the components of the optical
system 90 can be maintained.

[0053] In the depicted embodiment, the lens support por-
tion 118 extends in a radially inward orientation from the
fastening portion 112. The lens support portion 118 may
include a planar portion 124 and a contoured portion 126, as
depicted in detail in FIG. 4. In this embodiment, the con-
toured portion 126 is located at radially inward positions
from the planar portion 124. The contoured portion 126 may
be shaped to conform to the general shape of the lens 130 at
positions at which the lens 130 is coupled to the lens support
portion 118 by the adhesive 140.

[0054] Referring to FIG. 4, an attachment portion 134 of
the lens 130 is coupled to the lens support portion 118 with
an adhesive 140. In some embodiments, the adhesive 140 is
positioned at a plurality of positions arranged in a circum-
ferential orientation around the lens 130. Regions of the
adhesive 140 may be separated from one another at inter-
mediate circumferential positions between the regions of the
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adhesive 140, so that the optical assembly 100 is generally
free of adhesive 140 at circumferential positions between the
regions of the adhesive 140.

[0055] Suitable materials for the adhesive 140 include
materials that are commercially available, including cements
and adhesives, examples of which are discussed in U.S. Pat.
Nos. 7,232,595 and 7,256,221, which are hereby incorpo-
rated by reference in their entirety. When assembling the
optical assembly 100, the adhesive 140 may be positioned in
the desired locations along the lens support portion 118 of
the lens holder 110. The lens 130 may be inserted and held
in position relative to datum features of the lens holder 110,
including the clocking element 116. The lens 130 may be
held in position until the adhesive 140 has an opportunity to
dry or cure, thereby maintaining the position of the lens 130
relative to the datum features of the lens holder 110. These
adhesive materials typically satisty operational requirements
of elastic modulus and coefficient of thermal expansion, and
are well suited for use in optical systems 90 described
herein.

[0056] However, the materials used as the adhesive 140
may be prone to degradation when illuminated by light
sources with particular wavelengths. The degradation may
be particularly acute when the light source emits light at
short wavelengths, for example at wavelengths correspond-
ing to deep ultra-violet and extreme ultra-violet wave-
lengths. At short wavelengths, energy from the light source
has a tendency to break down the materials of the adhesive
140. The degradation may cause outgassing of the adhesive
140, which may lead to contamination of the optical system
90. Degradation of the adhesive 140 may also negatively
affect the tensile strength and/or the elasticity of the adhesive
140, which may reduce the ability of the adhesive 140 to
maintain the position of the lens 130 relative to the datum
features of the lens holder 110. Misalignment between the
lens 130 and the datum features of the lens holder 110 may
reduce the performance characteristics of the optical system
90.

[0057] In the embodiment depicted in FIGS. 2 and 3, the
lens support portion 118 includes a plurality of support pads
120 that are arranged at circumferential orientations around
the lens support portion 118. The plurality of support pads
120 are each separated from one another by relief channels
122 that are spaced apart from the support pads 120 in a
direction corresponding to an optical axis 132 of the lens
130. The support pads 120 and the relief channels 122
provide an interrupted mounting plane along the lens sup-
port portion 118 to which the lens 130 is coupled. In this
embodiment, adhesive 140 is positioned along the support
pads 120 to contact the lens 130. The adhesive 140 is
generally not positioned at positions proximate to the relief
channels 122, such that the lens 130 is separated from the
lens holder 110 at positions proximate to the relief channels
122. The spacing between the lens 130 and the relief
channels 122 of the lens holder 110 provides a gap through
which fluid may travel. In certain embodiments of the
optical system 90, purge gas may be introduced to the optical
assembly 100 and flow through the gap created between the
relief channels 122 and the lens 130 to flush any contami-
nants.

[0058] While the embodiment of FIGS. 2 and 3 depicts a
lens holder 110 that incorporates three support pads 120, and
therefore three relief channels 122 and three regions of
adhesive 140, it should be understood that the lens holder
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110 may include any number of support pads 120, relief
channels 122, and regions of adhesive 140 as dictated by the
design and requirements of the optical system 90.

