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ling light into waveguides in a near-eye display device in a manner con-
figured to be tolerant to misalignment of the waveguides with each other
and/or other optics. For example, one disclosed embodiment provides a near-
eye display device comprising one or more waveguides, wherein each wave-
guide comprises a light input coupling configured to receive light at a first
side of the waveguide to couple the light into the waveguide, and a light out-
put coupling configured to emit light from the waveguide at a second side of
the waveguide, the second side of the waveguide being opposite the first side
of the waveguide.
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ALIGNMENT-INSENSITIVE IMAGE INPUT COUPLING IN A NEAR-EYE DISPLAY

BACKGROUND

[0001] Near-eye display devices may utilize various optical technologies to deliver an
image to an eye of a user. For example, a near-eye augmented reality display may utilize
one or more waveguides incorporated into a see-through display configured to be
positioned in front of a user’s eye(s). In such a device, the waveguide may receive an
image from a microdisplay at an input coupling of the waveguide, and transmits the image
to an output coupling configured to direct the image toward a user’s eye.

SUMMARY
[0002] Various embodiments are disclosed herein that relate to coupling light into
waveguides in a near-eye display device in a manner configured to be tolerant to
misalignment of the waveguides with each other and/or other optics. For example, one
disclosed embodiment provides a near-eye display device comprising one or more
waveguides, wherein each waveguide comprises a light input coupling configured to
receive light at a first side of the waveguide to couple the light into the waveguide, and a
light output coupling configured to emit light from the waveguide at a second side of the
waveguide, the second side of the waveguide being opposite the first side of the
waveguide.
[0003] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is
it intended to be used to limit the scope of the claimed subject matter. Furthermore, the
claimed subject matter is not limited to implementations that solve any or all
disadvantages noted in any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 shows an embodiment of a near-eye display device in an example use
environment.

[0005] FIG. 2 shows a block diagram of a display device in accordance with an
embodiment of the present disclosure.

[0006] FIG. 3 schematically shows an example embodiment of a waveguide stack.
[0007] FIG. 4 schematically illustrates an effect of a misalignment of waveguides where

an input coupling and output coupling are on a same side of each waveguide.
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[0008] FIG. 5 schematically illustrates an effect of a misalignment of waveguides where
an input coupling and output coupling are on an opposite side of each waveguide
according to an embodiment of the present disclosure.

[0009] FIG. 6 schematically illustrates a directing of light around an edge of a stack of
waveguides to reach an input coupling at an opposite side of each waveguide as an output
coupling according to an embodiment of the present disclosure.

[0010] FIGS. 7A and 7B schematically illustrate an effect of a misalignment of a
waveguide with respect to projection optics where input and output couplings are on a
same side of the waveguide.

[0011] FIGS. 8A and 8B schematically illustrate an effect of a misalignment of a
waveguide with respect to projection optics where input and output couplings are on
opposite sides of the waveguide in accordance with an embodiment of the present
disclosure.

[0012] FIG. 9 shows a flow diagram depicting an embodiment of a method of operating
a waveguide display.

[0013] FIG. 10 shows an example embodiment of a computing device.

DETAILED DESCRIPTION

[0014] As mentioned above, a near-eye display may utilize one or more waveguides
incorporated into a display (see-through or otherwise) configured to be positioned in front
of a user’s eye or eyes. In such a device, the waveguide may receive an image from a
microdisplay at an input coupling, and transmit the image to an output coupling
configured to direct the image toward a user’s eye.

[0015] A color near-eye display may utilize a stack of waveguides to display color
images, such that a separate waveguide is utilized for each color. Additionally, multiple
waveguides may be provided for each color to provide a wider field of view for each color
than may be achieved with one waveguide for each color. However, as described in more
detail below, misalignment of a waveguide in a waveguide stack with other waveguides in
the stack and/or other optics (such as projection optics) may give rise to additive errors in
an angle of the light output by the waveguide. Such errors may be detected by the human
eye if the departure from parallel between two waveguides is larger than the visual
resolution of the human eye. Small errors (e.g. waveguides angularly offset from each
other by % to 1 arcmin from parallel) may appear as blurred images, while larger errors

