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SYSTEMIS AND METHODS FOR ALIGNING A 
NEAR-EYE DISPLAY DEVICE 

RELATED APPLICATIONS 

0001. This application claims priority from U.S. Provi 
sional Application Ser. No. 61/826,822, filed May 23, 2013, 
which is incorporated by reference herewith. 

BACKGROUND 

0002 Head-mounted display systems mount to the head of 
a user and allow the user to view the display or an image 
thereof. Generally, the display functions as a conveniently 
located interface with a computer, which may be included in 
the head-mounted display system. For example, a head 
mounted display system may provide an aircraft pilot with 
maps and other information related to the real scene viewed 
by the pilot. Some head-mounted display systems allow the 
user to view a display image at the same time as viewing a real 
scene. See-through head-mounted display systems overlay a 
display image on a real Scene viewed by the user. Recent 
advances in micro-optics manufacturing have resulted in the 
development of see-through head-mounted display systems 
targeted for the consumer market, where the display system 
may provide functionality similar to that of a Smartphone. For 
example, U.S. Patent Application Publication No. US 2013/ 
0021658 discusses a see-through head-mounted display sys 
tem. 

SUMMARY 

0003. In an embodiment, a near-eye display system 
includes (a) a near-eye display device, having a display and 
capable of providing, to a pupil of a user, an image from the 
display Superimposed on an ambient scene, and (b) a fixture 
for coupling the near-eye display device to a holder mounted 
to the user, the fixture having a plurality of degrees of freedom 
for alignment of the display device with respect to the pupil. 
0004. In an embodiment, a method for aligning a display 
image, Superimposed on an ambient scene viewed by a pupil 
of a user, includes manipulating a plurality of degrees of 
freedom of a fixture that couples a near-eye display device to 
a holder that mounts on the user, to align the display image 
with respect to pupil field of view, wherein the near-eye 
display device including a display and optics for forming, 
from the display, the display image and Superimposing the 
display image on the ambient scene. 
0005. In an embodiment, a method for manufacturing a 
display system, having functionality for aligning a display 
image with respect to a pupil of a user, includes producing a 
fixture for coupling a near-eye display device to a holder for 
mounting the display device on the user, wherein the near-eye 
display device has a display and is capable of Superimposing 
an image of the display on an ambient scene viewed by the 
user, and the fixture has a plurality of degrees of freedom for 
moving the near-eye display device relative to the holder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006. The foregoing and other features and advantages of 
the disclosure will be apparent from the more particular 
description of embodiments, as illustrated in the accompany 
ing drawings, in which like reference characters refer to the 
same parts throughout the different figures. The drawings are 
not necessarily to scale, emphasis instead being placed upon 
illustrating the principles of the disclosure. 
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0007 FIG. 1 illustrates a near-eye display system, accord 
ing to one embodiment. 
0008 FIG. 2 illustrates a block diagram of the components 
of an exemplary near-eye display device, according to an 
embodiment. 
0009 FIG. 3 illustrates an embodiment of the near-eye 
display device of FIG. 2, with added functionality providing 
higher-quality display images. 
0010 FIG. 4 illustrates an optical system for superimpos 
ing a display image on an ambient Scene, according to an 
embodiment. 
0011 FIG. 5 illustrates an optical system for superimpos 
ing a display image on an ambient scene, and including an 
illumination focusing module providing improved display 
illumination efficiency, according to an embodiment. 
0012 FIG. 6 illustrates an optical system for superimpos 
ing a display image on an ambient scene, including a lens for 
changing the magnification of the display image, according to 
an embodiment. 
0013 FIG. 7 illustrates another optical system for super 
imposing a display image on an ambient scene, including a 
lens for changing the magnification of the display image, 
according to an embodiment. 
0014 FIG. 8 illustrates a light source for illuminating the 
display of the display device of FIG. 2, according to an 
embodiment. 
(0015 FIGS. 9A and 9B illustrate, in perspective view and 
cross-sectional side view, respectively, an illumination mod 
ule, for use in the display device of FIG.3, which includes a 
solid light collector with a curved surface for collecting and 
directing light from a light Source towards the display, accord 
ing to an embodiment. 
(0016 FIGS. 10A and 10B illustrate optical systems for 
Superimposing a display image on an ambient scene, which 
utilize the illumination module of FIGS. 9A and 9B, accord 
ing to embodiments. 
(0017 FIGS. 11A and 11B illustrate, in perspective view 
and cross-sectional side view, respectively, an illumination 
module, for use in the display device of FIG. 3, which 
includes a solid light collector with a Fresnel reflector for 
collecting and directing light from a light source towards the 
display, according to an embodiment. 
0018 FIG. 12 illustrates a method for superimposing an 
image of a liquid-crystal-on-silicon display on an ambient 
scene, according to an embodiment. 
0019 FIG. 13 illustrates an embodiment of the method of 
FIG. 12, which includes added functionality for providing a 
higher-quality display image. 
0020 FIGS. 14A, 14B, and 14C illustrate a fixture for 
coupling the display device of FIG. 1 to a user-mounted 
holder, which includes a plurality of degrees of freedom for 
aligning the display device relative to a pupil of the user, 
according to an embodiment. 
0021 FIG. 15 illustrates a method for manipulating a fix 
ture that couples the display device of FIG. 1 to a user 
mounted holder, to align the display device relative to a pupil 
of the user, according to an embodiment. 
0022 FIG. 16 illustrates manipulation of a rotational 
degree of freedom of the fixture of FIGS. 14A, 14B, and 14C 
to adjust keystone effect, in one dimension, of the display 
image provided to a pupil of a user by the display device of 
FIG. 1, according to an embodiment. 
0023 FIG. 17 illustrates manipulation of a translational 
degree of freedom of the fixture of FIGS. 14A, 14B, and 14C 
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to adjust the positioning, along one dimension with respect to 
the field of view of a pupil of a user, of the display image 
provided by the display device of FIG. 1, according to an 
embodiment. 
0024 FIG. 18 illustrates manipulation of another rota 
tional degree of freedom of the fixture of FIGS. 14A, 14B, and 
14C to adjust keystone effect, in another dimension, of the 
display image provided to a pupil of a user by the display 
device of FIG. 1, according to an embodiment. 
0025 FIG. 19 illustrates manipulation of another transla 
tional degree of freedom of the fixture of FIGS. 14A, 14B, and 
14C to adjust the positioning, along another dimension with 
respect to the field of view of a pupil of a user, of the display 
image provided by the display device of FIG. 1, according to 
an embodiment. 
0026 FIG. 20 illustrates a liquid-crystal-on-silicon 
assembly, which may be implemented in the optical systems 
of FIGS. 2-7, according to an embodiment. 
0027 FIG. 21 illustrates a method for manufacturing the 
liquid-crystal-on-silicon assembly of FIG. 20, wherein the 
display portion is formed using wafer-level manufacturing 
methods, according to an embodiment. 
0028 FIG. 22 illustrates a wafer-level method for manu 
facturing the liquid-crystal-on-silicon assembly of FIG. 20. 
wherein liquid crystal is added at the wafer-level, according 
to an embodiment. 
0029 FIG. 23 illustrates another wafer-level method for 
manufacturing the liquid-crystal-on-silicon assembly of FIG. 
20, wherein liquid crystal is added after singulation of liquid 
crystal-on-silicon assemblies, according to an embodiment. 
0030 FIG. 24 illustrates a stacked wafer that may be 
manufactured using either one of the methods of FIG.22 and 
FIG. 23, according to an embodiment. 
0031 FIG. 25 illustrates a liquid-crystal-on-silicon 
assembly, which may be implemented in the optical systems 
of FIGS. 2-7, wherein the liquid-crystal-on-silicon assembly 
may be manufactured using either one of the methods of FIG. 
22 and FIG. 23, according to an embodiment. 
0032 FIG. 26 illustrates a wafer-level method for fabri 
cating a plurality of optical systems that include a polarizing 
beam splitter, according to an embodiment. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0033 FIG. 1 illustrates one exemplary near-eye display 
system 102, including a near-eye display device 100. Near 
eye display system 102 positions near-eye display device 100 
within the field of view of one pupil of a user and, in the 
example illustrated in FIG. 1, near-eye display system 102 
mounts to a glasses frame 104 worn by the user. Alternatively, 
near-eye display system 102 is mounted to a helmet worn by 
the user, the head or shoulder of a user, or otherwise placed 
such that near-eye display device 100 is in the field of view of 
one pupil of the user. Near-eye display device 100 is for 
example a see-through display device that Superimposes a 
display image on an ambient scene viewed by the user. 
0034. Also disclosed herein are embodiments of near-eye 
display device 100, which advantageously provide high 
image quality and viewing comfort. For example, near-eye 
display device 100 may include a neutral density filter for 
adjusting brightness of light from the ambient scene in the 
field of view area associated with the display image. Such that 
the display image has good contrast relative to the ambient 
scene. Near-eye display device 100 may utilize efficient illu 
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mination of the display to provide a bright display image 
while maintaining low power consumption, as well as polar 
ization filtering to reduce Stray light effects. In an embodi 
ment, display system 102 includes a fixture with multiple 
degrees of freedom for aligning near-eye display device 100 
with respect to the field of view of the pupil. The fixture thus 
allows for achieving a desired positioning of the display 
image and eliminating, or reducing, keystone distortion. This 
is particularly advantageous if display system 102 is intended 
to be compatible with different types of holders, such as 
different examples of glasses frame 104. Portions of the near 
eye display device 100 may be manufactured according to 
wafer-level methods disclosed herein. 
0035 FIG. 2 illustrates a block diagram of the components 
of one exemplary near-eye display device 200. Display device 
200 is for example an embodiment of near-eye display device 
100 of FIG.1. Display device 200 includes an optical system 
201 that utilizes polarization sensitive elements to superim 
pose a display image on an ambient scene 260 viewed by a 
pupil 270 of a user. Optical system 201 includes a display unit 
210 and a viewing unit 240. Optionally, display device 200 
includes an enclosure 290 for housing at least optical system 
201. 

0036 Display unit 210 includes a display 220, an illumi 
nation module 230 for illuminating display 220, and a polar 
izing beam splitter (PBS) interface 215. PBS interface 215 
directs at least a portion of illumination light generated by 
illumination module 230 towards display 220, and transmits 
at least a portion of light from display 220 towards viewing 
unit 240. In an embodiment, display 220 is a liquid-crystal 
on-silicon (LCOS) display. In an embodiment, illumination 
module 230 includes a light emitting diode (LED) based light 
source, such as an RGBLED module for generating red, blue, 
and green light. In this embodiment, display 220 and illumi 
nation module 230 may cooperate to provide a color display. 
0037 Viewing unit 240 superimposes an image of display 
220 on ambient scene 260 viewed by pupil 270. Viewing unit 
204 includes a PBS interface 245 and an imaging objective 
250. Imaging objective 250 forms an image of display 220. In 
certain embodiments, the display image thus formed by imag 
ing objective 250 is a virtual image located a distance away 
from pupil 270, optionally externally to display device 200. 
The virtual image may be formed at infinity or at a finite 
distance from pupil 270. PBS interface 245 transmits at least 
a portion of light from ambient scene 260 propagating 
towards pupil 270. Thus, PBS interface 245 provides see 
through functionality for display device 200. PBS interface 
245 further transmits at least a portion of light from display 
unit 210 to imaging objective 250, and reflects at least a 
portion of light from imaging objective 250 towards pupil 
270. 

