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EDGE CONFIGURATIONS FOR REDUCING ARTIFACTS IN EYEPIECES

TECHNICAL FIELD
[0001] This disclosure relates generally to optics, and in particular but not

exclusively, relates to eyepieces for head mounted displays.

BACKGROUND INFORMATION

[0002] A head mounted display (“HMD?”) is a display device worn on or about the
head. HMDs usually incorporate some sort of near-to-eye optical system to emit a light
image within a few centimeters of the human eye. Single eye displays are referred to as
monocular HMDs while dual eye displays are referred to as binocular HMDs. Some HMDs
display only a computer generated image (“CGI”), while other types of HMDs are capable of
superimposing CGI over a real-world view. This latter type of HMD can serve as the
hardware platform for realizing augmented reality. With augmented reality, the viewer’s
image of the world is augmented with an overlaying CGI, also referred to as a heads-up
display (“HUD”).

[0003] HMDs have numerous practical and leisure applications. Aerospace
applications permit a pilot to see vital flight control information without taking their eye off
the flight path. Public safety applications include tactical displays of maps and thermal
imaging. Other application fields include video games, transportation, and
telecommunications. In the various applications of using HMDs, it is important to maintain
the integrity of the CGI that is directed into the user’s eye. Consequently, the optics
responsible for directing the CGI light to the user’s eye must be designed to deliver a quality
image to the user. In some contexts, conventional optics for HMDs generate artifacts such as
“streaking” in the CGI. “Streaking” may cause the user to perceive an image that includes
gaps and/or redundant portions, for example. Therefore, it would be beneficial to have optics

that reduce artifacts in the CGI directed to users.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Non-limiting and non-exhaustive embodiments of the invention are described
with reference to the following figures, wherein like reference numerals refer to like parts
throughout the various views unless otherwise specified.

[0005] FIG. I illustrates a head mounted display (“HMD?”) including an eyepiece, in

accordance with an embodiment of the disclosure.
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[0006] FIG. 2 illustrates a top cross-section view of an example eyepiece that directs
external scene light and computer generated images (“CGI”) toward an eye-ward region of the
eyepiece, in accordance with an embodiment of the disclosure.

[0007] FIG. 3 illustrates an end view of an eyepiece with reflection reducing
features on edges of the eyepiece, in accordance with an embodiment of the disclosure.

[0008] FIG. 4 illustrates an end view of an eyepiece with reflection reducing
features on edges of the eyepiece, in accordance with an embodiment of the disclosure.

[0009] FIG. 5 illustrates an end view of an eyepiece with reflection reducing
features on edges of the eyepiece, in accordance with an embodiment of the disclosure.

[0010] FIG. 6 shows an HMD having an eyepiece that is positioned above a user’s

eye, in accordance with an embodiment of the disclosure.

DETAILED DESCRIPTION

[0011] Embodiments of a head mounted display (“HMD”) and an apparatus for an
HMD are described herein. In the following description, numerous specific details are set
forth to provide a thorough understanding of the embodiments. One skilled in the relevant art
will recognize, however, that the techniques described herein can be practiced without one or
more of the specific details, or with other methods, components, materials, etc. In other
instances, well-known structures, materials, or operations are not shown or described in detail
to avoid obscuring certain aspects.

[0012] Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present
invention. Thus, the appearances of the phrases “in one embodiment” or “in an embodiment”
in various places throughout this specification are not necessarily all referring to the same
embodiment. Furthermore, the particular features, structures, or characteristics may be
combined in any suitable manner in one or more embodiments.

[0013] FIG. I illustrates a head mounted display (“HMD”) 100 including an
eyepiece 180, in accordance with an embodiment of the disclosure. Example HMD 100 is a
monocular HMD. HMD 100 includes side-arms 173, a center frame support 174, and a
bridge portion with nosepiece 175. In the example embodiment shown in FIG. 1, center
frame support 174 connects the side-arms 173. HMD 100 does not include lens-frames
containing lens elements in the illustrated embodiment, but other embodiments may include

lens elements. An HMD is a display device worn on or about the head. Although FIG. 1
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illustrates a specific monocular HMD 100, embodiments of the present invention are
applicable to a wide variety of frame types and styles (e.g. visor, headband, goggles).

