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wherein the wrist-worn NFC enabled electronics device includes a first com-
munications link for communicating with a second NFC-enabled electronics
device via NFC protocols, and a second communications link for communic -
ating with an eyepiece via a medium-range communications protocol and re-
ceiving control commands. The wrist-worn NFC-enabled electronics device
facilitates the transfer of data between the eyepiece and the second NFC-en-
abled electronics device. The eyepiece comprises optics enabling a see-
through display on which is displayed the data.
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VIDEO DISPLAY MODIFICATION BASED ON SENSOR INPUT FOR A SEE-THROUGH NEAR-TO-
EYE DISPLAY
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BACKGROUND
[0010] Field:
[0011] The present disclosure relates to an augmented reality eyepiece, associated control

technologies, and applications for use, and more specifically to software applications running on the eyepiece.

[0012] This disclosure also relates to a thin display technology that uses switchable mirrors in a
sequenced pattern to provide an image from a waveguide.

[0013] Head mounted displays with reflecting surfaces are well known in the industry. Head
mounted displays with angled single partial reflecting beam splitter plates are described in United States patent
4969714. While this approach provides excellent uniformity of brightness and color over the displayed field of
view, the optical system is relatively thick due to the angled beam splitter plate.

[0014] Head mounted displays with arrays of partially reflecting surfaces to provide a thinner optical
system are described in United States Patents 6829095 and 7724441 and shown in FIG. 124 wherein the array of
partially reflecting surfaces 12408 is used to provide image light 12404 over a display field of view enabling a user
to view displayed images combined with a view of the environment in front of the user. The image light 12404
viewed by the user is comprised of the combined reflected light from each of the multiple partially reflecting
surfaces 12408. The light from the image source 12402 has to pass through the multiple partially reflecting surfaces
12408 where a portion of the light 12402 is reflected toward the user’s eye thereby providing image light 12404. To
provide a uniform image over the display field of view, the reflection characteristics of the partially reflecting
surfaces 12408 must be precisely controlled. The reflectivity of the partially reflective surfaces 12408 must be
lowest for surfaces that are closest to the image source and highest for surfaces that are farthest from the image
source. Generally the reflectivity of the partially reflective surfaces 12408 must increase linearly in relation to the
distance from the image source. This presents a manufacturing and cost problem as the reflectivity of each partially
reflective surface 12408 is different from the neighboring surfaces and the reflectivity of each surface must be tightly
controlled. As such, providing an image that is of uniform brightness and color over the entire display field of view
is difficult with an array of partially reflective surfaces.

[0015] Alternately a diffractive grating is used to redirect the image light into and out of a waveguide
to the display field of view as described in United States Patent 4711512. However, diffraction gratings are costly
and subject to color aberrations.

[0016] Therefore, the need persists for a relatively thin optical system for a head mounted display that
also provides good image uniformity of brightness and color overt the display field of view.

[0017] This disclosure also concerns a compact and lightweight frontlight that includes a wire grid
polarizer film as a partially reflective surface to deflect the illumination light downwards to the reflective image
source.

[0018] In a display with a reflective image source and a frontlight as shown in FIG. 133, illumination

light 13308 passes from an edge light source 13300 and is deflected by the frontlight 13304 to illuminate the
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reflective image source 13302. The illumination light 13308 then reflects from the reflective image source 13302
turning into image light 13310 which then passes back through the frontlight 13304 and into the display optics. As
such, the frontlight 13304 simultaneously deflects illumination light 13308 entering from the edge light source
13300 and allows reflected image light 13310 to pass through without being deflected so it can pass into the display
optics, where the display optics can be dispersive when the display is a flat screen display or refractive or diffractive
when the display is a near eye display. In this embodiment, the display optics may include diffusers.

[0019] For a reflective image source such as a liquid crystal on silicon (LCOS) image source, the
illumination light is polarized and the reflective image source includes a quarter wave retardation film that changes
the polarization state during the reflection from the reflective image source. A polarizer is then included in the
display optics which causes the polarization effects imparted by the liquid crystal to form an image as the image
light passes through the display optics.

[0020] United States Patent 7163330 describes a series of frontlights which include grooves in the
upper surface of the frontlight to deflect light from the edge light source down to the reflective image source along
with flat sections between the grooves to allow the reflected image light to pass into the display optics. FIG. 134
shows an illustration of the frontlight 13400 with the grooves 13410 and the flat sections 13408. The illumination
light 13402 from the edge light source 13300, reflects from the grooves 13410 and is deflected downwards to
illuminate the reflective image source 13302. The image light 13404 reflects from the reflective image source 13302
and passes through the flat sections 13408 of the frontlight 13400. Linear and curved grooves 13410 are described.
However, for the grooves 13410 to effectively deflect the illumination light 13402, the grooves 13410 must occupy a
substantial area of the frontlight thereby limiting the area of the flat sections 13408 and degrading the image quality
provided to the display optics due to light scatter from the grooves as it passes back through the frontlight .
Frontlights 13400 are typically formed from a solid plate of material and as such can be relatively heavy.

[0021] In United States Patent 7545571, a wearable display system is presented which includes a
reflective image source 13502 with a polarizing beam splitter 13512 as a frontlight to deflect and polarize
illumination light 13504 supplied by an edge light source 13500 onto the reflective image source 13502 as shown in
FIG. 135. The polarizing beam splitter 13512 is an angled plane in a solid block with a separate curved reflector
13514 associated with the edge light source 13500. The curved reflector 13514 can be a total internal reflection
block 13510 that is connected to the polarizing beam splitter 13512, As such, the frontlight disclosed in this patent
with the solid block of the polarizing beam splitter and the total internal reflection block provides a frontlight that is
bulky and relatively heavy. Further, FIG. 135 also shows image light rays 13508.

[0022] There remains a need to provide a frontlight for displays with reflective image sources that
provides good image quality with little scattered light and is also compact and light in weight.

[0023] The disclosure also pertains to optically flat surfaces produced with optical films. More
particularly, the disclosure provides a method for making an optically flat beam splitter using an optical film.

[0024] Optical films can be obtained for a variety of purposes including: beam splitters, polarizing
beam splitters, holographic reflectors and mirrors. In imaging applications and particularly in reflective imaging
applications, it is important to provide that the optical film be very flat to preserve the wavefront of the image. Some
optical films are available with pressure sensitive adhesive on one side to allow the optical films to be attached to a
substrate for structural support and to aid in keeping the optical film flat. However, optical films attached to
substrates in this manner tend to have surfaces with small-scale undulations and pock marks known orange peel that

prevent the surface from reaching optical flatness and as a result, reflected images are degraded.
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[0025] In United States Patent Applicati‘t)n 20090052030 a method for producing an optical film is
provided wherein the optical film is a wire grid polarizer. However, techniques for providing the film with optical
flatness are not provided.

[0026] In United States Patents 4537739 and 4643789, methods are provided for attaching artwork to
molded structures using a strip to carry the artwork to the mold. However, these methods do not anticipate the
special requirements for optical films.

[0027] In United States Patent Application 20090261490 a method is provided for making simple
optical articles is provided which includes optical films and molding. The method is directed at curved surfaces
generated as the method includes limits between the ratio of the radius of curvature to the diameter to avoid wrinkles
in the film due to deforming of the film during molding. The special requirements for producing an optically flat
surface with an optical film are not addressed.

[0028] In Unites States Patent 7820081, a method is provided for lamination of a functional film to a
lens. The method uses a thermally cured adhesive to adhere a functional film to a lens. However, this process
includes thermoforming the optical film while the lens is hot so that the optical film, the adhesive and the lens are
deformed together during the bonding process. As such this method is not suited to making optically flat surfaces.

[0029] Therefore the need persists for a method to use optical films such that surfaces including

optical films can be provided with optical flatness.

SUMMARY

[0030] In embodiments, the eyepiece may include an internal software application running on an
integrated multimedia computing facility that has been adapted for 3D augmented reality (AR) content display and
interaction with the eyepiece. 3D AR software applications may be developed in conjunction with mobile
applications and provided through application store(s), or as stand-alone applications specifically targeting the
eyepiece as the end-use platform and through a dedicated 3D AR eyepiece store. Internal software applications may
interface with inputs and output facilities provided by the eyepiece through facilities internal and external to the
eyepiece, such as initiated from the surrounding environment, sensing devices, user action capture devices, internal
processing facilities, internal multimedia processing facilities, other internal applications, camera, sensors,
microphone, through a transceiver, through a tactile interface, from external computing facilities, external
applications, event and/or data feeds, external devices, third parties, and the like. Command and control modes
operating in conjunction with the eyepiece may be initiated by sensing inputs through input devices, user action,
external device interaction, reception of events and/or data feeds, internal application execution, external application
execution, and the like. In embodiments, there may be a series of steps included in the execution control as provided
through the internal software application, including at least combinations of two of the following: events and/or data
feeds, sensing inputs and/or sensing devices, user action capture inputs and/or outputs, user movements and/or
actions for controlling and/or initiating commands, command and/or control modes and interfaces in which the
inputs may be reflected, applications on the platform that may use commands to respond to inputs, communications
and/or connection from the on-platform interface to external systems and/or devices, external devices, external
applications, feedback to the user (such as related to external devices, external applications), and the like.

[0031] The disclosure also provides a method for providing a relatively thin optical system that
provides an image with improved uniformity of brightness and color over the display field of view. The disclosure
includes an integral array of narrow switchable mirrors over the display area, to provide a display field of view

wherein the switchable mirrors are used sequentially to reflect portions of the light from an image source to present
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sequential portions of an image to a user. By rapidly switching the narrow switchable mitrors from transparent to
reflective in a repeating sequence, the user perceives the portions of the image to be combined into the entire image
as presented by the image source. Provided that each of the narrow switchable mirrors is switched at 60 Hz or
greater, the user does not perceive flicker in portions of the image.

[0032] Various embodiments of the array of narrow switchable mirrors are presented. In one
embodiment, the switchable mirrors are liquid crystal switchable mirrors. In another embodiment the switchable
mirrors are moveable prism elements, which use an air gap to provide a switchable total internal reflective mirror.

[0033] In an alternate embodiment, not all the switchable mirrors are used in the sequence, instead
the switchable mirrors are used in a selected group that varies based on the eye spacing of the user

[0034] The present disclosure further provides a compact and light weight frontlight that includes a
wire grid polarizer film as a partially reflective surface to deflect the illumination light downwards to the reflective
image source. The edge light source is polarized and the wire grid polarizer is oriented such that the illumination
light is reflected and the image light is allowed to pass through to the display optics. By using a wire grid polarizer
film that is flexible, the disclosure provides a partially reflective surface that can be curved to focus the illumination
light onto the reflective image source thereby increasing efficiency and increasing uniformity of image brightness.
The wire grid polarizer also has very low light scattering as the image light passes through the frontlight on the way
to the display optics, so image quality is preserved. In addition, since the partially reflective surface is a wire grid
polarizer film, the majority of the frontlight is comprised of air and as such the frontlight is much lighter in weight.

[0035] This disclosure further provides methods for producing surfaces with optical flatness when
using an optical film. In embodiments of the disclosure the optical film can comprise a beam splitter, a polarizing
beam splitter, a wire grid polarizer, a mirror, a partial mirror or a holographic film. The advantage provided by the
disclosure is that the surface of the optical film is optically flat so that the wavefront of the light is preserved to
provide improved image quality.

