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display system configured to adjust an apparent distance between a user
of the AR device and virtual content presented by the AR device. The
AR device includes a first tunable lens that changes shape in order to
affect the position of the virtual content. Distortion of real-world content
on account of the changes made to the first tunable lens is prevented by
a second tunable lens that changes shape to stay substantially comple-
mentary to the optical configuration of the first tunable lens. In this way,
the virtual content can be positioned at almost any distance relative to
the user without degrading the view of the outside world or adding ex-
tensive bulk to the AR device. The augmented reality device can also
include tunable lenses for expanding a tield of view of the augmented
reality device.
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DYNAMIC FIELD OF VIEW VARIABLE FOCUS DISPLAY SYSTEM

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No.
62/475,081, filed on March 22, 2017, entitled "Dynamic Field Of View Vanable Focus

Display System”.

BACKGROUND OF THE INVENTION
[6002] Augmented reality devices are designed to overlay virtual content on the real
world. One challenge with incorporating the virtual content naturally with real-world content
is incorporating the virtual content at an apparent depth that allows the virtual content to
interact with real-world objects. Otherwise, the virtual content appears more as a two-
dimensional display not truly integrated into the three-dimensional real-world environment.
Uunfortunately, augmented reality systems capable of displaying virtual content at varying
depths tend to be too large or bulky for comfortable use or are only able to display virtual
content at discrete distances from a user. Another challenge with displaying virtual content
to a user is that certain types of displays may have a limited field of view incapable of
providing a truly immersive virtual content. For these reasons, a small form factor device
capable of accurately positioning virfual content at any desired distance across an immersive

field of view would be desirable.

SUMMARY OF THE INVENTION
[0003] This disclosure describes various embodiments that relate to augmented reality
devices capable of accurately displaying virtual content at a desired position with respect to a
user and other real-world objects within the user’s field of view using tunable optics, such as
tunable lenses and/or prisms. The disclosure also discusses the use of tunable lenses to

expand the effective field of view of augmented reality devices.

[6004] To accomplish this, each display of an augmented reality (AR} device can include
tunable lenses configured to change their optical configurations to adjust an apparent position

of virtual content being presented to a user without distorting a user’s view of real-world
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objects. A first tunable lens can be positioned between the user and a waveguide delivering
the light representing the virtual content. This first tunable lens can then be reshaped to
change an apparent distance between the user of the AR device and the virtual content. The
second tunable lens is positioned between the user and light entering the user’s eyes from
real-world objects. The second tunable lens is also reshaped during operation of the AR
device and the reshaping is synchronized with the reshaping of the first tunable lens so that
the second tunable lens can cancel out any changes made by the first tunable lens that would

degrade the user’s view of real-world objects.

[0005] An optical steering component taking the form of one or more tunable prisms can
also be used for expansion of the effective field of view of an augmented reality device. The
tunable prism functioning as a two-dimensional optical steering device can be configured to
sequentially shaft light passing through the tunable prism in a series of different directions in
order to expand the effective field of view of the augmented reality device. In some
embodiments, the optical steering device can take the form of a liquid crystal prism capable
of dynamically changing its phase profile in accordance with an electrical signal applied to

the liguid crystal prism.

[6006] An augmented reality device 1s disclosed that includes the following: a first tunable
lens; a second tunable lens; a waveguide positioned between the first tunable lens and the
second tunable lens, the waveguide being configured to direct light representing virtual
content through the first tunable lens and towards a user of the augmented reality device; and
a processor configured to: direct the first tunable lens to change shape to alter an apparent
distance between the virtual content and the user of the augmented reality device, and direct
the second tunable lens to change shape to maintain apparent distances between real world

objects and the user of the augmented reality device.

[8667] An augmented reality device is disclosed that inclhudes the following: a first tunable
lens; a second tunable lens; and a waveguide positioned between the first tunable lens and the
second tunable lens, the waveguide including diffractive optics contigured to direct light
representing virtual content through the first tunable lens and towards a user of the
augmented reality device. The first and second tunable lenses are contigured to cooperatively
change shape to adjust an apparent distance between a user of the augmented reality device

and the virtual content.
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[8008] A wearable display device is disclosed that includes the following: a first tunable
prism; a second tunable prism; a light source configured to emit light representing virtual
content; and a waveguide positioned between the first tunable prism and the second tunable
prism, the waveguide including diffractive optics configured to diffract the light emitted from

5 the light source through the first tunable prism and towards a user of the wearable display
device. The first tunable prism is configured to shift at least a portion of the light received
tfrom the light source and exiting the waveguide through a peripheral region of the first

tunable prism towards an eye of a user.

[600%9] A wearable display device that includes: a projector; and an eyepiece comprising;
10 one or more optical steering components. The wearable display device also includes a
waveguide configured to receive and direct light from the projector through the one or more
optical steering components and towards a user; an eye-gaze tracker configured to detect
movement of one or both eyes of the user; and control circuitry communicatively coupled to

the one or more optical steering components and the eye-gaze tracker, the control circuitry

15 being configured to adjust an optical steering pattern of the one or more optical steering
components in accordance with detected movement of one or both eyes of the user.
[0010]  Other aspects and advantages of the invention will become apparent from the
following detatled description taken in conjunction with the accompanying drawings which
itlustrate, by way of example, the principles of the described embodiments.

20

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The disclosure will be readily understood by the following detailed description in
conmjunction with the accompanying drawings, wherein like reference numerals designate like

structural elements, and in which:
25 [0812] FIG. 1 shows an exemplary user wearing an augmented reality (AR) device;

[8613] FIG. 2A shows a display system capable of displaying projected virtual content at

any apparent distance relative a user of the display system;

[6614] FIG. 2B shows a display system capable of adjusting the apparent distance to virtual

content without atfecting the appearance of real-world content in accordance with the

(42
<

described embodiments;
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[0013] FIG. 3 shows a top view of one specific configuration in which diffractive optics of
a waveguide are arranged to guide three different colors of light emitted by a projector
between tunable lenses and then towards a user in accordance with the described

embodiments;

[0016] FIGS. 4A — 4B show a transparent display of an AR device displaying first virtual

content and second virtual content in accordance with the described embodiments;

[8617] FIGS. 5A — 5B show side views of a tunable lens and how the tunable lens can be
adjusted to accommodate different virtual content positions in accordance with the described

embodiments;

[6018] FIGS. 5C -~ 5D show how a tunable lens can be adjusted to accommodate motion of
multiple independently moving virtual objects in accordance with the described

embodiments,

[0019] FIG. 6 shows a tlow chart depicting a method for displaying virtual content at

multiple depths using a small form factor AR device;