0038. In an embodiment, PBS interfaces 215 and 245 are 
orthogonal to a common plane. In this embodiment, PBS 
interfaces 215 and 245 may be configured to transmit the 
same type of polarization, such that no polarization rotation is 
required between PBS interfaces 215 and 245. In an embodi 
ment, PBS interfaces 215 and 245 are configured for trans 
mitting p-polarization and reflecting S-polarization. One or 
both of PBS interfaces 215 and 245 may be implemented in 
display device 200 as beam-splitter cubes. 
0039. Optionally, display device 200 includes a controller 
280 for controlling portions of optical system 201. For 
example, controller 280 controls illumination module 230 
and display 220. Display device 200 may further include an 
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interface 285 for communicating with a user and/or an exter 
nal computer system. Interface 285 may include a voice inter 
face and/or a touch interface. Such as a keypad or a touchpad, 
for receiving instructions from a user. Through controller 
280, such instructions may affect the image formed on dis 
play 220. Alternatively, or in combination therewith, interface 
285 may include a sound interface for communicating to the 
user. While FIG. 2 illustrates controller 280 and interface 285 
as being included in display device 200, one or both of con 
troller 280 and interface 285, or portions thereof, may be 
located externally to display device 200, without departing 
from the scope hereof. For example, with display device 200 
implemented in near-eye display system 102 (FIG. 1) as 
display device 100, controller 280 and interface 285 may be 
located in portions of near-eye display system 102 different 
from display device 100. Although not illustrated in FIG. 2, 
elements of display device 200 may be powered by a battery 
incorporated in display device 200, or receive power through, 
for example, interface 285, without departing from the scope 
hereof. 
0040 FIG. 3 illustrates one exemplary near-eye display 
device 300, which is near-eye display device 200 of FIG. 2 
disclosed in greater detail. Display device 300 includes added 
functionality that may serve to Superimpose a higher-quality 
display image on ambient scene 260 (FIG. 2) viewed by pupil 
270 (FIG. 2). Display device 300 includes an optical system 
301, which is optical system 201 (FIG. 2) disclosed in greater 
detail. Optical system 301 includes a display unit 310 and a 
viewing unit 340, which are display unit 210 and viewing unit 
240, respectively, of FIG. 2 disclosed in greater detail. 
Optionally, display device 300 includes enclosure 290 of FIG. 
2 

0041 Display unit 310 includes PBS interface 215 and 
display 220 as described above in FIG. 2. Display unit 310 
further includes an illumination module 330, including a light 
source 332, which is illumination module 230 (FIG. 2) dis 
closed in greater detail. In an embodiment, light source 332 is 
a light emitting diode (LED) based light Source. Such as an 
RGB LED module for generating red, blue, and greenlight. In 
this embodiment, display 220 and illumination module 330 
may cooperate to provide a color display. Viewing unit 340 
includes PBS interface 245 and imaging objective 250 as 
described above with respect to FIG. 2. 
0042. In an embodiment, illumination module 330 
includes a collector 334 for collecting light emitted by 334 
and directing the collected light towards PBS interface 215. 
Collector 334 may increase the fraction of the light, generated 
by light source 332, which reaches display 220. Hence, col 
lector 334 may facilitate formation of a brighter display 
image and/or reduce power consumption, as compared to 
illumination modules that do not include collector 334. Simi 
larly, in an embodiment, display unit 310 includes an illumi 
nation focusing module 338, which serves to direct a greater 
fraction of the light, emitted by illumination module 330, 
towards display 220, as compared to display units not includ 
ing illumination focusing module 338. Hence, illumination 
focusing module 338 facilitates formation of a brighter dis 
play image and/or reduces power consumption, as compared 
to display units not including illumination focusing module 
338. 

0043. In an embodiment, viewing unit 340 includes a neu 
tral density (ND) filter 344 for adjusting the brightness of 
light propagating towards pupil 270 from ambient scene 260. 
Accordingly, ND filter 344 may serve to provide improved 
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contrast of the display image relative to the ambient scene. 
For example, if ambient scene 260 is very bright, which may 
be the case if display device 300 is operated in a brightly lit 
environment, ND filter 344 may reduce the brightness of 
ambient scene 260 in the portion of the field of view of pupil 
270 that is occupied by the display image. In a system without 
ND filter 344, it may be necessary to increase the power of the 
light source illuminating display 220. Such as light source 
332, which increases power consumption by display device 
300. Accordingly, ND filter 344 may offer an energy efficient 
Solution to achieving good contrast of the display image 
relative to the ambient scene, which is particularly advanta 
geous for embodiments of display device 300 that are battery 
powered. 
0044. In an embodiment, ND filter 344 has a fixed trans 
mission coefficient. In another embodiment, ND filter 344 is 
a variable neutral density filter. ND filter 344 may be a 
mechanically variable ND filter. For example, ND filter 344 
may include two polarizer plates, wherein the orientation of at 
least one of the two polarizer plates may be adjusted to control 
the overall transmission coefficient of the pair of polarizer 
plates. Alternatively, ND filter 344 may be an electronically 
variable ND filter. In certain embodiments, ND filter 344 
includes a twisted nematic mode liquid crystal device, which 
controls the transmission coefficient through the twisted 
nematic effect in a liquid crystal layer. The transmission 
properties of the liquid crystal layer depend on an applied 
Voltage. Therefore, the transmission of the liquid crystallayer 
may be controlled electronically. In one embodiment, the 
twisted nematic mode liquid crystal device is operated in a 
binary mode, in which the device either transmits or blocks 
light. Variable transmission of ND filter 344 may then be 
achieved by alternating between transmitting and blocking 
configurations with a variable duty-cycle. In another embodi 
ment, the twisted nematic modeliquid crystal device includes 
an array of independently controllable twisted nematic mode 
liquid crystal pixels, each operating in a binary mode wherein 
a pixel either transmits of blocks light. In this case, variable 
transmission of ND filter 344 may be achieved by adjusting 
the fraction of pixels set to transmit light. 
0045. In an embodiment, display device 300 includes one 
or more polarization filters, in addition to PBS interfaces 215 
and 245, for cleaning the polarization state of light passing 
therethrough. Although each of PBS interfaces 215 and 245 
act as polarization filters, PBS interfaces 215 and 245 may not 
provide perfect polarization filtering. Imperfect polarization 
filtering potentially leads to stray light effects in the display 
image Superimposed on ambient scene 260. For example, a 
small fraction of light emitted by illumination module 330 
may propagate to viewing unit 340 and appear in the display 
image formed by imaging objective 250. Likewise a small 
fraction of light received from ambient scene 260 may be 
reflected by PBS interface 245 and thereby produce a stray 
light effect in the display image formed by imaging objective 
250. To prevent or reduce such stray light effects, display 
device 300 may include one or more of polarization filters 
302,336, and 342. 
0046 Polarization filter 302 is located between PBS inter 
faces 215 and 245 to clean the polarization state of light 
passing therebetween. Polarization filter 302 may be dis 
posed directly on the surface of PBS interface 215 or PBS 
interface 245. 