[0036] In some embodiments, the disclosure provides an image display system including an optically
flat optical film. The optically flat optical film includes a substrate to hold the optical film optically flat in a display
module housing with an image source and a viewing location. Wherein the image provided by the image source is
reflected from the optical film to the viewing location and the substrate with the optical film is replaceable within the
display module housing.

[0037] In other embodiments of the disclosure, the optical film is attached to a molded structure so
the optical film is part of the display module housing.

[0038] In a prior art display 18700 with a reflective image source 18720 and a solid beam splitter
cube frontlight 18718 as shown in FIG. 187, light 18712 passes from an light source 18702 into a diffuser 18704
where it is made more uniform to provide illumination light 18714. The illumination light 18714 is redirected by a
partially reflective layer 18708 to thereby illuminate the reflective image source 18720. The illumination light
18714 then reflects from the reflective image source 18720 turning into image light 18710 which then passes back
through the partially reflective layer 18708 and into the associated imaging optics (not shown) which present the
image to a viewer. As such, the solid beam splitter cube 18718 simultaneously redirects illumination light 18714
and allows reflected image light 18710 to pass through without being redirected so it can pass into the imaging
optics, where the imaging optics can be dispersive when the display is a flat screen display or refractive or diffractive
when the display is a projector or a near eye display.

[0039] For a reflective image source such as a liquid crystal on silicon (LCOS) image source, the

illumination light is polarized and the reflective image source changes the polarization state when the illumination
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light is reflected from the reflective image source based on the image content presented by the image source thereby

forming image light. An analyzer polarizer is then included which causes the polarization effects imparted by the
LCOS to form an image as the image light passes through the imaging optics and an image is presented to a viewer.

[0040] In United States Patent 7545571, a wearable display system is presented which includes a
reflective image source with a polarizing beam splitter as a frontlight to deflect and polarize illumination light
supplied by an edge light source onto the reflective image source. The polarizing beam splitter is an angled plane in
a solid block with a separate curved reflector associated with the edge light source. The curved reflector can be a
total internal reflection block that is connected to the polarizing beam splitter. As such, the frontlight disclosed in
this patent with the solid block of the polarizing beam splitter and the total internal reflection block provides a
frontlight that is bulky and relatively heavy.

[0041] United States Patent 6195136 discloses a series of frontlight illumination methods for use with
reflective image sources. A method using a curved beam splitter is disclosed for making the frontlight more
compact. However, the curved beam splitter is located a substantial distance away from the image source to reduce
the angle of the light from the light source that is then reflected by the beam splitter to the image source. Also, the
light is provided only on one side of the frontlight so the size of the beam splitter must be at least as big as the image
source. As aresult, the overall size of the frontlight is still relatively large when measured along the optical axis
compared to the illuminated area on the image source.

[0042] There remains a need to provide a frontlight for displays with reflective image sources that
provides good image quality with little scattered light and is also compact, efficient and light in weight.

[0043] The present disclosure provides a compact, efficient and light weight frontlight in a display
assembly that includes a partially reflective surface to redirect the illumination light from a light source at the side to
a reflective image source, wherein the size of the display assembly as measured by the height of the diffuser area is
substantially smaller than the width of the reflective image source that is illuminated. In some embodiments, the
partially reflective surface can be curved to focus or concentrate the light from the light source onto the reflective
image source. The light source can be polarized and a polarizing beam splitter film can be used as the curved
partially reflective surface such that the illumination light is redirected and the reflected image light is allowed to
pass through to the imaging optics. Polarizing beam splitter film is light in weight and has very low light scattering
as the image light passes through the frontlight on the way to the display optics, so image quality is preserved.

[0044] In other embodiments of the disclosure, light sources are provided on opposing sides of the
frontlight so that light is provided to opposing edges of the reflective image source. In this case, the partially
reflective surface is comprised of two surfaces, wherein one surface deflects the illumination light from one light
source to one half of the image source and the other surface deflects light to the other half of the image source. In
this embodiment, the partially reflective surfaces can be curved or flat.

[0045] In a further embodiment of the disclosure, the partially reflective surface is a polarizing beam
splitter and the light source is polarized so the light from the light source is first redirected by the polarizing beam
splitter and then transmitted after being reflected and changed in polarization by the reflective image source.

[0046] In another embodiment, the light from the light source is unpolarized so the polarizing beam
splitter reflects one polarization state of the light to illuminate half of the reflective image source while transmitting
the other polarization state of the light. The transmitted polarization state of the light passes to the opposite side of
the frontlight where the light is recycled. The recycling of the transmitted polarization state can be done by passing
through a quarter wave film and being reflected by a mirror so that it passes back through the quarter wave film and

thereby changes polarization state. After the polarization state of the transmitted and reflected light has changed, it
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is redirected by the polarizing beam splitter to illuminate the other half of the reflective image source. In an alternate
embodiment, light from the two sidelights of the frontlight acts in a complimentary fashion where the transmitted
polarization state of the light from the opposite side becomes unpolarized when it interacts with the diffuser on the
opposite side and is thereby recycled.

[0047] In yet another embodiment of the disclosure, methods are provided for making frontlights with
flexible partially reflecting films. The flexible films can be supported at the edges and freestanding over the
reflective image source or the flexible films can be clamped between two or more solid pieces that are transparent.
The solid pieces can be shaped prior to being placed in contact with the flexible films. The solid pieces can hold the
flexible film in a flat geometry or a curved geometry. In yet another embodiment, the flexible film can be supported
at the edges and then solid pieces can be cast in place so that the flexible film is embedded in the transparent solid
material.

[0048] In an embodiment, a system may include an interactive head-mounted eyepiece worn by a
user, wherein the eyepiece includes an optical assembly through which the user views a surrounding environment
and displayed content, an integrated processor for handling content for display to the user, an integrated image
source for introducing the content to the optical assembly; the processor adapted to modify the content, wherein the
modification is made in response to a sensor input. The content may be a video image. The modification may be at
least one of adjust brightness, adjust color saturation, adjust color balance, adjust color hue, adjust video resolution,
adjust transparency, adjust compression rate, adjust frames per second rate, isolate part of the video, stop the video
from playing, pause the video, or restart the video. The sensor input may be derived from at least one of a charge-
coupled device, black silicon sensor, IR sensor, acoustic sensor, induction sensor, motion sensor, optical sensor,
opacity sensor, proximity sensor, inductive sensor, Eddy-current sensor, passive infrared proximity sensor, radar,
capacitance sensor, capacitive displacement sensor, hall-effect sensor, magnetic sensor, GPS sensor, thermal
imaging sensor, thermocouple, thermistor, photoelectric sensor, ultrasonic sensor, infrared laser sensor, inertial
motion sensor, MEMS internal motion sensor, ultrasonic 3D motion sensor, accelerometer, inclinometer, force
sensor, piezoelectric sensor, rotary encoders, linear encoders, chemical sensor, ozone sensor, smoke sensor, heat
sensor, magnetometer, carbon dioxide detector, carbon monoxide detector, oxygen sensor, glucose sensor, smoke
detector, metal detector, rain sensor, altimeter, GPS, detection of being outside, detection of context, detection of
activity, object detector (e.g. billboard), marker detector (e.g. geo-location marker for advertising), laser rangefinder,
sonar, capacitance, optical response, heart rate sensor, or an RF/micropower impulse radio (MIR) sensor. The
content may be stopped from playing in response to an indication from an accelerometer input that the user’s head is
moving. Audio sensor input may be generated by the speaking of at least one participant of a video conference.
Visual sensor input may be a video image of at least one participant of a video conference or a video image of a
visual presentation. The modification may be at least one of making the video image more or less transparent in
response to an indication from a sensor that the user is moving.

[0049] In an embodiment, a system may include an interactive head-mounted eyepiece worn by a
user, wherein the eyepiece includes an optical assembly through which the user views a surrounding environment
and displayed content, an integrated processor for handling content for display to the user, an integrated image
source for introducing the content to the optical assembly, the processor adapted to modify the content, wherein the
modification is made in response to a sensor input; and further comprising, an integrated video image capture facility

that records an aspect of the surrounding environment and provides the content for display.
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[0050] These and other systems, methods, objects, features, and advantages of the present disclosure

will be apparent to those skilled in the art from the following detailed description of the embodiments and the
drawings.

[0051] All documents mentioned herein are hereby incorporated in their entirety by reference.
References to items in the singular should be understood to include items in the plural, and vice versa, unless
explicitly stated otherwise or clear from the text. Grammatical conjunctions are intended to express any and all
disjunctive and conjunctive combinations of conjoined clauses, sentences, words, and the like, unless otherwise

stated or clear from the context.

BRIEF DESCRIPTION OF THE FIGURES
[0052] The present disclosure and the following detailed description of certain embodiments thereof

may be understood by reference to the following figures:

[0053] Fig. 1 depicts an illustrative embodiment of the optical arrangement.

[0054] Fig. 2 depicts an RGB LED projector.

[0055] Fig. 3 depicts the projector in use.

[0056] Fig. 4 depicts an embodiment of the waveguide and correction lens disposed in a frame.
[0057] Fig. 5 depicts a design for a waveguide eyepiece.

[0058] Fig. 6 depicts an embodiment of the eyepiece with a see-through lens.

[0059] Fig. 7 depicts an embodiment of the eyepiece with a see-through lens.

[0060] Fig. 8A-C depicts embodiments of the eyepiece arranged in a flip-up/flip-down configuration.
[0061] Fig. 8D-E depicts embodiments of snap-fit elements of a secondary optic.

[0062] Fig. 8F depicts embodiments of flip-up/flip-down electro-optics modules.

[0063] Fig. 9 depicts an electrochromic layer of the eyepiece.

[0064] Fig. 10 depicts the advantages of the eyepiece in real-time image enhancement, keystone

correction, and virtual perspective correction.

[0065] Fig. 11 depicts a plot of responsivity versus wavelength for three substrates.
[0066] Fig. 12 illustrates the performance of the black silicon sensor.
[0067] Fig. 13A depicts an incumbent night vision system, Fig. 13B depicts the night vision system

of the present disclosure, and Fig. 13C illustrates the difference in responsivity between the two.

[0068] Fig. 14 depicts a tactile interface of the eyepiece.

[0069] Fig. 14A depicts motions in an embodiment of the eyepiece featuring nod control.

[0070] Fig. 15 depicts a ring that controls the eyepiece.

[0071] Fig. 15AA depicts a ring that controls the eyepiece with an integrated camera, where in an

embodiment may allow the user to provide a video image of themselves as part of a videoconference.

[0072] Fig. 15A depicts hand mounted sensors in an embodiment of a virtual mouse.
[0073] Fig. 15B depicts a facial actuation sensor as mounted on the eyepiece.

[0074] Fig. 15C depicts a hand pointing control of the eyepiece.

[0075] Fig. 15D depicts a hand pointing control of the eyepiece.

[0076] Fig. 15E depicts an example of eye tracking control.

[0077] Fig. 15F depicts a hand positioning control of the eyepiece.

[0078] Fig. 16 depicts a location-based application mode of the eyepiece.
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[0079] Fig. 17 shows the difference in image quality between A) a flexible platform of uncooled
CMOS image sensors capable of VIS/NIR/SWIR imaging and B) an image intensified night vision system

[0080] Fig. 18 depicts an augmented reality-enabled custom billboard.

[0081] Fig. 19 depicts an augmented reality-enabled custom advertisement.

[0082] Fig. 20 an augmented reality-enabled custom artwork.

[0083] Fig. 20A depicts a method for posting messages to be transmitted when a viewer reaches a

certain location.

[0084] Fig. 21 depicts an alternative arrangement of the eyepiece optics and electronics.