[6028] FIGS. 7A — 7B show various embodiments configured to direct light from a display

device into an eye of a user,

[6021] FIGS. 8A — 8C show exemplary scan patterns that can be emitted by a display

device tor expanding the field of view of the display device;

[8622] FIGS. 9A - 9C show how the first scan pattern depicted in FIG. BA can be shifted

around a display region;

[0623] FIGS. 10A — 10E show various configurations for an optical steering device;
[6024] FIGS. 11A — 11B show an optical steering device can include lenses stacked atop
one another to shift incoming light both vertically and horizontally;

[6025] FIGS. 11C ~ 11D show a cross-sectional side view and top view respectively of a

liquid crystal lens 1140 having a Fresnel fens configuration; and

[6026] FIGS. 12A — 12B show how optical steering devices can be incorporated into

augmented reality display devices; and

[8627] FIGS. 12C — 12F show display devices configured to receive multiple image

streams,
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DETALLED DESCRIPTION OF SPECIFIC EMBODIMENTS
[0028] Representative applications of methods and apparatus according to the present
application are described in this section. These examples are being provided solely to add
context and aid in the understanding of the described embodiments. It will thus be apparent
to one skilled in the art that the described embodiments may be practiced without some or all
of these specific details. In other 1nstances, well known process steps have not been
described in detail in order to avoid unnecessarily obscuring the described embodiments.
Other applications are possible, such that the following exarples should not be taken as

limiting.

[0029] Augmented Reality (AR} devices are configured to overlay virtual content on the
real world. The virtual content can include information related to nearby real-world objects
or people. In some instances, the virtual content would apply only to a general area and
might not need to be associated with any viewable real-world objects. However, in many
cases it is desirable to incorporate virtual content with real-world objects. For example,
virtual content can include characters that interact with the user and/or objects in the real
world. In order to carry this incorporation of virtual content out in a more realistic manner,
the virtual content can be displayed in a manner that makes it appear to be positioned at a
distance away from a user that corresponds to the real-world object(s) that that virtual content
is interacting with. This co-location of virtual and real-world content can be helpful in
improving user immersion. Unfortunately, many AR devices are only configured to display
content at a single fixed distance from a user, which can affect how realistically the virtual
content 15 incorporated into the real-world environment. This limitation can be more
noticeable when virtual content is traveling directly towards or away from a user as apparent
changes in depth can be limited to an object appearing larger or smaller. The ability to
accurately portray depth information can also be beneficial in the display of Virtual Reality

(VR) environments, where virtual content hides a user’s view of real world objects.

[6038] One solution to establishing virtual content at variable distances from a user of an
AR device is to incorporate tunable lenses into a transparent display system of the AR device.
The tunable lenses can be configured to cooperate to alter an apparent position of virtual
content with respect to a user. The tunable lenses or varifocal elements can take many forms,
including e.g., liquid crystal lenses, tunable diffractive lenses or deformable mirror lenses. In

general, any lens that could be configured to change shape or configuration to adjust
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incoming light in a way that changes the apparent depth of virtual content of an AR device
could be applied. The tunable nature of the lenses or varifocal elements beneficially allows
virtual content to appear to be positioned at almost any distance from the user of the AR

device.

[0031] The tunable lenses can be positioned on forward and rear-facing surfaces of a
transparent or translucent display system. A first tunable lens on the rear-facing or user-
tacing side of the display can be configured to alter the incoming light generated by the AR
device in order to cause the incoming light to display virtual content that appearstobe a
desired distance from the AR device. A second tunable lens on the forward-facing or world-
facing side of the display can be configured to cooperate with the first tunable lens by
assuming a complementary configuration that cancels out at least some of the adjustments
made by the first tunable lens. In this way, light reflecting off real-world objects and passing
through both the first and second tunable lenses before arriving at a user’s eyes is not

substantially distorted by the first tunable lens.

[6032] In some embodiments, the second tunable lens can allow some changes made by the
tirst tunable lens to be applied to the light arriving from the real-world objects. For examiple,
the tunable lenses can be configured to apply vear-sighted, far-sighted and/or astigmatism
corrections for users benefitting from vision correction. These type of corrections could be
applied equally to hight associated with both virtual content and real-world objects. The
correction could take the form of an offset between the first and second tunable lenses. In
such a configuration, the second tunable lens would not be completely complementary to the
first tunable lens since some of the first tunable lens changes would also be applied to a view

of the real-world objects.

[6033] In some embodiments, the second tunable lens can be periedically used to distort

the real world view instead of just cancelling out effects created by adjustments made by the
tirst tunable lens. In this way, the combination of tunable lenses can provide for augmented
virtuality, mediated reality and other types of experiences that manipulate the real as well as

virfual content.

[0034] In some types of display devices the index of refraction of certain optical
coruponents can limit the ability of the display device to generate a field of view large enough
to provide a user with an immersive augmented reality experience. One solution to this

problem 13 to equip the display device with a tunable lens. The tunable lens can be used as an
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optical steering device by shaping the lenses to shift light emitted along the periphery of the
device towards the eyes of a user. In this way, the effective viewing angle can be
substantially increased by the tunable lens. In some embodiments, a position at which light
exits the display device can be sequentially shifted in a repeating scan pattern to produce a
composite image. The optical steering device can be sequentially reshaped to optimize the
optical steering device for each position in the scan pattern. For example, a first position in
the scan pattern could be positioned on the far right side of the display device, while another
position in the scan pattern could be near the bottom of the display device. By changing the
optical steering device from shifting the light to the left in the first position to shifting the
light upward in the second position the user can enjov a wider field of view. By continuing
to update the optical steering device in accordance with a current position of the scan pattern,
portions of the light that would otherwise fall cutside of a user’s field of view become

viewable.

[6033] These and other embodiments are discussed below with reference to FIGS. 1 - 12F;
however, those skilled in the art will readily appreciate that the detailed description given
herein with respect to these figures 1s for explanatory purposes only and should not be

construed as limiting.

[0836] FIG. 1 shows an exemplary user wearing an augmented reality (AR) device 100.
AR device 100 can be configured to display virtual content that appears to be located in
various locations across a room 102, For example, virtual content 104 can be overlaid across
a wall-mounted object 106, Wall mounted object 106 can take the form of a picture or
television mounted to a wall of room 102, Tn this way, an appearance of wall-mounted object
106 can be altered by virtual content 104, Similarly, AR device 100 could be configured to
project virtual content 108 on couch 110 in a way that creates the impression that an object or
personage is resting on the couch. However, in order to realistically portray the virtual
content in relation to other objects in room 102 it is also important to establish the virtual
content at a comparable distance from the user. A depth detection sensor can be used to
characterize the distance of various objects from the user. Information retrieved by the depth
sensor can then be used to establish a distance for virtual content associated with objects
adjacent to the virtual content. This becomes more complex when the virtual objects change
distances from AR device 100. For example, virtual content 112 can take the form of a
walking person taking a motion path that takes the person around table 114, Data retrieved

by the depth sensor of AR device 100 can be used to define a motion path that avoids table
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114 as virtual content 112 moves from posttion 112-1 to position 112-2. To accurately
portray the position of virtual content 112 across its entire motion path, the percetved

distance between AR device 100 and virtual content 112 should be constantly reduced.

