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FABRICATION OF SEE-THROUGH NEAR EYE OPTICAL MODULE
AND OPHTHALMIC LENS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application relies on the disclosures of and claims priority to and the benefit
of the filing dates of U.S. Application Nos. 62/717,424, filed August 10, 2018, 62/756,528 filed
November 6, 2018, 62/756,542 filed November 6, 2018, and 62/788,993 filed January 7, 2019.
The present application is related to U.S. Application Nos. 62/720,113 filed August 20, 2018,
62/728,251 filed September 7, 2018, and 62/732,138 filed September 17, 2018. The disclosures

of each of these applications is incorporated by reference herein in their entirety.

BACKGROUND

Field of the Invention

[0002] The present invention is directed to a see-through near eye optical module that in most
cases is fabricated as a standalone unit. The see-through near eye optical module is in certain
embodiments then placed in optical communication and alignment with an eyewear lens having
appropriate optical power such that when a wearer thereof looks through the see-through near
eye optical module he or she can see a real world image and virtual image clearly. In other
embodiments the appropriate optical power is provided in the rear section of the see-through near
eye optical module. Thus, the combination of both the see-through near eye optical module and
the appropriate optical power provides the wearer with a clear augmented reality or mixed reality
experience. The placement can be by way of positioning within an open notch, hole, groove,

recess, and/or section of an eyewear lens.

Description of Related Art

[0003] Today’s augmented and / or mixed reality systems in most cases have a large form factor
and are clunky, heavy, power hungry and expensive. For these systems to have an increased level
of adoption a major transformational technology change or innovation is needed. In addition, it is
important that any such innovation can be easily adapted to current established eyewear and
ophthalmic lens manufacturing and distribution. The innovation disclosed herein teaches such a

transformational breakthrough for the AR (augmented reality) & MR (mixed reality) industries.
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SUMMARY OF THE INVENTION

[0004] Provided in embodiments of the present invention are various methods of combining
optically a see-through near eye optical module with the appropriate optical power lens or lens
system such that the wearer thereof can see a real world image and virtual image clearly while
experiencing augmented reality or mixed reality. The augmented reality or mixed reality system
can, in aspects, provide an ophthalmic lens in optical communication with a see-through near eye
optical module, wherein the see-through near eye optical module comprises a see-through near
eye display and a see-through near eye micro-lens array, wherein the optical power measured
through the see-through near eye optical module and the eyewear lens section which is located
directly behind the see-through near eye optical module is within 20% of the same optical power
as if it was measured through the ophthalmic lens prior to any modification of the ophthalmic
lens for attaching the see-through near eye optical module. The augmented reality or mixed
reality system may comprise an ophthalmic lens in optical communication with a see-through
near eye optical module, wherein the see-through near eye optical module comprises a see-
through near eye display and a see-through near eye micro-lens array, wherein the overall optical
power measured through the see-through near eye optical module and the ophthalmic lens
section which is located directly behind the see-through near eye optical module is within 10%
of the same optical power as the distance portion of the ophthalmic lens. The augmented reality
or mixed reality system may comprise an ophthalmic lens in optical communication with a see-
through near eye optical module, wherein the see-through near eye optical module comprises a
see-through near eye display and a micro-lens array, wherein a portion of the back side of see-
through near eye optical module is in front of a portion of the ophthalmic lens, wherein a floor or
bottom portion of the ophthalmic lens that is closest to the back side of see-through near eye
optical module is curved or shaped within 20% of the front surface base curve of the ophthalmic
lens to which the see-through near eye optical module has been positioned or has replaced, and
wherein the backside size of the see-through near eye optical module is smaller in surface area

compared to the surface area of the back side surface area of the ophthalmic lens.

[0005] Such a see-through near eye display can be an electronic display that permits seeing

through and / or in between the pixels of such a display. When seeing through the pixels the
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pixels are either semi-transparent or transparent. When seeing between the pixels the pixels can
be either opaque, semi-transparent or transparent. By way of example only, one or more of the
following pixel light sources or light emitters can be utilized with or as the see-through near eye
display: OLED, micro-LED or micro-iLED, Flexible micro-iLED or Flexible micro-LED,
TOLED (transparent organic light emitting diode), PHOLED (Phosphorescent OLED), FOLED
(Flexible OLED), WOLED (white OLED), ELD (electroluminescent display), TFEL (thin film
electroluminescent), TDEL (thick dielectric electroluminescent), or a combination of any of the

above.

[0006] In certain embodiments, the see-through near eye display can comprise transparent pixels
and / or semi-transparent pixels having light blocked on the side furthest away from the eye of a
wearer and having transparent or semi-transparent sections of the display between the pixels

and / or pixel patches that will allow the real world light rays to pass through to the eye(s) of the
wearer. In these cases, while the pixels or pixel patches may be transparent or semi-transparent,
most light from the real world will not pass through the pixel or pixel patches, but rather pass
between the pixels or pixel patches due to the light block located on the front side of the pixel or
pixel patch, or in front of the pixel or pixel patch, furthest away from the eye of the wearer. In
other cases, the pixels can be opaque. In such cases, the real-world image is seen by light rays
passing between the opaque pixels. In still other cases the pixels can be transparent or semi-
transparent with no light block. In these cases, the real-world image can be seen through the
pixels. In embodiments disclosed herein the see-through near eye display permits the wearer
thereof to see a real-world image when looking through the see-through near eye display whether
the display comprises transparent or semi-transparent pixels having a light block, transparent or
semi-transparent pixels without a light block, or opaque pixels. In certain cases, the pixels or
pixel patches are sparsely populated. In other cases, the pixels or pixel patches are tightly
populated. The see-through near eye display can be transparent or semi-transparent. The see-

through near eye display can be made of a passive matrix or an active matrix.

[0007] A micro-lens array as used herein can be a static micro-lens array (whereby the micro-
lenses of the micro-lens array are fixed in optical power) or that of an electronic switchable
micro-lens array (whereby the micro-lenses of the micro-lens array are switchable or tunable

between two different optical powers and whereby one of which can be no optical power). The
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following are examples only of micro-lenses of such a micro-lens array. The micro-lenses can
be one or more of: plano-convex, biconvex, aspheric, achromatic, diffractive, refractive, phase
wrapped Fresnel lens, Fresnel Lens, a combination of plus and minus lenses forming a Gabor
Superlens, a combination of a lens and a prism, a gradient index (GRIN) lens, liquid crystal lens,
a patterned electrode lens, a polymer liquid crystal lens, or any combination of the above. In
most, but not all cases, the ML A (micro-lens array) is antireflection coated on one or both sides.
The term lenslet(s) or lensing when used herein is meant to be associated generally with a micro-

lens or micro-lens array.

[0008] A see-through near eye optical module as taught herein consists of a see-through near eye
display that is in optical alignment / optical communication with a distance separated micro-lens
array. In certain embodiments, the see-through near eye optical module can be a standalone see-
through near eye optical module that can be fabricated prior to being incorporated with an
eyewear lens. In other embodiments, the see-through near eye optical module can be fabricated
in situ with the eyewear lens. The space separation of the see-through near eye display and the
micro-lens array can be filled with a material or a gas. In a preferred embodiment, the space
separation is filled with a material. The see-through near eye optical module can be sealed. The
sealing can be hermetically sealed. By sealing it is meant that the seal incorporates all the
outside area of the see-through near eye optical module. The see-through near eye display is
capable of passing / transmitting real world light rays through it to form a real image as
perceived by the eye of a user, while also producing or giving off light rays from the see-through
near eye display that after passing through a micro-lens array form a virtual image thus allowing
a user or wearer to see both a virtual image and a real image; thus perceiving Augmented Reality
or Mixed Reality. The lensing array can be that of a micro-lens array or a micro-optic array. The
terms patches of pixels and tiles of pixels have the same meaning for one another. As used
herein, a see-through near eye optical module can also mean or be a see-through near eye optical

combiner.