[0085] Fig. 22 depicts an alternative arrangement of the eyepiece optics and electronics.

[0086] Fig. 22 A depicts the eyepiece with an example of eyeglow.

[0087] Fig. 22B depicts a cross-section of the eyepiece with a light control element for reducing
eyeglow.

[0088] Fig. 23 depicts an alternative arrangement of the eyepiece optics and electronics.

[0089] Fig. 24 depicts a lock position of a virtual keyboard.

[0090] Fig. 24A depicts an embodiment of a virtually projected image on a part of the human body.

[0091] Fig. 25 depicts a detailed view of the projector.

[0092] Fig. 26 depicts a detailed view of the RGB LED module.

[0093] Fig. 27 depicts a gaming network.

[0094] Fig. 28 depicts a method for gaming using augmented reality glasses.

[0095] Fig. 29 depicts an exemplary electronic circuit diagram for an augmented reality eyepiece.

[0096] Fig. 29A depicts a control circuit for eye-tracking control of an external device.

[0097] Fig. 29B depicts a communication network among users of augmented reality eyepieces.

[0098] Fig. 30 depicts partial image removal by the eyepiece.

[0099] Fig. 31 depicts a flowchart for a method of identifying a person based on speech of the person

as captured by microphones of the augmented reality device.
[00100] Fig. 32 depicts a typical camera for use in video calling or conferencing.
[00101] Fig. 33 illustrates an embodiment of a block diagram of a video calling camera.
[00102] Fig. 34 depicts embodiments of the eyepiece for optical or digital stabilization.
[00103] Fig. 35 depicts an embodiment of a classic cassegrain configuration.
[00104] Fig. 36 depicts the configuration of the micro-cassegrain telescoping folded optic camera.
[00105] Fig. 37 depicts a swipe process with a virtual keyboard.
[00106] Fig. 38 depicts a target marker process for a virtual keyboard.

[00107] Fig. 38A depicts an embodiment of a visual word translator.

[00108] Fig. 39 illustrates glasses for biometric data capture according to an embodiment.

[00109] Fig. 40 illustrates iris recognition using the biometric data capture glasses according to an
embodiment.

[00110] Fig. 41 depicts face and iris recognition according to an embodiment.

[00111] Fig. 42 illustrates use of dual omni-microphones according to an embodiment.

[00112] Fig. 43 depicts the directionality improvements with multiple microphones.

[00113] Fig. 44 shows the use of adaptive arrays to steer the audio capture facility according to an
embodiment.

[00114] Fig. 45 shows the mosaic finger and palm enrollment system according to an embodiment.
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Fig. 46 illustrates the traditional optical approach used by other finger and palm print systems.

Fig. 47 shows the approach used by the mosaic sensor according to an embodiment.
Fig. 48 depicts the device layout of the mosaic sensor according to an embodiment.

Fig. 49 illustrates the camera field of view and number of cameras used in a mosaic sensor

according to another embodiment.

[00119]
[00120]

Fig. 50 shows the bio-phone and tactical computer according to an embodiment.

Fig. 51 shows the use of the bio-phone and tactical computer in capturing latent fingerprints

and palm prints according to an embodiment.

[00121]
[00122]

Fig. 52 illustrates a typical DOMEX collection.

Fig. 53 shows the relationship between the biometric images captured using the bio-phone and

tactical computer and a biometric watch list according to an embodiment.

[00123]

[00124]

[00125]
to an embodiment.

[00126]

Fig. 54 illustrates a pocket bio-kit according to an embodiment.
Fig. 55 shows the components of the pocket bio-kit according to an embodiment.

Fig. 56 depicts the fingerprint, palm print, geo-location and POI enrollment device according

Fig. 57 shows a system for multi-modal biometric collection, identification, geo-location, and

POI enrollment according to an embodiment.

[00127]

Fig. 58 illustrates a fingerprint, palm print, geo-location, and POI enrollment forearm

wearable device according to an embodiment.

[00128]
[00129]
embodiment.
[00130]
embodiment.
[00131]
[00132]

Fig. 59 shows a mobile folding biometric enrollment kit according to an embodiment.

Fig. 60 is a high level system diagram of a biometric enrollment kit according to an

Fig. 61 is a system diagram of a folding biometric enrollment device according to an

Fig. 62 shows a thin-film finger and palm print sensor according to an embodiment.

Fig. 63 shows a biometric collection device for finger, palm, and enrollment data collection

according to an embodiment.

[00133]

[00134]

[00135]

[00136]
prints.

[00137]
prints.

[00138]

[00139]

Fig. 64 illustrates capture of a two stage palm print according to an embodiment.
Fig. 65 illustrates capture of a fingertip tap according to an embodiment.
Fig. 66 illustrates capture of a slap and roll print according to an embodiment.

Fig. 67 depicts a system for taking contactless fingerprints, palmprints or other biometric

Fig. 68 depicts a process for taking contactless fingerprints, palmprints or other biometric

Fig. 69 depicts an embodiment of a watch controller.

Fig. 70A-D depicts embodiment cases for the eyepiece, including capabilities for charging

and integrated display.

[00140]
[00141]
[00142]
[00143]
[00144]

Fig. 71 depicts an embodiment of a ground stake data system.

Fig. 72 depicts a block diagram of a control mapping system including the eyepiece.
Fig. 73 depicts a biometric flashlight.

Fig. 74 depicts a helmet-mounted version of the eyepiece.

Fig. 75 depicts an embodiment of situational awareness glasses.
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[00145] Fig. 76A depicts an assembled 360° imager and Fig. 76B depicts a cutaway view of the 360°

imager.

[00146] Figure 77 depicts an exploded view of the multi-coincident view camera.

[00147] Figure 78 depicts a flight eye.

[00148] Fig. 79 depicts an exploded top view of the eyepiece.

[00149] Fig. 80 depicts an exploded electro-optic assembly.

[00150] Fig. 81 depicts an exploded view of the shaft of the electro-optic assembly.

[00151] Fig. 82 depicts an embodiment of an optical display system utilizing a planar illumination
facility with a reflective display.

[00152] Fig. 83 depicts a structural embodiment of a planar illumination optical system.

[00153] Fig. 84 depicts an embodiment assembly of a planar illumination facility and a reflective
display with laser speckle suppression components.

[00154] Fig. 85 depicts an embodiment of a planar illumination facility with grooved features for
redirecting light.

[00155] Fig. 86 depicts an embodiment of a planar illumination facility with grooved features and
'anti-grooved' features paired to reduce image aberrations.

[00156] Fig. 87 depicts an embodiment of a planar illumination facility fabricated from a laminate
structure.

[00157] Fig. 88 depicts an embodiment of a planar illumination facility with a wedged optic assembly
for redirecting light.

[00158] Fig. 89 depicts a block diagram of an illumination module, according to an embodiment of the
disclosure.
[00159] Fig. 90 depicts a block diagram of an optical frequency converter, according to an

embodiment of the disclosure.

[00160] Fig. 91 depicts a block diagram of a laser illumination module, according to an embodiment of
the disclosure.

[00161] Fig. 92 depicts a block diagram of a laser illumination system, according to another

embodiment of the disclosure.

[00162] Fig. 93 depicts a block diagram of an imaging system, according to an embodiment of the
disclosure.
[00163] Fig. 94A & B depict a lens with a photochromic element and a heater element in a top down

and side view, respectively.
[00164] Fig. 95 depicts an embodiment of an LCoS front light design.
[00165] Fig. 96 depicts optically bonded prisms with a polarizer.
[00166] Fig. 97 depicts optically bonded prisms with a polarizer.
[00167] Fig. 98 depicts multiple embodiments of an LCoS front light design.
[00168] Fig. 99 depicts a wedge plus OBS overlaid on an LCoS.
[00169] Fig. 100 depicts two versions of a wedge.
[00170] Fig. 101 depicts a curved PBS film over the LCoS chip.
[00171] Fig. 102A depicts an embodiment of an optical assembly.
[00172] Fig. 102B depicts an embodiment of an optical assembly with an in-line camera.

[00173] Fig. 103 depicts an embodiment of an image source.
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[00174] Fig. 104 depicts an embodiment of an image source.

[00175] Fig. 105 depicts embodiments of image sources.

[00176] Fig. 106 depicts a top-level block diagram showing software application facilities and markets
in conjunction with functional and control aspects of the eyepiece in an embodiment of the present disclosure.

[00177] Fig. 107 depicts a functional block diagram of the eyepiece application development
environment in an embodiment of the present disclosure.

[00178] Fig. 108 depicts a platform elements development stack in relation to software applications for
the eyepiece in an embodiment of the present disclosure.

[00179] FIG. 109 is an illustration of a head mounted display with see-through capability according to
an embodiment of the present disclosure.

[00180] FIG. 110 is an illustration of a view of an unlabeled scene as viewed through the head
mounted display depicted in FIG. 109.

[00181] FIG. 111 is an illustration of a view of the scene of FIG. 110 with 2D overlaid labels.

[00182] FIG. 112 is an illustration of 3D labels of FIG. 111 as displayed to the viewer’s left eye.

[00183] FIG. 113 is an illustration of 3D labels of FIG. 111 as displayed to the viewer’s right eye.

[00184] FIG. 114 is an illustration of the left and right 3D labels of FIG. 111 overlaid on one another
to show the disparity.

[00185] FIG. 115 is an illustration of the view of a scene of FIG. 110 with the 3D labels.

[00186] FIG. 116 is an illustration of sterco images captured of the scene of FIG. 110.

[00187] FIG. 117 is an illustration of the overlaid left and right stereo images of FIG. 116 showing the
disparity between the images.

[00188] FIG. 118 is an illustration of the scene of FIG. 110 showing the overlaid 3D labels.

[00189] FIG. 119 is a flowchart for a depth cue method embodiment of the present disclosure for
providing 3D labels.

[00190] FIG. 120 is a flowchart for another depth cue method embodiment of the present disclosure
for providing 3D labels.

[00191] FIG. 121 is a flowchart for yet another depth cue method embodiment of the present
disclosure for providing 3D labels.

[00192] FIG. 122 is a flowchart for a still another depth cue method embodiment of the present
disclosure for providing 3D labels.

[00193] FIG. 123 A depicts a processor for providing display sequential frames for image display
through a display component.

[00194] FIG. 123B depicts a display interface configured to eliminate the display driver.

[00195] FIG. 124 is a schematic drawing of a prior art waveguide with multiple partial reflectors;

[00196] FIG. 125 is a schematic drawing of a waveguide with multiple electrically switchable mirrors
in a first position;

[00197] FIG. 125A is an illustration of a waveguide assembly with electrical connections;

[00198] FIG. 126 is a schematic drawing of a waveguide with multiple electrically switchable mirrors
in a second position;

[00199] FIG. 127 is a schematic drawing of a waveguide with multiple electrically switchable mirrors

in a third position;
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[00200] FIG. 128 is a schematic dlrawing1 :(;)f a waveguide with multiple mechanically switchable
mirrors in a first position;

[00201] FIG. 128A is a schematic drawing of a waveguide assembly with microactuators and
associated hardware;

[00202] FIG. 129 is a schematic drawing of a waveguide with multiple mechanically switchable
mirrors in a second position;

[00203] FIG. 130 is a schematic drawing of a waveguide with multiple mechanically switchable

mirrors in a third position;

[00204] FIG. 131A and FIG. 131B are illustrations of a waveguide display with switchable mirrors on
the face of a user; and

[00205] FIG. 132A — 132C are illustrations of the display area provided for users with different eye
spacings.