[0059] Referring now to FIGS. 5 and 6, another embodi-
ment of the optical assembly 200 incorporating a lens holder
210 and the lens 130 is depicted. In this embodiment, the
lens holder 210 includes a fastening portion 112 and a lens
support portion 118. The fastening portion 112 includes a
plurality of mounting elements 114, here through holes that
pass through the fastening portion 112, that provide secure-
ment locations to couple the lens holder 210 in the optical
system. The fastening portion 112 may also include a
clocking element 116, for example, a key and/or keyway.
The clocking element 116 may provide an orientation ref-
erence between adjacent components of the optical system
90 so that radial alignment of the components of the optical
system 90 can be maintained.

[0060] In this embodiment, the lens support portion 118
may be continuous in shape around its circumference 136,
such that the lens support portion 118 is uninterrupted in the
circumferential orientation. The lens 130 is coupled to the
lens support portion 118 with adhesive 140 positioned in
discrete regions that are arranged at positions proximate to
the circumference 136 of the lens 130. The adhesive 140
may generally be positioned within the discrete regions only,
so that the adhesive 140 is not located at positions between
adjacent regions.

[0061] Because the adhesive 140 is positioned in discrete
regions between the lens support portion 118 of the lens
holder 110 and the lens 130, and because the adhesive 140
may have a thickness, the lens 130 may be positioned above
the lens support portion 118 by the adhesive 140. In these
embodiments, at positions between the discrete regions of
adhesive 140, the spacing between the lens support portion
118 and the lens 130 may provide a gap through which fluid
may travel. In certain embodiments of the optical system 90,
purge gas may be introduced to the optical assembly 200 and
flow through the gap created between the lens support
portion 118 and the lens 130 at positions spaced apart from
the discrete regions of adhesive 140 to flush any contami-
nants.

[0062] Although embodiments discussed above with ref-
erence to FIGS. 2-6 recite that the adhesive may be located
in discrete regions, in other embodiments the adhesive may
be applied to the lens in any configuration suitable to adhere
the lens to the lens holder. For example, in some embodi-
ments, the adhesive may be applied continuously around the
circumference of the lens.

[0063] To protect the adhesive from degradation or dam-
age caused by UV light in the optical system, the present
specification provides a blocking coating on the lens. The
blocking coating is positioned between the lens and the
adhesive and is configured to block UV light from the
adhesive. As noted hereinabove, the lens may be affixed to
a holder with an adhesive. The adhesive is positioned in one
or more positions of the holder that align with one or more
outer radial or circumferential positions of the lens. The
blocking coating is applied to the lens at positions that
generally coincide with the position of the adhesive when
the optical element is mounted in the holder. The inner radial
or central portions of the lens are the working portions of the
lens that are used to transmit light in accordance with the
design of the optical system and are free of the blocking
coating to insure that the blocking coating does not impair
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transmission of the lens. The blocking coating may be in
direct or indirect contact with the adhesive. The blocking
coating may be in direct or indirect contact with the lens.
Tlustrative embodiments are described below.

[0064] Referring now to the embodiment depicted in FIG.
7, the optical assembly may include a layered structure 900
comprising a blocking coating that includes a light absorber
190 positioned between the lens 130 and the adhesive 140.
The light absorber 190 is configured to absorb and/or reflect
wavelengths of light emitted from the light source 910 that
may degrade the adhesive 140. In embodiments, the light
absorber 190 may be positioned between the light source
900 and the adhesive 140, as shown, for example, in FIG. 7
to prevent light within the absorbed and/or reflected wave-
lengths from being incident to the adhesive 140. Although
FIG. 7 shows a horizontal orientation of the layered structure
900, it should be understood that other orientations of the
layered structure, such as a vertical orientation, are within
the scope of this disclosure for the embodiment shown in
FIG. 7 as well as all embodiments of layered structures
disclosed herein.