[6037] FIG. 2A shows a display system 200 capable of displaying projected content at any
distance. A projector 202 can display virtual content upon tunable lens 204, Tunable lens
204 can then change tis optical configuration to adjust a depth at which the projected content
is displaved. Tunable fens 204 could leverage any of a number of technologies, including
e.g., a liquid crystal lens. When tunable lens 204 is a liquid crystal lens, the lens can be
configured to change its phase profile in accordance with an amount of voltage applied to the
liquid crystal lens. While this configuration works well to adjust the depth of the virtual
content, light arriving from real-world objects 206 and 208 would be undesirably distorted.
For example, an apparent position of real-world objects 206 and 208 could be shifted closer
or farther from the user as indicated by the two-headed arrows. For this reason, use of
display system 200 with an AR device could be problematic because of the undesired
distortion of light from real-world objects since one object of augmented reality 1s for the

user to be able to maintain sight of a majority of the real world.

[6038] FIG. 2B shows a display system 250 capable of adjusting the apparent distance to
virtual content without atfecting the appearance of real-world content. This is accomplished
by projecting virtual data between tunable lenses 254 and 256 with a waveguide 258 that
redirects light from projector 252 between tunable lenses 254 and 256 and then through
tunable lens 254 and towards the eye of a user. In this way, the light emitted by projector 252
can be adjusted by tunable lens 254, Tunable lens 256 can be configured to adjust in a
manner opposite to tunable lens 254 The effect of this is that any light originating from real-
world objects 206 or 208 can pass through depth display system 250 substantially unaffected.
In this way, the virtual content from projector 252 can be the only content that undergoes a
tocus shift, resulting in a shift in apparent position hHimited to the virtual content emitted by

the projector.

[603%] While tunable lens 256 can be contigured to prevent any changes made by tunable
lens 254 from being applied to the perception of real-world objects, in some embodiments,
tunable lens 256 can be configured to cooperate with tunable lens 254 to, e.g., correct a user’s
vision. A vision correction could result in a multi-diopter change being applied by tunable

lens 256 that could be equally applied to real-world objects 206 and 208 on account of
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tunable lens 256 not fully cancelling out the effects of tunable lens 254, For example, tunable
lens 254 could be reconfigured to apply a +2 diopter adjustment. Tunable lens 256 could
then apply no diopter adjustment at all so that both virtual content 210 and real-world objects
undergo a +2 diopter change, thereby allowing a user normally in need of a +2 diopter vision
correction to wear display system 250 without needing any additional vision correction. With
such a vision correction scheme in place, movement of virtual content 210 could involve
changing the diopter adpustment of tunable lens 254 to +3 and the diopter adjustment of
tunable lens 256 to -1 in order to maintain a +2 diopter offset for vision correction. Similarly,
tunable lens 254 could be configured to apply an astigmatism adjustmuent that 15 not canceled

out by tunable fens 256.

[004¢] The configuration shown in FIG. 2B can be operated in other ways that allow for
the tunable lenses to apply different effects. In some embodiments, the tunable lenses can be
configured to purposefully throw real-world objects out of tocus to allow a user to focus on
virtual content 210-1. For example, it could be desirable tor a software developerto, ina
controlled gaming or entertainment environment, focus the user’s attention on a message or
even to enter into a more immersive virtual environment. By throwing real-world objects out
of focus, the system would allow the system to mask out any distracting real~-world stimulus
without having to generate light to block the field of view across the entire display. In this

way, the tunable optics can be used to shape the augmented reality experience.

[0041] FIG. 3 shows a top view of one specific configuration in which diffractive optics of
a waveguide are arranged to guide three different colors of light emitted by a projector
between tunable lenses and then towards a user. In some embodiments, waveguide 302 can
include three discrete light paths 304-1, 304-2 and 304-3 for different colors of light such as,
e.g, red green and blue. Each of light paths 304 can utilize diffractive optics to direct hight
trom a projector 300 between tunable lenses 308 and 310 and then out through tunable lens
310 towards the eye of a user. Waveguide 302 can be arranged in a way that causes the
resulting virtual content to appear to be positioned at infinity when tunable lens 310 is not
applying any changes to the hight coming from waveguide 302, In such a configuration,
tunable lens 310 could be configured to decrease the apparent distance between the user and
the virtual content being projected through the diffractive optics by varying amounts based on
a desired position of the virtual content with respect to the user and other real-world objects.

As depicted, the light from real-world objects remains substantially unaffected by tunable

9
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lenses 308 and 310 while the light passing through waveguide 302 1s affected by tunable lens

310.

[6042] FIGS. 4A — 4B show a transparent display 402 of an AR device 400 displaying first
virtual content 404 and second virtual content 406, FIG. 4A depicts arrows that show how
virtual content 404 and 406 move across transparent display 402 over a particular period of
time. During this movement, virtual content 404 travels farther away from AR device 400
and virtual content 406 travels closer to AR device 400, Because transparent display 402
includes tunable tenses for adjusting the apparent depth of the virtual content, an upper region
408 of transparent display 402 can be optically configured to display virtual content 404
moving farther away from AR device 400 and lower region 410 can be configured to display
virtual content 406 moving closer to AR device 400. Transition region 412 can take the form
of a region where the shape of the tunable lenses is gradually adjusted to accommodate the
different optical configurations and prevent the appearance of a visual seam between upper
and lower regions 408 and 410. Traosition region 412 can be larger or smaller depending on
the amount of ditference between regions 408 and 410. While real-world object 414 is
positioned within transition region 412, it should be appreciated that when fransparent display
402 includes two tunable lenses that cooperate to prevent distortion of real-world objects that
even transition region 412 would have little to no effect on the appearance of real-world
object 414. For this reason, a processor of AR device 400 attempting to determine suitable
areas of display 402 for upper region 408 and lower region 410 would only need to consider
the path of motion for the virtual content when determining how to vary the optical

configuration for independently moving virtual content.