[00206] FIG. 133 is a schematic drawing of a reflective image source with an edge light source and a
frontlight that shows the rays of light passing through;

[00207] FIG. 134 is a schematic drawing of a prior art frontlight which includes grooves;

[00208] FIG. 135 is a schematic drawing of a prior art frontlight which includes a planar polarizing
beam splitter and the curved reflector in a solid block;

[00209] FIG. 136 is a schematic drawing of an embodiment of the present disclosure with a single
edge light and a curved wire grid polarizer film;

[00210] FIG. 137 is a schematic drawing of an embodiment of the present disclosure with two edge
lights and a curved wire grid polarizer film;

[00211] FIG. 138 is a schematic drawing of a side frame to hold the flexible wire grid polarizer film in
the desired curved shape; and

[00212] FIG. 139 is a flowchart of the method of the disclosure.

[00213] FIG. 140 is a schematic drawing of a near eye imaging system with a beam splitter;

[00214] FIG. 141 is a schematic drawing of an optics module for a near eye imaging system;

[00215] FIG. 142 is an illustration of a pellicle style optical plate;

[00216] FIG. 143 is an illustration of an insert molded module housing with an embedded optical
plate;

[00217] FIG. 144 is an illustration of compression molding of a laminate style optical plate; and

[00218] FIG. 145A-C is an illustration of the application of an optical film within a molded module
housing.

[00219] FIG. 146 depicts a schematic front perspective view of an AR eyepiece (without its temple
pieces) according to an embodiment of the present disclosure.

[00220] FIG. 147 depicts a schematic rear perspective view of the AR eyepiece of FIG. 146.

[00221] FIG. 148 depicts a schematic rear perspective partial view of the wearer’s right side of the AR
eyepiece of FIG. 146.

[00222] FIG. 149 depicts a schematic rear perspective partial view of the wearer’s right side of the AR
eyepiece of FIG. 146.

[00223] FIG. 150 depicts a schematic perspective view of components of the AR eyepiece shown in

FIG. 146 for supporting one of the projection screens.
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[00224] FIG. 151 depicts a schematic perspective view of the adjustment platform of the AR eyepiece

shown in FIG. 146.

[00225] FIG. 152 depicts a schematic perspective view of a component of the lateral adjustment
mechanism of the AR eyepiece shown in FIG. 146.

[00226] FIG. 153 depicts a schematic perspective view of a component of the tilt adjustment
mechanism of the AR eyepiece shown in FIG. 146.

[00227] FIG. 154 is a chart showing the dark adaptation curve for a human eye.

[00228] FIG. 155 is a chart showing the effect of progressively decreasing the illuminance on the dark
adaptation curve for the human eye.

[00229] FIG. 156 is an illustration of a head mounted display with see-through capabilities.

[00230] FIG. 157 is a graph showing a relationship between display brightness and time when entering
a dark environment.

[00231] FIG. 158 is a flow chart for a method of dark adaptation.

[00232] Fig. 159 depicts a virtual keyboard presented in a user’s field of view.

[00233] FIG. 160 depicts an example of a display system with an optically flat reflective surface.

[00234] FIG. 161 shows an illustration of a near eye display module.

[00235] FIG. 162 shows an illustration of the optics associated with a type of head mounted display.

[00230] FIG. 163 shows an illustration in which baffles are added inside the housing between the
illumination beam splitter and the lens.

[00237] FIG. 164 shows an illustration of another embodiment of the disclosure in which baffles are
added at the entering surface of the lens.

[00238] FIG. 165 shows an illustration of another embodiment of the disclosure in which baffles are
added at the output of the lens.

[00239] FIG. 166 shows an illustration of another embodiment of the disclosure in which a baffle is
attached to the housing between the lens and the imaging beam splitter.

[00240] FIG. 167 shows an illustration of a further embodiment of the disclosure in which absorbing
coatings are applied to the sidewalls of the housing.

[00241] FIG. 168 shows an illustration of another source of stray light in a head mounted display
wherein the stray light comes directly from the edge of the light source.

[00242] Fig. 169 depicts stray light reflecting off of any reflective surface in the housing or the edge of
the lens.

[00243] FIG. 170 shows an illustration of a yet further embodiment of the disclosure in which a baftle
is provided adjacent to the light source.

[00244] FIG. 171 depicts an absorbing coating with ridges can be used wherein a series of small ridges
or steps act as a series of baffles to block or clip edge rays over the entire sidewall area of the housing.

[00245] FIG. 172 shows a further embodiment of a tape or sheet which includes a carrier sheet and
ridges that can be used to block reflected light.

[00246] Fig. 173 depicts an exploded view of an embodiment of the glasses.

[00247] Fig. 174 depicts a wiring design and wire guide of the glasses.

[00248] Fig. 175 depicts an enlarged version of the wiring design and wire guide of the glasses.

[00249] Fig. 176A shows a cutaway view of the wiring design and wire guide of the glasses.

[00250] Fig. 176B shows a cutaway view of the wiring design and wire guide of the glasses.
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[00251] Fig. 176C shows an intact version of the wiring design and wire guide of the glasses.

[00252] Fig. 177 depicts a U-shaped accessory for securing the glasses.

[00253] Fig. 178 depicts an embodiment of a cable-tensioned system for securing the glasses to a
user’s head.

[00254] Fig. 179 A and Fig. 179 B depicts an embodiment of a cable-tensioned system for securing the

glasses to a user’s head in a bent configuration.

[00255] Fig. 180 depicts an embodiment of a cable-tensioned system for securing the glasses to a
user’s head.

[00256] Fig. 181 depicts an embodiment of a system for securing the glasses to a user’s head.

[00257] Fig. 182 depicts an embodiment of a system for securing the glasses to a user’s head.

[00258] Fig. 183 depicts an embodiment of a system for securing the glasses to a user’s head.

[00259] Fig. 184 depicts an embodiment of a system for securing the glasses to a user’s head.

[00260] Fig. 185A depicts an embodiment of the optical train.

[00261] Fig. 185B depicts sample ray traces for light in an embodiment of the optical train.

[00262] Fig. 186 depicts an embodiment of an LCoS plus ASIC package.

[00263] FIG. 187 is a schematic illustration of a prior art frontlight using a single light source and a
beam splitter cube;

[00264] FIG. 188 is a schematic illustration of a prior art frontlight using a single light source and a
reflective beam splitter layer;

[00265] FIG. 189 is a schematic illustration of a frontlight using a single light source wherein a flat
reflective beam splitter layer is positioned at a reduced angle;

[00266] FIG. 190 is a schematic illustration of a frontlight using a single light source wherein the
reflective beam splitter layer is curved;

[00267] FIG. 191 is a schematic illustration of a frontlight using dual light sources wherein a folded
reflective beam splitter film with flat surfaces is positioned in a transparent solid,

[00268] FIG. 192 is a schematic illustration of a frontlight using a dual light sources wherein a folded
free standing reflective beam splitter film with flat surfaces is used;

[00269] FIG. 193 is a schematic illustration of a frontlight using a dual light sources wherein a folded
free standing reflective beam splitter film with curved surfaces is used;

[00270] FIG. 194 is a schematic illustration of a frontlight using a dual light sources wherein a folded
reflective beam splitter film with curved surfaces is positioned in a transparent solid,

[00271] FIG. 195 is a schematic illustration of a frontlight using a single light source with an opposing
mirror and a quarter wave film to recycle a portion of the polarized light wherein a folded reflective beam splitter
film with flat surfaces is provided in a transparent solid;

[00272] FIG. 196 is a schematic illustration of a frontlight using a single light source with an opposing
mirror and a quarter wave film to recycle a portion of the polarized light wherein a free standing folded reflective
polarizer beam splitter film with flat surfaces is provided,

[00273] FIG. 197 is a schematic illustration of a frontlight using a single light source with an opposing
mirror and a quarter wave film to recycle a portion of the polarized light wherein a free standing folded reflective
polarizer beam splitter film with curved surfaces is provided;

[00274] FIG. 198 is a schematic illustration of a method for making a frontlight such as that shown in

FIG. 197 but with the folded reflective beam splitter film with flat surfaces positioned in a transparent solid wherein
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top and bottom film holders are used to shape and position the reflective beam splitter film is provided and portions

of the polarized light are recycled,

[00275] FIG. 199 is a schematic illustration of a frontlight for use with dual light sources and recycled
portions of polarized light made using the method illustrated in FIG. 198;

[00276] FIG. 200 is a schematic illustration of a folded free standing reflective beam splitter film that
is supported on the edges in a first step of a method for casting a solid frontlight;

[00277] FIG. 201 is a schematic illustration showing the holes for injecting the transparent casting

material and venting the air in a method for casting a solid frontlight;

[00278] FIG. 202 is a schematic illustration showing the casting of the upper portion of the cast solid
frontlight;
[00279] FIG. 203 is a schematic illustration showing the use of a flat transparent sheet to flatten the top

of the cast solid frontlight;

[00280] Fig. 204 is a flow chart of a method for making a solid frontlight by assembly;

[00281] FIG. 205 is a flow chart of a method for making a solid frontlight by casting; and

[00282] FIG. 206 is a flow chart of a method for making a solid film holder using a multi-step molding
process.

[00283] Fig. 207 depicts an embodiment of a near field communications watch.

[00284] Fig. 208 depicts an embodiment of a near field communications watch interfacing with a near
field communications enabled point of service device.

[00285] Fig. 209 depicts an embodiment of a near field communications watch interfacing with a near

field communications enabled point of service device and with a user’s smart phone.

DETAILED DESCRIPTION

[00286] The present disclosure relates to eyepiece electro-optics. The eyepiece may include projection
optics suitable to project an image onto a see-through or translucent lens, enabling the wearer of the eyepiece to view
the surrounding environment as well as the displayed image. The projection optics, also known as a projector, may
include an RGB LED module that uses field sequential color. With field sequential color, a single full color image
may be broken down into color fields based on the primary colors of red, green, and blue and imaged by an LCoS
(liquid crystal on silicon) optical display 210 individually. As each color field is imaged by the optical display 210,
the corresponding LED color is turned on. When these color fields are displayed in rapid sequence, a full color
image may be seen. With field sequential color illumination, the resulting projected image in the eyepiece can be
adjusted for any chromatic aberrations by shifting the red image relative to the blue and/or green image and so on.
The image may thereafter be reflected into a two surface freeform waveguide where the image light engages in total
internal reflections (TIR) until reaching the active viewing area of the lens where the user sees the image. A
processor, which may include a memory and an operating system, may control the LED light source and the optical
display. The projector may also include or be optically coupled to a display coupling lens, a condenser lens, a
polarizing beam splitter, and a field lens.

[00287] Referring to Figs. 123A and 123B, a processor 12302 (e.g. a digital signal processor) may
provide display sequential frames 12324 for image display through a display component 12328 (e.g. an LCOS
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display component) of the eyepiece 100. In embodiments, the sequential frames 12324 may be produced with or

without a display driver 12312 as an intermediate component between the processor 12302 and the display
component 12328, For example, and referring to Fig. 123A, the processor 12302 may include a frame buffer 12304
and a display interface 12308 (e.g. a mobile industry processor interface (MIPI), with a display serial interface
(DSI)). The display interface 12308 may provide per-pixel RGB data 12310 to the display driver 12312 as an
intermediate component between the processor 12302 and the display component 12328, where the display driver
12312 accepts the per-pixel RGB data 12310 and generates individual full frame display data for red 12318, green
12320, and blue 12322, thus providing the display sequential frames 12324 to the display component 12328. In
addition, the display driver 12312 may provide timing signals, such as to synchronize the delivery of the full frames
12318 12320 12322 as display sequential frames 12324 to the display component 12328. In another example, and
referring to Fig. 123B, the display interface 12330 may be configured to eliminate the display driver 12312 by
providing full frame display data for red 12334, green 12338, and blue 12340 directly to the display component
12328 as display sequential frames 12324. In addition, timing signals 12332 may be provided directly from the
display interface 12330 to the display components. This configuration may provide significantly lower power
consumption by removing the need for a display driver. Not only may this direct panel information remove the need
for a driver, but also may simplify the overall logic of the configuration, and remove redundant memory required to
reform panel information from pixels, to generate pixel information from frame, and the like.