0047 Polarization filter 336 is located in illumination 
module 330 for cleaning the polarization state of light emitted 
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by light source 332 prior to reaching PBS interface 215. 
Polarization filter 336 may be disposed directly on the surface 
of PBS interface 215. 
0048 Polarization filter 342 is located in viewing unit 340 
and cleans the polarization state of light propagating towards 
PBS interface 245. Polarization filter 342 may be disposed 
directly on the surface of PBS interface 245. In embodiments 
of display device 300 that include ND filter 344, polarization 
filter 342 may be located between ND filter 344 and ambient 
scene 260, without departing from the scope hereof. Although 
not illustrated in FIG. 3, embodiments of display unit 310 
may include a polarization filter for blocking light transmitted 
by PBS interface 215 having polarization of the type that an 
ideal version of PBS interface 215 would have reflected, 
without departing from the scope hereof. 
0049. In an embodiment, display device 300 includes a 
lens or a lens system for changing the magnification of the 
display image Superimposed on ambient scene 260. For 
example, display device 300 may include a lens 304 located 
between PBS interfaces 215 and 245. Lens 304 cooperates 
with imaging objective 250 to provide a different magnifica 
tion of display image Superimposed on ambient scene 260, as 
compared to the display image formed by display devices not 
including lens 304. Although not illustrated in FIG. 3, in 
embodiments of display device 300 that include polarization 
filter 302, lens 304 may be located between polarization filter 
302 and PBS interface 215. 
0050. In another example, display device 300 includes a 
lens 312 located between display 220 and PBS interface 215. 
Lens 312 cooperates with imaging objective 250 to provide a 
different magnification of display image Superimposed on 
ambient scene 260, as compared to the display image formed 
by display devices not including lens 312. Each of lenses 304 
and 312 may include several lenses as well as other optical 
elements. 
0051. In an embodiment, display device 300 includes two 
or more of (a) ND filter 344, (b) one or more of polarization 
filters 302, 336, and 342, (c) illumination focusing module 
338, (d) collector 334, and (e) one of lenses 304 and 312. 
0052 Optionally, display device 300 includes a controller 
360 for controlling portions of optical system 301. Controller 
360 is an embodiment of controller 280 (FIG. 2). For 
example, controller 360 controls illumination module 230 
and display 220, and optionally ND filter 344. Display device 
300 may further include interface 285 (FIG. 2) for commu 
nicating with a user and/or an external computer system, 
through controller360. While FIG.3 illustrates controller 360 
and interface 285 as being included in display device 300, one 
or both of controller 360 and interface 285, or portions 
thereof, may be located externally to display device 300, 
without departing from the scope hereof. For example, with 
display device 300 implemented in near-eye display system 
102 (FIG. 1) as display device 100, controller 360 and inter 
face 285 may be located in portions of near-eye display sys 
tem 102 different from display device 100. 
0053 FIG. 4 illustrates one exemplary optical system 400, 
for use in a see-through near-eye display device, which 
includes a neutral density filter and additional polarization 
cleaning elements. Optical system 400 is an embodiment of 
optical system 301 (FIG. 3) that includes ND filter 344 (FIG. 
3), a polarization filter 436, and a polarization filter 442. 
Polarization filters 436 and 442 are examples of polarization 
filters 336 and 342 of FIG. 3. Optical system 400 includes a 
display unit 480 and a viewing unit 490, which are similar to 
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display unit 310 and viewing unit 340, respectively, of FIG.3. 
Optical system 400 further includes a light tunnel 460 
through which light may propagate from display unit 480 to 
viewing unit 490. Light tunnel 460 may be a solid material 
capable of transmitting light of a desired wavelength, Such as 
visible light. For example, light tunnel 460 may be made of 
glass or an optical plastic, such as acrylic, polystyrene, poly 
carbonate, or polyolefin. 
0054 Display unit 480 includes a PBS element 430 having 
a PBS interface 415, which is an example of PBS interface 
215 (FIGS. 2 and 3). Display unit 480 further includes light 
source 332 (FIG. 3), a light tunnel 434, which may be a solid 
taper, for directing light from light source 332 towards PBS 
element 430, and a polarization filter 436, which is an 
example of polarization filter 336 (FIG. 3) for cleaning the 
polarization state of light emitted by light source 332. Addi 
tionally, display unit 480 includes display 220 (FIGS. 2 and 
3). Light tunnel 434 may be a solid material capable of trans 
mitting light of a desired wavelength, Such as visible light. For 
example, light tunnel 460 may be made of glass or an optical 
plastic, such as acrylic, polystyrene, polycarbonate, or poly 
olefin and may be tapered at an angle toward light source 332. 
In an embodiment, display 220 is an LCOS display. 
0055 Light source 332 emits light 401, which may be 
randomly polarized. Polarization filter 436 at least partially 
blocks s-polarized light components of light 401 to form 
p-polarized light 402 propagating towards PBS interface 415. 
The polarization state is defined with respect to PBS interface 
415. PBS interface 415 reflects p-polarized light 402 towards 
display 220. At least a portion of p-polarized light 402 is 
re-emitted by display 220 as light 403. Display 220 changes 
the polarization state of incident p-polarized light 402, such 
that light 403 emitted by display 220 includes an s-polarized 
component. The s-polarized component of light 403 is at least 
partially transmitted by PBS interface 415 to produce s-po 
larized light 404. S-polarized light 404 enters light tunnel 460 
and propagates therethrough to viewing unit 490 as S-polar 
ized light 405. Display unit 480 may further include a polar 
ization filter 470 for at least partially blocking portions of 
p-polarized light 402 leaking through PBS interface 415. 
Light source 332, light tunnel 434, and polarization filter 436 
together form an example of illumination module 330 (FIG. 
3). 
0056. In an embodiment, display 220, optionally polariza 
tion filter 470, and the illumination module formed by light 
source 332, light tunnel 434, and polarization filter 436 are 
bonded to faces of PBS element 430, wherein these faces are 
oriented at substantially 45 degrees to PBS interface 415. The 
location of the illumination module formed by light source 
332, light tunnel 434, and polarization filter 436 may be 
swapped with the location of optional polarization filter 470, 
without departing from the scope hereof. 
0057 Light polarization state indicated herein refers to the 
ideal polarization state of the light, whereas the actual polar 
ization state may include non-ideal components, without 
departing from the scope hereof. For example, S-polarized 
light 405 may include a small p-polarized component. 
0058 Viewing unit 490 includes a PBS element 440 hav 
ing a PBS interface 445, which is an embodiment of PBS 
interface 245 (FIGS. 2 and 3). In an embodiment, PBS ele 
ment 440 is a PBS cube. Viewing unit 490 further includes a 
curved reflector 451 and a quarter-wave plate 452. Together, 
curved reflector 451 and a quarter-wave plate 452 form an 
embodiment of imaging objective 250 (FIGS. 2 and 3). 
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Curved reflector 451 may be a mangine mirror. Additionally, 
viewing unit 490 includes ND filter 344 (FIG. 3) and a polar 
ization filter 442. Polarization filter 442 is an embodiment of 
polarization filter 342 (FIG.3). Viewing unit 490 may further 
include polarization filter 302 (FIG. 3). 
0059 Viewing unit 490 receives s-polarized light 405 
from light tunnel 460. S-polarized light 405 enters PBS ele 
ment 440 and becomes s-polarized light 406, optionally after 
passing through polarization filter 302 configured to at least 
partially block p-polarized components of S-polarized light 
405. PBS interfaces 445 and 415 are substantially orthogonal 
to a common plane. Therefore, light polarization state indi 
cated with respect to PBS interface 445 is the same as light 
polarization state indicated with respect to PBS interface 415. 
S-polarized light 406 is transmitted by PBS interface 445 to 
form S-polarized light 407 propagating towards quarter-wave 
plate 452. Quarter-wave 452 rotates the polarization of s-po 
larized light 407 to form circularly polarized light 408. 
Curved reflector 451 reflects circularly polarized light 408 to 
form counter-circularly polarized light 409, the polarization 
of which is rotated by quarter-wave plate 452 to form p-po 
larized light 410. P-polarized light 410 is reflected by PBS 
interface 445 towards pupil 270 (FIGS. 2 and 3). 
0060 Viewing unit 490 also receives light 421 from an 
ambient scene. At least a portion of light 421, which may be 
randomly polarized, is transmitted by ND filter 344, and 
filtered by polarization filter 442 to form s-polarized light 
422. S-polarized light 422 is transmitted by PBS interface 445 
and propagates towards pupil 270 as s-polarized light 432. 
Accordingly, pupil 270 sees an image of display 220, received 
by pupil 270 as p-polarized light, Superimposed on an image 
of an ambient scene, received by pupil 270 as s-polarized 
light. In an embodiment, polarization filter 302, polarization 
filter 442, and quarter-wave plate 452 are bonded to faces of 
PBS element 440, wherein these faces are oriented at Sub 
stantially 45 degrees to PBS interface 445. 
0061 FIG.5 illustrates one exemplary optical system 500, 
for use in a see-through near-eye display device. Optical 
system 500 is an extension of optical system 400 of FIG. 4, 
which further includes an illumination focusing module for 
improving the efficiency of illumination of display 220 
(FIGS. 2, 3 and 4). Optical system 500 is an embodiment of 
optical system 301 (FIG. 3) that includes ND filter 344 (FIG. 
3), polarization filter 536, polarization filter 442 (FIG. 4), and 
an example of illumination focusing module 338 (FIG. 3). 
Polarization filter 536 is an example of polarization filter 336 
(FIG.3). Optical system 500 includes a display unit 580, light 
tunnel 460 (FIG. 4), and viewing unit 490 (FIG. 4). Display 
unit 580 is an embodiment of display unit 310 of FIG. 3. 
0062 Display unit 580 is similar to display unit 480 (FIG. 
4). As compared to display unit 480 (FIG. 4), optional polar 
ization filter 470 is replaced by an illumination focusing 
module that includes a quarter-wave plate 561, a lens 562 and 
a curved reflector 563. Lens 562 may be a lens system includ 
ing multiple optical elements. Curved reflector 563 may be a 
mangin mirror. The illumination focusing module formed by 
quarter-wave plate 561, a lens 562 and a curved reflector 563 
is an example of illumination focusing module 338 (FIG. 3). 
0063. Furthermore, within optical system 500, PBS ele 
ment 430 of FIG. 4 is replaced by a PBS element 530, which 
includes a PBS interface 515. PBS interface 515 is an 
example of PBS interface 215 (FIGS. 2 and 3). PBS interface 
515 is substantially parallel to PBS interface 445. 
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0064 Polarization filter 536 blocks at least a portion of 
p-polarized light emitted by light source 332. Polarization 
filter 536 transmits an s-polarized component of light 401 
(FIG.4), emitted by light source 332, to form s-polarized light 
502, where the polarization state is indicated with respect to 
PBS interface 515. S-polarized light is transmitted by PBS 
interface 515 to form s-polarized light 503 propagating 
towards quarter-wave plate 561. Quarter-wave plate 561 
rotates the polarization of s-polarized light 503 to form cir 
cularly polarized light 504, which passes through lens 562, is 
reflected by curved reflector 563, and passes through lens 562 
to become counter-circularly polarized light 505. Quarter 
wave plate 561 rotates the polarization of counter-circularly 
polarized light 505 to form p-polarized light 506. P-polarized 
light 506 is reflected by PBS interface 515 towards display 
220. Display 220 changes the polarization state of incident 
p-polarized light 506, such that light 507 emitted by display 
220 includes an S-polarized component. The S-polarized com 
ponent of light 507 is at least partially transmitted by PBS 
interface 515 to produce s-polarized light 508. S-polarized 
light 508 enters light tunnel 460 and becomes s-polarized 
light 405 of FIG. 4. 
0065 FIG. 6 illustrates one exemplary optical system 600, 
for use in a see-through near-eye display device. Optical 
system 600 is a modification of optical system 500 of FIG. 5, 
which further includes a lens for changing the magnification 
of the display image Superimposed on the ambient scene. 
Optical system 600 is an embodiment of optical system 301 
(FIG. 3) that includes lens 304 (FIG. 3), ND filter 344 (FIG. 
3), polarization filter 536 (FIG. 5), polarization filter 442 
(FIG.4), and a curved reflector 663 for focusing illumination. 
Curved reflector 663 is an example of illumination focusing 
module 338 (FIG. 3) and may be a mangin mirror. Optical 
system 600 further includes a display unit 680, light tunnel 
460 (FIG.4), viewing unit 490 (FIG. 4), and lens 304 (FIG.3). 
0.066 Display unit 680 is an embodiment of display unit 
310 of FIG. 3, and is similar to display unit 580 (FIG. 5). 
However, as compared to display unit 580 (FIG. 5), lens 562 
is omitted. Lens 304 is placed between PBS elements 440 
(FIG.4) and 530 (FIG.5). Lens 304 may be incorporated into 
light tunnel 460, display unit 680, or viewing unit 490 (FIG. 
4). 
0067 FIG. 7 illustrates one exemplary optical system 700, 
for use in a see-through near-eye display device. Optical 
system 700 is a modification of optical system 600 of FIG. 6, 
with a different position of the lens functioning to change the 
magnification of the display image Superimposed on the 
ambient scene. Optical system 700 is an embodiment of opti 
cal system 301 (FIG. 3) that includes lens 312 (FIG. 3), ND 
filter 344 (FIG. 3), polarization filter 536 (FIG. 5), polariza 
tion filter 442 (FIG. 4), and curved reflector 663 (FIG. 6). 
Optical system 700 further includes a display unit 780, light 
tunnel 460 (FIG. 4), and viewing unit 490 (FIG. 4). 
0068. As compared to optical system 600 of FIG. 6, opti 
cal system 700 does not include lens 304. Instead optical 
system 700 includes lens 312 located between PBS element 
530 (FIGS. 5 and 6) and display 220 (FIGS. 2, 3, and 6). 
0069 FIG. 8 illustrates one exemplary light source 800 for 
illuminating display 220 of FIG. 2. Light source 800 is an 
embodiment of light source 332 (FIG. 3) providing three 
different colors of light, which cooperate with display 220 
(FIG. 2) to form a color display. Light source 800 includes a 
red LED 811, a green LED 812, a blue LED 813, and a cross 
dichroic prism 820 for combining light from red LED 811, 
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green LED812, and blue LED 813. Cross dichroic prism 820 
may be attached to light tunnel or solid taper 434 (FIGS. 4 
through 7). 
0070 FIGS. 9A and 9B illustrate one exemplary illumi 
nation module 900, which is an embodiment of illumination 
module 330 (FIG. 3) including collector 334. Illumination 
module 900 includes light source 332 (FIG. 3) and a solid 
light collector 920, which is an embodiment of collector 334 
(FIG.3). FIG.9A shows illumination module 900 in perspec 
tive view from a vantage point below light source 332. FIG. 
9B shows illumination module 900 in cross-sectional side 
view, where the cross section is in the plane defined by the 
general propagation directions of light through illumination 
module 900. FIGS. 9A and 9B are best viewed together. 
(0071 Solid light collector 920 includes a curved surface 
922 for internally reflecting light 931 emitted by light source 
332. In FIG. 9, arrow 931 indicates a generally centered 
propagation direction of light emitted by light source 332. 
Light source 332 may emit light in a large Solid angle. Curved 
Surface 922 collects and focuses a large Solid angle of light 
931, emitted by light source 332, to form light 932. Light 932 
has a general propagation direction, which is substantially 
orthogonal to that of light 931. Light 932 may include light 
propagation in a range of directions, defined by curved Sur 
face 922 and the emission properties of light source 332. 
Solid light collector 920 may be a solid material capable of 
transmitting light of a desired wavelength, Such as visible 
light. For example, solid light collector 920 may be made of 
glass or an optical plastic, such as acrylic, polystyrene, poly 
carbonate, or polyolefin. 
0072 FIGS. 10A and 10B illustrate two similar exemplary 
optical systems 1001 and 1002, respectively, which are 
embodiments of optical system 400 (FIG. 4) that incorporate 
illumination module 900, of FIG. 9. Optical system 1001, 
illustrated in FIG. 10A, is similar to optical system 400 (FIG. 
4), except that light tunnel 434 (FIG. 4) is replaced by solid 
light collector 920, of FIG.9, and light source 332 is moved 
to a position below solid light collector 920. In addition, 
optical system 1001 may include a diffuser 1010 located 
between solid light collector 920 and polarization filter 436 
(FIG. 4) for diffusing light emitted by solid light collector 
920. 
0073. Optical system 1002, illustrated in FIG. 10B, is 
similar to optical system 1001, except that the location of 
polarization filter 426, optional diffuser 1010, and illumina 
tion module 900 is swapped with the location of optional 
polarization filter 470 (FIG. 4), and that PBS element 430 is 
re-oriented accordingly. In optical system 1002, PBS element 
430 is reoriented such that PBS interface 415 (FIG. 4) is 
parallel to PBS interface 445 (FIG. 4). 
0074 FIG. 11 illustrates one exemplary illumination mod 
ule 1100, which is an embodiment of illumination module 
330 (FIG. 3) including collector 334. Illumination module 
1100 includes light source 332 (FIG. 3) and a solid light 
collector 1120, which is an embodiment of collector 334 
(FIG. 3). FIG. 11A shows illumination module 1100 in per 
spective view from a vantage point below light source 332. 
FIG. 11B shows illumination module 1100 in cross-sectional 
side-view, where the cross section is in the plane defined by 
the general propagation directions of light through illumina 
tion module 1100. FIGS. 11A and 11B are best viewed 
together. 
0075 Solid light collector 1120 is similar to solid light 
collector 920 of FIG.9, except that curved surface 922 (FIG. 
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9) is replaced by a Fresnel reflector 1122. Fresnel reflector 
1122 collects and focuses a large solid angle of light 1131, 
emitted by light source 332, to form light 1132. Light 1132 
has a general propagation direction, which is substantially 
orthogonal to that of light 1131. Light 1132 may include light 
propagation in a range of directions, defined by Fresnel 
reflector 1122 and the emission properties of light source 332. 
Solid light collector 1120 may be a solid material capable of 
transmitting light of a desired wavelength, such as visible 
light. For example, solid light collector 1120 may be made of 
glass or an optical plastic, such as acrylic, polystyrene, poly 
carbonate, or polyolefin. Illumination module 1100 may be 
incorporated in optical systems 1001 and 1002 of FIGS. 10A 
and 10B, respectively, in the place of illumination module 
900 (FIGS. 9 and 10). 
(0076 FIG. 12 illustrates one exemplary method 1200 for 
Superimposing a display image on an ambient scene viewed 
by the pupil of a user. Method 1200 may be performed by, for 
example, display device 200 of FIG. 2. 
(0077. In a step 1210 an LCOS display is illuminated. For 
example, illumination module 230 (FIG. 2) illuminates an 
embodiment of display 220 (FIG. 2) which is an LCOS dis 
play. Step 1210 includes a step 1212 of reflecting light from a 
light source towards the LCOS display using a first PBS 
interface. For example, PBS interface 215 (FIG. 2) reflects 
light from illumination module 230 (FIG. 2) towards an 
embodiment of display 220 (FIG. 2) which is an LCOS dis 
play. 
0078. In a step 1220, an image of the LCOS display is 
Superimposed on an ambient scene. In one example of opera 
tion of step 1220, viewing unit 240 (FIG. 2) superimposes an 
image of display 220 (FIG. 2), implemented as an LCOS 
display, on ambient scene 260 (FIG. 2) viewed by pupil 270 
(FIG. 2). Step 1220 includes a step 1222, wherein light from 
the ambient scene is merged with light from the LCOS dis 
play using a second PBS interface. In an embodiment, the first 
and second PBS interfaces are orthogonal to a commonplane. 
For example, PBS interface 245 (FIG. 2) merges light from 
ambient scene 260 (FIG. 2) with light originating from dis 
play 220 (FIG. 2), implemented as an LCOS display, where 
the light originating from display 220 is received from imag 
ing objective 250 (FIG. 2). 
(0079 FIG. 13 illustrates one exemplary method 1300 for 
Superimposing a display image on an ambient scene viewed 
by the pupil of a user. Method 1300 may be performed by, for 
example, display device 300 of FIG. 3, or by one of optical 
systems 400 (FIG. 4), 500 (FIG. 5), 600 (FIG. 6), 700 (FIG. 
7), 1001 (FIG.10A), and 1002 (FIG.10B). Method 1300 is an 
embodiment of method 1200 (FIG. 12), which includes one 
or more of steps to (a) adjust brightness of the ambient scene 
in the portion of the field of view of the pupil associated with 
the display image, (b) clean the polarization state of light to 
produce a higher-quality display image with less or no stray 
light interference, (c) focus illumination to provide a bright 
display image and/or reduce power consumption, and (d) 
focus light propagating from the LCOS display to provide a 
display image of different magnification. 
0080 Method 1300 includes a step 1310, for illuminating 
an LCOS display, and a step 1340 for superimposing an 
image of the LCOS display on the ambient scene viewed by 
the pupil of the user. Steps 1310 and 1340 are examples of 
steps 1210 and 1240, respectively, of method 1200 (FIG. 12). 
Step 1310 includes a step 1316, wherein method 1300 per 
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forms step 1212 of method 1200. Step 1340 includes a step 
1346, wherein method 1300 performs step 1222 of method 
12OO. 
0081. In an embodiment, step 1310 includes a step 1314 of 
focusing light from the light source used to illuminate the 
LCOS display. Step 1314 may provide increased efficiency of 
illumination of the LCOS display to provide a brighter dis 
play image and/or lower power consumption associated with 
operation of the light Source. In an embodiment, illustrated in 
FIG. 13, step 1314 is performed prior to step 1316. However, 
step 1314 may be performed after step 1316, without depart 
ing from the scope hereof. In an example, illumination focus 
ing module 338 (FIG. 3) focuses light received from light 
source 332 (FIG. 3) of illumination module 330 (FIG. 3). 
Alternatively, collector 334 (FIG. 3), for example imple 
mented with solid light collector 920 (FIG. 9) or solid light 
collector 1120 (FIG. 11), focuses light emitted by light source 
332 (FIGS. 3,9, and 11). 
0082 In an embodiment, method 1300 includes a step 
1320, wherein light propagating from the LCOS display to 
the second PBS interface is focused to change the magnifica 
tion of the LCOS display image superimposed on the ambient 
scene in step 1340. For example, lens 312 (FIG.3) or lens 304 
(FIG. 3) focus light propagating from display 220 (FIGS. 2 
and 3), implemented as an LCOS display, to PBS interface 
245 (FIGS. 2 and 3). 
I0083 Method 1330 may further include one or more of 
steps 1312, 1330, and 1344 to clean the polarization state of 
light propagating in the optical system used to form and 
Superimpose the display image on the ambient scene. Steps 
1312, 1330, and 1344 may reduce the amount of stray light 
propagating in the optical system, for example due to imper 
fect polarization filtering by the PBS interfaces used therein. 
As a result, steps 1312, 1330, and 1344 may provide a higher 
quality display image. 
I0084 Step 1312 is performed as a portion of step 1310. In 
an embodiment, illustrated in FIG. 13, step 1312 is performed 
prior to step 1316. In step 1312, the polarization of light 
propagating from the light Source towards the LCOS display 
is cleaned. For example, polarization filter 336 (FIG. 3) 
cleans the polarization state of light propagating from light 
source 332 (FIG. 3) towards display 220 (FIGS. 2 and 3), 
implemented as an LCOS display. 
I0085 Step 1330 is performed between steps 1310 and 
1340. Although illustrated in FIG. 13 as being performed 
after optional step 1320, step 1330 may be performed before 
optional step 1320, without departing from the scope hereof. 
In step 1330, the polarization state of light, propagating from 
the LCOS display towards the second PBS interface, is 
cleaned. For example, polarization filter 302 (FIG. 3) cleans 
the polarization state of light propagating from display 220 
(FIGS. 2 and 3), implemented as an LCOS display, towards 
PBS interface 245 (FIGS. 2 and 3). 
I0086 Step 1344 is performed as a portion step 1340, prior 
to performing step 1346. In step 1344, the polarization state of 
light from the ambient Scene is cleaned. For example, polar 
ization filter 342 (FIG.3) cleans the polarization state of light 
propagating from ambient scene 260 (FIGS. 2 and 3) towards 
PBS interface 245 (FIGS. 2 and 3). 
0087. In an embodiment, step 1340 includes a step 1342, 
performed before step 1346, of using a neutral density filter to 
adjust the brightness of the ambient scene in the portion of the 
field of view of the pupil that is associated with the LCOS 
display image. Hence, step 1342 may provide improved con 
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trast of the display image, as viewed by the pupil. For 
example, if the ambient scene (e.g. ambient scene 260 of FIG. 
2) is very bright, which may be the case if the display device 
is operated in a brightly lit environment, the ND filter may 
reduce the brightness of ambient scene in the portion of the 
field of view of the pupil that is occupied by the display 
image. 
I0088. In contrast, in an example of step 1340 that does not 
include step 1342, it may be necessary to increase the power 
of the light source illuminating the LCOS display, which 
increases power consumption by the display device. Accord 
ingly, step 1342 may offer an energy efficient solution to 
achieving good contrast of the display image relative to the 
ambient scene, which is particularly advantageous for 
embodiments of the display device that are battery powered. 
The neutral density filter may have fixed or adjustable trans 
mission coefficient. In an embodiment, step 1342 includes 
electronically adjusting the transmission coefficient of the 
neutral density filter, for example to optimize display image 
contrast, as perceived by the user, in response to changes in 
ambient scene brightness. In an example, ND filter 344 (FIG. 
3) adjusts the brightness of light from ambient scene 260 
(FIGS. 2 and 3) in the portion of the field of view of pupil 270 
(FIGS. 2 and 3), occupied by the image of display 220 (FIGS. 
2 and 3), implemented as an LCOS display. Although illus 
trated in FIG. 13 as being performed prior to step 1344, step 
1342 may be performed after step 1344, without departing 
from the scope hereof. 
I0089 Step 1340 may further include step 1346, which is 
similar to step 1222 discussed above. 
(0090 FIGS. 14A, 14B, and 14C illustrate one exemplary 
fixture 1410 for coupling near-eye display device 100 (FIG. 
1) to a holder 1440 mounted on the user of near-eye display 
device 100. Fixture 1410 may be used to couple other near 
eye display devices to a holder 1440 without departing from 
the scope hereof. Fixture 1410 includes a plurality of degrees 
of freedom for aligning a display image formed by display 
device 100 and superimposed, by display device 100, on an 
ambient scene viewed by a pupil of the user. FIGS. 14A, 14B, 
and 14C are best viewed together. The plurality of degrees of 
freedom offixture 1410 facilitate alignment of display device 
100 with respect to a field of view 1482 of a pupil 270 (FIG. 
2) of a user. For example, fixture 1410 may be manipulated to 
position display device 100 in a desired portion of field of 
view 1482 of pupil 270. Additionally, fixture 1410 may be 
manipulated to adjust the angle of display device 100 relative 
to a viewing axis 1480 from pupil 270 to display device 100. 
This functionality reduces or eliminates keystone distortion. 
Fixture 1410 provides alignment of the display image pro 
vided by display device 100 without changing relative align 
ment of internal optical components. The optical system of 
display device 100 is moved as a rigid piece. 
(0091 FIG. 14A is a diagram 1400 showing fixture 1410 
implemented in an exemplary use setting, wherein fixture 
1410 couples display device 100 to holder 1440 worn by the 
user of display device 100. Pupil 270 (FIG. 2), of the user, 
receives a display image generated by display device 100 and 
Superimposed, by display device 100, on an ambient scene. 
0092 FIG. 14B shows a cross-sectional view of fixture 
1410 and display device 100 mounted in or on fixture 1410, 
where the cross-section is taken in the x-y plane. Reference is 
made to a coordinate system indicated by X-axis 1401, y-axis 
1402, and Z-axis 1403. Under normal use of display device 
100, the face of the user will be oriented to be approximately 
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in the X-Z plane, as shown in FIG. 14A, although fixture 1410 
allows for deviations therefrom. Fixture 1410 includes a 
device holder 1490 for holding or at least partially enclosing 
display device 100. In an embodiment, display device 100 is 
display device 200 (FIG. 2) and device holder 1490 is enclo 
sure 290 (FIG. 2). Fixture 1410 further includes a bracket 
1411, a pivot joint 1420, a section 1426 of adjustable length, 
and a mount 1430. Bracket 1411 is connected to mount 1430 
and, directly or indirectly, to pivotjoint 1420. Pivot joint 1420 
is, directly or indirectly, connected to section 1426, which is, 
directly or indirectly, connected to device holder 1490. Mount 
1430 is configured for attaching to holder 1440, either 
directly or indirectly. The coordinate system defined by 
x-axis 1401, y-axis 1402, and Z-axis 1403 is fixed with respect 
to mount 1430. 