[0043] FIG. 4B shows an exemplary embodiment where virtual content 454 is in motion
and virtual content 456 remains stationary. In such a configuration motion region 458 can
take up most of the viewable area of transparent display 402, while stationary region 469 can
take up a much smaller area that limited primanly to virtual content 456, Furthermore,
maotion region 458 can alter an apparent distance between AR device 400 and virtual content
454, while stationary region 460 can maintain the apparent distance to virtual content 456.
This narrow stationary region 460 can be even more convenient where head movement of the
user s deemed unlikely or where the location of the virtual content within transparent display
402 is not governed by head movement of the user. For example, virtual content 456 could
take the form of status information such as time of day, battery charge or navigation

information. This type of information could be distracting if it were also to move with

10
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whatever other virtual content the user was interacting with. It should also be noted that
again real-world content 464 remains unaffected by apparent depth changes affected by the

tunable lenses of transparent display 402,

[6044] FIGS. 5A — 5B show side views of tunable lens 502 and how tunable lens 502 can
be adjusted to accommodate different virtual content positions. FIG. SA shows how tunable
lens 502 can be substantially rectangular in shape and form a lens element 504 within the
rectangular volume. Lens element 504 can be configured to reshape light emitted from a
waveguide in order to establish virtual content at a desired distance from a user of an AR
device. When tunable lens 502 takes the form of a liquid crystal lens, lens element 504 can
change shape 1nto lens element 506 in response to a voltage being applied to tunable lens
502. The increased depth and curvature of lens element 506 can cause virtual content to
appear closer the AR device than lens element S04, In this way, tunable lens can be

configured to change the apparent distance to virtual content viewed from an AR device.

[6045] FIGS. 5C ~ 5D show how tunable lens 502 can be adjusted to accommodate motion
of multiple independently moving objects represented by virtual content. In particular, FIGS.
5C and 5D can show how tunable fens 502 would have to move to accommaodate the virtual
content motion depicted in FIGS. 4A — 4B, FIG. 5C could correspond to the situation where
virtual content 404 and 406 begin at the same distance from an AR device. FIG. 5D shows
how tunable fens 502 transitions from forming lens element 508 to lens element 510 The
portion of lens element 510 corresponding to upper region 512 can have a thinner effective
shape and smaller effective curvature to give the appearance of virtual content 404 moving
farther away from the AR device while the portion of lens element 510 corresponding to
lower region 514 can have a thicker effective shape and larger effective curvature to give the
appearance of virtual content 406 moving closer to the AR device. Trausition region 516
includes a gradient that smoothly changes the effective thickness of lens element 510 without

~

creating a visible line affecting the real-world view through tunable lens 502,

[6046] FIG. 6 shows a flow chart depicting a method for displaying virtual content at
multiple depths using a small form factor AR device. At 602, a depth sensor of an AR device
characterizes real-world objects within a field of view of a user of the AR device by
determining a distance between the user and the real-world objects. At 604, a processor of
the AR device is configured to determine a location or motion path for first virtual content

relative to the characterized real-world objects. At 606, an optical configuration of a first
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tunable lens of the AR device is configured for inttial display of the first virtual content. At
608, an optical configuration of a second tunable lens of the AR device is configured to
prevent the first tunable lens from adversely affecting the view of real-world objects. This is
accomplished by an optical configuration of the second tunable lens that cancels out at least a
5 portion of the optical effects applied by the first tunable lens for the real-world objects. It
should be noted that in some cases the second tunable lens can be complementary to the first
tunable lens to cancel effects of the first tunable lens on the appearance of real-world objects.
In some embodiments, certain vision enhancements can be applied by leaving some of the
adjustruents made by the first tunable lens unchanged. In some embodiments, where display
10 of second virtual content is desired, the AR device can be configured to check to see whether
the first and second virtual content should be the same distance from the user. At 612, AR
device can maintain the optical configuration by continuing 1o adjust the tunable lenses to

track the position of the first and second virtual content.

[8047] At 614, when first and second virtual content are at different distances trom the

Ju—
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user, the processor can be configured to apply different optical configurations to different

regions of the AR device display using the tunable lenses. In this way, a user can be

presented with virtual content at different distances from the user. In some embodiments, the

second virtual content can be purposefully left out of focus when the user’s attention is meant

10 be focused on the first virtual content. For example, focus can be transitioned to the

20 second virtual content once interaction with the second virtual content is desired by the user
or queued by a piece of software being executed by the AR device. In some embodiments,
focus transitions between virtual content at different distance from the user can be queued by
eye tracking sensors configured to determine whether the user is focusing on a particular
virtual object. In other embodiments, a user can manually select virtual content for

25 interaction at which point focus could be adjusted to properly depict the distance between the

selected virtual object and the user. Imaging software can be used to apply a blurring effect

to any virtual content projected by the AR device that is outside of the current depth plane to

avoid any impression that all virtual content is the same distance from the user.

[6048] FIGS. 7A -~ 7B show vartous embodiments configured to direct light from a display
30 device into an eye of auser. FIG. 7A shows a top view of display device 700, which includes

a light projector 702 and a waveguide 704 configured to redirect light 706 emitted by

projector 702 towards an eye 708 of a user. While waveguide 706 can be configured to emit

imagery from thousands or even millions of locations, FIG. 7A shows light being emitted
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from five exemplary locations from which five output cones 710-1 through 710-5 are
depicted. Each of output cones 710 represent light emitted from each location being spread
across an angle 712, which can be referred to as a service angle. As depicted, the limited size
of each output cone prevents the light exiting waveguide 704 along output cones 710-1 and
710-5 from arriving at eve 708 of the user. In some embodiments, angle 712 1s limited below
a desired threshold by certain characteristics of the display technology such as for example
the matenial refractive index of waveguide 706, Additional details regarding light fields and
waveguide-based display devices are provided in U.S. Provisional Patent Application No.

62/539,934, entitled “HIGH RESOLUTION HIGH FIELD OF VIEW DISPLAY”.

16049] FIG. 7B shows how display device 700 can incorporate one ot more optical steering
components, such as an optical steering device 714 configured to sequentially shift light 706
exiting waveguide 704 in different directions to expand the effective viewing angle 712 to
angle 716, as depicted. In this way, the user’s eye 708 is able to view a wider field of view
due to the larger effective angle 716 created by shifting output cones 710-1 — 710-5 in
different directions. As depicted, the expanded effective angle 716 allows at least some of
the light from output cones 710-1 and 710-5 to arrive at the user’s eve 708, In some
embodiments, optical steering component 714 can take the form of one or more tunable
prisms capable of assuming multiple different optical contigurations (e.g. a liquid crystal lens
having a reconfigurable phase profile). Each optical configuration can be configured to shift
the direction of output cones 710 in a different direction. While FIG. 7B only shows light
706 being steered 1n two different directions, it should be appreciated that light 706 can be
steered in many other different directions. Furthermore, it should be appreciated that in
addition to a tunable prism other optical elements could be configured to redirect light
towards the eyes of a user and that the exemplary prism embodiment should not be construed

as limiting the scope of the disclosure.