[0065] The light absorber 190 may comprise any material
that absorbs a broad spectrum of UV light. In embodiments,
the light absorber 190 comprises a material that absorbs both
the actinic wavelength and the dominant curing wavelength
used to cure the adhesive 140. In some embodiments, the
light absorber 190 absorbs light with wavelengths of from
greater than or equal to about 190 nm to less than or equal
to about 500 nm, such as from greater than or equal to about
220 nm to less than or equal to about 480 nm. In other
embodiments, the light absorber 190 absorbs light with
wavelengths of from greater than or equal to about 230 nm
to less than or equal to about 460 nm, such as from greater
than or equal to about 240 nm to less than or equal to about
440 nm. In yet other embodiments, the light absorber 190
absorbs light with wavelengths of from greater than or equal
to about 250 nm to less than or equal to about 400 nm, such
as from greater than or equal to about 260 nm to less than
or equal to about 375 nm. In still other embodiments, the
light absorber 190 may absorb light with wavelengths of
from greater than or equal to about 265 nm to less than or
equal to about 365 nm. The thickness and composition of the
light absorber 190 may be selected to absorb and/or reflect
at least 90%, or at least 95%, or at least 99% of radiation
with wavelengths in any of the ranges indicated above.

[0066] The material comprising the light absorber 190 is
capable of absorbing and/or reflecting at least a portion of
UV light, as described above. In some embodiments, the
material comprising the light absorber 190 may be one or
more metals that are capable of absorbing and/or reflecting
UV light. In other embodiments, the material comprising the
light absorber 190 may be one or more transition metals. In
yet other embodiments, the material comprising the light
absorber 190 may be selected from chromium, titanium,
zine, nickel, manganese, iron, niobium, silver, gold, half-
nium, aluminum, tantalum, and mixtures thereof In embodi-
ments, the metals may be present as substantially pure
metals, or as metal oxides, metal nitrides, metal carbides, or
mixtures thereof The variety of materials that may be used
as the light absorber allow for different configurations of the
layered structure that were not previously available. For
example, in some embodiments, the light absorber material
may be selected so that the light absorber may be applied to
a surface of the lens 130 that does not face the light source.
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However, in other embodiments, the light absorber material
may be selected so that the light absorber may be applied to
a surface of the lens 130 that faces the light source.

[0067] Although FIG. 7 shows the layers of the layered
structure 900 having the same approximate thicknesses, in
embodiments, each layer of the layered structure 900 may
have any suitable thickness. The light absorber 190 may
have a thickness such that the transmission of light at the
actinic wavelength is less than or equal to about 5%, or even
less than or equal to about 4%. In some embodiments, the
thickness of the light absorber is such that the transmission
of light at the actinic wavelength is less than or equal to
about 3%, or even less than or equal to about 2%. In
addition, the light absorber does not transmit light at a
wavelength that will cure the adhesive. Therefore, in
embodiments, the thickness of the light absorber does not
need to be adjusted to transmit light at the curing wave-
length. Accordingly, configurations of the optical assembly
that were previously undesirable because the thickness of
the light absorber would not have been tuned to transmit
light at a curing wavelength may be employed in some
embodiments. The thickness of the light absorber may be in
the range from 25 nm-500 nm, or in the range from 50
nm-400 nm, or in the range from 100 nm-300 nm.

[0068] In some embodiments, the layered structure 900
may be configured to provide other properties to the optical
assembly. In embodiments, the layered structure 900 may be
configured to reduce the refection of light from the light
absorber 190, the adhesive 140, and/or the lens holder 310
from scattering into various components of the optical
apparatus, which may cause the optical apparatus to operate
poorly. The anti-reflective properties may be provided by
selecting a light absorber 190 that reflects little or no light.
However, in some embodiments, the anti-reflective proper-
ties may be provided by adding a layer to the layered
structure 900. In some embodiments, layers may be added to
the layered structure 900 to promote adhesion of one layer
to another and/or to protect a layer of the layered structure
900.