0093 Pivot joint 1420 provides a rotational degree of free 
dom in the x-y plane about a rotational axis 1421, as indicated 
by arrow 1422. Hence, pivot joint 1420 adjusts to change the 
angle, in the x-y plane, of display device 100 with respect to 
viewing axis 1480. Accordingly, pivot join 1420 facilitates 
adjustment of the angle, in the x-y plane, of the display image, 
provided by display device 100, with respect to viewing axis 
1480. The length of section 1426 is adjustable in a direction 
1427, such that display device 100 may be translated relative 
to field of view 1482. Thus, section 1426 provides a transla 
tional degree of freedom. In an embodiment, section 1426 is 
a telescoping section. The placements of pivot joint 1420 and 
section 1426 may be interchanged, without departing from 
the scope hereof, such that section 1426 is closer than pivot 
joint 1420 to bracket 1411. In an example, the length of 
section 1426 has an adjustable range of between 2 millimeters 
and 10 millimeters, such as a range of 7 millimeters. In an 
example, pivot joint 1420 has an angular adjustment range of 
between 2 degrees and 15 degrees, such as a range of 7 
degrees. Generally, the translational degree of freedom pro 
vided by section 1426 is in a direction non-parallel to viewing 
axis 1480. Under normal use conditions, the translational 
degree of freedom provided by section 1426 may be in a 
direction that is substantially orthogonal to viewing axis 
1480, although the setting of pivot joint 1420, as well as the 
orientation of mount 1430 relative to viewing axis 1480, may 
cause deviations therefrom. 

0094 FIG. 14C shows a cross-sectional view of fixture 
1410 and display device 100 mounted in or on fixture 1410, 
where the cross-section is taken in they-Z plane. The interface 
between mount 1430 includes a rotational degree of freedom 
and a translational degree of freedom. In an embodiment, the 
rotational degree of freedom is implemented as a pivot joint. 
Bracket 1411 rotates in the y-Z plane about a pivotaxis 1431, 
as indicated by arrow 1434. This facilitates adjustment of the 
angle, in the y-Z plane, of display device 100 and the associ 
ated display image with respect to viewing axis 1480. In 
addition, bracket 1411 may translate relative to mount 1430 in 
a direction 1436, and thus translate display device 100 and the 
associated display image relative to field of view 1482. This 
translational degree of freedom may be implemented as a 
sliding interface between bracket 1411 and mount 1430 in a 
slot 1432. In an example, the interface between bracket 1411 
and mount 1430 provides a translational adjustment range of 
between 2 millimeters and 10 millimeters, such as a range of 
7 millimeters, and an angular adjustment range of between 2 
degrees and 15 degrees, such as a range of 7 degrees. Gener 
ally, the translational degree of freedom provided by mount 
1430 is in a direction non-parallel to viewing axis 1480. 