[0009] For clarity, the front of the see-through near eye display is the portion furthest away from
the eye of the wearer / user. The back of the see-through near eye display is the portion closest to
the eye of the wearer / user. Thus, by way of example only, if the see-through near eye display is

embedded or attached to the front side of an eye glass lens, the front of the see-through near eye
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display would be on the side of the eyeglass lens farthest away from the eye of the wearer / user
and the back of the see-through near eye display would be closest to the eye of the wearer / user,
similar to that of the eyeglass lens (where the front is farther away from the eye of a wearer and

the back is closest to the eye of a wearer).

[00010] For clarity, the front surface of the see-though near eye optical module is the
portion furthest away from the eye of the wearer / user. The back surface of the see-through near
eye optical module is the portion closest to the eye of the wearer / user. When the see-through
near eye display optical module is embedded into the front surface of an eyeglass lens, the front
surface of the see-through near eye display optical module can be conformal to the front surface
of the eyeglass lens to which it is embedded. In certain other embodiments, the front surface of
the see-through near eye display optical module can be slightly raised to the front surface of the
eyeglass lens in which it is embedded, and in certain other embodiments the front surface of the
see-through near eye display optical module can be located slightly lower within the eyeglass
lens than the front surface of the eyeglass lens. In still other embodiments, the see-through near
eye optical module can have its backside located adjacent to the front surface of the eyeglass
lens. The front side surface of the see-through near eye optical module can be coated with, by
way of example only, a scratch resistant coating, UV coating, anti-reflection coating or any
combination thereof. The backside surface of the see-through near eye optical module can be, by
way of example, coated with a blue light filter, a selective high energy blue light filter, a UV

filter, or any combination thereof.

Further, in other embodiments, the see-through near eye optical module can be entirely located in
front of and distance separated from the front surface of the eyeglass lens. Finally, in certain
other embodiments, the see-through near eye optical module can comprise a lens (having
ophthalmic power) located behind the backside of the see-through near eye optical module. In
most cases, in such an embodiment, this lens would be part of the see-through near eye optical
module. In this particular case, the see-through near eye optical module may be attached to the
eyewear frame or eyewear lens in such a manner to avoid being in optical communication with
the eyeglass lens. By this it is meant that light rays coming from the see-through near eye optical
module to the eye of the wearer would only go once through an ophthalmic lens having optical

power and then to the eye of the wearer.
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[00011] The see-through near eye optical module can be of any size. The see-through near
eye optical module can be as small as 6mm wide x 6mm high or as large as the eyewear lens. In
most, but not all cases, the see-through near eye optical module has a top or bottom surface area
less than the overall size of a side of the eyewear lens, meaning it is smaller or comprises less
surface area than the surface area of a side of an eyewear lens in which is in optical
communication and alignment. The see-through near eye optical module can be of any shape. In
certain cases, it is rectangular. In other cases, it can be round. In still other cases, it can be
square. In certain cases, the horizontal measurement is greater than the vertical measurement. In
certain cases, the vertical measurement is greater than the horizontal measurement. Depending
upon the size of the see-through near eye optical module, an eye tracker can be utilized. In most
cases, an eye tracker can be utilized with a see-through near eye optical module that is greater
than 12mm in one direction. In certain embodiments, a see-through near eye display can be
connected to a camera associated with the AR / MR system. In certain embodiments, a see-
through near eye display can be connected to multiple cameras associated with the AR / MR
system. The see-through near eye optical module can be connected (wirelessly or wired) to a
computing device. Such a computing device can be, by way of example only, a cell phone,
laptop computer, tablet computer, desktop computer, server, and/or cell tower. The see-through
near eye optical module can be connected (wirelessly or wired) to a Computer Processing Unit.

The see-through near eye optical module can be connected (wirelessly or wired) to the Internet.

[00012] The see-through near eye optical module in most, but not all, cases is located such
that when a wearer thereof is looking straight ahead with normal gaze the line of sight of the eye
of the wearer does not look through the see-through near eye optical module. In most, but not all,
cases the see-through near eye optical module is located peripheral to the line of sight of the
wearer when the wearer 1s looking straight ahead with normal gaze while wearing a see-through
near eye optical module. Thus, in most cases (but not all) when the wearer wishes to see AR or
MR the wearer moves his or her eye or head such to see through the see-through near eye optical
module. Such movement can be, by way of example only, a head tilt or head movement. In
certain embodiments, the see-through near eye optical module is placed directly in front of the
eye of the wearer. When this occurs the line of sight of the wearer looks through the see-through

near eye optical module when the wearer is looking straight ahead with normal gaze at far.
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[00013] The see-through near eye optical module in most cases (but not all) is smaller in
front surface area than that of the eyewear lens in which it is in alignment / optical
communication with. The see-through near eye optical module in most cases (but not all) is
smaller in back surface area than that of the eyewear lens in which it is in alignment / optical
communication with. This is true in most but not all cases, when the see-through near eye optical
module is attached to the front surface of an eyewear lens. This is true when the see-through near
eye optical module is attached to eyewear and located in front of the front surface of an eyewear
lens. This is true when the see-through near eye optical module is embedded within the front
surface of an eyewear lens. This is true when the see-through near eye optical module is

incorporated within an eyewear lens.

[00014] For clarity (as used herein) eyewear as used herein can be that of any eyewear or
headwear that fits around and/or in front of the eyes of a wearer. By way of example only, this
includes goggles, face shield, athletic glasses, dress glasses, sports glasses, shooting glasses,
space goggles, welding goggles, swimming goggles, industrial glasses, safety glasses,
prescription glasses, normal glasses, spectacles, and any other type of eyewear or glasses. For
clarity, as used herein, an ophthalmic lens is an eyewear lens. For clarity, an eyewear lens can be
a spectacle lens. For clarity, as used herein, an ophthalmic lens may be an eyeglass lens. For
clarity, an eyeglass lens may be an eyewear lens. An ophthalmic lens, spectacle lens, eyeglass
lens, eyewear lens, or other lens can comprise optical power. An ophthalmic lens, spectacle lens,
eyeglass lens, eyewear lens, or other lens can comprise no optical power. An ophthalmic lens,
spectacle lens eyeglass lens, eyewear lens, or other lens can be devoid of optical power. An
eyewear lens, eyeglass lens, ophthalmic lens, or spectacle lens as used herein are all meant to
mean generally the same thing. An ophthalmic lens, spectacle lens, eyeglass lens, eyewear lens,
or other lens can be used with any style or type of eyewear including headwear that comprises an
eyewear component. The front curvature of an ophthalmic lens can be that of the appropriate
front base curve for a given lens optical power commonly known in the art. For clarity, the
words optical communication used herein is that of being optically aligned so that light rays will

pass through.

[00015] The term self-contained as used herein is generally meant to be that of an optical

device or optical system that can be a stand-alone system that with the application of enabling
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power, would function. Such a self-contained system can be fabricated separately and sold as a
unit that then can be attached or embedded within an eyewear lens and connected to the
appropriate power source. As used herein a low index material can be, by way of example only,

low index acrylics, ethyl acrylate, propyl methyl acrylate, or any combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[00016] The accompanying drawings illustrate certain aspects of some of the
embodiments of the present invention, and should not be used to limit or define the invention.
Together with the written description the drawings serve to explain certain principles of the

invention.

[00017] FIG. 1ais a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00018] FIG. 1b is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00019] FIG. 1c is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00020] FIG. 1d is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00021] FIG. leis a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00022] FIG. 2a is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00023] FIG. 2b is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00024] FIG. 2c¢ is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00025] FIG. 2d is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.
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[00026] FIG. 2e is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00027] FIG. 2f is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00028] FIG. 2g is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00029] FIG. 3ais a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00030] FIG. 3b is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00031] FIG. 3¢ is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00032] FIG. 3d is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00033] FIG. 3e is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00034] FIG. 3fis a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00035] FIG. 3g is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00036] FIG. 4a is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00037] FIG. 4b is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00038] FIG. 4c¢ is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.
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[00039] FIG. 4d is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00040] FIG. 4e is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00041] FIG. 4f is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00042] FIG. 4g is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00043] FIG. 4h is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00044] FIG. 5ais a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00045] FIG. 5b is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00046] FIG. 5c is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00047] FIG. 6a is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00048] FIG. 6b is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00049] FIG. 6¢ is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00050] FIG. 6d is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

[00051] FIG. 7 is a schematic diagram of a depiction of one possible embodiment of the

invention as disclosed herein.