[00508] Examples of other such optical elements {(e.g., time-~-varying gratings) are described
in further detail in U S, Patent Application No. 14/555,585. In some examples, a polymer
dispersed liquid crystal grating or other tunable grating may be implemented as optical
steering components and used to steer cutput cones 710-1 — 710-5 by modifying an angle of
TIR waveguided light, an angle at which light 1s outcoupled by an outcoupling optical
element of the waveguide 704, or a combination thereof In some embodiments, one or more
metasurfaces {e.g., made trom metamaterials) may be implemented as optical steering

components. Further information on metasurfaces and metamaterials that may be used as

13
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optical steering components in various embodiments of this disclosure can be found in UK,
Patent Publication No. 15/588,350, U.S. Patent Publication No. 15/182,528, and U.S. Patent
Publication No. 15/182,511. As such, it should be appreciated that optical steering
components may be switchable or otherwise controllable to operate in a discrete number of
different steering states, and that exemplary tunable optical steering devices shouid not be

construed as limiting the scope of the disclosure.

[0051] FIGS. 8A — 8C show exemplary scan patterns that can be generated by a suitable
display device and help to expand the field of view of the display device. FIG. 8A shows a
first scan pattern that includes four different image locations 802, 804, 806 and 808. Each of
the depicted image locations can represent an aggregate of the light emitted from the display
device at a particular point in time. In some embodiments, light can be delivered to locations
802 — 808 in numerical order. An optical steering device can then be used to shift the light
back towards the eve of a user in accordance with the active image location. For example,
when image location 808 1s active the optical steering device can be configured to shuft light
downwards towards an eye of a user. When a video source is being presented by the display
device, portions of a video frame corresponding to each image location can be sequentially
displayed at each of the four location for each frame of the video. For example, when the
video source has a frame rate of 1/30 of a second, the corresponding portion of the video
frame can be displayed at each location for 1/120 of a second. In this way, an expanded field
of view can be achieved without a frame rate reduction. In this way, the resulting image
created by the scan pattern maintains a thad frame rate and also generates a composite 1mage
with a substantially higher spatial resolution than would be possible using a single stationary
image location. For example, an image projector only capable of displaying 480 lines of
vertical resolution could reproduce an image or video source with more than 480 lines of
resolution using the aforementioned scan techniques. Additional details regarding scan
patterns, tiling functionality, and tiled display configurations are provided in U.S. Patent

Application No. 14/555,585.

1606321 FIG. BA also shows how in some embodiments, portions of adjacent image location
can overlap, as indicated by the hashed regions shown in FIG. 8A. This results in content
within the image locations overlapping. The overlap can be used to further improve certain
aspects of a composite image generated by the display device. For example, an increase in
resolution within a central region 810 can be achieved by applying one or more super-

resolution techniques. In particular, the portions of each image frame that overlap can be

14
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sub-sampled and slightly offset allowing an increase in pixel density in lieu of having pixels
stacked atop one another. This produces a super-resolution effect in portions of the display
with overlapping regions. For example, in embodiments where a display processor s
capable of generating 4K resolution imagery {i.e. 2160 lines of vertical resolution), the 4K
5 resolution imagery could be used to achieve the super-resolution effect using an image source
normally only capable of generating substantially lower resolutions by distributing the pixels
within overlapped regions of the scan pattern. Furthermore, when a high frame rate video file
is being displaved, each sequentially displayed frame can be associated with a different frame
of the video. For example, when playing back a 120 frames per second video source,
10 portions of the display within central region 810 could enjoy the full 120 frames per second
trame rate, while non-overlapped regions would only be updated at a rate of 30 frames per
second. Overlapped regions near central region 810 could be refreshed at a rate of 60 or 90

frames per second depending on the number of overlapped locations in a particular region.

16033] FIG 8B shows a second scan pattern with a large central region 810. This second

Ju—
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scan pattern results in a ninth of the total image being overlapped by each of image locations
802 — 808. In this way, a resolution or frame rate within central region 810 can be
substantially greater than in the non-overlapped regions. The depicted scan pattern can
achieve a resolution or frame rate increase of up to four times, which corresponds generally
to the number of overlapping frames. This type of scan pattern can be particularly beneficial
20 when content of interest is located in the central region of the display. In some embodiments,
the scan pattern can be changed to create increasing amounts of overlap in situations where

less virtual content is being presented in peripheral regions of the display.

[0034] FIG. 8C shows how imagery positioned in each of image locations 802 — 808

cooperatively generates a composite image 812 that as depicted takes the form of a desk

[\
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lamp. In addition to creating a composite image 812 that is larger than any single one of
image locations 802 — 808, the sequential display of imagery at each of image locations 302 —
808 allows optical properties of the display to be changed in accordance with which of image
locations 802 — 808 is currently active during a given scan. For example, when imagery i3
being displayed at image location 804, the optical properties could be adjusted to shift light
30 representing the base of lamp 812 up towards the user’s eve. In some embodiments, the
location of the scan pattern can be positioned in a location of the display that places a virtual

image such as lamp 812 within a central region of the scan pattern. This allows central
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and/or important features of the tmage to be displayed in a larger number of the image

locations.

[0055]  FIGS. 9A — 9C show how the first scan pattern depicted in FIG. 8A can be shifted
around within display region 900. FIG. 9A shows the first scan pattern in the upper left
corner of display region 900 at a time to. FIG. 9B shows the first scan pattern shifted towards
the upper right corner of display region 900 at a time t1. In some embodiments, the display
device can include an eye gaze tracker. Sensor data provided by the eye gaze tracker can be
utilized to shift the scan pattern to a location within display region 900 corresponding to a
user’s current focus point. In some embodiments, this sensor data can help keep central
region 810 in a location that covers a user’s foveal vision (1.e. that portion of a user’s vision
with the highest acuity}. By continually adjusting the scan pattern in this manner a user’s
impression of immersion can be improved. This method can be particularly effective when
prominent content frequently shifts away from a central portion of display region 900.
Exernplary systems and techniques for performing foveal tracking, rendering foveated virtual
content, and displaying foveated virtual content to a user are described in further detail in
U.S. Provisional Patent Application No. 62/539,934, entitled “HIGH RESOLUTION HIGH
FIELD OF VIEW DISPLAY”.