Nov. 27, 2014 

Under normal use conditions, translational degree of freedom 
provided by mount 1430 may be in a direction that is substan 
tially orthogonal to viewing axis 1480, although the setting of 
the rotational degree of freedom of mount 1430, as well as the 
orientation of mount 1430 relative to viewing axis 1480, may 
cause deviations therefrom. In an embodiment, pivot axis 
1431 is substantially orthogonal to pivotaxis 1421, such that 
the respective rotation directions associated therewith are 
Substantially orthogonal. 
0095 Embodiments of fixture 1410, not illustrated in 
FIGS. 14A, 14B, and 14C, may include only a portion of the 
two translational and two rotational degrees of freedom illus 
trated in FIGS. 14A, 14B, and 14C, without departing from 
the scope hereof. For example, an embodiment of fixture 
1410 may include only the degrees of freedom provided by 
pivotjoint 1420 and section 1426, while the interface between 
bracket 1411 and mount 1430 is fixed. Furthermore, certain 
portions of display device 100 may be located in fixture 1410, 
without departing from the scope hereof. For example, with 
display device 200 (FIG. 2) being implemented as display 
device 100, controller 280 and interface 285 may be located in 
fixture 1430 or another location external to holder 1490, 
while optical system 201 is located in or on holder 1490. 
(0096 FIG. 15 illustrates one exemplary method 1500 for 
aligning a display image, generated by a near-eye display 
device, Superimposed on an ambient scene viewed by a pupil 
of a user. Method 1500 provides alignment of the display 
image provided by the display device without changing rela 
tive alignment of internal optical components. The optical 
system of the display device is moved as a rigid piece. Method 
1500 may be performed by fixture 1410 of FIGS. 14A, 14B, 
and 14C. Method 1500 manipulates one or more degrees of 
freedom of a fixture, directly or indirectly coupling the dis 
play device to a user-mounted holder, to align the display 
device and the associated display image with respect to field 
of view of the pupil. For example, one or more degrees of 
freedom of fixture 1410 (FIGS. 14A, 14B, and 14C) are 
manipulated to align the display image provided by display 
device 100 (FIGS. 1, 14A, 14B, and 14C) with respect to 
pupil 270 (FIGS. 2, 14A, 14B, and 14C). Method 1500 
includes one or more of steps 1510, 1520, 1530, and 1540, 
which may be performed in an arbitrary order, as well as 
iteratively. While steps 1510, 1520, 1530, and 1540 refer to 
translation along or rotation about an axis of a cartesian 
coordinate system, actual settings of different degrees of free 
dom may cause one or more of steps 1510, 1520, 1530, and 
1540 to result intranslation along or rotation about a direction 
that deviates from an axis of the cartesian coordinate system, 
without departing from the scope hereof. 
(0097. In step 1510, the display device is rotated about the 
X-axis. Reference is made to the coordinate system shown in 
FIG. 14A, assuming normal operating conditions approxi 
mately as illustrated in FIG. 14A. Step 1510 adjusts the angle, 
in the y-Z plane, of the display device and associated display 
image with respect to a viewing axis from the pupil to the 
display device. Therefore, step 1510 may adjust vertical key 
stone effect of the display image as perceived by the user. 
0.098 FIG.16 illustrates one exemplary application of step 
1510. A diagram 1601 illustrates an initial configuration of 
fixture 1410 (FIGS. 14A, 14B, and 14C), holding display 
device 100 (FIGS. 1, 14A, 14B, and 14C), with respect to a 
viewing axis 1690 from pupil 270 (FIGS. 2, 14A, 14B, and 
14C) to display device 100. At the configuration shown in 
diagram 1601, pupil 270 observes a scene 1610. Scene 1610 
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includes a display image 1620, provided by display device 
100, superimposed on an ambient scene 1630. Since the dis 
play image provided by display device 100 is non-orthogonal 
to viewing axis 1690, display image 1620 exhibits vertical 
keystone distortion. Pivoting bracket 1411 (FIG. 14C) about 
pivotaxis 1431 (FIG. 14C), as indicated by arrow 1434 (FIG. 
14C), aligns display device 100, such that the projection of 
the display image, provided by display device 100, onto the 
y-Z plane, is orthogonal to viewing axis 1690. This is illus 
trated in diagram 1602 and results in pupil 270 observing a 
scene 1610", wherein the display image 1620' has no vertical 
keystone distortion. 
0099 Returning to method 1500 of FIG. 15, in step 1520, 
the display device is translated along the x-axis. Step 1520 
translates the display device and associated display image 
relative to a field of view of the pupil. Therefore, step 1520 
may adjust positioning of the display image, in the X-direc 
tion, in the field of view of the user. For example, step 1520 
may be utilized to place the complete display image within 
the field of view and/or place the display image in a position 
that does not interfere with important portions of the ambient 
SCCC. 

0100 FIG. 17 illustrates one exemplary application of step 
1520. A diagram 1701 illustrates an initial configuration of 
fixture 1410 (FIGS. 14A, 14B, and 14C), holding display 
device 100 (FIGS. 1, 14A, 14B, and 14C), with respect to a 
vertical field of view 1790 of 270 (FIGS. 2, 14A, 14B, and 
14C). In the configuration shown in diagram 1701, pupil 270 
observes a scene 1710. Scene 1710 includes a display image 
1720, provided by display device 100, superimposed on 
ambient scene 1630 (FIG. 16). Only a sub-portion of the 
display image provided by display device 100 is within a 
vertical field of view 1790. Therefore, display image 1720 is 
clipped. Translating bracket 1411 (FIG. 14C) along direction 
1436 (FIG. 14C) may translate display device 100, such that 
the full display image provided by display device 100 is 
within vertical field of view 1790. This is illustrated in dia 
gram 1702 and results in pupil 270 observing a scene 1710' 
that includes the full display image 1720". 
0101 FIG. 17 illustrates configurations of fixture 1410 
(FIGS. 14A, 14B, and 14C), where only the translational 
degree of freedom of the interface between bracket 1411 and 
mount 1430 is adjusted, and other degrees of freedom of 
fixture 1410 are set such that this results in translation of 
display device 100 in the z-direction. In an alternate example 
of step 1520 (FIG. 15), the rotational degree of freedom of the 
interface between bracket 1411 and mount 1430 is in a set 
ting, such that adjustment of the translational degree of free 
dom of the interface between bracket 1411 and mount 1430 
results in translation of display device in a direction that 
deviates from the z-direction. Generally, step 1520 translates 
the display device in a direction non-parallel to viewing axis 
from the pupil to the image of the display. 
0102 Returning to method 1500 of FIG. 15, in step 1530, 
the display device is rotated about the Z-axis. Step 1530 
adjusts the angle, in the x-y plane, of the display device and 
associated display image with respect to a viewing axis from 
the pupil to the display device. Therefore, step 1510 may 
adjust horizontal keystone distortion of the display image as 
perceived by the user. 
0103 FIG. 18 illustrates one exemplary application of step 
1530. A diagram 1801 illustrates an initial configuration of 
fixture 1410 (FIGS. 14A, 14B, and 14C), holding display 
device 100 (FIGS. 1, 14A, 14B, and 14C), with respect to a 
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viewing axis 1890 from pupil 270 (FIGS. 2, 14A, 14B, and 
14C) to display device 100. In the configuration shown in 
diagram 1801, pupil 270 observes a scene 1810. Scene 1810 
includes a display image 1820, provided by display device 
100, superimposed on ambient scene 1630 (FIG. 16). Since 
the display image provided by display device 100 is non 
orthogonal to viewing axis 1890, display image 1820 exhibits 
horizontal keystone distortion. Adjusting pivot joint 1420 
(FIG. 14B) about pivotaxis 1421 (FIG. 14B), as indicated by 
arrow 1422 (FIG. 14B), aligns display device 100, such that 
the projection of the display image, provided by display 
device 100, onto the x-y plane, is orthogonal to viewing axis 
1890. This is illustrated in diagram 1802 and results in pupil 
270 observing a scene 1810", wherein the display image 1820 
has no horizontal keystone distortion. In an embodiment, the 
rotation direction of step 1530 is substantially orthogonal to 
the rotation direction of step 1510. 
0104 Returning to method 1500 of FIG. 15, in step 1540, 
the display device is translated along the Z-axis. Step 1540 
translates the display device and associated display image 
relative to a field of view of the pupil. Therefore, step 1540 
may adjust positioning of the display image, in the Z-direc 
tion, in the field of view of the user. For example, step 1540 
may be utilized to place the complete display image within 
the field of view and/or place the display image in a position 
that does not interfere with important portions of the ambient 
SCCC. 

0105 FIG. 19 illustrates one exemplary application of step 
1540. A diagram 1901 illustrates an initial configuration of 
fixture 1410 (FIGS. 14A, 14B, and 14C), holding display 
device 100 (FIGS. 1, 14A, 14B, and 14C), with respect to a 
horizontal field of view 1990 of 270 (FIGS. 2, 14A, 14B, and 
14C). At the configuration shown in diagram 1901, pupil 270 
observes a scene 1910. Scene 1910 includes a display image 
1920, provided by display device 100, superimposed on 
ambient scene 1630 (FIG. 16). Only a sub-portion of the 
display image provided by display device 100 is within a 
horizontal field of view 1990. Therefore, display image 1920 
is clipped. Adjusting the length of section 1426 (FIG. 14B) in 
direction 1427 (FIG. 14B), translates display device 100 in 
the x-direction, such that the full display image provided by 
display device 100 is within horizontal field of view 1990. 
This is illustrated in diagram 1902 and results in pupil 270 
observing a scene 1910 that includes the full display image 
1920'. 

0106 FIG. 19 illustrates configurations of fixture 1410 
(FIGS. 14A, 14B, and 14C), where only the length of section 
1426 is adjusted, and all other degrees of freedom of fixture 
1410 are set such that adjusting the length of section 1426 
results in translation of display device 100 in the x-direction. 
In an alternate example of step 1540 (FIG. 15), pivot joint 
1420 is in a setting, such that adjustment of the length of 
section 1426 results in translation of display device in a 
direction that deviates from the x-direction. Generally, step 
1540 translates the display device in a direction non-parallel 
to viewing axis from the pupil to the image of the display. In 
an embodiment, the translation directions of steps 1520 and 
1540 are substantially orthogonal. 
0107 FIG. 20 illustrates one exemplary LCOS assembly 
2000, which is an embodiment of a portion of each of optical 
systems 400 (FIG. 4) and 500 (FIG. 5). LCOS assembly 2000 
is also an embodiment of a portion of each of optical systems 
201 (FIG. 2),301 (FIG.3), and 600 (FIG. 6). LCOS assembly 
2000 includes a wafer-level LCOS die 2050, a printed circuit 
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board (PCB) 2001, a PBS element 2006 that includes PBS 
interface 215 (FIG. 2), and an optional optical sub-system 
2010. Optical sub-system 2010 may include a light tunnel 
2010, a PBS element 2012 that includes PBS interface 245 
(FIG. 2), and an imaging objective 2051. Light tunnel 2010 is 
an embodiment of light tunnel 460 (FIG. 4). PBS element 
2012 is an embodiment of PBS element 430 (FIG. 4) and PBS 
element 530 (FIG. 5). Imaging objective 2051 is an embodi 
ment of imaging objective 250 (FIG. 2), and may include 
multiple elements. Wafer-level LCOS die 2050 includes an 
active-matrix substrate 2022, alignment layers 2043, liquid 
crystal 2021, a transparent conducting film 2003, and a cover 
glass 2004, wherein transparent conducting film 2003 is at 
least partially transmissive to light. Active-matrix substrate 
2022 is mounted on PCB 2001. 
01.08 Wafer-level LCOS die 2050 forms an LCOS dis 
play, such as an LCOS embodiment of display 220 (FIG. 2). 
PBS element 2006 is configured to reflect illumination light 
from a light source, not shown in FIG. 20, onto LCOS die 
2050 to illuminate the LCOS display. Light emitted by the 
LCOS display is at least partially transmitted by PBS element 
2006 to optional optical sub-system 2010. 
0109. In assembly LCOS 2000, all components are cen 
tered about an optical axis 2099 within alignment tolerances 
of the assembly methods used to fabricate assembly 2000. 
With respect to coordinate system 2098, transverse and lon 
gitudinal misalignment refers to misalignment along the 
X-axis and Z-axis respectively. 
0110 FIG. 21 illustrates one exemplary method 2100 of 
fabricating LCOS assembly 2000 of FIG. 20. FIG. 3 A visual 
diagram 2120 illustrates steps of method 2100. Method 2100 
may be used to fabricate at least a portion of each of optical 
systems 201 (FIG. 2), 301 (FIG. 3), 400 (FIG. 4), 500 (FIG. 
5), 600 (FIG. 6), and 700 (FIG. 7). Method 2100 fabricates 
LCOS die 2050 (FIG. 20), apart from injection of liquid 
crystal 2011 (FIG. 20), at the wafer-level and bonds the 
remaining elements of LCOS assembly 2000 (FIG. 20) to 
LCOS die 2050 using non-wafer-level methods. 
0111. In a step 2102, method 2100 aligns a cover glass 
2124 over an active-matrix wafer 2122. 
0112. In a step 2104, method 2100 bonds cover glass 2124 
and active-matrix wafer 2122 to form a stack 2130. 
0113. In a step 2106, method 2100 singulates stack 2130 
along dicing lines 2135, which results in display substrates 
such as display substrate 2140. Display substrate 2140 
includes a glass layer 2134 and an active-matrix layer 2132. 
0114. In a step 2108, method 2100 injects a liquid crystal 
portion 2121 between glass layer 2134 and active-matrix 
layer 2132 of display substrate 2140 to form wafer-level 
LCOS die 2050 of LCOS assembly 2000 (FIG. 20). 
0115 Method 2100 may include steps for adding addi 
tional alignment layers on active-matrix wafer 2122 and 
cover glass 2124, before step 2106, without departing from 
the scope hereof. 
0116. In a step 2110, method 2100 forms LCOS assembly 
2000 of FIG. 20 by bonding PCB 2001, PBS element 2006 
(FIG. 20), and, optionally, optical sub-system 2010 (FIG. 20) 
to LCOS die 2050. Step 2110 may be performed prior to step 
2108, without departing from the scope hereof. In LCOS 
assembly 2000, only display substrate 2140 is fabricated on 
the wafer level. 
0117 FIG. 22 illustrates one exemplary method 2200 of 
fabricating an LCOS assembly, similar to LCOS assembly 
2000 (FIG. 20), with multiple components fabricated at the 
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wafer level. A visual diagram 2220 illustrates steps of method 
2200. Method 2200 may be used to fabricate at least a portion 
of each of optical systems 201 (FIG. 2), 301 (FIG. 3), 400 
(FIG.4),500 (FIG.5), and 600 (FIG. 6). Visual diagram 2220 
depicts an active-matrix wafer 2222, a PBS wafer 2224, 
optional tunnel wafer 2226, optional PBS wafer 2228, and 
optional objective wafer 2229. Active-matrix wafer 2222 
includes active matrices 2242. For clarity of illustration, FIG. 
22 only illustrates one active matrix. Optional tunnel wafer 
2226 may be an optically clear wafer. Optional objective 
wafer 2229 includes a plurality of imaging objectives, such as 
imaging objective 250 (FIG. 2). Optional objective wafer 
2229 may be a stacked wafer. Method 2200 may be performed 
with one, all, or none of optional tunnel wafer 2226, optional 
PBS wafer 2228, and optional objective wafer 2229, without 
departing from the scope hereof. Additionally, method 2200 
may be performed with additional wafers, without departing 
from the scope hereof. 
0118. In FIG. 22, the parallel lines shown on PBS wafer 
2224 indicate PBS film bands 2260 within PBS wafer 2224. 
In an embodiment, the distance between PBS film bands 2260 
equals the spacing between rows of imaging objectives in 
optional objective wafer 2229, and the spacing between rows 
of active matrices 2242 in active-matrix wafer 2222. Like 
wise, the parallel lines shown on optional PBS wafer 2228 
indicate PBS film bands 2262 within optional PBS wafer 
2228. In an embodiment, the distance between PBS film 
bands 2262 equals the spacing between rows of imaging 
objectives in optional objective wafer 2229, and the spacing 
between rows of active matrices 2242 in active-matrix wafer 
2222. 