10
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DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[00052] In most, but not all, embodiments taught herein the see-through near eye optical
module is self-contained. In all embodiments disclosed herein the see-through near eye display
optical module can comprise a see-through near eye display that is in optical alignment / optical
communication with a micro-lens array. The micro-lens array can be that of a static micro-lens
array or a switchable micro-lens array that can switch or tune its optical power between two
optical powers; one of which can be plano. The see-through near eye optical module can
comprise a see-through near eye display, a spacer (which can be that of air, a gas or a material
that can be by way of example only a low index material), an optional light shield array, a micro-
lens array, an optional spherical lens, optional cylindrical lens, or an optional sphero-cylinder
lens. The sphero-cylindrical lens or cylindrical lens can be set for the correct astigmatic axis of
the wear’s astigmatism. The outside of the see-through near eye optical module can be coated
with a multilayer coating to provide a hermetically sealed see-through near eye display optical
module that is water resistant, sweat resistant and moisture resistant. The front side surface of the
see-through near eye optical module can be coated with, by way of example only, a scratch
resistant coating, UV coating, anti-reflection coating or any combination thereof. The backside
surface of the see-through near eye optical module can be, by way of example, coated with a
blue light filter, a selective high energy blue light filter, a UV filter, or any combination thereof.
The eyewear frame can comprise electronics enabling the see-through near eye optical
module(s). Such electronic enablement can be used for powering the electronic see-through near
eye display and the micro-lens array (when such a micro-lens array is an electronic switchable or
tunable micro-lens array). When the micro-lens array is static electronic enablement is not
required. The eyewear frame can be attached to peripheral electronics enabling the near eye

optical combiner(s).

[00053] In a preferred embodiment (see, e.g., Figures 1a, 1b, 1c¢), the device or system can
be that of an eyewear lens having been edged for an eyeglass frame. The eyewear lens can then
be notched at the appropriate location and have an open notch of a proper size and shape. A see-
through near eye optical module can then be positioned within the open notch and attached, by
way of example only, adhesively bonded or pressure mounted in place. An electrical connector

(by way of example only, that of a flex cable) can be connected from the see-through near eye

11
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optical module to that of the eyewear frame where enabling electronic components including
electrical power can be accessed. Prior to positioning the see-through near eye optical module
into place, the front side surface of the see-through near eye optical module can be coated with,
by way of example only, a scratch resistant coating, UV coating, anti-reflection coating or any
combination thereof. The backside surface of the see-through near eye optical module can be, by
way of example, coated with a blue light filter, a selective high energy blue light filter, a UV

filter, or any combination thereof.

[00054] When an open notch is utilized, the see-through near eye display may need to
utilize or incorporate an optical lens or system that is located posterior to the micro-lens array of
the see-through near eye display. This optical lens or optical system provides the appropriate
refractive power for the eye of the wearer (should such a refractive optical power be needed) to
allow for the distance real world image to be seen clearly by the eye of the wearer. Such an
optical lens or optical system can be incorporated as part of the see-through near eye optical
module or can be located separately behind (closest to the eye of the wearer) the see-through
near eye optical module. The appropriate refractive optical power can include, by way of
example only, all required optical powers (including no optical power / plano), spherical optical
power (minus or plus), cylindrical optical power (minus or plus), and/or prismatic optical power.
The optical power can correct for astigmatic refractive power needs at the proper astigmatic axis.
In another embodiment, the see-through near eye optical module can be attached to the eyewear
frame eye rim or part of the eyewear frame eye rim. As with other embodiments of shown in
FIG. 1, the appropriate refractive optical power (if required) for the eye of a wearer to see the
distance real world image clearly through the see-through near eye optical module can be added
behind the see-through near eye optical module, or incorporated posterior to the micro-lens array
as part of the see-through near eye optical module. The appropriate refractive optical power can
include, by way of example only, all required optical powers (including no optical power /
plano), spherical optical power (minus or plus), cylindrical optical power (minus or plus), and/or
prismatic optical power. The optical power can correct for astigmatic refractive power needs at

the proper astigmatic axis.

[00055] The see-through near eye optical module can be moved along the interior of the

eyewear rim to account for lining up with the wearer / user’s intra pupillary distance (IPD). As in
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the embodiments depicted in FIG. 1, the edged lens can be notched at the appropriate location
around the periphery of the edged lens. The see-through near eye optical module can then be
inserted within the open notch. The see-through near eye optical module can be attached to the
eyewear lens, by way of example only, adhesively or pressure mounted. The electrical connector,
by way of example only, can be that of a flex cable. The flex cable can be connected from the
see-through near eye optical module to that of the eyewear frame where enabling electronic
components including access to electrical power can be accessed. In certain embodiments, an
end of the electrical connector has male pins that connect to a female electrical connector located
in or on the eyewear frame. In other embodiments, an end of the electrical connector has a
female connection that connects to a male electrical connector located in or on the eyewear

frame.

[00056] The see-through near eye display can be located such that the front of the see-
through near eye optical module is forward relative to the front surface of the eyewear lens on
the side of the notch. The see-through near eye optical module can be located such that the front
of the see-through near eye display is conformal with the front surface of the eyewear lens on the
side of notch. The see-through near eye optical module can be located such that the front of the
see-through near eye optical module is beneath the front surface of the eyewear lens on the side

of the notch.

[00057] In another embodiment (see, e.g., FIGs. 2a, 2b, and 2c¢), the device or system to
takes an edged eyewear lens and places a hole through the eyewear lens for positioning a see-
through near eye optical module. The hole, in aspects, needs to be of the size for housing the see-
through near eye optical module. The hole, in aspects, needs to be located such to align the see-
through near eye optical module at or above the upper edge of a pupil(s) of the eye(s) of a wearer
/user. In certain cases, the hole needs to further locate the see-through near eye optical module
relative to the intra-pupillary distance of the wearer. In other cases where the see-through near
eye optical module is quite wide horizontally given that the optical combiner is that of a see-
through near eye display optical combiner there is freedom from that of a specific location of the
wearer / user’s IPD. The see-through near eye optical module can be inserted within the hole and
either adhesively bonded or pressure mounted into place. Prior to positioning the see-through

near eye optical module into place, the front side surface of the see-through near eye optical
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module can be coated with, by way of example only, a scratch resistant coating, UV coating,
anti-reflection coating or any combination thereof. The backside surface of the see-through near
eye optical module can be, by way of example, coated with a blue light filter, a selective high

energy blue light filter, a UV filter, or any combination thereof.

[00058] The see-through near eye display can be located such that the front of the see-
through near eye optical module is forward relative to the front surface of the eyewear lens on
the side of the hole. The see-through near eye optical module can be located such that the front
of the see-through near eye display is conformal with the front surface of the eyewear lens on the
side of hole. The see-through near eye optical module can be located such that the front of the
see-through near eye optical module is beneath the front surface of the eyewear lens on the side

of the hole.