[0014] The illustrated embodiment of HMD 100 is capable of displaying an
augmented reality to the user. Eyepiece 180 may permit the user to see a real world image via
external scene light 155 in additional to display light (having a computer generate image
“CGI”) generated by a display module within HMD 100. In this case, eyepiece 180 may be
referred to as an “optical combiner” because it may present both external scene light 155 and
CGI light to an eye of a user. As a result, the CGI light may be seen by the user as a virtual
image superimposed over the real world as an augmented reality.

[0015] HMD 100 may additionally include a component housing 176, which may
include an on-board computing system (not shown), an image capture device 178, and a
button 179 for operating the image capture device 178 (and/or usable for other purposes).
Component housing 176 may also include other electrical components and/or may be
electrically connected to electrical components at other locations within or on the HMD.
Component housing 176 may include light sources (not shown) for a display module that
sends CGI light toward eyepiece 180 and/or optical elements (not shown) to direct light from
the light sources to the eyepiece 180. As such, eyepiece 180 may include optical features that
direct CGI light towards the wearer’s eye when HMD 100 is being worn. In the illustrated
embodiment, eyepiece 180 is roughly shaped as a three-dimensional rectangle with a top
surface 182, a scene surface 181, a back eye-ward surface 183 (not visible), a bottom surface
184, (not visible), and an end surface 185 (not visible). The back eye-ward surface 183 is
opposite the front scene surface 181 and the bottom surface 184 is opposite the top surface
182. Top surface 182, scene surface 181, back eye-ward surface 183, bottom surface 184, and
end surface 185 make up an external surface of eyepiece 180.

[0016] FIG. 2 illustrates a top cross-section view of an example eyepiece 200 that
directs external scene light 255 and computer generated images (“CGI”) toward an eye-ward
region of the eyepiece, in accordance with an embodiment of the disclosure. Eyepiece 200 is
an example eyepiece that could be used as eyepiece 180. It is appreciated that eyepiece 200 is
only one example embodiment of an eyepiece that could be used to direct both CGI light and
external scene light 255 to an eye 260 of a user.

[0017] Eyepiece 200 includes a light relay 265, a beam splitter 231, and an end
reflector 287. End reflector 287 would be disposed on the end surface 185 of eyepiece 180.
Display module 205 may be implemented using a light emitting diode (“LED”) array, an
organic LED (“OLED?”) array, a quantum dot array, or otherwise. Display module 205 may
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also be implemented by a light source (e.g. laser, LED, or bulb) backlighting an LCD display
or a liquid crystal on silicon (“LCOS”) panel reflecting a light source. End reflector 287 may
be a concave mirror.

[0018] In operation, display module 205 launches display light (which may be CGI
light) along a forward path 280 toward end reflector 287. Light relay 265 may have a
transparent structure to permit the display light to pass through along forward path 280. Light
relay 265 may be fabricated of a solid transparent material (e.g., glass, quartz, acrylic, clear
plastic, PMMA, ZEONEX — E48R, etc.) or be implemented as a solid housing having an inner
air gap through which the display light passes. Light relay 265 may operate to protect the
optical path, but may not necessarily use total internal reflection (“TIR”) to guide or confine
the display light.

[0019] Along forward path 280, the display light encounters beam splitter 231.
Beam splitter 231 reflects a first portion of the display light towards a scene surface (e.g.
scene surface 181) of eyepiece 200 and passes a second portion of the display light. In one
embodiment, beam splitter 231 is a 45 degree 50/50 non-polarizing beam splitter, meaning it
reflects 50 percent of light and passes the other 50 percent of light. The display light passed
by beam splitter 231 continues along forward path 280 and end reflector 287 reflects back the
display light along a reverse path 285. The display light along reverse path 285 encounters
beam splitter 231, which reflects a portion of the display light along reverse path 285 toward
an eye-ward surface (e.g. eye-ward surface 183) of eyepiece 200. The illustrated embodiment
of FIG. 2 allows the display light launched by display module 205 to be projected into eye
260 of a user, which is how image 275 is directed to eye 260. In addition to directing image
275 into eye 260, eyepiece 200 may also allow at least a portion of external scene light 255 to
reach eye 260 (after a portion is reflected by beam splitter 231). In this case, eyepiece 200
may be referred to as an “optical combiner.”