[0069] Referring now to embodiments depicted in FIG. 8,
the layered structure 900 may comprise layers in addition to
the lens 130, the light absorber 190, the adhesive 140, and
the lens holder 310. In some embodiments, the layered
structure 900 may comprise a blocking coating with the light
absorber 190 and one or more of an anti-reflective layer 1100
and an anti-scratch layer 1200. An anti-reflective layer 1100
may be positioned between the lens 130 and the light
absorber 190. The anti-reflective layer 1100 may comprise a
material that acts as an internal anti-reflective layer. The
material comprising the anti-reflective layer 1100 may be
any material that provides anti-reflective properties to the
layered structure 900. In some embodiments, the anti-
reflective layer 1100 may be comprised of metal oxides,
metal carbides, metal nitrides, or mixtures thereof In some
embodiments, the anti-reflective layer 1100 may include an
oxide of chromium, titanium, zinc, nickel, manganese, iron,
niobium, silver, gold, halfnium, aluminum, tantalum, and
mixtures thereof In some embodiments, the anti-reflective
layer 1100 may include an oxide of the metal that comprises
the light absorber 190. For example, if the light absorber 190
is comprised of chromium, the anti-reflective layer 1100
may be comprised of chromium oxide, such as chromium
(IIT) oxide. However, in other embodiments, the anti-reflec-
tive layer 1100 may be comprised of a metal oxide with a
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metal that is different from the metal of the light absorber
190. In some embodiments, the layered structure with the
anti-reflective layer 1100 may have a reflectance at any
wavelength in the wavelength range from 190 nm to 500 nm
of'less than or equal to about 20%, such as less than or equal
to about 18%, or even less than or equal to about 16%. The
thickness of the anti-reflective layer may be in the range
from 10 nm-100 nm, or in the range from 20 nm-80 nm, or
in the range from 30 nm-60 nm.

[0070] The blocking coating of layered structure 900 may
also include an anti-scratch layer 1200. In embodiments, the
anti-scratch layer may be applied between the light absorber
190 and the adhesive 140. The anti-scratch layer 1200
prevents the light absorber 190 from being damaged during
processing. For example, if the light absorber 190 is
scratched, light from the light source 910 may be transmitted
through the scratch in the light absorber 190 to the adhesive
140, which may cause the adhesive 140 to degrade and allow
the lens 130 to become misaligned. By providing an anti-
scratch layer 1200, it becomes less likely that the light
absorber 190 will be damaged, such as by scratching. The
anti-scratch layer 1200 may be comprised of any material
that is capable of providing scratch resistance to the light
absorber 190 and is also compatible with the light absorber
190 and the adhesive 140. In some embodiments, the
anti-scratch layer 1200 may be comprised of a metal oxide,
metal nitride, metal carbide, or mixtures thereof In some
embodiments, the anti-scratch layer 1200 may be comprised
of an oxide of chromium, titanium, zinc, nickel, manganese,
iron, niobium, silver, gold, halfnium, aluminum, tantalum,
and mixtures thereof In some embodiments, the anti-scratch
layer 1200 may be comprised of an oxide of the metal that
comprises the light absorber 190. For example, if the light
absorber 190 is comprised of chromium, the anti-scratch
layer 1200 may be comprised of chromium oxide, such as
chromium (IIT) oxide. However, in other embodiments, the
anti-scratch layer 1200 may be comprised of a metal oxide
with a metal that is different from the metal of the light
absorber 190. The thickness of the anti-scratch layer may be
in the range from 50 nm-400 nm, or in the range from 75
nm-300 nm, or in the range from 100 nm-200 nm.

[0071] Referring now to FIG. 9, the layered structure 900
may comprise a blocking coating with multiple light absorb-
ers 190 and multiple anti-reflective layers 1100. The number
of light absorbers 190 and anti-reflective layers 1100 is
limited by the physical constraints of the optical apparatus.
In embodiments, each light absorber 190 has an anti-reflec-
tive layer 1100 positioned on the side nearest the lens 130.
In some embodiments, there may be two light absorbers 190
and two anti-reflective layers 1100, or even three light
absorbers 190 and three anti-reflective layers 1100. In other
embodiments, there may be four light absorbers 190 and
four anti-reflective layers 1100, or even five light absorbers
190 and five anti-reflective layers 1100.

[0072] Referring now to the embodiment depicted in FIG.
10, the optical assembly may include a layered structure 900
comprising an adhesion promoter 1300 positioned between
the lens 130 and the adhesive 140. The adhesion promoter
1300 is preferentially positioned directly adjacent to lens
130. The adhesion promoter 1300 improves adhesion of the
light absorber 190 to the lens 130 and minimizes the
likelihood of delamination of the blocking coating.

[0073] Referring now to the embodiment depicted in FIG.
11, the layered structure 900 may include adhesion promoter
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1300 in addition to the lens 130, the light absorber 190, one
or more of an anti-reflective layer 1100 and an anti-scratch
layer 1200, the adhesive 140, and the lens holder 310. The
adhesion promoter 1300 is preferentially directly adjacent to
the lens 130 and improves adhesion of the anti-reflective
layer 1100 to the lens 130.