(e.g. greater than 1 arcmin) may appear as multiple images.
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[0016] Accordingly, embodiments are disclosed that relate to waveguide displays with
less sensitivity to such alignment errors due to the input and output couplings of each
waveguide being at opposite sides of the waveguide. In such a display, errors due to
misalignment may substantially cancel, rather than increase additively at each coupling.
[0017] Prior to discussing such embodiments in detail, an example embodiment of a use
environment 100 for a near-eye display device 102 is described with reference to FIG. 1.
More specifically, FIG. 1 shows a user 104 wearing the near-eye display device 102 to
view an augmented reality image of the use environment. The depicted near-eye display
device 102 takes the form of a head mounted device (HMD) that allows both hands of the
user 104 to be free to interact with other objects. The near-eye display device 102 includes
a see-through display system configured to allow the visual augmentation of an
appearance of the environment to the user 104. In other words, the see-through display
allows light from the environment to pass through the see-through display so that the user
104 can directly see the actual environment in addition to one or more virtual objects
displayed as an overlay to the actual environment.

[0018] In the depicted example, the near-eye display device 102 is displaying
augmenting imagery in the form of one or more virtual objects 105 pertaining to
information regarding one or more objects in the environment 100. The displayed
information may be obtained in any suitable manner. For example, the displayed
information may be stored locally on the near-eye display device 102, may be retrieved
from a remote service 106 and database 108 via a network 112, and/or may be received in
any other suitable manner.

[0019] FIG. 2 shows a block diagram of a display subsystem 200 suitable for use with
near-eye display device 102 of FIG. 1. The display subsystem 200 includes a light source
202 configured to provide light to a microdisplay 204 to produce an image. The light
source 202 may utilize any suitable light source or sources, including but not limited to
one or more laser diode light sources. As a more specific example, the light source 202
may utilize one or more of each of red, green, and blue laser diodes.

[0020] The light source 202 may project light onto one or more microdisplays 204. In
some embodiments, a single microdisplay may be used to generate images in a color field-
sequential manner, while in other embodiments, separate microdisplays may be used for
cach color to allow the simultaneous display of colors. Further, in some embodiments, a
separate microdisplay (or arrangement of plural microdisplays) may be used for each eye.

Any suitable type of microdisplay may be used, including but not limited to one or more
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liquid crystal on silicon (LCOS) microdisplays. In yet other embodiments, one or more
emissive microdisplays may be used (e.g. an organic light-emitting device microdisplay),
such that light source 202 may be omitted.

[0021] A controller 206 may send control signals to the light source 202 and the
microdisplay 204 to control the display of an image via the microdisplay 204. Light from
the microdisplay may then be coupled into a waveguide stack 208 for delivery to an eye
210 of a user. The waveguide stack 208 includes a plurality of waveguides, such as
separate waveguides for different colors (e.g. red, green and blue), as shown at 212.
Further, in some embodiments, multiple waveguides may be provided for each color to
help provide a wider field of view for each color than may be achieved with one
waveguide for each color. It will be understood that these embodiments are described for
the purpose of example, and are not intended to be limiting in any manner. For example, a
single color display may utilize a single waveguide.

[0022] FIG. 3 is a schematic representation of an embodiment of a waveguide stack 208
comprising three waveguides 300a, 300b, and 300c. As depicted, each waveguide is
separated from adjacent waveguides by spacers, shown at 302a-d. Due to the sensitivity of
the human eye, if input and output couplings for each waveguide are at a same side of the
waveguide, any departure of the waveguides from parallel with respect to each other may
cause blurring or multiple images, depending upon the magnitude of the angle between the
waveguides. This is illustrated schematically in FIG. 4, which shows two sets of parallel
rays 400a, 400b entering input couplings 402a, 402b of two non-parallel waveguides 404a,
404b. If the angle between the waveguides with respect to parallel is expressed as 0, then
cach initially parallel set of rays is angularly offset from parallel by an angle of 26 upon
exiting the output couplings 406a, 406b of the pair of waveguides. Thus, the error
accumulates additively at each coupling.

[0023] In contrast, FIG. 5 illustrates two non-parallel waveguides 500a, 500b each
having input couplings 502a, 502b and output couplings 504a, 504b at opposite sides of
the waveguide. With such a configuration, instead of errors accumulating additively, any
error arising at the input couplings 502a, 502b from the misalignment is offset by an
opposite error arising at the output couplings 504a, 504b, resulting in a substantial
reduction in net error. Thus, by utilizing input and output couplings at opposite sides of a
waveguide, errors arising from misalignment of the waveguides may be substantially

mitigated. This may help to simplify manufacturing, as tolerances regarding the
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construction and assembly of waveguides and spacers for spacing the waveguides may be
loosened (e.g. waveguides within a few degrees of parallel) compared to a waveguide
display device with input and output couplings at a same side of each waveguide (e.g.
waveguides less than 1 arcmin from parallel).