[00059] In these kinds of embodiments, the see-through near eye optical module can be
attached to the eyewear lens, by way of example only, adhesively or pressure mounted. The
electrical connector, by way of example only, can be that of a flex cable. The flex cable can be
connected from the see-through near eye optical module to that of the eyewear frame where
enabling electronic components including access to electrical power can be housed. Also, the
appropriate refractive optical power (if required) for the eye of a wearer to see the distance real
world image clearly through the see-through near eye optical module can be added behind the
see-through near eye optical module, or incorporated posterior to the micro-lens array as part of
the see-through near eye optical module. The appropriate refractive optical power can include,
by way of example only, all required optical powers (including no optical power / plano),
spherical optical power (minus or plus), cylindrical optical power (minus or plus), and/or
prismatic optical power. The optical power can correct for astigmatic refractive power needs at
the proper astigmatic axis. The front side surface of the see-through near eye optical module can
be coated with, by way of example only, a scratch resistant coating, UV coating, anti-reflection
coating, or any combination thereof. The backside surface of the see-through near eye optical
module can be, by way of example, coated with a blue light filter, a selective high energy blue
light filter, a UV filter, or any combination thereof. Prior to positioning the see-through near eye
optical module into place, the front side surface of the see-through near eye optical module can

be coated with, by way of example only, a scratch resistant coating, UV coating, anti-reflection
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coating, or any combination thereof. The backside surface of the see-through near eye optical
module can be, by way of example, coated with a blue light filter, a selective high energy blue

light filter, a UV filter, or any combination thereof.

[00060] In yet another embodiment (see, e.g., FIGs. 3a, and 3b), a groove having a bottom
and sides can be fabricated within the eyewear lens. Such a groove can be fabricated, by way of
example only, by way of a single point diamond turning mill. Such a diamond turning mill can
fabricate the required groove curvature with a polished surface of the groove. The groove can be
a recess in the front surface of the eyewear lens whereby the groove has sides on 3 out of the 4
sides. A see-through near eye display optical module and its electrical connector can be located
within such a groove. The groove can originate at any point desired and located 360 degrees

around the periphery of an edged or finished eyewear lens.

[00061] The lens surface curvature at the floor of the groove and the thickness of the lens
from the bottom of the groove to the back of the lens can provide the optical power needed for
the eye of the wearer to see a real world image clearly through the see-through near eye optical
module. In certain embodiments the floor of the groove has a curvature within 20% of the
curvature of the front base surface curvature of the eyewear lens prior to the groove being placed
therein. The lens surface curvature at the floor of the groove and the thickness of the lens from
the bottom of the groove to the back of the lens can provide the optical power needed for the eye
of the wearer to see a real world image clearly through the see-through near eye display. In
certain embodiments the floor of the groove has a curvature within 20% of the curvature of the
front surface of the eyewear lens prior to the groove being placed therein. In other embodiments
the floor of the groove has a curvature that equals the front surface base curvature of the eyewear
lens. The appropriate refractive optical power can include, by way of example only, all required
optical powers (including no optical power / plano), spherical optical power (minus or plus),
cylindrical optical power (minus or plus), and/or prismatic optical power. The optical power can
correct for astigmatic refractive power needs at the proper astigmatic axis. The overall optical
power measured through the see-through near eye optical module and the eyewear lens located
directly behind the see-through near eye optical module is, in aspects, within 20% of the same
optical power as if it was measured through the eyewear lens prior to the see-through near eye

optical module being embedded or attached. The overall optical power measured through the
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groove to the back of the lens, without the see-through near eye optical module in place, is, in
aspects, within 20% of the same optical power as if it was measured through the eyewear lens
prior to the see-through near eye optical module being embedded or attached. The overall optical
power measured through the see-through near eye optical module and the eyewear lens located
directly behind the see-through near eye optical module is, in aspects, within 20% of the same
optical power as if it was measured through the eyewear lens prior to the see-through near eye
optical module being embedded or attached. The overall optical power measured through the
groove to the back of the lens, without the see-through near eye optical module in place, is, in
aspects, within 20% of the same optical power as if it was measured through the eyewear lens
prior to the see-through near eye optical module being embedded or attached. The overall optical
power measured through the see-through near eye optical module and the eyewear lens located
directly behind the see-through near eye optical module is, in aspects, within 10% of the same
optical power as if it was measured through the eyewear lens prior to the see-through near eye
optical module being embedded or attached. The overall optical power measured through the
groove to the back of the lens, without the see-through near eye optical module in place, is, in
aspects, within 10% of the same optical power as if it was measured through the eyewear lens

prior to the see-through near eye optical module being embedded or attached.

[00062] The see-through near eye optical module can be attached to the eyewear lens, by
way of example only, adhesively or pressure mounted. The adhesive can be a low index optical
quality transparent adhesive. Such attachment can be, by way of example only, to the sides of the
groove, bottom of the groove, and/or a side of the lens. As shown in embodiment shown in FIG.
3, the see-through near eye display can be located such that the front of the see-through near eye
optical module is forward relative to the front surface of the eyewear lens on either side of the
groove. As shown in embodiment depicted by FIG. 3, the see-through near eye optical module
can be located such that the front of the see-through near eye display is conformal with the front
surface of the eyewear lens on either side of the groove. When a see-through near eye optical
module is positioned within a groove a low index material can be applied therebetween the see-
through near eye optical module and the floor of the groove. The electrical connector, by way of
example only, can be that of a flex cable. The flex cable can be connected from the see-through
near eye optical module to that of the eyewear frame where enabling electronic components

including electrical power can be accessed. In certain embodiments, an end of the electrical
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connector has male pins that connect to a female electrical connector located in or on the
eyewear frame. In other embodiments, an end of the electrical connector has a female connection
that connects to a male electrical connector located in or on the eyewear frame. Prior to
positioning the see-through near eye optical module into place, the front side surface of the see-
through near eye optical module can be coated with, by way of example only, a scratch resistant
coating, UV coating, anti-reflection coating, or any combination thereof. The backside surface of
the see-through near eye optical module can be, by way of example, coated with a blue light

filter, a selective high energy blue light filter, a UV filter, or any combination thereof.

[00063] In another embodiment (see, e.g., FIGs. 4a, 4b, 4c, 4d, and 4e), the device or
system is that of an eyewear frame, comprising an eyewear frame front having two eyewear rims
and a bridge, whereby each of the eyewear rims houses a spectacle lens, whereby one of the
eyewear rims comprises an upper section and a lower section and whereby the upper section
houses a see-through near eye optical module and the lower section houses a spectacle lens. The
eyewear of frame front can comprise two rims and both two rims comprise an upper section and
a lower section. The upper section can be adjustable for the interpupillary distance of the user /
wearer. The upper section can be held in place, by way of example only, with a supporting strap
or member attached to the eyewear frame. The supporting strap or member can be made of by
way of example only, a clear plastic, translucent plastic, nylon, metal, and/or elastic material.
Alternatively, with embodiments in FIG. 4, the upper and lower sections can be joined by an
index matching adhesive. The index matching optical quality transparent adhesive can be within
0.03 units of index of refraction of the upper section’s index of refraction and the lower section’s
index of refraction. The index matching adhesive can be within the middle of index of refraction
difference between that of the upper section’s index of refraction and the lower section’s index

of refraction.

[00064] The upper section can comprise a see-through near eye optical module that
comprises the user / wearer’s distance spectacle prescription located behind the micro-lens array
closer to the eye of the wearer. The upper section can provide the appropriate refractive optical
power (if required) for the eye of a wearer to see the distance real world image clearly through
the see-through near eye optical module. This refractive optical power can be added behind the

see-through near eye optical module, or incorporated posterior to the micro-lens array as part of
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the see-through near eye optical module. The appropriate refractive optical power can include,
by way of example only, all required optical powers (including no optical power / plano),
spherical optical power (minus or plus), cylindrical optical power (minus or plus), and/or
prismatic optical power. The optical power can correct for astigmatic refractive power needs at
the proper astigmatic axis. Prior to positioning the see-through near eye optical module into
place, the front side surface of the see-through near eye optical module can be coated with, by
way of example only, a scratch resistant coating, UV coating, anti-reflection coating, or any
combination thereof. The backside surface of the see-through near eye optical module can be, by
way of example, coated with a blue light filter, a selective high energy blue light filter, a UV

filter, or any combination thereof.