[0074] Referring now to FIG. 12, the layered structure 900
may include adhesion promoter 1300 in addition to lens 130,
multiple light absorbers 190 and multiple anti-reflective
layers 1100, an optional anti-scratch layer 1200, the adhe-
sive 140, and the lens holder 310. The adhesion promoter
1300 is preferentially directly adjacent to the lens 130 and
improves adhesion of the anti-reflective layer 1100 to the
lens 130 in a multiple period layered stack.

[0075] The adhesion promoter 1300 may be any material
that improves adhesion of the light absorber 190 or anti-
reflective layer 1100 to the lens 130. In one embodiment, the
adhesion promoter 1300 is a fluoride material. Fluoride
materials include alkaline earth fluorides, transition metal
fluorides, rare earth fluorides, or combinations thereof Rep-
resentative fluoride materials include AlF;, BaF,, CaF,,
GdF;, LaF;, MgF,, NdF;, TbF;, YbF;, and YF;. In one
embodiment, the lens 130 includes a fluoride material and
the adhesion promoter 1300 is a fluoride material. In another
embodiment, the lens 130 includes CaF, and the adhesion
promoter 1300 includes MgF, or Ca, Mg, . In one embodi-
ment, the adhesion promoter 1300 is directly adjacent the
lens 130. In another embodiment, the adhesion promoter
1300 includes two or more materials or two or more layers.
In still another embodiment, the adhesion promoter 1300 is
anti-reflective and functions as an anti-reflective layer in a
layered stack 900. The thickness of the adhesion promoter
may be in the range from 1 nm-50 nm, or in the range from
3 nm-30 nm, or in the range from 5 nm-20 nm.

[0076] Although FIGS. 7-12 show all of the components
of the layered structures situated on one side of the lens, in
some embodiments, the adhesive may be positioned on an
opposite side of the lens from the other components of the
layered structure so long as the other components of the
layered structure prevent UV light from being incident to the
adhesive. For example, in embodiments, the absorber (and
optionally the adhesion promoter, anti-reflective layer, anti-
scratch layer, and capping layer) may be positioned on a side
of the lens that is incident to a light source. The adhesive
may be positioned on the opposite, non-incident side of the
lens but the absorber may still prevent UV light from being
incident to the adhesive if the adhesive is configured prop-
erly.

[0077] The layered structures may be applied to the lens
by any suitable method. For example, in some embodiments,
the layered structure may be applied by vacuum deposition,
sputtering, spray coating, ink-jet printing, etc. In embodi-
ments where the layered structures are applied by, for
example, vacuum deposition or sputtering, a mask may be
used to protect the optical surface of the lens during the
application. The mask is configured to directly contact only
the circumference of the lens and does not directly contact
the optical surface of the lens so as to not scratch or
otherwise damage the optical surface of the lens while
providing protection from the deposition methods. The mask
does not cover predetermined portions of the lens that are
intended to be adhered to the lens holder. Once the mask is
in place, the layered structure may be applied to the prede-
termined portions of the lens.
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[0078] FIG. 13 shows a fixture for applying a blocking
coating, an adhesion promoter, and/or a capping layer to a
lens. Fixture 200 includes mask 210 to support lens 130 at
its circumference and cover 220 to prevent deposition of the
coating on the central portion of lens 130. Outer radial or
circumferential region 230 is left exposed to provide a
surface upon which the blocking coating, adhesion pro-
moter, and/or capping layer is deposited. The region of
deposition aligns or generally coincides with the position of
the adhesive on or within the holder when the lens is
mounted.

[0079] Also disclosed are methods for protecting an adhe-
sive in an optical apparatus. In embodiments, the method
comprises applying at least a blocking coating and an
adhesion promoter as described herein to an optical element.
The method may also include affixing the optical element to
a holder with an adhesive. The blocking coating may be
applied directly adjacent the adhesion promoter and the
adhesion promober may be applied directly adjacent the
optical element. The blocking coating includes a light
absorber configured so that when the optical element is
installed in an optical apparatus, the light absorber is posi-
tioned to shield the adhesive so that UV light is not incident
to the adhesive. The light absorber does not transmit UV
light from a light source, which may degrade the adhesive.
The light absorber may be applied directly adjacent the
adhesion promoter. In embodiments, applying the blocking
coating may further include applying an anti-reflective layer
as described, where the anti-reflective layer is positioned
between the optical element and the light absorber. The
anti-reflective layer may be positioned directly adjacent the
adhesion promoter. In some embodiments, applying the
blocking coating may may include applying an anti-scratch
layer as described herein to a surface of the light absorber
opposite the optical element to protect the optical element
during handling, such as during installation into the optical
apparatus.