[0056] FIG. 9C shows the first scan pattern shifted again towards a lower portion of display
region 900, FIGS. 9A — 9C also shows how 1mage locations 802 — 808 can change in
accordance with the position of the first scan pattern and/or to better represent content being
provided to a user. For example, an area across which the first scan pattern extends could be
reduced in order to better represent a virtual image that s much smaller than the standard
scan patternt size. In some embodiments, changing the scan patternt can help to optimize

overlapping regions of the scan pattern for a particular representation of virtual content.

[6657] FIGS. 10A - 10E show vartous phase profiles for an optical steering device similar
to optical steering device 714, In particular, FIG. 10A shows a front view of an exemplary
optical steering device 1002 in a first optical configuration 1004 for shifting light vertically.
FIG. 10B shows a cross-sectional side view of optical steering device 1002 in accordance
with section line A-A. Optical steering device 1002 can take the form of a liquid crystal lens
capable of changing 1ts phase profile in accordance with an amount of voltage applied to the
liguid crystal lens. More specitically, optical steering device 1002 may include two

conducting layers with structures capable of producing an electric field responsive to
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application of voltage thereto. In this way, optical steering device 1002 can shift between
multiple different optical configurations. The first optical configuration 1004 can have a
phase profile with multiple refractive indexes within optical steering device 1002, In some
examples, the local refractive index of the optical steering device 1002 may be tailored to
meet a prism function or another desired optical function. In at least some of these examples,
the optical steering device 1002 may exhibit a relatively large phase gradient (e g, ~nt
rad/pum). In particular, the refractive index can vary in accordance with a saw-tooth profile,
as depicted, each of the teeth can be configured to receive a portion of light 1006 and emit
light 1008 in a different direction. The size and/or spacing of the teeth can be adjusted to
reduce or increase the change in the angle of light passing through optical steering device
1002. For example, the angle of each wedge could be gradually reduced as the pattern of
wedges approaches a central region of the display. This first optical configuration 1004

could be used to shift frames of a scan pattern located in a lower central region of the display.

[6058] FIG. 10C shows a front view of optical steering device 1002 in a second optical
configuration 1010, FIG. 10D shows a cross-sectional top view of optical steering device
1002 in the second optical configuration in accordance with section line B-B. In the second
optical configuration, optical steering device 1002 is configured to shift light 1012 laterally.
As depicted, optical steering device 1002 receives light 1012 and outputs laterally shifted
light 1014, While both the first and second depicted optical configurations shift the direction
of the light they do so only vertically or horizontally. It should be appreciated that in some
embodiments, two optical steering devices can be layered atop one another to shift the

received light both vertically and horizontally.

[0059] FIG. 10E shows how by orienting a series of tooth-shaped ridges diagonally across
optical steering device 1002, light can be shifted both vertically and horizontally by a single
optical steering device 1002. FIG. 10E also shows how the depicted diagonal configuration
can accomplish the shift in light that would otherwise utilize one-dimensional optical steering
devices 1016 and 1018 The depicted configuration could be assumed by optical steering
device 1002 during frames of a scan pattern in which light exits the waveguide through a
lower right region of a display region. It should be noted that while multiple optical
configurations have been depicted, optical steering device 1002 can be rearranged in many

other configurations that have not been depicted.
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[8666] FIGS 11A - 11B show how an optical steering device can include lenses stacked
atop one another to shift incoming light both vertically and horizontally. FIG. 11A shows a
perspective view of the phase shift of optical steering device 1100, which inclhudes horizontal
shift lens 1102 and vertical shift lens 1104, The two lenses can be stacked atop one another
in order to redirect light incident to the lenses. This optical configuration allows incoming
light to be shifted both vertically and horizontally. FIG 118 shows an optical steering device
1120 having a reduced thickness achieved by using an array of multiple lenses. In some
embodiments, a liquid crystal lens can be used to form an optical configuration equivalent to

multiple horizontal shitt lenses 1102 and vertical shift lenses 1104, as depicted in FIG. 11B.

[6661] FIGS. 11C — 11D show a cross-sectional side view and top view respectively of a
liquid crystal lens 1140 having a Fresnel lens configuration. The Fresnel lens configuration
can take the form of an optical steering device in order to magnify or de-magnity select
virtual content. In particular, FIG. 11C depicts a Fresnel lens configuration configured to
both change the magnification of and laterally shift light passing through liquid crystal lens
1140, This type of contfiguration could be incorporated into any of the optical steering
devices described herein. In some embodiments, a user could request magnification of a
particular region of the screen. In response, the optical steering device could be configured to
form a Fresnel lens configuration over the particular region in order to magnify the content
without having to change or update the light generating a particular image stream being

viewed by the user.

[0062] FIGS. 12A — 12B show different ways in which optical steering devices can be
incorporated into augmented reality display devices. In some embodiments, the optical
steering devices can take the form of liquid crystal lenses capable of selectively changing
refractive index in order to change the direction, perspective and/or magnification of hight
incident thereon. FIG. 12A shows a cross-sectional top view of display device 1200, Optical
steering devices 1202 and 1204 are positioned on opposing sides of waveguide 1206 of
display device 1200. Waveguide 1206 can include one or more discrete pathways for
carrying different colors of light to an eye 1208 of a user of display device 1200. Optical
steering devices 1202 and 1204 can have a substantially complementary configuration that
allows for light 1210 reflected off real-world objects to pass through both optical steering
devices to reach eyve 1208 in a substantially undistorted manner. Light 1212 carried by
waveguide 1206 can then be contigured to visualize virtual content by undergoing beam

steering in accordance with one or more scan patterns without adversely distorting light 1210

I8
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The scan patterns and sequential beam steering described previcusly, increase the effective
tield of view of display device 1200. FIG. 12B shows display device 1220 and how optical
steering devices 1202 and 1204 can be incorporated with varifocal lenses 1209 so that both

dvnamic focus shift and field of view expansion can be applied to light 1212

[0063] FIGS. 12C — 12F show display devices configured to receive multiple image
streams. FI(G. 120 shows a top cross-sectional view of display device 1240 includes both
waveguide 1206 and waveguide 1244, Waveguide 1244 can be configured to carry light
1246, which forms a wide field of view, low-resolution stream of images. As depicted, light
1246 does not undergo any scanning pattern prior to reaching eye 1208, Waveguide 1206
can be configured to carry light 1212, which forms a narrow field of view, high-resolution
stream of images. Light 1212 entering waveguide 1244 can be configured to exit display
device 1240 in a region where sensors indicate the user’s eyes are focused. To this way,
dynamic foveation of the narrow field of view, high-resolution stream of images can be
achieved resulting in a user being given the impression that all of display device 1240 13
emitting high-resolution imagery. Light 1212 can be projected across the surface of display
device and optical steering device 1202 can dynamically steer light 1212 in a scan pattern
that increases the effective field of view for the user. The resulting enlargement of the stream
of images generated by light 1212 due to the scan pattern can help a region of a user’s tield of
view capable of discerning the high-resclution to be fully covered by light 1212 even when
the user is focusing on content near the edge of a display region of the display device. In this
way, significant savings in hardware costs and processing power can be achieved because

display 1240 need not display high-resolution imagery across a user’s entire field of view.