[00065] The upper section can be magnetically attached to a track located on an upper
eyewear front’s eyewear rim. The upper section can be pressure attached to a track located on an
upper eyewear front’s eyewear rim. The upper section can be pressure attached to the upper
eyewear front’s eyewear rim. The upper section can be adhesively attached to the upper eyewear
front’s eyewear rim. The upper section can be electrically connected to enabling electronic
components located within the eyewear frame or attached to the eyewear frame which can

include access to electrical power.

[00066] The lower section can be that of a section of an eyewear lens. The lower section
can be that of the appropriate optical power for the eye of the wearer, including no optical power.
The lower section can include, by way of example only, a progressive addition region, bifocal

region, trifocal region, distance power region.

[00067] In another embodiment (see, e.g., FIGs. 5a, and 5b), the device or system can be
that of an eyewear lens comprising a front curve, back curve and thickness, wherein the eyewear
lens further comprises a see-through near eye optical module, wherein the see-through near eye
optical module is embedded within the eyewear lens and wherein the see-through near eye
optical module has a front surface that is conformal with that of the eyewear lens front surface.
The eyewear lens can have a recess or cavity within the front surface of the eyewear lens,
wherein the recess houses the see-through near eye optical module. In this and related
embodiments, the see-through near eye optical module can have no optical power that refracts

the real-world image as seen by the eye of a wearer. The see-through near eye optical module
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can have a curvature of the see-through near eye optical module such that its back-surface
curvature equals its front surface curvature. The recess or cavity can have an inside bottom
curvature and lens thickness, located beneath this recess or cavity, that permits the portion of the
eyewear lens located directly under the see-through near eye optical module to provide the same
optical power as the distance portion of the eyewear lens. The recess or cavity within the front
surface of the eyewear lens may be surrounded with sides around the entire periphery of the
recess or cavity. Prior to positioning the see-through near eye optical module into place, the front
side surface of the see-through near eye optical module can be coated with, by way of example
only, a scratch resistant coating, UV coating, anti-reflection coating, or any combination thereof.
The backside surface of the see-through near eye optical module can be, by way of example,
coated with a blue light filter, a selective high energy blue light filter, a UV filter, or any

combination thereof.

[00068] The optical power of the lens portion measured directly through the recess or
cavity and the back of the lens without the see-through near eye optical module present can be of
the appropriate refractive optical power (if required) for the eye of a wearer to see the distance
real world image clearly through the see-through near eye optical module when the see-through
near eye optical module is present. This appropriate refractive optical power can include, by way
of example only, all required optical powers (including no optical power / plano), spherical
optical power (minus or plus), cylindrical optical power (minus or plus), and/or prismatic optical
power. The optical power can correct for astigmatic refractive power needs at the proper

astigmatic axis.

[00069] The recess or cavity can have an inside bottom curvature opposite and close to the
back curvature of the see-through near eye optical module that is within 10% of that of the front
surface curvature of the eyewear lens that was replaced by the recess or cavity. In this and related
embodiments, the overall optical power measured through the see-through near eye optical
module and the eyewear lens located directly behind the see-through near eye optical module is,

in aspects, within 20% of the same optical power as the distance portion of the eyewear lens.

[00070] In this and related embodiments, the overall optical power measured through the
see-through near eye optical module and the eyewear lens located directly behind the see-

through near eye optical module is, in aspects, within 20% of the same optical power as if it was
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measured through the eyewear lens prior to the see-through near eye optical module being
embedded or attached. The overall optical power measured through the recess or cavity to the
back of the lens, without the see-through near eye optical module in place, is, in aspects, within
20% of the same optical power as if it was measured through the eyewear lens prior to the see-

through near eye optical module being embedded or attached.

[00080] In certain embodiments, when the front surface curvature of the see-through near
eye optical module does not equal its back surface curvature, the recess surface curvature closest
to the back of the see-through near eye optical module (floor of the recess or cavity) can be
altered to allow for the overall optical power measured through the see-through near eye optical
module and the eyewear lens directly behind to be the desired optical power for the eye of the
wearer when looking at far. In certain embodiments, when the front surface curvature of the see-
through near eye optical module does not equal its back surface curvature, the recess surface
curvature closest to the back of the see-through near eye optical module can be altered to allow
for the overall optical power measured through the see-through near eye optical module and the
eyewear lens directly behind to be the desired optical power for the eye of the wearer to clearly

see the real image and/or the virtual image.

[00081] In a certain embodiment, the ophthalmic lens portion that is closest to the back
side of see-through near eye optical module is curved or shaped within 20% of the front surface
base curvature of the ophthalmic lens to which the see-through near eye optical module has been
positioned or has replaced, and wherein the backside size of the see-through near eye optical
module is smaller in surface area compared to the surface area of the front surface of the
ophthalmic lens. In a certain embodiment, the ophthalmic lens portion that is closest to the back
side of see-through near eye optical module is curved or shaped within 20% of the front surface
curvature of the ophthalmic lens to which the see-through near eye optical module has been
positioned or has replaced, and wherein the backside size of the see-through near eye optical
module is smaller in surface area compared to the surface area of the front surface of the

ophthalmic lens.

[00082] The inside bottom surface of the recess or cavity’s surface curvature can be that of
a finished curvature. The inside bottom recess curvature can be polished. By way of example

only, a single point diamond turning mill can fabricate such a recess or cavity to the desired
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curvature and thickness, while also providing for a finished polished surface curvature at the
bottom surface of the recess or cavity. In certain embodiments, the see-through near eye optical
module can be embedded within the front surface of the eyewear lens in such a way that there is
an air gap between the back of the see-through near eye optical module and the inside bottom of
the recess or cavity of the eyewear lens. In another embodiment, instead of an air gap, a low
index material can be used. Such a low index mater can be, by way of example only, one of low

index acrylics, ethyl acrylate, and/or propyl methyl acrylate.

[00083] An electrical connector can connect the see-through near eye optical module to
the appropriate enabling electronic components including that of electrical power. The electrical
connector, by way of example only, can be that of a flex cable. The flex cable can be connected
from the see-through near eye optical module to that of the eyewear frame. In certain
embodiments, an end of the electrical connector has male pins that connect to a female electrical
connector located in or on the eyewear frame. In other embodiments, an end of the electrical
connector has a female connection that connects to a male electrical connector located in or on

the eyewear frame.

[00084] In still another embodiment (see, e.g., FIG. 5), the inside bottom curvature of
recess or cavity can be comprised of a micro-lens array being made of a low index material
(being a different refractive index than that of the index of the spectacle lens) having its micro-
lenses aligned with the pixels or pixel patches of the see-through near eye display which is
distance separated having an air gap or spacer material therebetween. In such an embodiment the
see-though near eye optical module is assembled and properly aligned within the eyewear lens

and becomes integrated with the eyewear lens.

[00085] With each of the above embodiments in which the see-through near eye optical
module is embedded within the eyewear lens, the eyewear lens in which it is embedded can be
made of any ophthalmic grade lens material, by way of example only, CR 39, Polycarbonate,
Trivex, 1.67 high index, and/or 1.72 high index. Holes ranging in diameter from 2 microns to
less than a micron can optionally be added within the eyewear lens material thickness located
directly beneath the see-through near eye optical module, that being the recess surface and the
back surface of the lens. These holes allow air or gas to exit when pressing the optical combiner

module into the recess or cavity. The holes can be fabricated by way of a laser, mechanical drill,
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and/or chemical etching. In some cases, an optical quality transparent adhesive material can be
utilized to adhere the see-through near eye display optical material within the formed front
surface recess. Such an adhesive material can be of an index that is halfway or near halfway
between that of the index of the outer coating of the see-through near eye optical module and the
eyewear lens. Such an adhesive material can be of a refractive index that is within 0.03 units of
refraction of the index of the outer coating of the see-through near eye optical module and / or
the eyewear lens. In related embodiments, the front surface of the see-through near eye optical
module can be conformal to the front surface curvature of the spectacle lens. The front surface of
the see-through near eye optical module can be located slightly above the front surface curvature
of the spectacle lens. The front surface of the see-through near eye optical module can be located
slightly below the front curvature of the spectacle lens. The entire front surface of the spectacle
lens can comprise an anti-refection coating. In certain embodiments the front surface of the see-
through near eye display optical module comprises an anti-reflection coating. Prior to positioning
the see-through near eye optical module into place, the front side surface of the see-through near
eye optical module can be coated with, by way of example only, a scratch resistant coating, UV
coating, anti-reflection coating, or any combination thereof. The backside surface of the see-
through near eye optical module can be, by way of example, coated with a blue light filter, a

selective high energy blue light filter, a UV filter, or any combination thereof.