[00288] Referring to Fig. 186, in embodiments, to improve yield of the LCoS + ASIC package 18600,
the ASIC may be mounted onto a flexible printed circuit (FPC) 18604 with a stiffener on the topside. The topside
stiffener does not add thickness to the overall package if it is as tall as the ASIC. The FPC can connect to a standard
LCoS package, such as LCoS on fiberglass reinforced epoxy laminates (FR4) 18608 via a connector 18602, such as
a zero insertion force (ZIF) connection or Board to Board connector for a higher pin count. A pressure sensitive
adhesive may be used to bond the ASIC, stiffener(s) and LCoS to the FPC.

[00289] Referring to Fig. 1, an illustrative embodiment of the augmented reality eyepiece 100 may be
depicted. It will be understood that embodiments of the eyepiece 100 may not include all of the elements depicted in
Fig. 1 while other embodiments may include additional or different elements. In embodiments, the optical elements
may be embedded in the arm portions 122 of the frame 102 of the eyepiece. Images may be projected with a
projector 108 onto at least one lens 104 disposed in an opening of the frame 102. One or more projectors 108, such
as a nanoprojector, picoprojector, microprojector, femtoprojector, LASER-based projector, holographic projector,
and the like may be disposed in an arm portion of the eyepiece frame 102. In embodiments, both lenses 104 are see-
through or translucent while in other embodiments only one lens 104 is translucent while the other is opaque or
missing. In embodiments, more than one projector 108 may be included in the eyepiece 100.

[00290] In embodiments such as the one depicted in Fig. 1, the eyepiece 100 may also include at least
one articulating ear bud 120, a radio transceiver 118 and a heat sink 114 to absorb heat from the LED light engine, to
keep it cool and to allow it to operate at full brightness. There are also one or more TI OMAP4 (open multimedia
applications processors) 112, and a flex cable with RF antenna 110, all of which will be further described herein.

[00291] In an embodiment and referring to Fig. 2, the projector 200 may be an RGB projector.  The
projector 200 may include a housing 202, a heatsink 204 and an RGB LED engine or module 206. The RGB LED
engine 206 may include LEDs, dichroics, concentrators, and the like. A digital signal processor (DSP) (not shown)
may convert the images or video stream into control signals, such as voltage drops / current modifications, pulse
width modulation (PWM) signals, and the like to control the intensity, duration, and mixing of the LED light. For

example, the DSP may control the duty cycle of each PWM signal to control the average current flowing through
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each LED generating a plurality of colors. A still image co-processor of the eyepiece may employ noise-filtering,

image / video stabilization, and face detection, and be able to make image enhancements. An audio back-end
processor of the eyepiece may employ buffering, SRC, equalization and the like.

[00292] The projector 200 may include an optical display 210, such as an LCoS display, and a number
of components as shown. In embodiments, the projector 200 may be designed with a single panel LCoS display 210;
however, a three panel display may be possible as well. In the single panel embodiment, the display 210 is
illuminated with red, blue, and green sequentially (aka field sequential color). In other embodiments, the projector
200 may make use of alternative optical display technologies, such as a back-lit liquid crystal display (LCD), a front-
lit LCD, a transflective LCD, an organic light emitting diode (OLED), a field emission display (FED), a ferroelectric
LCoS (FLCOS), liquid crystal technologies mounted on Sapphire, transparent liquid-crystal micro-displays,
quantum-dot displays, and the like.

[00293] In various embodiments, the display may be a 3D display, LCD, thin film transistor LCD,
LED, LCOS, ferroelectric liquid crystal on silicon display, CMOS display, OLED, QLED, OLED arrays that have
CMOS style pixels sensors at the junctions between the OED pixels, transmissive LCoS display, CRT display, VGA
display, SXGA display, QVGA display, display with video based gaze tracker, display with exit pupil expanding
technology, Asahi film display, a free form optics display, an XY polynomial combiner display, a light guide
transfer display, an Amoled display, and the like. In embodiments, the display may be a holographic display that
allows the eyepiece to display an image from the image source as a hologram. In embodiments, the display may be a
liquid crystal reflective micro-display. Such a display may contain polarization optics and may improve brightness as
compared to certain OLED micro displays. In embodiments, the display may be a free form prism display. Free form
prism displays may achieve 3D stereo imaging capability. In embodiments, the display may be similar or the same as
those displays described by Cannon and/or Olympus in patent nos. 6,384,983 and 6,181,475 respectively. In yet
other embodiments, the display may contain a video based gaze tracker. In embodiments, a light beam of an infrared
light source may be divided and expanded inside an exit pupil expander (EPE) to produce collimated beams from the
EPE toward the eyes. A Miniature video camera may image the cornea and eye gaze direction may be calculated by
locating the pupil and the glints of the infrared beams. After user calibration, the data from the gaze tracker may
reflect the user focus point in the displayed image which may be used as an input device. Such a device may be
similar to that provided by Nokia Research Center of Tampere, Finland. Further, in embodiments, the display may
contain an exit pupil expander which enlarges the exit pupil and transfers the image to a new position. Therefore
only a thin transparent plate may need to be placed in front of the user’s eyes and the image source may be placed
elsewhere. In yet other embodiments, the display may be an off axis optics display. In embodiments, such a display
may not be coincident with the mechanical center of the aperture. This may avoid obstruction of the primary aperture
by secondary optical elements, instrument packages and/or sensors and may provide access to instrument packages
and/ or sensors at the focus. For example, the active-maxtrix organic light-emitting diode (Amoled) display may use
a pixel design, called PenTile, from Nouvoyance which lets more light through in a couple of ways. First, the red,
blue, and green subpixels are larger than those in traditional displays. Second, one out of every four subpixels is
clear. This means the backlight can use less power and shine brighter. Fewer subpixels would usually mean a lower
resolution, but the PenTile display uses individual sub-pixels to trick the eye into perceiving the same resolution
while using about one-third as many subpixels as an RGB stripe panel. The PenTile display also uses image
processing algorithms to determine the brightness of a scene, automatically dimming the backlight for darker

images.
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[00294] To overcome the limitations of the prior art previously described, the disclosure provides an

integral array of switchable mirrors in a waveguide that can be used sequentially to provide a progressive scan of
portions of the image across the display field of view. By rapidly switching the mirrors from reflective to
transmissive in a sequential manner, the image can be provided to the user without perceptible flicker. Since each
switchable mirror is in the transmissive state more than the reflective state, the array of switchable mirrors appears to
be transparent to the user while also presenting the displayed image to the user.

[00295] Presentation of light from an image source by a waveguide is well known to those skilled in
the art and as such will not be discussed herein. Exemplary discussions of waveguides and the transport of light
from an image source to a display area are provided in United States Patents 5076664 and 6829095. The present
disclosure includes methods and apparatus for redirecting image light in a waveguide to provide an image to a user
where the image light in the waveguide has been provided from an image source.

[00296] FIG. 125 shows a waveguide display device 12500 with an integral array of switchable
mirrors 12508a-12508¢ that redirect the light from the image source 12502 that is transported through the waveguide
12510 to provide image light 12504 to the user. Three switchable mirrors 12508a-12508¢, are shown but the array
can include a different number of switchable mirrors in the disclosure. The switchable mirrors shown in FIG. 125
are electrically switchable mirrors including liquid crystal switchable mirrors. Cover glasses 12512 are provided to
contain the liquid crystal material in the thin layers which are shown as switchable mirrors 12508a-12508¢. FIG. 125
further shows power wires 12514 and 12518.

[00297] The waveguide 12510 and the integral array of switchable mirrors 12508a-12508¢, can be
made from plastic or glass material so long as it is suitably flat. Thickness uniformity is not as important as in most
liquid crystal devices since the switchable mirror has high reflectivity. Construction of a switchable liquid crystal
mirror is described in United States Patent 6999649.

[00298] FIGS. 126 and 127 show the sequential aspect of the disclosure in that only one of the
switchable mirrors in the array is in the reflective state at a time, the other switchable mitrors in the array are then in
the transmissive state. FIG. 124 shows the first switchable mirror 12508a in the reflective state thereby redirecting
the light from the image source 12502 to become image light 12504 that presents a portion of the image to the user.
The other switchable mirrors 12508b and 12508¢ are in the transmissive state. Fig. 124 further shows waveguide
12410.

[00299] In FIG. 126, switchable mirrors 12508a and 12508¢ are in the transmissive while switchable
mirror 12508b is in the reflective state. This condition provides image light 12600 with its associated portion of the
image to the user. Finally in FIG. 127, switchable mirrors 12508a and 12508b are in the transmissive state while
switchable mirror 12508¢ is in the reflective state. This last condition provides image light 12700 with its associated
portion of the image to the user. Following this last condition, the sequence is repeated as shown in FIG. 124,
followed by that shown in FIG. 125 and then as shown in FIG. 126 to provide a progressive scan of the image. The
sequence is repeated continuously while the user is viewing displayed images. Thus, all of the light from the image
source 12502 is redirected by a single switchable mirror at any given time in the sequence. The image source can
operate continuously while the switchable mirrors provide a progressive scan of the image light 12504 across the
field of view. If the image light is perceived to be brighter or there is a different color balance for different
switchable mirrors, the image source can be adjusted to compensate and the brightness or color balance of the image
source can be modulated to synchronize with the switching sequence of the array of switchable mirrors. In another
embodiment of the disclosure, the order of switching of the switchable mirrors can be changed to provide an

interlaced image to the user such as 1, 3, 2, 4 in a repeating fashion for an array of four switchable mirrors.
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[00300] FIG. 128 shows another embodiment of the disclosure in which an integral array of
mechanically driven switchable mirrors is provided. In this case, the switchable mirrors in the waveguide display
device 12800 comprise prisms 12804a — 12804c¢ that are moved to alternately provide an air gap or an optical contact
with surfaces 12810a-12810c¢ respectively. As shown in FIG. 128, prism 12804a has been moved downward to
provide an air gap so that surface 12810a is a reflective surface that operates by total internal reflection. At the same
time, prisms 12804b and 12804c¢ are forced upwards to provide optical contact at surfaces 12810b and 12810c¢
respectively so that surfaces 12810b and 12810c¢ are transmissive. This condition redirects the light from the image
source 12502 to become image light 12802 which presents a portion of the image to the user. In this embodiment,
the switchable mirror moves from optical contact where the transmission is nearly 100% to total internal reflection
where the reflectivity is nearly 100%. FIG. 128 also shows power wires 12812, mount and common ground
connection 12814, and microactuators 12818a-c.