[0080] Each layer of the layered structure may be applied
by any suitable deposition method, such as vacuum depo-
sition, spin-on coating, sol-gel deposition, inkjet deposition,
chemical vapor deposition, physical vapor deposition, and
electron beam evaporation. In some embodiments, each
layer of the layered structure may be applied by the same
deposition method. However, in other embodiments, one or
more layers of the layered structure may be applied by a
different deposition method than other layer(s). Some
embodiments comprise contacting one of the light absorber
or the anti-scratch layer with an adhesive that is configured
to adhere the optical element to a holder.

EXAMPLES

[0081] Embodiments will be further clarified by the fol-
lowing examples.

[0082] The following examples illustrate improvements in
adhesion of the blocking coating to a lens when including an
adhesion promoter between the blocking coating and the
lens. It has been observed in practice that the blocking
coating tends to delaminate during handling and cleaning.
Inclusion of an adhesion promoter as described herein is
intended to prevent or minimize delamination.

[0083] Several samples were prepared. Each sample
included an optical element made from CaF,, a blocking
coating that included a 40 nm thick layer of Cr,O; (anti-
reflective layer), a 40 nm thick Cr layer (light absorber
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layer), a 160 nm thick Cr,O; layer (anti-scratch layer), and
an overlying 10 nm thick SiO, layer. In Sample 1, no
adhesion promoter was included and the blocking coating
was applied directly to the CaF, optical element. In Sample
3, a dual-layer adhesion promoter was included between the
CaF, optical element and the blocking coating. The dual-
layer adhesion promoter included a 10 nm thick layer of
MgF, and a 10 nm thick layer of SiO,. In Sample 5, a 10 nm
thick layer of SiO, was included as an adhesion promoter
between the CaF, optical element and the blocking coating.
In Sample 7, a 10 nm thick layer of MgF, was included as
an adhesion promoter between the CaF, optical element and
the blocking coating. The layered structures of the samples
are summarized below:

Sample Layered Structure

1 CaF,/40 nm Cr,03/40 nm Cr/160 nm Cr,05/10 nm SiO,

3 CaF,/10 nm MgF,/10 nm SiO,/40 nm Cr,05/40 nm Cr/160 nm
Cr,04/10 nm SiO,

5 CaF,/10 nm SiO,/40 nm Cr,03/40 nm Cr/160 nm Cr,O5/
10 nm SiO,

7 CaF,/10 nm MgF,/40 nm Cr,03/40 nm Cr/160 nm Cr,O3/
10 nm SiO,

[0084] To assess the strength of adhesion of the blocking
coating to the lens, the samples were subjected to a test
designed to simulate typical handing and cleaning condi-
tions. An indentation using a force of 0.5 N was applied to
the exposed (top) surface of the blocking coating and the
coating was wiped with methanol. After the test, images of
the surfaces were obtained to inspect the condition of the
surface. The images are shown in FIG. 14.

[0085] The strength of adhesion can be gauged by the
level of surface damage caused by the indentation and
cleaning test. Blocking coatings with good adhesion are
expected to show less surface damage than blocking coat-
ings with poor adhesion. Blocking coatings with poor adhe-
sion are more likely to separate from the CaF, lens, crack,
and/or delaminate. The results shown in FIG. 13 indicate
that Sample 7 exhibited the least damage, while the greatest
damage was observed for Samples 1 and 5. Intermediate
damage was observed for Sample 3. The results indicate that
inclusion of an adhesion promoter that includes a fluoride
material in the layered stack improves adhesion of the
blocking coating to the CaF, lens.