[00086] In certain embodiments the recess or cavity acts as the sides and bottom of the
see-through near eye optical module and the see-through near eye display sits within the top of
the recess or cavity with its front surface conformal to the front surface curvature of the eyewear
lens. In other embodiments the recess or cavity houses a self-contained near eye optical module.
The front surface of the see-through near eye display optical module can be under the front
surface of the eyewear lens. The front surface of the see-through near eye optical module can be
of an equal or within 20% of the curvature to that of the front curvature of the eyewear lens
where it is embedded. The front surface of the see-through near eye optical module can be

adjacent to the front surface of the eyewear lens.

[00087] With regards to embodiments in FIG. 5, the see-through near eye optical module
can be housed at least partially within the eyewear lens section directly beneath the see-through

near eye optical module and the eyewear lens provides the appropriate optical power to correct,
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if needed, the wearer’s distance optical power needs. In aspects, a connecting, by way of
example only, an electronic flex cable or flexible printed circuit attaches to an edge of the optical
combiner and such a flex cable or flex circuit can be located, by way of example only, on the
surface of the lens, in the surface of the lens, or under the surface of the lens. If located within a
recessed portion of the lens, by way of example only, a single point diamond turning mill can
fabricate this additional recess as an additional step before, during or after fabricating the recess
of cavity in the lens surface that houses the see-through near eye optical module. In aspects, the
flex cable or print circuit can connect to enabling electrical power that is provided through the
eyewear that houses the eyewear lens. Such electrical power can be that of a rechargeable
battery, or other power source that is located within the eyewear frame or connected to the

eyewear frame.

[00088] In another embodiment (see, e.g., FIGs. 6a, 6b, 6¢, 6d, 6e) whereby the see-
through near eye optical module is fabricated within an ophthalmic lens, a thin layer of optical
resin (in aspects, less than 0.5mm thick) may be placed within a concave mold that forms the
front convex surface of the eyewear lens. In certain cases, only the front surface of the see-
through near eye optical module is coated to form a tacky surface and not the entire concave
mold surface. Separately the see-through near eye optical module may be coated with a low
index optical coating and such coating may be cured. The coating can be cured with one or more
of heat or light, in aspects. The optical resin that was provided within the concave mold is first
cured to make it tacky, in aspects. Following this, in aspects, the see-through near eye optical
module (coated with a low index material) may be placed with its front closest to the concave
mold surface in an appropriate location and positioned against the concave mold’s surface
(which ultimately will make the front convex surface of the eyewear lens). Given the tacky
optical material of the front concave mold surface, the see-through near eye optical module once
pressed against such tacky surface becomes attached thereto. Prior to positioning the see-through
near eye optical module into place, the front side surface of the see-through near eye optical
module can be coated with, by way of example only, a scratch resistant coating, UV coating,
anti-reflection coating, or any combination thereof. The backside surface of the see-through near
eye optical module can be, by way of example, coated with a blue light filter, a selective high
energy blue light filter, a UV filter, or any combination thereof. Following attaching the see-

through near eye optical module to the front concave mold surface, in aspects, a rear mold and
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gasket or tape is assembled to the front mold and additional optical resin is filled within the mold
assembly and is cured. The curing can be, by way of example only, one or more of light cured,
heat cured, or light and heat cured. The see-through near eye optical module is thus fixed and
housed within the eyewear lens such that the see-through near eye optical module is positioned
with the ophthalmic lens such that thickness and curvature of the back of the see-through near
eye optical module provides the appropriate optical power for the eyewear lens such to allow for
a wearer of the see-through near eye optical module to see the real world image clearly when
looking through the see-through near eye optical module. Prior to positioning the see-through
near eye optical module into place, the front side surface of the see-through near eye optical
module can be coated with, by way of example only, a scratch resistant coating, UV coating,
anti-reflection coating, or any combination thereof. The backside surface of the see-through near
eye optical module can be, by way of example, coated with a blue light filter, a selective high

energy blue light filter, a UV filter, or any combination thereof.

[00089] The mold assembly can make that of a semi-finished lens blank with the see-
through near eye optical module located just below the front surface of the semi-finished lens
blank. The mold assembly can make that of a semi-finished blank with the see-through near eye
optical module located conformal with the front surface of the semi-finished lens blank. The
mold assembly can make that of a finished lens blank with the see-through near eye optical
module located just below the front surface of the finished lens blank. The mold assembly can
make that of a finished lens blank with the see-through near eye optical module located

conformal with the front surface of the finished lens blank.

[00090] In certain embodiments an electronic connector or cable can be attached to the
see-through near eye optical module prior to positioning the see-through near eye optical module
within the mold assembly, by way of example only, a flex cable can be positioned against the
front surface of the mold. Such a flex cable can then be located and directed from the see-
through near eye display to a peripheral edge of the front concave mold assembly that forms the
front surface of the eyewear lens. In certain embodiments, an end of the electrical connector has
male pins that connect to a female electrical connector located in or on the eyewear frame. In
other embodiments, an end of the electrical connector has a female connection that connects to a

male electrical connector located in or on the eyewear frame.
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[00091] In another embodiment, the see-through near eye optical module is fabricated
within an ophthalmic lens, and a layer of optical resin (in aspects, less than 0.5mm thick) is
placed within a concave mold that forms the front convex surface of the eyewear lens. Separately
the see-through near eye optical module is coated with a low index optical coating and such
coating is cured. The coating can be cured with one or more of heat or light or both. The optical
resin that was provided within the concave mold is first cured to make it tacky. Following this
the see-through near eye optical module (coated with a low index material) is placed with its
front closest to the concave mold surface in an appropriate location and positioned against the
concave mold’s surface (which ultimately will make the front convex surface of the eyewear
lens). Given the tacky optical material of the front concave mold surface, the see-through near
eye optical module once pressed against such tacky surface becomes attached thereto. Following
this the rear surface thickness and rear curvature (or lack thereof) is formed by way of 3D
printing, in aspects, using an optical quality material. Prior to positioning the see-through near
eye optical module into place, the front side surface of the see-through near eye optical module
can be coated with, by way of example only, a scratch resistant coating, UV coating, anti-
reflection coating, or any combination thereof. The backside surface of the see-through near eye
optical module can be, by way of example, coated with a blue light filter, a selective high energy

blue light filter, a UV filter, or any combination thereof.

[00092] The mold assembly can make that of a semi-finished lens blank with the see-
through near eye optical module located just below the front surface of the semi-finished lens
blank. The mold assembly can make that of a semi-finished blank with the see-through near eye
optical module located conformal with the front surface of the semi-finished lens blank. The
mold assembly can make that of a finished lens blank with the see-through near eye optical
module located just below the front surface of the finished lens blank. The mold assembly can
make that of a finished lens blank with the see-through near eye optical module located

conformal with the front surface of the finished lens blank.

[00093] In certain embodiments an electronic connector or cable can be attached to the
see-through near eye optical module prior to positioning the see-through near eye optical module
within the mold assembly, by way of example only, a flex cable can be positioned against the

front surface of the mold. Such a flex cable can then be located and directed from the see-

25



WO 2020/047559 PCT/US2019/055735

through near eye display to a peripheral edge of the front concave mold assembly that forms the
front surface of the eyewear lens. In certain embodiments, an end of the electrical connector has
male pins that connect to a female electrical connector located in or on the eyewear frame. In

other embodiments a,n end of the electrical connector has a female connection that connects to a

male electrical connector located in or on the eyewear frame.
[00094] Example Fabrication Steps of Embodiments

[00095] The steps of fabricating eyewear housing the see-through near eye display optical

module(s) and eyewear lens(es).