[00301] FIGS. 129 and 130 show other conditions in the sequence for the mechanically driven
switchable mirrors in the switchable mirror array. In FIG. 129, prisms 12804a and 12804c¢ are forced upwards to
provide optical contact with surfaces 12810a and 12810c¢ respectively thereby providing a transmissive state for the
light from the image source 12502. At the same time prism 12804b is moved downward to create an air gap at
surface 12810b so that the light from the image source 12502 is redirected to become image light 12900 that presents
an associated portion of the image to the user. In the final step of the sequence shown in FIG. 130, prisms 12804a
and 12804b are forced upwards to provide optical contact at surfaces 12810a and 12810b respectively so that the
light from the image source passes through to surface 12810¢. Prism 12804c is moved downwards to provide an air
gap at surface 12810c¢ so that surface 12810¢ becomes a reflecting surface with total internal reflection and the light
from the image source 12502 is redirected to become image light 13000 with its associated portion of the image.

[00302] In the previous discussion, the conditions for total internal reflection are based on the optical
properties of the material of the waveguide 12808 and the air as is well known to those skilled in the art. To obtain a
90 degree reflection as shown in FIGS. 128-130, the refractive index of the waveguide 12808 must be greater than
1.42. To provide for optical contact between the prisms 12804a — 12804 ¢ and surfaces 12810a -12810c¢ respectively,
the surfaces of the prisms 12804a-12804¢ must match those of the surfaces 12810a-12810¢ within 1.0 micron.
Lastly, for the light from the image source 12502 to proceed through the waveguide 12808 and the prisms 12804a —
12804 ¢ without deflecting at interfaces, the refractive index of the prisms 12804a — 12804¢ must be the same as the
refractive index of the waveguide 12808 within approximately 0.1.

[00303] FIGS. 131a and 131b show illustrations of waveguide assemblies 13102 with arrays of
switchable mirrors as included in the disclosure. FIG. 131a shows a side view of the waveguide assembly 13102 on
the user’s head wherein the long axis of the array of switchable mirrors is oriented vertically so that the image light
13100 is directed into the user’s eye. FIG. 131b shows an overhead view of the waveguide assembly 13102 on the
user’s head wherein the short axis of the array of switchable mirrors 13104 can be seen and image light 13100 is
provided to the user’s eye 13110. In FIGS. 131a and 131b, the field of view provided in the image light 13100 can
be clearly seen. In FIG. 131b, the respective portions of the image as provided by different switchable mirrors in the
array can be seen as well. FIG. 131b also shows an embodiment of the waveguide assembly 13102 including the
image source 13108 wherein the image source 13108 has an internal light source to provide light from a miniature
display such as an LCOS display or an LCD display that is then transported by the waveguide to the switchable
mirrors where it is redirected by the switchable mirrors and becomes image light 13100 that is presented to the user’s

eye 13110.
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[00304] To reduce the perception of image flicker by the user as the switchable mirrors are operated to
provide sequential portions of the image to the user, the switchable mirror sequence is preferentially operated at
faster than 60 Hz. In this case, each of the n switchable mirrors in the array is in the reflective state for (1/60) X 1/n
seconds then in the transmissive state for (1/60) X (n-1)/n seconds in each cycle of the sequence. As such, each
switchable mirror is in the transmissive state for a greater portion of each cycle in the sequence than it is in the
reflective state and consequently the user perceives the array of switchable mirrors to be relatively transparent.

[00305] In another embodiment of the disclosure, the integral array of switchable mirrors has more
switchable mirrors than are needed to cover the display area. The extra switchable mirrors are used to provide an
adjustment for different users that have different eye spacings (also known as interpupillary distance). In this case,
the switchable mirrors that are used to present the image to the user are adjacent to one another so that they present a
contiguous image area. The switchable mirrors at the edges of the array are used depending on the eye spacing of
the user. As an example illustrated in FIGs 132A-132C, an array 13200 is provided with seven switchable mirrors
each 3mm wide. During use, five adjacent switchable mirrors are used to provide a 15mm wide display arca
(13202a-13202¢) with +/- 3mm of adjustment for eye spacing. In the narrow eye spacing case shown in FIG. 132A,
the five switchable mirrors toward the inner edge are used to display while the two outer switchable mirrors are not
used. In the wide eye spacing case shown in FIG. 132C, the five switchable mirrors toward the outer edge are used
to display while the two inner switchable mirrors are not used. The centered case is shown in FIG. 132B where the
center five switchable mirrors are used and the outer and inner switchable mirrors are not used. Where in this
description, the term “not used” refers to the switchable mirror being held in the transmissive state while the other
switchable mirrors are used in a repeating sequence between the transmissive state and the reflective state.

[00300] Examples

[00307] In a first example, a liquid crystal switchable mirror with a fast response is used as provided
by Kent Optronics Inc., Hopewell Junction, NY (http://www kentoptronics.comy/). The waveguide is made of glass
or plastic and the liquid crystal is contained in spaces between layers so that the liquid crystal is 5 microns thick.
Coverglasses contain the liquid crystal on the outer surfaces. The response time is 10 millisec with reflectivity of
87% in the reflective state and transmission of 87% in the transmissive state. Three switchable mirrors can be driven
in a sequence that operates at 30 Hz. If the switchable mirrors are Smm wide, a 15mm wide display area is provided
which equates to a 38 degree field of view when viewed with the eye 10 mm from the waveguide with an 8 mm wide
eyebox.

[00308] In a second example, a mechanically driven array of prisms is provided made of glass or
plastic with a refractive index of 1.53, the waveguide is made of the same material with a refractive index of 1.53.
The surfaces of the prisms are polished to provide a flatness of less than 1 micron and piezoelectric microactuators
are used to move the prisms approximately 10 microns from the transmissive state to the reflective state. The
waveguide is molded to provide a flatness of less than 1 micron on the mating surfaces to the prisms. Five
switchable mirrors can be driven by the piezoelectric actuators to operate in a sequence at 100 Hz. The piezoelectric
microactuators are obtained from Steiner & Martins Inc., Miami, FL
(http://www.steminc.com/piezo/PZ_STAKPNViewPN.asp?PZ SM_MODEL=SMPAK155510D10) the
microactuators provide a 10 micron movement with over 200 pounds of force in a 5X5X10mm package driven by
150V. An array of 5 prisms that are each Smm wide are used to provide a 25mm wide display area which equates to
a 72 degree field of view when viewed with the eye 10 mm from the waveguide with an 8 mm wide eyebox.

Alternately, only 3 prisms are used at a time to provide a 15mm wide display area (38 degree field of view) with the
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ability to move the display area laterally by +/- 5mm to adjust for different spacing between the eyes for different
users.

[00309] In embodiments, a waveguide display system may comprise an image source that provides
image light from a displayed image, a waveguide to transport the image light to a display area, and an integral array
of switchable mirrors to redirect the image light from the waveguide to the display area where the displayed image
can be viewed by the user. In embodiments, the switchable mirrors may be electrically driven. The switchable
mirrors may be mechanically driven in embodiments. In further embodiments, the microactuators may be used to
mechanically drive the switchable mirrors. Further, the microactuators may be piezoelectric. The switchable mirrors
may be switched between transmissive and reflective states to provide portions of the image light in a progressive
scan across the display area.

[00310] In embodiments, a method of providing a displayed image from a waveguide may comprise
providing image light from an image source to waveguide, providing an integral array of switchable mirrors in the
waveguide over the display area and sequentially operating the switchable mirrors between transmissive and
reflective states to provide portions of the image light in a progressive scan across the display area.

[00311] In yet other embodiments, a waveguide display system with interpupillary adjustment may
comprise an image source that provides image light from a displayed image, a waveguide to transport the image light
to a display area and an internal array of switchable mirrors to redirect the image light from the waveguide to the
display. Further the array of switchable mirrors may have more mirrors than are needed to cover the display area and
the switchable mirrors at the edges of the array may be used to provide a display area that matches the eye spacing of
the user.

[00312] The eyepiece may be powered by any power supply, such as battery power, solar power, line
power, and the like. The power may be integrated in the frame 102 or disposed external to the eyepiece 100 and in
electrical communication with the powered elements of the eyepiece 100. For example, a solar energy collector may
be placed on the frame 102, on a belt clip, and the like. Battery charging may occur using a wall charger, car
charger, on a belt clip, in an eyepiece case, and the like.

[00313] The projector 200 may include the LED light engine 206, which may be mounted on heat sink
204 and holder 208, for ensuring vibration-free mounting for the LED light engine, hollow tapered light tunnel 220,
diffuser 212 and condenser lens 214. Hollow tunnel 220 helps to homogenize the rapidly-varying light from the
RGB LED light engine. In one embodiment, hollow light tunnel 220 includes a silvered coating. The diffuser lens
212 further homogenizes and mixes the light before the light is led to the condenser lens 214. The light leaves the
condenser lens 214 and then enters the polarizing beam splitter (PBS) 218. In the PBS, the LED light is propagated
and split into polarization components before it is refracted to a field lens 216 and the LCoS display 210. The LCoS
display provides the image for the microprojector. The image is then reflected from the LCoS display and back
through the polarizing beam splitter, and then reflected ninety degrees. Thus, the image leaves microprojector 200 in
about the middle of the microprojector. The light then is led to the coupling lens 504, described below.

[00314] Fig. 2 depicts an embodiment of the projector assembly along with other supporting figures as
described herein, but one skilled in the art will appreciate that other configurations and optical technologies may be
employed. For instance, transparent structures, such as with substrates of Sapphire, may be utilized to implement the
optical path of the projector system rather than with reflective optics, thus potentially altering and/or eliminating
optical components, such as the beam splitter, redirecting mirror, and the like. The system may have a backlit
system, where the LED RGB triplet may be the light source directed to pass light through the display. As a result the

back light and the display may be mounted either adjacent to the wave guide, or there may be columnizing/directing
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optics after the display to get the light to properly enter the optic. If there are no directing optics, the display may be

mounted on the top, the side, and the like, of the waveguide. In an example, a small transparent display may be
implemented with a silicon active backplane on a transparent substrate (e.g. sapphire), transparent electrodes
controlled by the silicon active backplane, a liquid crystal material, a polarizer, and the like. The function of the
polarizer may be to correct for depolarization of light passing through the system to improve the contrast of the
display. In another example, the system may utilize a spatial light modulator that imposes some form of spatially-
varying modulation on the light path, such as a micro-channel spatial light modulator where a membrane-mirror light
shutters based on micro-electromechanical systems (MEMS). The system may also utilize other optical components,
such as a tunable optical filter (e.g. with a deformable membrane actuator), a high angular deflection micro-mirror
system, a discrete phase optical element, and the like.

[00315] In other embodiments the eyepiece may utilize OLED displays, quantum-dot displays, and the
like, that provide higher power efficiency, brighter displays, less costly components, and the like. In addition,
display technologies such as OLED and quantum-dot displays may allow for flexible displays, and so allowing
greater packaging efficiency that may reduce the overall size of the eyepiece. For example, OLED and quantum-dot
display materials may be printed through stamping techniques onto plastic substrates, thus creating a flexible display
component. For example, the OLED (organic LED) display may be a flexible, low-power display that does not
require backlighting. It can be curved, as in standard eyeglass lenses. In one embodiment, the OLED display may
be or provide for a transparent display. In embodiments, high modulation transfer functions permit the combination
of resolution levels and device size, e.g., eyeframe thickness, that have been unachievable heretofore.