[0020] FIG. 3 illustrates an end view of an eyepiece 300 with reflection reducing
features 310 on edges of the eyepiece, in accordance with an embodiment of the disclosure.
The view shown in FIG. 3 could be representative of what would be seen looking into
eyepiece 200 through end reflector 287. Eyepiece 300 is shown as a rectangle having a top
surface 382, a scene surface 381, an eye-ward surface 383, and a bottom surface 384.
Reflection reducing features 310 are disposed on edges of eyepiece 300 that run between a
first end and a second end of eyepiece 300. In FIG. 1, edge 199 could be one example of an
edge running between a first end and a second end of eyepiece 200. In one embodiment, the

first end may be a light receiving end of the eyepiece which is coupled to receive light from
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display module 205 and the second end may be the end of eyepiece 300 where end reflector
287 is positioned. The edges running between the first end and the second end are configured
(with reflection reducing features 310) to reduce reflection of CGI light back into the
eyepiece. In FIG. 3, the edges are formed where top surface 382 joins eye-ward surface 383,
where top surface 382 joins scene surface 381, where bottom surface 384 joins scene surface
381, and where bottom surface 384 joins eye-ward surface 383. Top surface 382 may be
approximately orthogonal to scene surface 381 and eye-ward surface 383. Bottom surface
384 may also be approximately orthogonal to scene surface 381 and eye-ward surface 383. It
is appreciated that not all edges of an eyepiece will necessarily include a reflection reducing
element 310. In one embodiment, only one edge includes a reflection reducing element 310.

[0021] In certain contexts, eyepieces without reflection reducing element(s), (e.g.
reflection reducing elements 310) but having surfaces and edges similar to FIG. 3 may
introduce artifacts into images (e.g. image 275) presented to users. This is thought to be
caused by the corners of an eyepiece facilitating total internal reflection (“TIR”) for CGI light
encountering the corners. When TIR is facilitated by the corners, the CGI light may reflect
back into an eyepiece and then (after being reflected within the eyepiece) be directed in an
eye-ward direction into the eye of a wearer of an HMD. However, this recycled CGI light
that has been reflected back into the eyepiece may not be presented to the user’s eyes in the
correct position after being reflected within the eyepiece, which may introduce artifacts to
images seen by users. Therefore, having a reflection reducing element on the edges (corners)
of an eyepiece can reduce unwanted reflections of the CGI light and thus reduce artifacts in
images that are presented to wearers of an HMD.

[0022] Some HMDs have the eyepiece positioned above the user’s eye and out of a
user’s usual line of sight (as shown in FIG. 6). In these HMDs, a CGI light directing element
(e.g. beam splitter 231) may be tilted downward to direct the CGI light down toward the
user’s eye 260. In this case, the edge formed by the intersection of a bottom surface and an
eye-ward surface of the eyepiece may especially benefit from a reflection reducing feature, as
the CGI light may be more likely to encounter the edge that joins an eye-ward surface and a
bottom surface

[0023] In FIG. 3, reflection reducing elements 310 are disposed along the edge on
the intersecting surfaces that form a given edge. In one example, the dimensions D1 and D2
of the reflection reducing element 310 are each 100 #um. In one embodiment, the reflection
reducing elements 310 may include darkening elements to absorb CGI light. The darkening

elements may include paint, ink, and/or tape. The paint, ink, and/or tape may be black. In
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one embodiment, the reflection reducing elements 310 may be a texturing of the eyepiece
surfaces to create a diffuse surface that reduces TIR. The texturing of the eyepiece to create a
diffuse surface may be a texturing that is impressed 5 um into a given surface of the eyepiece.