[0024] 1t will be understood that the input couplings 502a, 502b and the output
couplings 504a, 504b may couple light into and out of the waveguides 500a, 500b in any
suitable manner, such as via diffractive and/or reflective mechanisms. It further will be
understood that the mitigating effects of locating the input and output couplings on
opposite sides of the waveguide may be greatest when a prescription of the input coupling
and the output coupling are the same. However, in some embodiments, the input coupling
and output coupling may have different prescriptions where suitable.

[0025] Light may be delivered to the input coupling in any suitable manner. For
example, in some embodiments, light may be delivered from a light source (e.g. an
emissive microdisplay or spatial light modulating microdisplay) at the same side of the
waveguide(s) as a user’s eye to an input coupling(s) at an opposite side of the
waveguide(s). In such an embodiment, one or more reflective structures may be used to
receive light from around an edge of the waveguide(s) and to reflect the light back toward
the input coupling(s). It will be understood that the term “reflective structure” represents
any suitable structure for reflecting light, including but not limited to metallic mirrors,
multilayer dielectric mirrors, total internal reflection elements, etc. FIG. 6 shows an
example embodiment of such a configuration, wherein two mirrors 600a, 600b are used to
reflect light into the input couplings of a waveguide stack 602 comprising four
waveguides. In other embodiments, any other suitable arrangement of and number of
reflective elements may be used. Further, in yet other embodiments, a light source may be
at an opposite side of the display as a user’s eye. In some of such embodiments, light may
be input into the input coupling without utilizing reflective structures.

[0026] In addition to mitigating errors caused by waveguide misalignment, locating
input and output couplings of a waveguide display on opposite sides of a waveguide also
may help to correct for misalignments of a waveguide with respect to other optics in an
optical system. For example, FIGS. 7A and 7B schematically depict an embodiment of a
single waveguide 700 comprising an input coupling 702 and an output coupling 704 at a
same side of the waveguide, and also depicts projection optics 706 positioned such that
light from the projection optics 706 passes into the waveguide 700 via the input coupling

702. FIG. 7A illustrates the waveguide 700 being aligned correctly with the projection
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optics, while FIG. 7B illustrates the waveguide 700 being tilted relative to the projection
optics 706. As shown, when the waveguide 700 is tilted relative to the projection optics
706, light exits the waveguide in an angularly shifted direction due to the misalignment
with the projection optics.

[0027] In contrast, in a waveguide having input and output couplings on opposite sides
of the waveguide, the angular offset introduced at the input coupling is mitigated by the
angular offset at the output coupling, such that light exits the waveguide in an intended
direction. FIGS. 8A-8B schematically illustrates an embodiment of a single waveguide
800 comprising an input coupling 802 and an output coupling 804 at opposite sides of the
waveguide 800, and also depicts projection optics 806 positioned such that light from the
projection optics 806 passes into the waveguide 800 via the input coupling 802. FIG. 8A
illustrates the waveguide 800 being aligned correctly with the projection optics, while
FIG. 8B illustrates the waveguide 800 being tilted relative to the projection optics 806. As
shown, even when the waveguide 800 is tilted relative to the projection optics 806, light
exits the waveguide along substantially the same direction as in the properly aligned
example. Therefore, utilizing a waveguide with input and output couplings located at
opposite sides of the waveguide may help to mitigate misalignments of the waveguide
with optics outside of a waveguide stack, as well as mitigating errors that arise from non-
parallel waveguides in the waveguide stack.

[0028] FIG. 9 shows a flow diagram depicting an embodiment of a method 900 for
operating a waveguide near-eye display. The waveguide display may comprise one or
more waveguides. For example, a color waveguide display may comprise a waveguide for
cach displayed color, and potentially more than one waveguide for each color to increase a
field of view of the waveguide display. The near-eye display may be incorporated in any
suitable type of display device, including but not limited to a head-mounted display
device.

[0029] Method 900 comprises, at 902, directing light from a light source (e.g. an image
producing element) into an input coupling located at a first side of the waveguide. As
depicted, the coupling may comprise one or more of a reflective coupling 904 and a
diffractive coupling 906. Where the waveguide display comprises a stack of multiple
waveguides, light may be coupled into each waveguide of the stack of waveguides via
diffractive and/or reflective mechanisms.