0119. In embodiments of PBS wafer 2224 and optional 
PBS wafer 2228, PBS film bands 2260 and 2262 are multi 
layer thin-film polarizers known in the art. Other embodi 
ments of PBS wafers 2224 and 2228 may employ different 
polarization mechanisms, such as wire-grids, without depart 
ing from the scope hereof. 
0.120. In an embodiment, PBS wafer 2224 include a trans 
parent conducting film, indium titanium oxide (ITO) for 
example, deposited on the side of PBS wafer 2224 facing 
active-matrix wafer 2222. In an embodiment, PBS wafer 
includes an alignment layer, for fabrication of LCOS assem 
blies with an alignment layer between active matrix and the 
liquid crystal, as illustrated by alignment layer 2043 (FIG.20) 
located between active matrix 2022 (FIG. 20) and liquid 
crystal 2021 (FIG. 20). In such an embodiment, PBS wafer 
2224 functions as both the beam-splitting component and a 
substrate for either or both the transparent conducting layer 
and the alignment layer needed to forman LCOS display of 
the LCOS assembly, such as transparent conducting film 
2003 (FIG. 20) and alignment layer 2043 (FIG. 20) located 
between liquid crystal 2021 (FIG. 20) and transparent con 
ducting film 2003. This dual functionality of PBS wafer 2224 
eliminates the need for an additional cover glass layer above 
active matrix wafer 2222, such as cover glass 2004 in LCOS 
assembly 2000 of FIG. 20. In an embodiment, PBS wafer 
2224 includes an anti-reflective (AR) coating and the trans 
parent conducting film, and the PBS film is disposed therebe 
tween. In an embodiment, PBS wafer 2224 includes a polar 
ization filter and the transparent conducting film, and the PBS 
film is disposed therebetween. 
0121 Method 2200 receives active-matrix wafer 2222, 
PBS wafer 2224, and, optionally, optional tunnel wafer 2226, 
optional PBS wafer 2228, and optional objective wafer 2229 
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in a step 2201. In an embodiment, optional tunnel wafer 2226 
includes a plurality of lenses 304 (FIGS. 3 and 6) for fabri 
cation of at least a portion of optical system 600 (FIG. 6) or for 
fabrication of an embodiment of optical system 301 (FIG. 3) 
that includes lens 304 (FIG. 3). In an embodiment, optional 
tunnel wafer 2226 or optional PBS wafer 2228 includes a 
polarization filter, for fabrication of an LCOS assembly that 
includes polarization filter 302 (FIG.3). The dotted-line grid 
on active-matrix wafer 2222 represents dam structures 2223. 
Active matrices 2242, such as active matrix 2242(1), are 
located between dam structures 2223. Active-matrix wafer 
2222 may include any of the following, as known in the art: a 
second alignment layer, a reflective layer, and an electrode. 
0122. In a step 2202, method 2200 deposits liquid crystal 
portions 2221, indicated by dashes (-) at locations on active 
matrix wafer 2222. The deposition locations on active-matrix 
wafer 2222 correspond to individual active matrices 2242 of 
active-matrix wafer 2222. In an example of step 2202, the 
liquid crystal deposition may be a one-drop fill (ODF) pro 
cess where portions of liquid crystal are deposited on active 
matrix wafer 2222 at positions corresponding to active matri 
ces 2242. Other liquid crystal deposition methods may be 
employed in method 2200 may change without departing 
from the scope hereof. Dam structures 2223 contain each 
liquid crystal portion 2221 to its respective position on active 
matrix wafer 2222. 

(0123. In a step 2203, method 2200 disposes PBS wafer 
2224 above active-matrix wafer 2222. In an optional step 
2204, method 4400 disposes optional tunnel wafer 2226, 
optional PBS wafer 2228, and optional objective wafer 2229 
above PBS wafer 2224. 

(0.124. In a step 2206, method 2200 aligns PBS wafer 424, 
and optionally tunnel wafer 2226, PBS wafer 2228, and 
objective wafer with respect to active-matrix wafer 2222. 
PBS wafer 2224 is aligned such that PBS film bands 2260 are 
centered over respective rows of active matrices 2242 within 
active-matrix wafer 2222. In embodiments of method 2200 
that include PBS wafer 2228, PBS film bands 2262 are cen 
tered over respective rows of active matrices 2242 within 
active-matrix wafer 2222. Objective wafer 2229, if included, 
is aligned such that, within alignment tolerances achievable 
in the art, for a plurality of imaging objectives of objective 
wafer 2229, each imaging objective center is collinear with 
the center of an active matrix on wafer 2222. PBS wafer 2224, 
and optionally PBS wafer 2228, are aligned such that, within 
alignment tolerances achievable in the art, PBS film bands 
2260 and 2262, respectively, are aligned with rows of imaging 
objectives of objective wafer 2229 and rows of active matri 
ces 2242 in active-matrix wafer 2222. Step 2206 may employ 
any alignment method known in the art of wafer-level optics 
fabrication. 

(0.125. In a step 2207, method 2200 laminates the wafers as 
known in the art. In a step 2208, method 2200 bonds wafers 
2222, 2224, and optionally wafers 2226, 2228, and 2229 to 
form a wafer stack 2230. In a step 2210, method 2200 singu 
lates wafer stack 2230 along dicing lines 2235, which results 
in a plurality of wafer-level LCOS assemblies 2250. 
0126 Although not illustrated in FIG. 22, a lens wafer, 
including a plurality of lenses, such as lens 312 (FIGS. 3 and 
7), may be disposed between PBS wafer 2224 and active 
matrix wafer 2222, without departing from the scope hereof. 
Accordingly, method 2200 may be used to fabricate at least a 
portion of optical system 700 (FIG. 7), as well as a portion of 

Nov. 27, 2014 

an embodiment of optical system 301 (FIG. 3), wherein the 
embodiment includes lens 312 (FIG. 3). 
(O127 FIG. 23 illustrates one exemplary method 2300, 
which is similar to method 2200 except that the liquid crystal 
is deposited after singulation step 2210, rather than before. 
Steps 2301, 2303, 2304, 2306, 2307, 2308, and 2310 of 
method 2300 are identical to steps 2201, 2203, 2204, 2206, 
2207, 2208, and 2210 of method 2200, respectively. Step 
2304 is optional. Method 2300 may be used to fabricate at 
least a portion of each of optical systems 201 (FIG. 2), 301 
(FIG. 3), 400 (FIG. 4), 500 (FIG. 5), and 600 (FIG. 6). As 
discussed for method 2200, method 2300 is extendable to 
fabrication of at least a portion of optical system 700 (FIG. 7), 
as well as a portion of an embodiment of optical system 301 
(FIG.3), wherein the embodiment includes lens 312 (FIG.3). 
I0128 bonding step 2308 of method 2300 results in wafer 
stack 2330, which is identical to wafer stack 2230 (FIG. 22) 
except that the bottom layer, active-matrix wafer 2222 (FIG. 
22), does not include liquid crystal portions 2221 (FIG. 22). 
In this case, dam structures 2223 (FIG.22) Support an air gap 
between active-matrix wafer 2222 and PBS wafer 2224 (FIG. 
22) into which a liquid crystal volume may be deposited after 
dicing. 
I0129. Whereas in method 2200, step 2210 yields wafer 
level LCOS assemblies 2250, step 2310 in method 2300 
yields a plurality of LCOS dies 2340. LCOS dies 2340 are 
identical to LCOS assemblies 2250 (FIG.22), except that the 
former lack liquid crystal portions 2221 (FIG. 22). 
(0130. In step 2312, method 2300 injects liquid crystal 
portion 2221 (FIG.22) in the air gap between substrate layer 
2223 and PBS layer 2224 of LCOS die 2340 to form wafer 
level LCOS assembly 2250 (FIG. 22). In embodiments of 
method 2300, the liquid-crystal injection step 2312 may 
employ a method known in the art such as a vacuum-siphon 
method or a side-injection method. 
I0131 FIG. 24 shows one exemplary cross-section 2430 of 
an embodiment of wafer stack 2230 of FIG. 22, and indi 
vidual wafer-level LCOS assemblies 2450 formed from sin 
gulation along singulation lines 2435. Cross-section 2430 
includes an LCOS layer 2460, a PBS layer 2424, and optional 
compound optical systems 2410. LCOS layer 2460 and PBS 
layer 2424 correspond to active-matrix wafer 2222 and PBS 
wafer 2224, respectively, of FIG. 22. Each of optional com 
pound systems 2410 correspond to a portion of compounded 
wafers 2226, 2228, and 2229 (FIG. 22). 
(0132) LCOS layer 2460 includes active-matrix wafer 
2222 (FIG. 22), a bottom alignment layer 2443, and liquid 
crystal portions 2221 contained by dam structures 2223 (FIG. 
22). As discussed in connection with FIG. 22, bottom align 
ment layer 2443 may be deposited on active-matrix wafer 
2222 (FIG. 22). Active matrices 2242 (FIG.22) are included 
in active-matrix wafer 2222. 