[0024] FIG. 4 illustrates an end view of an eyepiece 400 with reflection reducing
features 410 on edges of the eyepiece, in accordance with an embodiment of the disclosure.
The view shown in FIG. 4 could be representative of what would be seen looking into
eyepiece 200 through end reflector 287. Eyepiece 400 is shown as a rectangle having a top
surface 382, a scene surface 381, an eye-ward surface 383, and a bottom surface 384.
Reflection reducing features 410 are disposed on edges (e.g. edge 199) of eyepiece 400 that
run between a first end and a second end of eyepiece 400. In one embodiment, the first end
may be a light receiving end of the eyepiece which is coupled to receive light from display
module 205 and the second end may be the end of eyepiece 400 where end reflector 287 is
positioned. The edges running between the first end and the second end are configured (with
reflection reducing features 410) to reduce reflection of CGI light back into the eyepiece. It is
appreciated that not all edges of an eyepiece will necessarily include a reflection reducing
element 410. In one embodiment, only one edge includes a reflection reducing element 410.

[0025] In FIG. 4, the edges of eyepiece 400 are beveled (and more specifically
filleted) to reduce reflection of CGI light back into eyepiece 400. For the purposes of this
disclosure, the term “beveled” shall include the terms “chamfer” and the term “fillet.” In
other words, if an edge is described as “beveled,” it may be chamfered or filleted. In FIG. 4,
the filleted edges create a rounded edge that may have a radius R1 of 200 um. The rounded
edges may be ground or textured to create a diffuse surface that reduces TIR. The texturing to
create a diffuse surface may be a texturing that is impressed 5 #m into the rounded corners. In
one embodiment, darkening elements may be disposed on the rounded corners to absorb CGI
light. The darkening elements may include paint, ink, and/or tape. The paint, ink, and/or tape
may be black.

[0026] FIG. 5 illustrates an end view of an eyepiece 500 with reflection reducing
features 510 on edges of the eyepiece, in accordance with an embodiment of the disclosure.
The view shown in FIG. 5 could be representative of what would be seen looking into
eyepiece 200 through end reflector 287. Eyepiece 500 is shown as a rectangle having a top
surface 382, a scene surface 381, an eye-ward surface 383, and a bottom surface 384.
Reflection reducing features 510 are disposed on edges (e.g. edge 199) of eyepiece 500 that
run between a first end and a second end of eyepiece 500. In one embodiment, the first end

may be a light receiving end of the eyepiece which is coupled to receive light from display
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module 205 and the second end may be the end of eyepiece 500 where end reflector 287 is
positioned. The edges running between the first end and the second end are configured (with
reflection reducing features 510) to reduce reflection of CGI light back into the eyepiece. It is
appreciated that not all edges of an eyepiece will necessarily include a reflection reducing
element 510. In one embodiment, only one edge includes a reflection reducing element 510.

[0027] In FIG. 5, the edges of eyepiece 500 are beveled (and more specifically
chamfered) to reduce reflection of CGI light back into eyepiece 500. In FIG. 5, the chamfered
edges create a chamfered surface with a dimension D5. In one example dimensions D3 and
D4 are each approximately 300 #m and dimension D5 is approximately 424 um. The
chamfered surface may create an angle relative to an image directing element (e.g. beam
splitter 231) that gives CGI light an angle of incidence that allows it to exit eyepiece 500
(rather than being reflected back into the eyepiece) when it encounters the chamfered surface.
In one embodiment, the chamfered surface may be polished and transparent. In one
embodiment, the chamfered surface may be ground or textured to create a diffuse surface.
The texturing to create a diffuse surface may be a texturing that is impressed 5 #m into the
chamfered surface. In one embodiment, darkening elements may be disposed on the
chamfered corners to absorb CGI light. The darkening elements may include paint, ink,
and/or tape. The paint, ink, and/or tape may be black.

[0028] Although terms like “bevel,” “chamfer,” and “fillet” are typically associated
with a negative process (where material is removed to create the feature), it is understood that
the beveled edges (rounded or chamfered) may be formed without removing material. In one
example, the eyepieces are molded and the bevel features can be included in the mold, and
thus no material is actually removed.

[0029] The above description of illustrated embodiments of the invention, including
what is described in the Abstract, is not intended to be exhaustive or to limit the invention to
the precise forms disclosed. While specific embodiments of, and examples for, the invention
are described herein for illustrative purposes, various modifications are possible within the
scope of the invention, as those skilled in the relevant art will recognize.