[00316] Referring to Fig. 82, the eyepiece may utilize a planar illumination facility 8208 in association
with a reflective display 8210, where light source(s) 8202 are coupled 8204 with an edge of the planar illumination
facility 8208, and where the planar side of the planar illumination facility 8208 illuminates the reflective display
8210 that provides imaging of content to be presented to the eye 8222 of the wearer through transfer optics 8212. In
embodiments, the reflective display 8210 may be an LCD, an LCD on silicon (LCoS), cholesteric liquid crystal,
guest-host liquid crystal, polymer dispersed liquid crystal, phase retardation liquid crystal, and the like, or other
liquid crystal technology know in the art. In other embodiments, the reflective display 8210 may be a bi-stable
display, such as electrophoretic, electrofluidic, electrowetting, electrokinetic, cholesteric liquid crystal, and the like,
or any other bi-stable display known to the art. The reflective display 8210 may also be a combination of an LCD
technology and a bi-stable display technology. In embodiments, the coupling 8204 between a light source 8202 and
the ‘edge’ of the planar illumination facility 8208 may be made through other surfaces of the planar illumination
facility 8208 and then directed into the plane of the planar illumination facility 8208, such as initially through the top
surface, bottom surface, an angled surface, and the like. For example, light may enter the planar illumination facility
from the top surface, but into a 45° facet such that the light is bent into the direction of the plane. In an alternate
embodiment, this bending of direction of the light may be implemented with optical coatings.

[00317] In an example, the light source 8202 may be an RGB LED source (e.g. an LED array) coupled
8204 directly to the edge of the planar illumination facility. The light entering the edge of the planar illumination
facility may then be directed to the reflective display for imaging, such as described herein. Light may enter the
reflective display to be imaged, and then redirected back through the planar illumination facility, such as with a
reflecting surface at the backside of the reflective display. Light may then enter the transfer optics 8212 for directing
the image to the eye 8222 of the wearer, such as through a lens 8214, reflected by a beam splitter 8218 to a reflective
surface 8220, back through the beam splitter 8218, and the like, to the eye 8222. Although the transfer optics 8212
have been described in terms of the 8214, 8218, and 8220, it will be appreciated by one skilled in the art that the
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transfer optics 8212 may include any transfer optics configuration known, including more complex or simpler

configurations than describe herein. For instance, with a different focal length in the field lens 8214, the beam
splitter 8218 could bend the image directly towards the eye, thus eliminating the curved mirror 8220, and achieving a
simpler design implementation. In embodiments, the light source 8202 may be an LED light source, a laser light
source, a white light source, and the like, or any other light source known in the art. The light coupling mechanism
8204 may be direct coupling between the light source 8202 and the planar illumination facility 8208, or through
coupling medium or mechanism, such as a waveguide, fiber optic, light pipe, lens, and the like. The planar
illumination facility 8208 may receive and redirect the light to a planar side of its structure through an interference
grating, optical imperfections, scattering features, reflective surfaces, refractive elements, and the like. The planar
illumination facility 8208 may be a cover glass over the reflective display 8210, such as to reduce the combined
thickness of the reflective display 8210 and the planar illumination facility 8208. The planar illumination facility
8208 may further include a diffuser located on the side nearest the transfer optics 8212, to expand the cone angle of
the image light as it passes through the planar illumination facility 8208 to the transfer optics 8212. The transfer
optics 8212 may include a plurality of optical elements, such as lenses, mirrors, beam splitters, and the like, or any
other optical transfer element known to the art.

[00318] Fig. 83 presents an embodiment of an optical system 8302 for the eyepiece 8300, where a
planar illumination facility 8310 and reflective display 8308 mounted on substrate 8304 are shown interfacing
through transfer optics 8212 including an initial diverging lens 8312, a beam splitter 8314, and a spherical mirror
8318, which present the image to the eyebox 8320 where the wearer’s eye receives the image. In an example, the
flat beam splitter 8314 may be a wire-grid polarizer, a metal partially transmitting mirror coating, and the like, and
the spherical reflector 8318 may be a series of dielectric coatings to give a partial mirror on the surface. In another
embodiment, the coating on the spherical mirror 8318 may be a thin metal coating to provide a partially transmitting
mirror.

[00319] In an embodiment of an optics system, Fig. 84 shows a planar illumination facility 8408 as
part of a ferroelectric light-wave circuit (FLC) 8404, including a configuration that utilizes laser light sources 8402
coupling to the planar illumination facility 8408 through a waveguide wavelength converter 8420 8422, where the
planar illumination facility 8408 utilizes a grating technology to present the incoming light from the edge of the
planar illumination facility to the planar surface facing the reflective display 8410. The image light from the
reflective display 8410 is then redirected back though the planar illumination facility 8408 through a hole 8412 in the
supporting structure 8414 to the transfer optics. Because this embodiment utilizes laser light, the FLC also utilizes
optical feedback to reduce speckle from the lasers, by broadening the laser spectrum as described in United States
Patent 7265896. In this embodiment, the laser source 8402 is an IR laser source, where the FLC combines the
beams to RGB, with back reflection that causes the laser light to hop and produce a broadened bandwidth to provide
the speckle suppression. In this embodiment, the speckle suppression occurs in the wave-guides 8420. The laser
light from laser sources 8402 is coupled to the planar illumination facility 8408 through a multi-mode interference
combiner (MMI) 8422. Each laser source port is positioned such that the light traversing the MMI combiner
superimposes on one output port to the planar illumination facility 8408. The grating of the planar illumination
facility 8408 produces uniform illumination for the reflective display. In embodiments, the grating elements may
use a very fine pitch (e.g. interferometric) to produce the illumination to the reflective display, which is reflected
back with very low scatter off the grating as the light passes through the planar illumination facility to the transfer

optics. That is, light comes out aligned such that the grating is nearly fully transparent. Note that the optical
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feedback utilized in this embodiment is due to the use of laser light sources, and when LEDs are utilized, speckle
suppression may not be required because the LEDs are already broadband enough.

[00320] In an embodiment of an optics system utilizing a planar illumination facility 8502 that
includes a configuration with optical imperfections, in this case a ‘grooved’ configuration, is shown in Fig. 85. In
this embodiment, the light source(s) 8202 are coupled 8204 directly to the edge of the planar illumination facility
8502. Light then travels through the planar illumination facility 8502 and encounters small grooves 8504A-D in the
planar illumination facility material, such as grooves in a piece of Poly-methyl methacrylate (PMMA). In
embodiments, the grooves 8504A-D may vary in spacing as they progress away from the input port (e.g. less
‘aggressive’ as they progress from 8504A to 8504D), vary in heights, vary in pitch, and the like. The light is then
redirected by the grooves 8504A-D to the reflective display 8210 as an incoherent array of light sources, producing
fans of rays traveling to the reflective display 8210, where the reflective display 8210 is far enough away from the
grooves 8504A-D to produce illumination patterns from each groove that overlap to provide uniform illumination of
the area of the reflective display 8210. In other embodiments, there may be an optimum spacing for the grooves,
where the number of grooves per pixel on the reflective display 8210 may be increased to make the light more
incoherent (more fill), but where in turn this produces lower contrast in the image provided to the wearer with more
grooves to interfere within the provided image. While this embodiment has been discussed with respect to grooves,
other optical imperfections, such as dots, are also possible.

[00321] In embodiments, and referring to Fig. 86, counter ridges 8604 (or ‘anti-grooves’) may be
applied into the grooves of the planar illumination facility, such as in a ‘snap-on’ ridge assembly 8602. Wherein the
counter ridges 8604 are positioned in the grooves 8504A-D such that there is an air gap between the groove
sidewalls and the counter ridge sidewalls. This air gap provides a defined change in refractive index as perceived by
the light as it travels through the planar illumination facility that promotes a reflection of the light at the groove
sidewall. The application of counter ridges 8604 reduces aberrations and deflections of the image light caused by
the grooves. That is, image light reflected from reflective display 8210 is refracted by the groove sidewall and as
such it changes direction because of Snell’s law. By providing counter ridges in the grooves, where the sidewall
angle of the groove matches the sidewall angle of the counter ridge, the refraction of the image light is compensated
for and the image light is redirected toward the transfer optics 8214.

[00322] In embodiments, and referring to Fig. 87, the planar illumination facility 8702 may be a
laminate structure created out of a plurality of laminating layers 8704 wherein the laminating layers 8704 have
alternating different refractive indices. For instance, the planar illumination facility 8702 may be cut across two
diagonal planes 8708 of the laminated sheet. In this way, the grooved structure shown in Figs. 85 and 86 is replaced
with the laminate structure 8702. For example, the laminating sheet may be made of similar materials (PMMA 1
versus PMMA 2 — where the difference is in the molecular weight of the PMMA). As long as the layers are fairly
thick, there may be no interference effects, and act as a clear sheet of plastic. In the configuration shown, the
diagonal laminations will redirect a small percentage of light source 8202 to the reflective display, where the pitch of
the lamination is selected to minimize aberration.

[00323] In an embodiment of an optics system, Fig. 88 shows a planar illumination facility 8802
utilizing a ‘wedge’ configuration. In this embodiment, the light source(s) are coupled 8204 directly to the edge of
the planar illumination facility 8802. Light then travels through the planar illumination facility 8802 and encounters
the slanted surface of the first wedge 8804, where the light is redirected to the reflective display 8210, and then back
to the illumination facility 8802 and through both the first wedge 8804 and the second wedge 8812 and on to the

transfer optics. In addition, multi-layer coatings 8808 8810 may be applied to the wedges to improve transfer
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properties. In an example, the wedge may be made from PMMA, with dimensions of 1/2mm high — 10mm width,

and spanning the entire reflective display, have 1 to 1.5 degrees angle, and the like. In embodiments, the light may
go through multiple reflections within the wedge 8804 before passing through the wedge 8804 to illuminate the
reflective display 8210. If the wedge 8804 is coated with a highly reflecting coating 8808 and 8810, the ray may
make many reflections inside wedge 8804 before turning around and coming back out to the light source 8202 again.
However, by employing multi-layer coatings 8808 and 8810 on the wedge 8804, such as with Si0O2, Niobium
Pentoxide, and the like, light may be directed to illuminate the reflective display 8210. The coatings 8808 and 8810
may be designed to reflect light at a specified wavelength over a wide range of angles, but transmit light within a
certain range of angles (e.g. theta out angles). In embodiments, the design may allow the light to reflect within the
wedge until it reaches a transmission window for presentation to the reflective display 8210, where the coating is
then configured to enable transmission. The angle of the wedge directs light from an LED lighting system to
uniformly irradiate a reflective image display to produce an image that is reflected through the illumination system.
By providing light from the light source 8202 such that a wide cone angle of light enters the wedge 8804, different
rays of light will reach transmission windows at different locations along the length of the wedge 8804 so that
uniform illumination of the surface of the reflective display 8210 is provided and as a result, the image provided to
the wearer’s eye has uniform brightness as determined by the image content in the image.

[00324] In embodiments, the see-through optics system including a planar illumination facility 8208
and reflective display 8210 as described herein may be applied to any head-worn device known to the art, such as
including the eyepiece as described herein, but also to helmets (e.g. military helmets, pilot helmets, bike helmets,
motorcycle helmets, deep sea helmets, space helmets, and the like) ski goggles, eyewear, water diving masks, dusk
masks, respirators, Hazmat head gear, virtual reality headgear, simulation devices, and the like. In addition, the
optics system and protective covering associated with the head-worn device may incorporate the optics system in a
plurality of ways, including inserting the optics system into the head-worn device in addition to optics and covering
traditionally associated with the head-worn device. For instance, the optics system may be included in a ski goggle
as a separate unit, providing the user with projected content, but where the optics system doesn’t replace any
component of the ski goggle, such as the see-through covering of the ski goggle (e.g. the clear or colored plastic
covering that is exposed to the outside environment, keeping the wind and snow from the user’s eyes).
Alternatively, the optics system may replace, at least in part, certain optics traditionally associated with the head-
worn gear. For instance, certain optical elements of the transfer optics 8212 may replace the outer lens of an
eyewear application. In an example, a beam splitter, lens, or mirror of the transfer optics 8212 could replace the
front lens for an eyewear application (e.g. sunglasses), thus eliminating the need for the front lens of the glasses,
such as if the curved reflection mirror 8220 is extended to cover the glasses, eliminating the need for the cover lens.
In embodiments, the see-through optics system including a planar illumination facility 8208 and reflective display
8210 may be located in the head-worn gear so as to be unobtrusive to the function and aesthetic of the head-worn
gear. For example, in the case of eyewear, or more specifically the eyepiece, the optics system may be located in
proximity with an upper portion of the lens, such as in the upper portion of the frame.