(0.133 PBS layer 2424 includes PBS layer 2424(3), an 
optional layer 2424(4) which may be an AR coating or a 
polarization filter, transparent conducting layer 2424(2), and 
top alignment layer 2424(1). PBS layer 2424(3) includes a 
PBS film band 2260 (FIG.22) between each pair of singula 
tion lines 2435. Liquid crystal portions 2421 are between top 
alignment layer 2424(1) and bottom alignment layer 2443. In 
an embodiment, PBS film bands 2260 are oriented at substan 
tially 45 degrees to the plane of LCOS layer 2460. 
I0134) A plurality of wafer-level LCOS assemblies 2450 
may beformed by dicing the embodiment of wafer stack 2230 
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(FIG. 22), illustrated by cross-section 2430, along dicing 
lines 2435 according to step 2210 of method 2200 (FIG.22). 
0135 Without departing from the scope hereof, liquid 
crystal portions 2421 may be omitted from cross-section 
2430, such that cross-section 2430 represents a cross-section 
of an embodiment of wafer stack 2330 of FIG. 23. Liquid 
crystal portions 2421 may be added after singulation along 
singulation lines 2435, according to step 2312 of method 
2300 (FIG. 23) to form individual wafer-level components 
2450 that include liquid crystal portions 2421. Thus, wafer 
level LCOS assemblies 2450 may be fabricated using method 
2200 (FIG.22) or method 2300 (FIG. 23), and cross-section 
2430 illustrates an embodiment of wafer stacks 2230 (FIG. 
22) and 2330 (FIG. 23). 
0.136 FIG. 25 shows one exemplary wafer-level LCOS 
system 2500, which is an embodiment of at least a portion of 
each of optical systems 201 (FIG. 2),301 (FIG.3), 400 (FIG. 
4),500 (FIG.5), 600 (FIG. 6), and 700 (FIG.7). LCOS system 
2500 includes wafer-level LCOS assembly 2450 (FIG. 24). 
Wafer-level LCOS assembly 2450 includes an LCOS section 
2560, a PBS section 2524, and optional compound optical 
system 2410 (FIG. 24). LCOS section 2560 is the portion of 
LCOSlayer 2460 (FIG. 24) located between a pair of adjacent 
dicing lines 2435 (FIG. 24). PBS section 2524 is the portion 
of PBS layer 2424 (FIG. 24) located between a pair of adja 
cent dicing lines 2435 (FIG. 24). 
0.137 LCOS section 2560 includes active-matrix 2242 
(FIG.22), and optionally a reflective film. Active-matrix 2242 
supports liquid crystal portion 2221 (FIG. 22) between a top 
alignment layer 2524(1) and a bottom alignment layer 2543. 
Top alignment layer 2524(1) and bottom alignment layer 
2543 are portions of top alignment layer 2424(1) and 2443, 
respectively, of FIG. 24, formed by singulation along singu 
lation lines 2435 (FIG. 24). Dam structure 2223 (FIGS. 22 
and 24) contains liquid crystal portion 2221. 
0138 PBS section 2524, which is the portion of PBS layer 
2424 (FIG. 24) located between a pair of adjacent dicing lines 
2435 (FIG. 24), includes a top alignment layer 2524(1), a 
transparent conducting film 2524(2), PBS element 2524(3) 
with PBS film band 2560, and optional AR coating or polar 
ization filter 2524(4). Transparent conducting film 2524(2), 
PBS element 2524(3), and AR coating or polarization filter 
2524(4) are portions of transparent conducting layer 2424(2), 
PBS layer 2424(3), and optional layer 2424(4), respectively, 
of FIG. 24, where the portions are formed by singulation 
along singulation lines 2435 (FIG.24). PBS film band 2560 is 
formed from PBS film band 2260 (FIG.22) and is an embodi 
ment of PBS interface 215 (FIG. 2). 
0.139. Optional compound optical system 2410 includes 
an optional light tunnel 2511, an optional PBS element 2512 
having a PBS interface 2524, an optional quarter-wave plate 
2552, and an optional curved reflector 2551. Optional light 
tunnel 2511 is formed from optional tunnel wafer 2226 (FIG. 
22) and is an embodiment of light tunnel 460 (FIGS. 4 
through 7). Optional quarter-wave plate 2552 and optional 
curved reflector 2551 are formed from optional objective 
wafer 2229 (FIG. 22). Together, optional quarter-wave plate 
2552 and optional curved reflector 2551 form an embodiment 
of imaging objective 250 (FIG. 2). Optional quarter-wave 
plate 2552 is an embodiment of quarter-wave plate 410 
(FIGS. 4 through 7). Optional curved reflector 2551 is an 
embodiment of curved reflector 451 (FIGS. 4 through 7). 
0140. In FIG. 25, wafer-level LCOS assembly 2450 is 
illuminated by illumination module 230 (FIG. 2). In an 
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embodiment, illumination module 230 emits s-polarized 
input illumination 2590 that is incident on PBS element 2524 
(3). In FIG. 25, s-polarization and p-polarization refer to 
electric field components normal to the figure plane and par 
allel to the figure plane, respectively. 
0141 PBS film band 2560 of PBS element 2524(2) 
reflects input illumination 2590 through liquid crystal portion 
2221, which spatially modulates illumination 2590. Active 
matrix substrate 2242 reflects at least a portion of input illu 
mination 2590 back through liquid crystal portion 2221. Indi 
vidual pixels of active-matrix substrate 2522 may be set to 
change the polarization state of light propagating through 
associated Sub-portions of liquid crystal portion 2221. In a lit 
state of a pixel, the double-pass through liquid crystal portion 
2221 rotates the polarization state of illumination 2590 to 
form emitted light that at least includes a p-polarization state. 
The p-polarized component of the emitted light is transmitted 
through PBS element 2524(3) as illumination 2591, which is, 
optionally, further manipulated by compound optical system 
2410. 

0142 Wafer-level LCOS assembly 2450 may be superior 
to LCOS assembly 2000 (FIG. 20) in at least two aspects: 
alignment properties and size. Since the optical components 
in wafer-level LCOS assembly 2450 are aligned at the wafer 
level, they are less prone to transverse misalignment than 
those in LCOS assembly 2000 (FIG. 20), in which optical 
components are manually aligned. Wafer-level LCOS assem 
bly 2450 is also more space-efficient than LCOS assembly 
2000 (FIG. 20), as only the latter requires a cover glass 2004 
(FIG. 20) between polarizing beam splitter element 2006 
(FIG. 20) and active-matrix substrate 2022 (FIG. 20). 
0143 FIG. 26 depicts a wafer-level method 2600, and an 
associated visual diagram 2620, for fabricating a plurality of 
optical systems that include a polarizing beam splitter. In a 
step 2601, method 2600 forms a PBS wafer 2624 including a 
PBS layer having a plurality of PBS bands 2660. In an 
embodiment, PBS wafer 2624 includes a substrate and the 
PBS layer is disposed thereupon. The substrate may function 
as an alignment layer for an LCOS assembly as discussed in 
connection with FIGS. 20, 21, 22, 24, and 25. In a step 2602, 
method 2600 bonds PBS wafer 2624 to a wafer 2622 to form 
a stacked wafer 2630. In an embodiment, wafer 2622 is a 
LCOS wafer, such as active-matrix wafer 2222 of FIG. 22. In 
another embodiment, wafer 2622 is an optical system, such as 
optional light tunnel wafer 2226 (FIG. 22). In optional step 
2604, method 2600 singulates stacked wafer 2630 to form a 
plurality of optical systems that include a polarizing beam 
separator, such as LCOS assembly 2450 (FIG. 24). 
0144. The near-eye display systems, devices and methods 
disclosed herein may be used in conjunction with systems and 
methods disclosed in co-filed U.S. patent application Entitled 
“Mounting System For Glasses Frames.” Attorney Docket 
No. 556375. 

(0145 
014.6 Features described above as well as those claimed 
below may be combined in various ways without departing 
from the scope hereof. For example, it will be appreciated that 
aspects of one near-eye display system, device or method 
described herein may incorporate or Swap features of another 
near-eye display system, device or method described herein. 
The following examples illustrate possible, non-limiting 
combinations of embodiments described above. It should be 
clear that many other changes and modifications may be made 

Combinations of Features 
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to the methods and device herein without departing from the 
spirit and scope of this invention: 
0147 (A1) A near-eye display device may include (a) a 
display unit having a liquid-crystal-on-silicon (LCOS) dis 
play, and a first polarizing beam splitter interface for (i) 
reflecting illumination light from an illumination module 
towards the liquid-crystal-on-silicon display and (ii) trans 
mitting display light from the LCOS display based on the 
illumination light; and (b) a viewing unit having an imaging 
objective that forms an image of the LCOS display for the 
pupil based on the display light, and a second polarizing beam 
splitter interface for (i) reflecting reflected display light from 
the imaging objective towards the pupil and (ii) transmitting 
ambient light from an ambient scene towards a pupil, the 
second polarizing beam splitter interface and the first polar 
izing beam splitter interface being orthogonal to a common 
plane. 
0148 (A2) The near-eye display device denoted as (A1) 
may further include a polarization filter located between the 
display unit and the viewing unit for selecting a linearly 
polarized component of light propagating from the display 
unit to the viewing unit. 
0149 (A3) In the near-eye display devices denoted as (A1) 
and (A2), the display unit may include a focusing module for 
focusing the illumination light onto the LCOS display. 
0150 (A4) In the near-eye display device denoted as (A3), 
the illumination module and focusing module may be located 
on opposite sides of the first polarizing beam splitter inter 
face. 

0151 (A5) In the near-eye display devices denoted as (A3) 
and (A4), the focusing module may include a mirror for 
reflecting the illumination light towards the first polarizing 
beam splitter interface. 
0152 (A6) In the near-eye display devices denoted as (A3) 
through (A5), the focusing module may further include a 
quarter-wave plate, disposed between the first polarizing 
beam splitter interface and the mirror, for rotating polariza 
tion of the illumination light received from the illumination 
module by ninety degrees. 
0153 (A7) The near-eye display devices denoted as (A1) 
through (A6) may further include a lens located between the 
display unit and the viewing unit, for changing magnification 
of the image of the LCOS display. 
0154 (A8) In the near-eye display devices denoted as (A1) 
through (A7), the display unit may further include a lens 
located between the first polarizing beam splitter and the 
LCOS display, for changing magnification of the image of the 
LCOS display. 
0155 (A9) In the near-eye display devices denoted as (A1) 
through (A8), the illumination module may include a light 
Source and a polarization filter for forming the illumination 
light as linearly polarized light from the light source. 
0156 (A10) In the near-eye display devices denoted as 
(A1) through (A2), the illumination module may further 
include a collector for directing emitted light from the light 
source towards the polarization filter. 
0157 (A11) The near-eye display devices denoted as (A1) 
through (A11) may further include a neutral density filter for 
reducing brightness of the ambient light of the ambient scene. 
0158 (A12) In the near-eye display device denoted as 
(A11), the neutral density filter may be a variable neutral 
density filter. 
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0159 (A13) In the near-eye display devices denoted as 
(A11) and (A12), the variable neutral density filter may 
include liquid crystal molecules. 
0160 (A14) The near-eye display device denoted as (A13) 
may further include a controller for varying the brightness of 
the ambient light based upon twisted nematic effect of the 
variable neutral density filter. 
0.161 (B1) A see-through near-eye display device for 
mounting in field of view of a pupil of a user may include (a) 
a viewing unit for Superimposing a display image, formed by 
the display device, on an ambient scene, and (b) a neutral 
density filter for adjusting brightness of ambient light 
received by the viewing unit from the ambient scene to adjust 
contrast of the display image relative to the ambient scene. 
0162 (B2) The see-through near-eye display device 
denoted as (B1) may further include a controller for electroni 
cally adjusting the brightness of the ambient light based upon 
a transmission coefficient of the neutral density filter. 
0163 (B3) In the see-through near-eye display devices 
denoted as (B1) and (B2), the neutral density filter may have 
an adjustable transmission coefficient for adjusting the 
brightness of the ambient light. 
0.164 (C1) A method for Superimposing a display image 
on an ambient scene viewed by a pupil of a user may include 
(a) illuminating a liquid-crystal-on-silicon (LCOS) display 
by reflecting illumination light, using a first polarizing beam 
splitter interface, from a light source to the display, and (b) 
merging, using a second polarizing beam splitter interface, 
ambient light from the ambient scene with display light from 
the display, transmitted by the first polarizing beam splitter 
interface, to Superimpose an image of the LCOS display on 
the ambient scene, the second polarizing beam splitter inter 
face and the first polarizing beam splitter interface being 
orthogonal to a common plane. 
(0165 (C2) The method denoted as (C1) may further 
include filtering polarization of light, using at least one polar 
ization-selective element in addition to the first and second 
polarizing beam splitter interfaces, to improve quality of the 
image of the LCOS display. 
0166 (C3) In the method denoted as (C2), the at least one 
polarization-selective element may include a polarization 
selective element located between the first and second polar 
izing beam splitter interfaces for filtering polarization of the 
display light. 
0.167 (C4) In the methods denoted as (C1) and (C2), theat 
least one polarization-selective element may include a polar 
ization-selective element located between the light source 
and the first polarizing beam splitter interface for filtering 
polarization of the illumination light. 
0168 (C5) The methods denoted as (C1) through (C4) 
may further include adjusting brightness, using a neutral den 
sity filter, of the ambient light of the ambient scene. 
(0169 (C6) In the method denoted as (C5), the step of 
adjusting brightness may include electronically changing 
transmission of the neutral density filter. 
(0170 (C7) In the methods denoted as (C5) and (C6), the 
neutral density filter may include liquid crystal molecules. 
(0171 (C8) In the method denoted as (C7), the step of 
electronically changing transmission of the neutral density 
filter may include changing the transmission of the neutral 
density filter through twisted nematic effect. 
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(0172 (C9) The methods denoted as (C1) through (C8) 
may further include focusing the illumination light to 
increase brightness of the display light from the LCOS dis 
play. 
(0173 (C10) The methods denoted as (C1) through (C9) 
may further include focusing, using a lens, the display light to 
change magnification of the image of the LCOS display. 
0.174 (D1) A wafer-level method for manufacturing a 
near-eye display device may include (a) forming a polarizing 
beam splitter wafer, having a polarizing beam splitter wafer 
with a plurality of polarizing beam splitter film bands, and (b) 
bonding the polarizing beam splitter wafer to an active-matrix 
wafer to form a stacked wafer, the active-matrix wafer includ 
ing a plurality of active matrices that each have functionality 
for forming a liquid-crystal-on-silicon (LCOS) display. 
(0175 (D2) The wafer-level method denoted as (D1) may 
further includedicing the stacked wafer to singulate optical 
elements, wherein each of the optical elements has an active 
matrix and a polarizing beam splitter film band for reflecting 
light towards the active matrix and transmitting light received 
from direction of the active matrix. 
(0176 (D3) The wafer-level method denoted as (D1) may 
further include depositing liquid crystal on the active-matrix 
substrate to form a plurality of LCOS displays. 
(0177 (D4) The wafer-level method denoted as (D2) may 
further include depositing liquid crystal on the active-matrix 
substrate to form a plurality of LCOS displays. 
(0178 (D5). The wafer-level method denoted as (D2) may 
further include depositing liquid crystal, for each of the opti 
cal elements, on the active-matrix to form at least one LCOS 
display. 
(0179 (D6) The wafer-level methods denoted as (D2), 
(D4), and (D5) may further include bonding each of the 
plurality of optical elements to other optical elements to form 
the near-eye display, wherein the other optical elements 
include a polarizing beam splitter interface for merging dis 
play light from the LCOS display with ambient light from an 
ambient scene. 
0180 (D7) The wafer-level methods denoted as (D1) 
through (D6) may be used to manufacture at least a portion of 
each of the near-eye display devices denoted as (A1) through 
(A14) and (B1) through (B3). 
0181 (E1) A near-eye display system may include (a) a 
near-eye display device, having a display and capable of 
providing, to a pupil of a user, an image from the display 
Superimposed on an ambient scene, and (b) a fixture for 
coupling the near-eye display device to a holder mounted to 
the user, the fixture having a plurality of degrees of freedom 
for alignment of the display device with respect to the pupil. 
0182 (E2) In the near-eye display system denoted as (E1), 
the display may include a liquid-crystal-on-silicon (LCOS) 
display. 
0183 (E3) In the near-eye display systems denoted as (E1) 
and (E2), the plurality of degrees of freedom may include at 
least one translational degree of freedom. 
0184 (E4) In the near-eye display systems denoted as (E1) 
through (E3), the at least one translational degree of freedom 
may include translation of the near-eye display device, in a 
direction non-parallel to a viewing axis from the pupil to the 
image of the display, for moving position of the image of the 
display to a desired position in a field of view of the pupil. 
0185 (E5) In the near-eye display systems denoted as (E1) 
through (E4), the at least one translational degree of freedom 
may include two translational degrees of freedom. 
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0186 (E6) In the near-eye display system denoted as (E5), 
the two translational degrees of freedom may be substantially 
orthogonal to one another. 
0187 (E7) In the near-eye display systems denoted as (E3) 
through (E6), the fixture may include a telescoping section for 
providing one of the at least one translational degree of free 
dom. 
0188 (E8) In the near-eye display systems denoted as (E1) 
through (E7), the plurality of degrees of freedom may include 
two rotational degrees of freedom for changing keystone 
distortion of the image of the display. 
0189 (E9). In the near-eye display system denoted as (E8), 
the fixture may include two pivot joints for providing the two 
rotational degrees of freedom. 
0.190 (E10) In the near-eye display systems denoted as 
(E8) and (E9), the two rotational degrees of freedom being 
Substantially orthogonal to one another. 
0191 (E11) In the near-eye display systems denoted as 
(E1) through (E10), the plurality of degrees of freedom may 
include two rotational degrees of freedom for positioning the 
image of the display orthogonally to a viewing axis from the 
pupil to the image of the display. 
0.192 (E12) In the near-eye display systems denoted as 
(E1) through (E11), the plurality of degrees of freedom may 
include two translational degrees of freedom and two rota 
tional degrees of freedom. 
0193 (E13) In the near-eye display systems denoted as 
(E8) through (E11), the two translational degrees of freedom 
may move the position of the image of the display to a desired 
position in field of view of the pupil. 
0194 (E14) In the near-eye display systems denoted as 
(E8) through (E11), the two rotational degrees of freedom 
may change keystone distortion of the image of the display. 
0.195 (E15) In the near-eye display systems denoted as 
(E1) through (E14), the near-eye display device may be any 
one of near-eye display devices (A1) through (A14) and (B1) 
through (B3). 
0.196 (E16) In the near-eye display systems denoted as 
(E1) through (E14), at least portions of the near-eye display 
device may be manufactured using any one of the wafer-level 
methods denoted as (D1) through (D7). 
0.197 (E17) In the near-eye display systems denoted as 
(E1) through (E14), the near-eye display device may function 
according to any one of the methods denoted as (C1) through 
(C10). 
0198 (F1) A method for aligning a display image super 
imposed on an ambient scene viewed by a pupil of a user may 
include manipulating a plurality of degrees of freedom of a 
fixture, coupling a near-eye display device to a holder that 
mounts on the user, to align the display image with respect to 
pupil field of view. 
(0199 (F2) In the method denoted as (F1), the near-eye 
display device may include a display and optics for forming, 
from the display, the display image and Superimposing the 
display image on the ambient scene. 
(0200 (F3) In the methods denoted as (F1) and (F2), the 
step of manipulating may include translating the near-eye 
display device, relative to holder, to move the position of the 
image of the display to a desired position in the field of view 
of the pupil. 
0201 (F4) In the method denoted as (F3), the step of 
translating may include modifying the length of a telescoping 
section of the fixture. 
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(0202 (F5) In the methods denoted as (F3) and (F4), the 
step of translating may include translating the near-eye dis 
play device with respect to the holder, in two non-parallel 
directions. 