[0086] While particular embodiments have been illus-
trated and described herein, it should be understood that
various other changes and modifications may be made
without departing from the spirit and scope of the claimed
subject matter. Moreover, although various aspects of the
claimed subject matter have been described herein, such
aspects need not be utilized in combination. It is therefore
intended that the appended claims cover all such changes
and modifications that are within the scope of the claimed
subject matter.

What is claimed is:

1. An optical assembly comprising:

an optical element;

a holder for the optical element;

a blocking coating positioned between the optical element
and the holder, the blocking coating including a light
absorber that does not transmit light with wavelengths
from greater than or equal to about 190 nm to less than
or equal to about 500 nm;
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an adhesion promoter positioned between the light
absorber and the optical element; and

an adhesive configure to adhere the optical element to the
holder;

wherein the light absorber is positioned such that light
having a wavelength from greater than or equal to
about 190 nm to less than or equal to about 500 nm is
not incident to the adhesive.

2. The optical assembly of claim 1, wherein the optical

element is a lens.

3. The optical assembly of claim 1, wherein the blocking
coating further includes an anti-reflective layer positioned
between the light absorber and the optical element.

4. The optical assembly of claim 3, wherein the anti-
reflective layer comprises a material selected from the group
consisting of metal oxides, metal nitrides, metal carbides,
and mixtures thereof.

5. The optical assembly of claim 3, wherein the anti-
reflective layer has a reflectance of less than or equal to
about 20% for light with wavelengths of from greater than
or equal to about 190 nm to less than or equal to about 500
nm.
6. The optical assembly of claim 1, wherein the light
absorber comprises a material selected from the group
consisting of metals, metal oxides, metal nitrides, metal
carbides, and mixtures thereof.

7. The optical assembly of claim 1, wherein the light
absorber comprises one or more materials selected from the
group consisting of chromium, titanium, zinc, nickel, man-
ganese, iron, niobium, silver, gold, halfnium, aluminum,
tantalum, oxides thereof, nitrides thereof, and carbides
thereof.

8. The optical assembly of claim 1, wherein the adhesion
promoter comprises a fluoride material.

9. The optical assembly of claim 1, wherein the adhesion
promoter comprises MgF,.

10. The optical assembly of claim 9, wherein the optical
element comprises CaF,.

11. The optical assembly of claim 10, wherein the light
absorber comprises Cr.

12. The optical assembly of claim 1, wherein the adhesion
promoter is directly adjacent the optical element.

13. The optical assembly of claim 12, wherein the block-
ing coating is directly adjacent the adhesion promoter.

14. The optical assembly of claim 12, wherein the light
absorber is directly adjacent the adhesion promoter.

15. An optical assembly comprising:

an optical element;

a blocking coating, the blocking coating including a light
absorber that does not transmit light with wavelengths
from greater than or equal to about 190 nm to less than
or equal to about 500 nm; and

an adhesion promoter positioned between the light
absorber and the optical element.

16. The optical assembly of claim 15, wherein the block-
ing coating further includes an anti-reflective layer posi-
tioned between the optical element and the light absorber.

17. The optical assembly of claim 16, wherein the anti-
reflective layer comprises a material selected from the group
consisting of metal oxides, metal nitrides, metal carbides,
and mixtures thereof.

18. The optical assembly of claim 15, wherein the light
absorber comprises one or more materials selected from the
group consisting of chromium, titanium, zinc, nickel, man-
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ganese, iron, niobium, silver, gold, halfnium, aluminum,
tantalum, oxides thereof, nitrides thereof, and carbides
thereof.
19. The optical assembly of claim 15, wherein the adhe-
sion promoter comprises a fluoride material.
20. The optical assembly of claim 15, wherein the adhe-
sion promoter comprises MgF,.
21. The optical assembly of claim 20, wherein the optical
element comprises CaF,.
22. A method for reducing degradation of an adhesive in
an optical assembly, the method comprising:
applying an adhesion promoter to an optical element, the
adhesion promoter comprising a fluoride material;
applying a blocking coating to the adhesion promoter, the
blocking coating including a light absorber that does
not transmit light with wavelengths from greater than
or equal to about 190 nm to less than or equal to about
500 nm;
applying an adhesive to the blocking coating; and
configuring the light absorber and the adhesive so that
light with wavelengths from greater than or equal to
about 190 nm to less than or equal to about 500 nm is
not incident to the adhesive.

#* #* #* #* #*
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