[0064] FIG. 12D shows a front view of display device 1240 | as well as representations of
imagery as perceived by the user as light 1212 and 1246 is projected onto the retina of the
user’s eve 1208, FIG. 12D shows a portion of waveguide 1244 capable of emitting light and
a region of waveguide 1244 emitting hight 1212, Light 1212 1s depicted producing a narrow
field of view image stream that shifis in a scan pattern. Light 1246 provides a wide field of
view that remains stationary. In some embodiments, the area across which light 1246 extends
represents the maximum viewable area across which light is viewable without an optical
steering device. As depicted, a portion of hight 1212 can extend outside the region covered
by light 1246 on account of light 1212 benefiting from optical steering device 1202, which

shifts ight 1212 towards eye 1208,
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[8665] FIG. 12E shows display device 1260, which adds optical steering devices 1262 and
1264 to the configuration depicted in FIG. 12C. In this embodiment, light 1212, which
generates narrow field of view, high-resclution imagery, can be directed through waveguide
1244 and light 1246, which generates wide field of view, low-resolution imagery, can be
5 directed through waveguide 1206, Optical steering device 1262 ts configured to
independently steer light 1212, Optical steering device 1264 is configured to prevent light
1210 and light 1246 from being distorted by the steering of optical steering device 1262,
Optical steering device 1264 can maintain a phase profile substantially complementary to the
phase profile of optical steering device 1262, In this way, virtual content generated by light
10 1246 and 1212 can extend across expanded fields of view, thereby further improving the
immersive experience for a user of display device 1260. Tt should be noted that in some
embodiments, the functionality of optical steering devices 1202 and 1264 can be combined
into a single optical steering device capable of assuming a phase profile that both shifts light
1246 in a desired scan pattern and preemptively compensates for any interference being

15 generated by optical steering device 1262

[0066] In some embodiments, light 1246 and 1212 generated by one or more projectors of
display device 1260 can be configured to display streams of imagery at substantially the same
spatial resolution. Optical steering devices 1202 and 1262 can then be configured to act
independently to apply scan patterns to light 1212 and 1246 in order to maximize an effective

20 field of view of display device 1260. The separation between waveguides 1200 and 1244 can
be configured to generate different apparent distances between the user and virtual content
generated by light 1212 and 1246. In this way, depth perception distances can be adjusted
without a set of varifocal lenses, as shown in FIG. 12B. It should be noted that in some
embodiments, waveguides at different distances and varifocal lenses can be used in

25  combination to concurrently show virtual content at multiple different apparent distances
from eye 1208, The varifocal lenses could then be used to change the apparent distance

hetween eye 1208 and virtual content as previously described.

160671 FIG. 12F shows a front view of display device 1260, as well as representations of

imagery as perceived by the user as light 1212 and 1246 is projected onto the retina of the
30 user’seye 1208. In particular, FIG. 12F shows how light 1212 can have a narrow field of

view that shifts in a first scan pattern and how light 1246 can provide a wide field of view

that shifts in a second scan pattern different than the first scan pattern. In some embodiments,
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the scan patterns can have the same size and/or resolution. Such a configuration could have

the benefit of varying the apparent distance between the user and the virtual content.

[3068] The various aspects, embodiments, implementations or features of the described
embodiments can be used separately or in any combination. Various aspects of the described
embodiments can be implemented by software, hardware or a combination of hardware and
software. The described embodiments can also be embodied as computer readable code on a
computer readable medium for controlling manufacturing operations or as computer readable
code on a computer readable medium for controlling a manufacturing line. The computer
readable medium is any data storage device that can store data, which can thereatter be read
by a computer systern. Examples of the computer readable mediurn include read-only
memory, random-access memory, CD-ROMs, HDDs, DVDs, magnetic tape, and optical data
storage devices. The computer readable medium can also be distributed over network-
coupled computer systems so that the computer readable code is stored and executed in a

distributed fashion.

18069] The foregoing description, for purposes of explanation, used specific nomenclature
to provide a thorough understanding of the described embodiments. However, it will be
apparent to one skitled in the art that the specific details are not required in order to practice
the described embodiments. Thus, the foregoing descriptions of specific embodiments are
presented for purposes of illustration and description. They are not intended to be exhaustive
or to limit the described embodiments to the precise forms disclosed. H will be apparent to
one of ordinary skill in the art that many modifications and variations are possible in view of

the above teachings.
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WHAT IS CLAIMED IS:

1. An augmented reality device, comprising;

a first tunable lens;

a second tunable lens;

a waveguide positioned between the first tunable lens and the second tunable
lens, the waveguide being configured to direct light representing virtual content through the
tirst tunable lens and towards a user of the augmented reality device; and

a processor configured to:

direct the first tunable lens to change shape to alter an apparent
distance between the virtual content and the user of the augmented reality
device, and

direct the second tunable lens to change shape to maintain apparent
distances between real world objects and the user of the augmented reality

device.

2. The augmented reality device of claim 1, wherein the first and second

tunable lenses are liquid crystal lenses.

3. The augmented reality device of claim 2, wherein the first tunable lens
is configured to adjust multiple regions differently so that a first portion of the virtual content
can be displayed at a first apparent distance from the user and a second portion of the virtual

content can be displayed at a second apparent distance from the user.

4. The augmented reality device of claim 1, wherein the waveguide
coraprises diffractive optics that reorient light received from a projector towards an eye of a

user.

5. The augmented reality device of claim 1, wherein the first and second
tunable lenses are selected from the group consisting of diffractive lenses, fluidic lenses,

mechanical lenses and electro-wetting lenses.

6. An augroented reality device, comprising:
a first tunable lens;

a second tunable lens; and

[
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a waveguide positioned between the first tunable lens and the second tunable
lens, the waveguide including diffractive optics configured to direct light representing virtual
content through the first tunable lens and towards a user of the augmented reality device,

wherein the first tunable lens is configured to change shape to adjust an

apparent distance between a user of the augmented reality device and the virtual content.

7. The augmented reality device of claim 6, wherein light from real-world
objects passes through both the first and second tunable lenses as the first and second tunable

lenses cooperatively change shape.