0203 (F6) In the methods denoted as (F1) through (F5), 
the step of manipulating may include rotating the near-eye 
display device about two Substantially orthogonal axes to 
change keystone effect of the image of the display. 
0204 (F7) In the methods denoted as (F1) through (F6), 
the step of manipulating may include rotating the near-eye 
display device about two Substantially orthogonal axes to 
position the image of the display orthogonally to a viewing 
axis from the pupil to the image of the display. 
0205 (F8) In the methods denoted as (F1) through (F7), 
the step of manipulating may include (a) translating the near 
eye display device, relative to the holder, to move the position 
of the image of the display to a desired position in the field of 
view of the pupil, and (b) rotating the near-eye display device 
about two Substantially orthogonal axes to change keystone 
effect of the image of the display. 
0206 (F9). In the methods denoted as (F1) through (F2), 
the near-eye display device may be any one of the near-eye 
display devices denoted as (A1) through (A14) and (B1) 
through (B3). 
0207 (F10) In the methods denoted as (F1) through (F2), 
the near-eye display device may function according to any 
one of the methods denoted as (C1) through (C10). 
0208 (G1) A method for manufacturing a display system, 
having functionality for aligning a display image with respect 
to a pupil of a user, may include producing a fixture for 
coupling a near-eye display device to a holder for mounting 
the display device on the user, wherein the fixture includes a 
plurality of degrees of freedom for moving the near-eye dis 
play device relative to the holder. 
0209 (G2) In the method denoted as (G1), the near-eye 
display device may include a display and capable of Super 
imposing an image of the display on an ambient scene viewed 
by the user 
0210 (G3) In the methods denoted as (G1) and (G2), the 
step of producing may include manufacturing the fixture with 
at least one translational degree of freedom for moving the 
position of the display image to a desired position in a field of 
view of the pupil. 
0211 (G4) In the methods denoted as (G1) through (G3), 
the step of manufacturing may include forming a telescoping 
section of the fixture. 

0212 (G5) In the methods denoted as (G1) through (G4), 
the step of manufacturing may include manufacturing the 
fixture with two translational degrees of freedom for moving 
the position of the image of the display to a desired position in 
field of view of the pupil. 
0213 (G6) In the methods denoted as (G1) through (G5), 
the step of producing may include manufacturing the fixture 
with at least two rotational degrees of freedom for changing 
keystone distortion of the image of the display. 
0214 (G7) In the method denoted as (G6), the step of 
manufacturing may include incorporating, into the fixture, at 
least two pivot joints for providing the at least two rotational 
degrees of freedom, respectively. 
0215 (G8) In the method denoted as (G7), the step of 
incorporating may include incorporating, into the fixture, the 
two pivot joints with Substantially orthogonal pivots. 

Nov. 27, 2014 

0216 (G9) The methods denoted as (G1) through (G8) 
may further include producing the near-eye display device 
using any one of the wafer-level methods denoted as (D1) 
through (D7). 
0217 (G10) In the methods denoted as (G1) through (G8), 
the near-eye display device may be any one of the near-eye 
display devices denoted as (A1) through (A14) and (B1) 
through (B3). 
0218 Changes may be made in the above systems and 
methods without departing from the scope hereof. It should 
thus be noted that the matter contained in the above descrip 
tion and shown in the accompanying drawings should be 
interpreted as illustrative and not in a limiting sense. The 
following claims are intended to cover generic and specific 
features described herein, as well as all statements of the 
Scope of the present method and device, which, as a matter of 
language, might be said to fall therebetween. 
What is claimed is: 
1. A near-eye display system, comprising: 
a near-eye display device, including a display and capable 

of providing, to a pupil of a user, an image from the 
display Superimposed on an ambient scene; and 

a fixture for coupling the near-eye display device to a 
holder mounted to the user, the fixture having a plurality 
of degrees of freedom for alignment of the display 
device with respect to the pupil. 

2. The near-eye display system of claim 1, the display 
including a liquid-crystal-on-silicon (LCOS) display. 

3. The near-eye display system of claim 1, the plurality of 
degrees of freedom including at least one translational degree 
of freedom. 

4. The near-eye display system of claim 3, the at least one 
translational degree of freedom including translation of the 
near-eye display device, in a direction non-parallel to a view 
ing axis from the pupil to the image of the display, for moving 
position of the image of the display to a desired position in a 
field of view of the pupil. 

5. The near-eye display system of claim 4, the at least one 
translational degree of freedom including two translational 
degrees of freedom. 

6. The near-eye display system of claim 5, the two trans 
lational degrees of freedom being Substantially orthogonal to 
one another. 

7. The near-eye display system of claim 3, the fixture 
including a telescoping section for providing one of the at 
least one translational degree of freedom. 

8. The near-eye display system of claim 1, the plurality of 
degrees of freedom including two rotational degrees of free 
dom for changing keystone distortion of the image of the 
display. 

9. The near-eye display system of claim 8, the fixture 
including two pivot joints for providing the two rotational 
degrees of freedom. 

10. The near-eye display system of claim 8, the two rota 
tional degrees of freedom being Substantially orthogonal to 
one another. 

11. The near-eye display system of claim 1, the plurality of 
degrees of freedom including two rotational degrees of free 
dom for positioning the image of the display orthogonally to 
a viewing axis from the pupil to the image of the display. 

12. The near-eye display system of claim 1, the plurality of 
degrees of freedom including two translational degrees of 
freedom and two rotational degrees of freedom. 
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13. The near-eye display system of claim 12, the two trans 
lational degrees of freedom moving position of the image of 
the display to desired position in field of view of the pupil, the 
two rotational degrees of freedom changing keystone distor 
tion of the image of the display. 

14. A method for aligning a display image Superimposed 
on an ambient scene viewed by a pupil of a user, comprising: 

manipulating a plurality of degrees of freedom of a fixture, 
coupling a near-eye display device to a holder that 
mounts on the user, to align the display image with 
respect to pupil field of view, the near-eye display device 
including a display and optics for forming, from the 
display, the display image and Superimposing the dis 
play image on the ambient scene. 

15. The method of claim 14, the step of manipulating 
comprising translating the near-eye display device, relative to 
holder, to move position of the image of the display to desired 
position in the field of view of the pupil. 

16. The method of claim 15, the step of translating includ 
ing modifying length of a telescoping section of the fixture. 

17. The method of claim 15, the step of translating includ 
ing translating the near-eye display device with respect to the 
holder, in two non-parallel directions. 

18. The method of claim 14, the step of manipulating 
comprising rotating the near-eye display device about two 
Substantially orthogonal axes to change keystone effect of the 
image of the display. 

19. The method of claim 14, the step of manipulating 
comprising rotating the near-eye display device about two 
Substantially orthogonal axes to position the image of the 
display orthogonally to a viewing axis from the pupil to the 
image of the display. 

20. The method of claim 14, the step of manipulating 
comprising: 

translating the near-eye display device, relative to the 
holder, to move position of the image of the display to 
desired position in the field of view of the pupil; and 
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rotating the near-eye display device about two Substan 
tially orthogonal axes to change keystone effect of the 
image of the display. 

21. A method for manufacturing a display system that 
includes functionality for aligning a display image with 
respect to a pupil of a user, comprising: 

producing a fixture for coupling a near-eye display device 
to a holder for mounting the display device on the user, 
the near-eye display device including a display and 
capable of Superimposing an image of the display on an 
ambient scene viewed by the user, the fixture including 
a plurality of degrees of freedom for moving the near 
eye display device relative to the holder. 

22. The method of claim 21, the step of producing com 
prising manufacturing the fixture with at least one transla 
tional degree of freedom for moving position of the image of 
the display to desired position in a field of view of the pupil. 

23. The method of claim 22, the step of manufacturing 
comprising forming a telescoping section of the fixture. 

24. The method of claim 21, the step of manufacturing 
comprising manufacturing the fixture with two translational 
degrees of freedom for moving position of the image of the 
display to desired position in field of view of the pupil. 

25. The method of claim 21, the step of producing com 
prising manufacturing the fixture with at least two rotational 
degrees of freedom for changing keystone distortion of the 
image of the display. 

26. The method of claim 25, the step of manufacturing 
comprising incorporating, into the fixture, at least two pivot 
joints for providing the at least two rotational degrees of 
freedom, respectively. 

27. The method of claim 27, the step of incorporating 
comprising incorporating, into the fixture, the two pivotjoints 
with Substantially orthogonal pivots. 
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