[00325] In embodiments, the optical assembly may be used in configurations such as a head or helmet
mounted display, and/or further may comprise a single lens, binocular, holographic binocular, helmet visor, head
mounted display with mangin mirror, integrated helmet and display sighting system, helmet integrated display sight
system, link advanced head mounted display (AHMD), and multiple micro-display optics. In embodiments, the
optical assembly may include a telescopic lens. Such lens may be spectacle mounted or otherwise. Such an

embodiment may be beneficial to those with visual impairments. In embodiments, Eli Peli’s wide-field Keplerian
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telescope may be built within the spectacle lens. Such design may use embedded mirrors inside of a carrier lens to

fold the optical path and power elements for higher magnification. This may allow the wearer to simultaneously
view the magnified and unmagnified field within the eyeglass format. In embodiments, the optical assembly may be
used in configurations with the Q-Sight helmet mounted display developed by BAE Systems of London, United
Kingdom. Such a configuration may provide heads-up and eyes-out capability delivering situational awareness.
Furthermore, various embodiments may use any of the optical assemblies in the configurations as noted above.

[00326] A planar illumination facility, also known as an illumination module, may provide light in a
plurality of colors including Red-Green-Blue (RGB) light and/or white light. The light from the illumination module
may be directed to a 3LCD system, a Digital Light Processing (DLP®) system, a Liquid Crystal on Silicon (LCoS)
system, or other micro-display or micro-projection systems. The illumination module may use wavelength
combining and nonlinear frequency conversion with nonlinear feedback to the source to provide a source of high-
brightness, long-life, speckle-reduced or speckle-free light. Various embodiments of the disclosure may provide light
in a plurality of colors including Red-Green-Blue (RGB) light and/or white light. The light from the illumination
module may be directed to a 3LCD system, a Digital Light Processing (DLP) system, a Liquid Crystal on Silicon
(LCoS) system, or other micro-display or micro-projection systems. The illumination modules described herein may
be used in the optical assembly for the eyepiece 100.

[00327] One embodiment of the disclosure includes a system comprising a laser, LED or other light
source configured to produce an optical beam at a first wavelength, a planar lightwave circuit coupled to the laser
and configured to guide the optical beam, and a waveguide optical frequency converter coupled to the planar
lightwave circuit, and configured to receive the optical beam at the first wavelength, convert the optical beam at the
first wavelength into an output optical beam at a second wavelength. The system may provide optically coupled
feedback which is nonlinearly dependent on the power of the optical beam at the first wavelength to the laser.

[00328] Another embodiment of the disclosure includes a system comprising a substrate, a light
source, such as a laser diode array or one or more LEDs disposed on the substrate and configured to emit a plurality
of optical beams at a first wavelength, a planar lightwave circuit disposed on the substrate and coupled to the light
source, and configured to combine the plurality of optical beams and produce a combined optical beam at the first
wavelength, and a nonlinear optical element disposed on the substrate and coupled to the planar lightwave circuit,
and configured to convert the combined optical beam at the first wavelength into an optical beam at a second
wavelength using nonlinear frequency conversion. The system may provide optically coupled feedback which is
nonlinearly dependent on a power of the combined optical beam at the first wavelength to the laser diode array.

[00329] Another embodiment of the disclosure includes a system comprising a light source, such as a
semiconductor laser array or one or more LEDs configured to produce a plurality of optical beams at a first
wavelength, an arrayed waveguide grating coupled to the light source and configured to combine the plurality of
optical beams and output a combined optical beam at the first wavelength, a quasi-phase matching wavelength-
converting waveguide coupled to the arrayed waveguide grating and configured to use second harmonic generation
to produce an output optical beam at a second wavelength based on the combined optical beam at the first
wavelength.

[00330] Power may be obtained from within a wavelength conversion device and fed back to the
source. The feedback power has a nonlinear dependence on the input power provided by the source to the
wavelength conversion device. Nonlinear feedback may reduce the sensitivity of the output power from the

wavelength conversion device to variations in the nonlinear coefficients of the device because the feedback power
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increases if a nonlinear coefficient decreases. The increased feedback tends to increase the power supplied to the
wavelength conversion device, thus mitigating the effect of the reduced nonlinear coefficient.

[00331] Referring to Figs. 109A and 109B, a processor 10902 (e.g. a digital signal processor) may
provide display sequential frames 10924 for image display through a display component 10928 (e.g. an LCOS
display component) of the eyepiece 100. In embodiments, the sequential frames 10924 may be produced with or
without a display driver 10912 as an intermediate component between the processor 10902 and the display
component 10928. For example, and referring to Fig. 109A, the processor 10902 may include a frame buffer 10904
and a display interface 10908 (e.g. a mobile industry processor interface (MIPI), with a display serial interface
(DSI)). The display interface 10908 may provide per-pixel RGB data 10910 to the display driver 10912 as an
intermediate component between the processor 10902 and the display component 10928, where the display driver
10912 accepts the per-pixel RGB data 10910 and generates individual full frame display data for red 10918, green
10920, and blue 10922, thus providing the display sequential frames 10924 to the display component 10928. In
addition, the display driver 10912 may provide timing signals, such as to synchronize the delivery of the full frames
10918 10920 10922 as display sequential frames 10924 to the display component 10928. In another example, and
referring to Fig. 109B, the display interface 10930 may be configured to eliminate the display driver 10912 by
providing full frame display data for red 10934, green 10938, and blue 10940 directly to the display component
10928 as display sequential frames 10924. In addition, timing signals 10932 may be provided directly from the
display interface 10930 to the display components. This configuration may provide significantly lower power
consumption by removing the need for a display driver. Not only may this direct panel information remove the need
for a driver, but also may simplify the overall logic of the configuration, and remove redundant memory required to
reform panel information from pixels, to generate pixel information from frame, and the like.

[00332] FIG. 89 is a block diagram of an illumination module, according to an embodiment of the
disclosure. Illumination module 8900 comprises an optical source, a combiner, and an optical frequency converter,
according to an embodiment of the disclosure. An optical source 8902, 8904 emits optical radiation 8910, 8914
toward an input port 8922, 8924 of a combiner 8906. Combiner 8906 has a combiner output port 8926, which emits
combined radiation 8918. Combined radiation 8918 is received by an optical frequency converter 8908, which
provides output optical radiation 8928. Optical frequency converter 8908 may also provide feedback radiation 8920
to combiner output port 8926. Combiner 8906 splits feedback radiation 8920 to provide source feedback radiation
8912 emitted from input port 8922 and source feedback radiation 8916 emitted from input port 8924. Source
feedback radiation 8912 is received by optical source 8902, and source feedback radiation 8916 is received by
optical source 8904. Optical radiation 8910 and source feedback radiation 8912 between optical source 8902 and
combiner 8906 may propagate in any combination of free space and/or guiding structure (e.g., an optical fiber or any
other optical waveguide). Optical radiation 8914, source feedback radiation 8916, combined radiation 8918 and
feedback radiation 8920 may also propagate in any combination of free space and/or guiding structure.

[00333] Suitable optical sources 8902 and 8904 include one or more LEDs or any source of optical
radiation having an emission wavelength that is influenced by optical feedback. Examples of sources include lasers,
and may be semiconductor diode lasers. For example, optical sources 8902 and 8904 may be elements of an array of
semiconductor lasers. Sources other than lasers may also be employed (e.g., an optical frequency converter may be
used as a source). Although two sources are shown on FIG. 89, the disclosure may also be practiced with more than
two sources. Combiner 8906 is shown in general terms as a three port device having ports 8922, 8924, and 8926.
Although ports 8922 and 8924 are referred to as input ports, and port 8926 is referred to as a combiner output port,

these ports may be bidirectional and may both receive and emit optical radiation as indicated above.
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[00334] Combiner 8906 may include a wavelength dispersive element and optical elements to define
the ports. Suitable wavelength dispersive elements include arrayed waveguide gratings, reflective diffraction
gratings, transmissive diffraction gratings, holographic optical elements, assemblies of wavelength-selective filters,
and photonic band-gap structures. Thus, combiner 8906 may be a wavelength combiner, where each of the input
ports has a corresponding, non-overlapping input port wavelength range for efficient coupling to the combiner output
port.

[00335] Various optical processes may occur within optical frequency converter 8908, including but
not limited to harmonic generation, sum frequency generation (SFG), second harmonic generation (SHG), difference
frequency generation, parametric generation, parametric amplification, parametric oscillation, three-wave mixing,
four-wave mixing, stimulated Raman scattering, stimulated Brillouin scattering, stimulated emission, acousto-optic
frequency shifting and/or electro-optic frequency shifting.

[00336] In general, optical frequency converter 8908 accepts optical inputs at an input set of optical
wavelengths and provides an optical output at an output set of optical wavelengths, where the output set differs from
the input set.

[00337] Optical frequency converter 8908 may include nonlinear optical materials such as lithium
niobate, lithium tantalate, potassium titanyl phosphate, potassium niobate, quartz, silica, silicon oxynitride, gallium
arsenide, lithium borate, and/or beta-barium borate. Optical interactions in optical frequency converter 8908 may
occur in various structures including bulk structures, waveguides, quantum well structures, quantum wire structures,
quantum dot structures, photonic bandgap structures, and/or multi-component waveguide structures.

[00338] In cases where optical frequency converter 8908 provides a parametric nonlinear optical
process, this nonlinear optical process is preferably phase-matched. Such phase-matching may be birefringent phase-
matching or quasi-phase-matching. Quasi-phase matching may include methods disclosed in U.S. Pat. No. 7,116,468
to Miller, the disclosure of which is hereby incorporated by reference.

[00339] Optical frequency converter 8908 may also include various elements to improve its operation,
such as a wavelength selective reflector for wavelength selective output coupling, a wavelength selective reflector
for wavelength selective resonance, and/or a wavelength selective loss element for controlling the spectral response
of the converter.

[00340] In embodiments, multiple illumination modules as described in Fig. 89 may be associated to
form a compound illumination module.

[00341] One component of the illumination module may be a diffraction grating, or grating, as further
described herein. A diffraction grating plate may be less than 1mm thick but may still be rigid enough to bond in
place permanently or replace cover glass of the LCOS. One advantage of using the grating in the illumination
module is that it would use laser illumination sources to increase efficiency and reduce power. The grating may have
inherently less stray light and due to the narrow band, would enable more options for filtering out eye glow with less
reduction of the see through brightness.

[00342] FIG. 90 is a block diagram of an optical frequency converter, according to an embodiment of
the disclosure. FIG. 90 illustrates how feedback radiation 8920 is provided by an exemplary optical frequency
converter 8908 which provides parametric frequency conversion. Combined radiation 8918 provides forward
radiation 9002 within optical frequency converter 8908 that propagates to the right on FIG. 90, and parametric
radiation 9004, also propagatin