8. The augmented reality device of claim 6, wherein the second tunable
lens is contigured to prevent the first tunable lens from distorting an appearance of real-world

obiects visible through the waveguide.

9. The augmented reality device of claim 6, wherein the first and second

tunable lenses are configured to correct the vision of the user of the augmented reality device.

10.  The augmented reality device of claim 6, wherein the second tunable
lens is also configured to obscure the view of real-world objects when trying to focus the

user’s attention on the viriual content.

it The augmented reality device of claim 6, wherein the first tunable lens
defines a first region for stationary virtual content at a first distance and a second region for

moving virtual content at a second distance different thao the first distance.

12, A wearable display device, comprising:

a first optical steering component;

a second optical steering component;

a light source configured to emit light representing virtual content; and

a waveguide positioned between the first optical steering component and the
second optical steering component, the waveguide including diffractive optics configured to
diffract the light emitted from the light source through the first optical steering component
and towards a user of the wearable display device,

wherein the first optical steering component is configured to shift at leasta
portion of the light received from the light source and exiting the waveguide through a

peripheral region of the first optical steering component towards an eye of a user.
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13, The wearable display device of claim 12, wherein the light source is
configured to emit the light in accordance with a scan pattern that results in the light being

emitted through ditferent regions of the first optical steering component.

14 The wearable display device of claim 13, further comprising an eye
tracking sensor, wherein a location of the scan pattern is centered on a portion of the
wearable display device that the eye tracking sensor indicates the eye of the user is focused

O

15, The wearable display device of claim 12, wherein the first optical
steering component comprises an array of tunable prisms configured to change a direction of
light exiting a first portion of the waveguide located in a peripheral portion of the waveguide
substantially more than a second portion of the waveguide located in a central portion of the

waveguide.

i6. The wearable display device of claim 12, wherein the second optical
steering component is configured to prevent the first optical steering component from

distorting the appearance of real-world obiects visible through the waveguide.

17. The wearable display device of claim 12, further comprising:
a first lens; and
a second lens, the first and second lenses being arranged on opposing sides of

the waveguide,

~r
/
i

18. The wearable display device of claim 17, wherein the first lens 1s
contigured to change its phase profile to adjust an apparent distance between a user of the

wearable display device and the virtual content displayed by the wearable display device.

19, The wearable display device of claim 12, wherein the wearable display
device is an augmented reality device and wheretn light from a surrounding environment
passes through both the first optical steering component and the second optical steering

component.

20.  The wearable display device of claim 19, wherein the second optical
steering component maintains a first optical conftiguration that is complementary to a second

optical configuration of the first optical steering component, such that the light from the
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outside world passing through the first and second optical steering components appears

undistorted to a user of the wearable display device.

21 A wearable display device, comprising:
a projector;
an eyepiece comprising:
one or more optical steering components,
a waveguide configured to receive and direct light from the projector
through the one or more optical steering components and towards a user;
an eye-gaze tracker configured to detect movement of one or both eves of the
user; and
controd circuitry communicatively coupled to the one or more optical steering
components and the eye-gaze tracker, the control circuitry being configured to adjust an
optical steering pattern of the one or more optical steering components in accordance with

detected movement of one or both eyes of the user.

22, The wearable display device of claim 21, wherein the one or more

optical steering components comprises an array of tunable prisms.

23. The wearable display device of claim 21, turther comprising:.
a first lens; and
a second lens, the first and second lenses being arranged on opposing sides of

the waveguide.

24, The wearable display device of claim 23, wherein the first lens is
configured to change its phase profile to adjust an apparent distance between a user of the

wearable display device and the virtual content displayed by the wearable display device.
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Continuation of Box No. lIl -- Observations where unity of invention is lacking

The inventions listed as Groups I-Ill do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features:
Group | requires wherein the first tunable lens is configured to change shape to adjust an apparent distance between a user of the
augmented reality device and the virtual content, not found in the other groups.

Group Il requires wherein the first optical steering component is configured to shift at least a portion of the light received from the light
source and exiting the waveguide through a peripheral region of the first optical steering component towards an eye of a user, not found
in the other groups.

Group Il requires a projector, an eyepiece, an eye-gaze tracker configured to detect movement of one or both eyes of the user; and
control circuitry communicatively coupled to the one or more optical steering components and the eye-gaze tracker, the control circuitry
being configured to adjust an optical steering pattern of the one or more optical steering components in accordance with detected
movement of one or both eyes of the user, not found in the other groups.

Shared Features:
The only technical features shared by Groups I-1ll that would otherwise unify the groups are an augmented reality device, comprising: a
first tunable lens; a second tunable lens; and a waveguide positioned between the first tunable lens and the second tunable lens.

The only additional technical features shared by Groups |l and Il that would otherwise unify the groups are optical steering component
(or lens) is configured to shift at least a portion of the light received from the light source and exiting the waveguide through a peripheral
region of the first optical steering component towards an eye of a user.

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
disclosed by US 2016/0026253 A1 to Magic Leap, Inc (hereinafter 'Magic') 28 January 2016 (28.01.2016), which discloses an
augmented reality device (para [0168] -Disclosed are methods and systems for generating virtual and/or augmented reality. In order to
provide a realistic and enjoyable virtual reality (VR) or augmented reality (AR) experience, virtual content may be strategically delivered
to the user's eyes in a manner that is respectful of the human eye's physiology and limitations.), comprising: a first tunable lens; a
second tunable lens; and a waveguide positioned between the first tunable lens and the second tunable lens, wherein the lens is
configured to shift at least a portion of the light received from the light source and exiting the waveguide through a peripheral region of
the first optical steering cumponenl towards an eye of a user (FIG 6a and para [0234], [0461], [0479] -In one embodiment, the display
may be a scanned fiber display scanning a narrow beam of light back and forth at an angle as shown to project an image through the
lens or other optical element 142, which may be utilized to collect the angularly-scanned light and convert it to a parallel bundle of rays.
The rays may be reflected from a series of reflective surfaces (126, 128, 130, 132, 134, 136) which may partially reflect and partially
transmit incoming light so that the light may be shared across the group of reflective surfaces (126, 128, 130, 132, 134, 136)
approximately equally. With a small lens 138 placed at each exit point from the waveguide 124, the exiting light rays may be steered
through a noda! point and scanned out toward the eye 58 to provide an array of exit pupils, or the functional equivalent of one large exit
pupil that is usable by the user as he or she gazes toward the display system. -In one embodiment, if a circular DOE may be controllably
stretched radially-symmetrically, the diffraction pitch may be modulated, and the DOE may be utilized as a tunable lens with an analog
type of control.).

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups.

Groups I-1il therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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