[0030] In some embodiments, the light source may be at a same side of the waveguide

display as a user’s eye. Thus, in such embodiments, method 900 may further comprise
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directing light around an edge of the waveguide, as indicated at 908, in order to couple the
light into the waveguide at the input coupling. Any suitable reflective structure or
structures may be used. Examples include, but are not limited to, mirrors, multilayer
diclectric mirrors, and total internal reflection structures.

[0031] Continuing, method 900 next comprises, at 910, directing light from the input
coupling, through the waveguide, and then out of the waveguide via an output coupling at
a second, opposite side of the waveguide as the waveguide input coupling. In this manner,
errors that may arise from misalignment of waveguides with each other (e.g. where
waveguides in a waveguides stack are not parallel) and/or misalignment of the
waveguide(s) with other optics, such as projection optics, may be mitigated compared to a
waveguide with input and output couplings at a same side.

[0032] FIG. 10 schematically shows a non-limiting embodiment of a computing system
600 that can enact one or more of the methods and processes described above. Computing
system 1000 is shown in simplified form. Computing system 1000 may take the form of a
head-mounted see-through display device, as well as any other suitable computing system,
including but not limited to gaming consoles, personal computers, server computers, tablet
computers, home-entertainment computers, network computing devices, mobile
computing devices, mobile communication devices (e.g., smart phone), and/or other
computing devices.

[0033] Computing system 1000 includes a logic machine 1002 and a storage machine
1004. Computing system 1000 may also include a display subsystem 1006, input
subsystem 1008, communication subsystem 1010, and/or other components not shown in
FIG. 10.

[0034] Logic machine 1002 includes one or more physical devices configured to execute
instructions. For example, the logic machine may be configured to execute machine-
readable instructions that are part of one or more applications, services, programs,
routines, libraries, objects, components, data structures, or other logical constructs. Such
instructions may be implemented to perform a task, implement a data type, transform the
state of one or more components, achieve a technical effect, or otherwise arrive at a
desired result.

[0035] The logic machine may include one or more processors configured to execute
software instructions. Additionally or alternatively, the logic machine may include one or
more hardware or firmware logic machines configured to execute hardware or firmware

instructions. Processors of the logic machine may be single-core or multi-core, and the
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instructions executed thereon may be configured for sequential, parallel, and/or distributed
processing. Individual components of the logic machine optionally may be distributed
among two or more separate devices, which may be remotely located and/or configured
for coordinated processing. Aspects of the logic machine may be virtualized and executed
by remotely accessible, networked computing devices configured in a cloud-computing
configuration.

[0036] Storage machine 1004 includes one or more physical devices configured to hold
instructions executable by the logic machine to implement the methods and processes
described herein. For example, controller 206 of FIG. 2 may include and/or be in operative
communication with logic machine 1002 and/or storage machine 1004 in order to control
the light source 202 and/or the microdisplay 204. When such methods and processes are
implemented, the state of storage machine 1004 may be transformed—e.g., to hold
different data.

[0037] Storage machine 1004 may include removable and/or built-in devices. Storage
machine 1004 may include optical memory (e.g., CD, DVD, HD-DVD, Blu-Ray Disc,
etc.), semiconductor memory (e.g., RAM, EPROM, EEPROM, etc.), and/or magnetic
memory (e.g., hard-disk drive, floppy-disk drive, tape drive, MRAM, etc.), among others.
Storage machine 1004 may include volatile, nonvolatile, dynamic, static, read/write, read-
only, random-access, sequential-access, location-addressable, file-addressable, and/or
content-addressable devices.

[0038] It will be appreciated that storage machine 1004 includes one or more physical
devices. However, aspects of the instructions described herein alternatively may be
propagated by a communication medium as a signal (e.g., an electromagnetic signal, an
optical signal, etc.), as opposed to being stored on a physical device.

[0039] Aspects of logic machine 1002 and storage machine 1004 may be integrated
together into one or more hardware-logic components. Such hardware-logic components
may include field-programmable gate arrays (FPGAs), program- and application-specific
integrated circuits (PASIC / ASICs), program- and application-specific standard products
(PSSP / ASSPs), system-on-a-chip (SOC), and complex programmable logic devices
(CPLDs), for example.