[00096] Embodiment #1
a. Edge spectacle lens(es) to the eye rim(s) shape of the desired eyewear frame
b. Machine notch into the edged spectacle lens(es) accounting for the proper alignment of

the wearer’s interpupillary distance and positioning of the see-through near eye optical module

relative to the wearer’s eye(s) once mounted within the eyewear

C. Insert and pressure mount and / or adhesively bond the see-through near eye optical

module(s) within notch of the edged spectacle lens(es)

d. Insert edged spectacle lens(es) having notch with the see-through near eye optical

modules(s) into the appropriate eyewear rim

e. (steps ¢ and d can be reversed and/or are interchangeable and the electrical connection to
the see-through near eye optical module(s) can be accomplished at any point during the

fabrication process)

[00097] The steps of fabricating eyewear housing see-through near eye optical module(s)

and eyewear lens(es).

[00098] Embodiment #2
a. Edge spectacle lens(es) to the eye rim(s) shape of the desired eyewear frame
b. Machine hole into edged spectacle lens(es) accounting for the proper alignment of the

wearer’s interpupillary distance and positioning of the see-through near eye optical module(s)

relative to the eye(s) of the wearer
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C. Insert and pressure mount and/or adhesively bond the see-through near eye optical

module(s) within hole of edged spectacle lens(es)

d. Insert edged spectacle lens(es) having hole with the see-through near eye optical

modules(s) into the appropriate eyewear rim

e. (steps ¢ and d can be reversed and/or are interchangeable and the electrical connection to
the see-through near eye optical module(s) can be accomplished at any point during the

fabrication process)

[00099] The steps of fabricating eyewear housing the see-through near eye display optical

module(s) and eyewear lens(es).
[000100] Embodiments #3
a. Edge spectacle lens(es) to the eye rim(s) shape of the desired eyewear frame

b. Machine groove into the edged spectacle lens(es) accounting for the proper alignment of
the wearer’s interpupillary distance and positioning of the see-through near eye optical module

relative to the wearer’s eye(s) once mounted within the eyewear

C. Insert and pressure mount and / or adhesively bond the see-through near eye optical

module(s) within groove of the edged spectacle lens(es)

d. Insert edged spectacle lens(es) having groove with the see-through near eye optical

modules(s) into the appropriate eyewear rim

e. (steps ¢ and d can be reversed and/or are interchangeable and the electrical connection to
the see-through near eye optical module(s) can be accomplished at any point during the

fabrication process)

[000101] The steps of fabricating eyewear housing see-through near eye optical module(s)

and eyewear lens(es).
[000102] Embodiment #4

a. Edge or shape the outer peripheral area of the see-through near eye optical combiner(s)

for fitting in the upper section(s) of the desired eyewear frame front’s eyewear rim(s)
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b. Mount the shaped see-through near eye display optical module(s) having the appropriate
distance optical correction and interpupillary distance for the wearer within the upper section of

the eyewear frame front rim(s)

C. Edge the spectacle lens(es) and mount in the lower section of the eyewear frame front
rim(s)
d. Bond the lower edge of the upper section(s) to the upper edge of the lower section(s) “or”

mount the upper section within the upper eyewear rim and the lower section within the lower

eyewear rim (whereby there can be an optional strap or other connection in between).

e. (the electrical connection to the see-through near eye optical module(s) can be

accomplished at any point during the fabrication process)

[000103] The steps of fabricating eyewear housing see-through near eye optical module(s)

within eyewear lens(es).
[000104] Embodiment #5
a. Edge the eyewear lens for the shape of the eyewear frame

b. Locate where a recess or cavity should be formed within the front surface of the eyewear
lens relative to the wearer / user’s pupils. In most, but not all cases, the location would be at or
above the upper edge of the wearer / user’s eye pupil. It / they would also be further aligned

based upon the wearer / user’s inter-pupillary distance.

C. Fabricate the recess or cavity using, by way of example only, a single point diamond
turning mill. Such a recess or cavity can be formed within the front surface of the eyewear lens
having the desired finished / polished curvature of the bottom inside surface of the recess or

cavity.

d. Maintain a thickness between the bottom of the inside side surface of the recess or cavity
and the back surface curvature of the eyewear lens of, in aspects, 0.25 mm of lens thickness or
greater. Such a recess or cavity should have a bottom inside surface curvature that permits the
distance power of the eyewear lens as measured at that point to be of the same optical power as
that of the peripheral surrounding distance optical power of the eyewear lens. Said another way

the overall optical power measured through the see-through near eye optical module and the
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eyewear lens thickness directly beneath the see-through near eye optical module should be
within 10% of the optical power measured in the same location of the eyewear lens prior to the
recess or cavity being fabricated. In a preferred case such optical power would be equal to that of

the optical power of the eyewear lens prior to the recess or cavity being fabricated.

e. Optionally fabricate micro-holes within the bottom of the cavity and through the back

surface of the lens thickness behind the cavity or a certain thickness thereof.

f Mount the see-through near eye optical combiner within the recess or cavity while
maintaining a gap (for, for example, air, gas, material spacer or a low index adhesive) under the
bottom of the see-through near eye optical module and the bottom curvature of the inside surface
of the recess or cavity. The mounting can be done, by way of example only, with the use of a low
index adhesive or a pressure mount in addition to the low index adhesive. Keep the placement of
the front surface of the optical combiner conformal to that of the front surface of the eyewear

lens.

g Optionally provide an anti-reflection coating and / or hard scratch resistant coating over
the front surface of the near eye display and the adjacent front surface of the eyewear lens such

to provide a conformal curve.

h. Optionally provide a surface cast resin layer over the front surface of the near eye display

and the adjacent front surface of the eyewear lens such to provide a conformal curve.

1. (The electrical connection to the see-through near eye optical module(s) can be

accomplished at any point during the fabrication process)

j. Optionally fabricate a groove or recess in the front surface of the edged eyewear lens
from a peripheral portion of the edge lens to the see-through near eye optical module for an
electrical connector (by way of example only) a flex cable for providing electrical power to the

see-through near eye optical module to fit within.

[000105] The steps of fabricating eyewear housing see-through near eye optical module(s)

within eyewear lens(es).
[000106] Embodiment #6

a. Coat see-through near eye optical module with a low index coating and cure
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b. Select front concave curve mold of the appropriate curvature that will make the front

surface curvature of the eyewear lens

C. Fill with a layer (in aspects, less than 0.50 mm) of optical quality resin (such resins are

known in the art)
d. Cure resin layer to a tacky state

e. Appropriately position and attach see-through near eye optical module front down

adjacent to the concave mold

f. Apply gasket or tape and back mold (that forms the rear surface of a finished lens or

semi-finished lens blank)
g Fill mold assembly with desired optical quality resin and cure

h. Demold mold assembly

1. Optionally add optical coating on front and or back surface of finished lens or semi-
finished lens blank
j. Edge and / or surface lens blank locating the see-through near eye display in the

appropriate location relative to the eye(s) of the wearer

k. Optionally attach electrical connection of the see-through near eye optical module to the

appropriate connection of the eyewear or vice versa

[000107] The steps of fabricating eyewear housing see-through near eye optical module(s)

within eyewear lens(es).
[000108] Embodiment #7
a. Coat see-through near eye optical module with a low index coating and cure

b. Select front concave curve mold of the appropriate curvature that will make the front

surface curvature of the eyewear lens

C. Fill with a layer (in aspects, less than 0.50mm) of optical quality resin (such resins are

known in the art)
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d. Cure resin layer to a tacky state

e. Appropriately position and attach see-through near eye optical module front down

adjacent to the concave mold

f. Utilizing, in aspects, 3D printing to print the remainder of the finished lens or semi-

finished lens blank around and/or over the see-through near eye optical module

g Demold front mold

h. Optionally add optical coating on front and / or back surface of finished lens or semi-
finished lens blank

1. Edge and / or surface lens blank locating the see-through near eye display in the

appropriate location relative to the eye(s) of the wearer

]. Optionally attach electrical connection of the see-through near eye optical module to the

appropriate connection of the eyewear or vice versa.