[0030] These modifications can be made to the invention in light of the above
detailed description. The terms used in the following claims should not be construed to limit
the invention to the specific embodiments disclosed in the specification. Rather, the scope of
the invention is to be determined entirely by the following claims, which are to be construed

in accordance with established doctrines of claim interpretation.
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CLAIMS

What is claimed is:

1. An eyepiece for a head mounted display (“HMD”) comprising:

a light receiving end for receiving computer generated image (“CGI”) light
propagating along a forward optical path;

an end reflector disposed at an opposite end of the eyepiece from the light receiving
end to reflect the CGI light along a reverse optical path within the eyepiece;

a beam splitter positioned to direct the CGI light propagating along the reverse optical
path in an eye-ward direction, wherein the beam splitter is disposed between the light
receiving end and the end reflector; and

at least one edge of the eyepiece running between the light receiving end and the end
reflector, wherein the at least one edge is beveled to reduce reflection of the CGI light back

into the eyepiece.

2. The eyepiece of claim 1, wherein the at least one edge is a chamfered edge to

reduce said reflection of the CGI light.

3. The eyepiece of claim 1, wherein the at least one edge is a filleted edge to reduce

said reflection of the CGI light.

4. The eyepiece of claim 1, wherein a beveled portion of the at least one edge is

textured to form a diffuse surface.

5. The eyepiece of claim 1, wherein a beveled portion of the at least one edge is

darkened to absorb the CGI light.

6. The eyepiece of claim 1, wherein the at least one edge includes a first edge that

joins a bottom surface of the eyepiece with an eye-ward surface of the eyepiece.

7. The eyepiece of claim 6, wherein the bottom surface and the eye-ward surface are

approximately orthogonal.

8. The eyepiece of claim 1, wherein the at least one edge includes:
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a first edge that joins a bottom surface of the eyepiece with an eye-ward surface of the
eyepiece;

a second edge that joins the bottom surface with a scene surface of the eyepiece that is
disposed opposite the eye-ward surface;

a third edge that joins a top surface with the scene surface, the top surface opposite the
bottom surface; and

a fourth edge that joins the top surface and the eye-ward surface.

9. A head mounted display (“HMD”) comprising:
a display module for launching computer generated image (“CGI”) light along a
forward propagating path; and
an eyepiece including:
a first end optically coupled to receive the CGI light from the display
module;
a second end disposed opposite the display module and the first end;
an image directing element to direct the CGI light in an eye-ward
direction, wherein the image directing element is disposed between the first end and the
second end; and
at least one edge running between the first end and the second end, wherein the at least

one edge is beveled to reduce reflection of the CGI light back into the eyepiece.

10. The HMD of claim 9, wherein the at least one edge is a chamfered edge to reduce

said reflection of the CGI light.

11. The HMD of claim 9, wherein the at least one edge is a filleted edge to reduce
said reflection of the CGI light.

12. The HMD of claim 9, wherein a beveled portion of the at least one edge is

textured to form a diffuse surface.

13. The HMD of claim 9, wherein a beveled portion of the at least one edge is
darkened to absorb the CGI light.
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14. The HMD of claim 9, wherein the at least one edge includes a first edge that joins

a bottom surface of the eyepiece with an eye-ward surface of the eyepiece.

15. The HMD of claim 14, wherein the bottom surface and the eye-ward surface are

approximately orthogonal.

16. An optical apparatus comprising:

a first end for receiving computer generated image (“CGI”) light;

a second end disposed opposite the first end;

an image directing element to direct the CGI light out of the optical apparatus in an
eye-ward direction, wherein the image directing element is disposed between the first end and
the second end; and

at least one edge running between the first end and the second end, wherein the at least

one edge is configured to reduce reflection of the CGI light back into the optical apparatus.

17. The optical apparatus of claim 16, wherein the at least one edge is a chamfered

edge to reduce said reflection of the CGI light.

18. The optical apparatus of claim 16, wherein the at least one edge is a filleted edge

to reduce said reflection of the CGI light.

19. The optical apparatus of claim 16, wherein intersecting surfaces that form the at

least one edge include textured portions to create a diffuse surface along the at least one edge.
20. The optical apparatus of claim 16, wherein the at least one edge has darkening

elements disposed along the edge on intersecting surfaces that form the edge, the darkening

elements to absorb the CGI light.

10
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