[0040] When included, display subsystem 1006 may be used to present a visual
representation of data held by storage machine 1004. This visual representation may take
the form of a graphical user interface (GUI). As the herein described methods and

processes change the data held by the storage machine, and thus transform the state of the
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storage machine, the state of display subsystem 1006 may likewise be transformed to
visually represent changes in the underlying data. Display subsystem 1006 may include
one or more display devices utilizing virtually any type of technology, including but not
limited to the near-eye display systems described herein. Such display devices may be
combined with logic machine 1002 and/or storage machine 1004 in a shared enclosure, or
such display devices may be peripheral display devices.

[0041] When included, input subsystem 1008 may comprise or interface with one or
more user-input devices such as a keyboard, mouse, touch screen, microphone, or game
controller. In some embodiments, the input subsystem may comprise or interface with
selected natural user input (NUI) componentry. Such componentry may be integrated or
peripheral, and the transduction and/or processing of input actions may be handled on- or
off-board. Example NUI componentry may include a microphone for speech and/or voice
recognition; an infrared, color, stereoscopic, and/or depth camera for machine vision
and/or gesture recognition; a head tracker, eye tracker, accelerometer, and/or gyroscope
for motion detection and/or intent recognition; as well as electric-field sensing
componentry for assessing brain activity.

[0042] When included, communication subsystem 1010 may be configured to
communicatively couple computing system 1000 with one or more other computing
devices. Communication subsystem 1010 may include wired and/or wireless
communication devices compatible with one or more different communication protocols.
As non-limiting examples, the communication subsystem may be configured for
communication via a wireless telephone network, or a wired or wireless local- or wide-
arca network. In some embodiments, the communication subsystem may allow computing
system 1000 to send and/or receive messages to and/or from other devices via a network
such as the Internet.

[0043] It will be understood that the configurations and/or approaches described herein
are exemplary in nature, and that these specific embodiments or examples are not to be
considered in a limiting sense, because numerous variations are possible. The specific
routines or methods described herein may represent one or more of any number of
processing strategies. As such, various acts illustrated and/or described may be performed
in the sequence illustrated and/or described, in other sequences, in parallel, or omitted.
Likewise, the order of the above-described processes may be changed.

[0044] The subject matter of the present disclosure includes all novel and nonobvious

combinations and subcombinations of the various processes, systems and configurations,
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and other features, functions, acts, and/or properties disclosed herein, as well as any and

all equivalents thereof.
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CLAIMS
1. A near-cye display device, comprising:
onge or more waveguides;
for each waveguide, a light input coupling configured to receive light at a first side
of the waveguide to couple the light into the waveguide; and
for each waveguide, a light output coupling configured to emit light from the
waveguide at a second side of the waveguide, the second side of the waveguide being

opposite the first side of the waveguide.

2. The near-eye display device of claim 1, further comprising a plurality of
waveguides, wherein each waveguide of the plurality of waveguides is separated from an

adjacent waveguide via one or more spacers.

3. The near-eye display device of claim 1, wherein one or more light input couplings

comprises a diffractive coupling.

4. The near-eye display device of claim 1, wherein one or more light input couplings

comprises a reflective coupling.

5. The near-eye display device of claim 1, wherein, for each waveguide, the input

coupling and the output coupling have a same prescription.

6. The near-eye display device of claim 1, wherein the near-eye display device

comprises a head-mounted display.

7. A method of directing light to a user of a near-eye display, the method comprising:
directing light from a light source into an input coupling at a first side of a
waveguide;
directing light through the waveguide to an output coupling; and
directing light out of the output coupling at a second side of the waveguide,

wherein the second side is different than a first side.

11
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8. The method of claim 7, wherein the near-eye display comprises a waveguide stack,
and wherein directing light from the light source into the input coupling at the first side of
the waveguide comprises coupling light into each waveguide of the waveguide stack at the

first side of the waveguide.

9. The method of claim 7, wherein directing light from the light source into the input
coupling comprises redirecting the light received from the light source into the input

coupling via one or more reflective elements.
10.  The method of claim 9, wherein redirecting the light received from the light source

comprises reflecting the light around an edge of a waveguide and toward the input

coupling via an arrangement of one or more reflective structures.