[000109] The present invention has been described with reference to particular
embodiments having various features. In light of the disclosure provided above, it will be
apparent to those skilled in the art that various modifications and variations can be made in the
practice of the present invention without departing from the scope or spirit of the invention. One
skilled in the art will recognize that the disclosed features may be used singularly, in any
combination, or omitted based on the requirements and specifications of a given application or
design. When an embodiment refers to “comprising” certain features, it is to be understood that
the embodiments can alternatively “consist of” or “consist essentially of”” any one or more of the
features. Any of the methods disclosed herein can be used with any of the compositions
disclosed herein or with any other compositions. Likewise, any of the disclosed compositions
can be used with any of the methods disclosed herein or with any other methods. Other
embodiments of the invention will be apparent to those skilled in the art from consideration of

the specification and practice of the invention.

[000110] It is noted in particular that where a range of values is provided in this
specification, each value between the upper and lower limits of that range, to the tenth of the unit

disclosed, is also specifically disclosed. Any smaller range within the ranges disclosed or that
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can be derived from other endpoints disclosed are also specifically disclosed themselves. The
upper and lower limits of disclosed ranges may independently be included or excluded in the

2%

range as well. The singular forms “a,” “an,” and “the” include plural referents unless the context
clearly dictates otherwise. It is intended that the specification and examples be considered as
exemplary in nature and that variations that do not depart from the essence of the invention fall
within the scope of the invention. Further, all of the references cited in this disclosure are each
individually incorporated by reference herein in their entireties and as such are intended to
provide an efficient way of supplementing the enabling disclosure of this invention as well as

provide background detailing the level of ordinary skill in the art.
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CLAIMS

Claim #1) An Augmented Reality or Mixed Reality system comprising an ophthalmic lens in
optical communication with a see-through near eye optical module, wherein the see-through near
eye optical module comprises a see-through near eye display and a micro-lens array, wherein a
portion of the back side of see-through near eye optical module is in front of a portion of the
ophthalmic lens, wherein a floor or bottom portion of the ophthalmic lens that is closest to the
back side of see-through near eye optical module is curved or shaped within 20% of the front
surface base curve of the ophthalmic lens to which the see-through near eye optical module has
been positioned or has replaced, and wherein the backside size of the see-through near eye
optical module is smaller in surface area compared to the surface area of the back side surface

area of the ophthalmic lens.

Claim #2) The Augmented Reality or Mixed Reality system of claim 1, wherein a portion of the

see-through near eye optical module is embedded within the ophthalmic lens.

Claim #3) The Augmented Reality or Mixed Reality system of claim 1, wherein a portion of the

see-through near eye optical module is attached to a front surface of the ophthalmic lens.

Claim #4) The Augmented Reality or Mixed Reality system of claim 1, wherein a portion of the

see-through near eye optical module is located in front of the ophthalmic lens.

Claim #5) The Augmented Reality or Mixed Reality system of claim 1, wherein the ophthalmic

lens has optical power.

Claim #6) The Augmented Reality or Mixed Reality system of claim 1, wherein the ophthalmic

lens is devoid of optical power.
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Claim #7) The Augmented Reality or Mixed Reality system of claim 1, wherein the ophthalmic

lens has a front base curve.

Claim #8) The Augmented Reality or Mixed Reality system of claim 1, wherein the see-through
near eye optical module is curved within 10% of a front surface base curve of the ophthalmic

lens.

Claim #9) An Augmented Reality or Mixed Reality system comprising an ophthalmic lens in
optical communication with a see-through near eye optical module, wherein the see-through near
eye optical module comprises a see-through near eye display and a see-through near eye micro-
lens array, wherein the overall optical power measured through the see-through near eye optical
module and the ophthalmic lens section which is located directly behind the see-through near eye
optical module is within 10% of the same optical power as the distance portion of the ophthalmic

lens.

Claim #10) The Augmented Reality or Mixed Reality system of claim 9, wherein all or a portion

of the see-through near eye optical module is embedded within the ophthalmic lens.

Claim #11) The Augmented Reality or Mixed Reality system of claim 9, wherein all or a portion

of the see-through near eye optical module is attached to the front surface of the ophthalmic lens.

Claim #12) The Augmented Reality or Mixed Reality system of claim 9, wherein all or a portion

of the see-through near eye optical module is located in front of the ophthalmic lens.

Claim #13) The Augmented Reality or Mixed Reality system of claim 9, wherein the ophthalmic

lens has optical power.
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Claim #14) The Augmented Reality or Mixed Reality system of claim 9, wherein the ophthalmic

lens is devoid of optical power.

Claim #15) The Augmented Reality or Mixed Reality system of claim 9, wherein the ophthalmic

lens has a front base curve.

Claim #16) The Augmented Reality or Mixed Reality system of claim 9, wherein the see-through
near eye optical module is curved within 10% of a front surface base curve of the ophthalmic

lens.

Claim #17) An Augmented Reality or Mixed Reality system comprising an ophthalmic lens in
optical communication with a see-through near eye optical module, wherein the see-through near
eye optical module comprises a see-through near eye display and a see-through near eye micro-
lens array, wherein the optical power measured through the see-through near eye optical module
and the eyewear lens section which is located directly behind the see-through near eye optical
module is within 20% of the same optical power as if it was measured through the ophthalmic
lens prior to any modification of the ophthalmic lens for attaching the see-through near eye

optical module.

Claim #18) The Augmented Reality or Mixed Reality system of claim 17, wherein a portion of

the see-through near eye optical module is embedded within the ophthalmic lens.

Claim #19) The Augmented Reality or Mixed Reality system of claim 17, wherein a portion of

the see-through near eye optical module is attached to a front surface of the ophthalmic lens.
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Claim #20) The Augmented Reality or Mixed Reality system of claim 17, wherein a portion of

the see-through near eye optical module is located in front of the ophthalmic lens.

Claim #21) The Augmented Reality or Mixed Reality system of claim 17, wherein the

ophthalmic lens has optical power.

Claim #22) The Augmented Reality or Mixed Reality system of claim 17, wherein the

ophthalmic lens is devoid of optical power.

Claim #23) The Augmented Reality or Mixed Reality system of claim 17, wherein the

ophthalmic lens has a front base curve.

Claim #24) The Augmented Reality or Mixed Reality system of claim 17, wherein the see-
through near eye optical module is curved within 10% of a front surface base curve of the

ophthalmic lens.

Claim #25) The Augmented Reality or Mixed Reality system of claim 17, wherein an area of the
ophthalmic lens located behind the embedded see-through near eye optical module comprises an

open notch.

Claim #26) The Augmented Reality or Mixed Reality system of claim 17, wherein an area of the
ophthalmic lens located behind the embedded see-through near eye optical module comprises a

groove.
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Claim #27) The Augmented Reality or Mixed Reality system of claim 17, wherein an area of the
ophthalmic lens located behind the embedded see-through near eye optical module comprises a

hole.

Claim #28) The Augmented Reality or Mixed Reality system of claim 1, wherein an area of the
ophthalmic lens located behind an embedded see-through near eye optical module comprises an

open notch.

Claim #29) The Augmented Reality or Mixed Reality system of claim 1, wherein an area of the
ophthalmic lens located behind an embedded see-through near eye optical module comprises a

groove.

Claim #30) The Augmented Reality or Mixed Reality system of claim 1, wherein an area of the
ophthalmic lens located behind an embedded see-through near eye optical module comprses a

hole.
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