12



PCT/US2014/016658

WO 2014/130383

1/8

801
3Svav.ivd

901
J0ING3S
J10N3H

I OI4




PCT/US2014/016658

WO 2014/130383

2/8

o_\N\

¢ O

Z1¢ SAAINOIANVM g99Y

80¢ MOVLS AAINDIAVM

90¢

d3T10H41INOD

Y02 A
V1dSIAOHIIN

¢0¢ 304dN0S
1HOIT

(/ 00¢



402a —

WO 2014/130383 PCT/US2014/016658
3/8

302a 302c
él 3002 | Pt
C 00D C
— 1 1
c 00c C
302b 302d




WO 2014/130383 PCT/US2014/016658

4/8

600b 600a

EYE LCOS

FIG. 6



WO 2014/130383

PCT/US2014/016658

5/8

702 — —704
700
7061
\Z
PROJECTION
OPTICS EYE
LCOS
FIG. 7A

706-|

OUTPUT WITHOUT (----)
AND WITH (—)

EYE  WAVEGUIDE TILT

PROJECTION
OPTICS

1\

LCOS

FIG. 7B



WO 2014/130383 PCT/US2014/016658

6/8

|OO
(]
o

806 1

PROJECTION
OPTICS

LCOS

FIG. 8A

802

300 804

8061

PROJECTION
OPTICS

LCOS

FIG. 8B



WO 2014/130383 PCT/US2014/016658

7/8

900
4

DIRECT LIGHT FROM LIGHT SOURCE INTO WAVEGUIDE INPUT
COUPLING AT FIRST SIDE OF WAVEGUIDE

— e —————————— — — — — — — — — ]

| REFLECTIVE COUPLING 904

| DIFFRACTIVE COUPLING ﬁll

r-—-- """ -"-"--""""-—""— "--- " 'l

| DIRECT LIGHT AROUND EDGE OF WAVEGUIDE I

| 908
02

DIRECT LIGHT THROUGH WAVEGUIDE TO WAVEGUIDE
OUTPUT COUPLING

Y

DIRECT LIGHT OUT OF WAVEGUIDE OUTPUT COUPLEING
AT SECOND, OPPOSITE SIDE OF WAVEGUIDE

1

o

912

END

FIG. 9



WO 2014/130383

8/8

COMPUTING SYSTEM

([ LOGIC MACHINE )
. 1002
4 N
STORAGE MACHINE
. 1004
4 N\
DISPLAY SUBSYSTEM
. 1006)
( INPUT SUBSYSTEM |
. 1008
([ COMMUNICATION
SUBSYSTEM 1010
—7
10

o

FIG. 10

PCT/US2014/016658



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/016658

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO2B27/01 F21v8/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GOZ2B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

figures 4a,4b
page 6 - page 7

VALERA MOHMED SALIM [GB]; SIMMONDS MICHAEL
DAVID) 27 October 2011 (2011-10-27)

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20127062998 Al (SCHULTZ ROBERT J [US] 1,2,4,5,
ET AL) 15 March 2012 (2012-03-15) 7,8
figure 13
paragraph [0100] - paragraph [0108]
X US 2006/228073 Al (MUKAWA HIROSHI [JP] ET 1,3,5-7,
AL) 12 October 2006 (2006-10-12) 9,10
figure 14
paragraph [0134] - paragraph [0147]
X WO 2011/131978 Al (BAE SYSTEMS PLC [GB]; 1,3,6-8

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

10 April 2014

Date of mailing of the international search report

23/04/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Beutter, Matthias

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/016658

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2006/132914 Al (WEISS VICTOR [IL] ET
AL) 22 June 2006 (2006-06-22)

figures 2-4A

paragraph [0078]

paragraph [0131] - paragraph [0151]

US 2010/201953 Al (FREEMAN MARK O [US] ET
AL) 12 August 2010 (2010-08-12)

figures 3A,5,6A

paragraphs [0003], [0004], [0015],
[0038]

US 2006/221448 Al (NIVON UZIA [IL] ET AL)
5 October 2006 (2006-10-05)

figures 3a-4

paragraph [0088] - paragraph [0093]

1,3,6,7,
9

1,4,7,9

1,3,7,8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/016658
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2012062998 Al 15-03-2012  NONE

US 2006228073 Al 12-10-2006  CN 1774661 A 17-05-2006
CN 101174028 A 07-05-2008
EP 1731943 Al 13-12-2006
JP 5119667 B2 16-01-2013
JP 5299391 B2 25-09-2013
JP 5387655 B2 15-01-2014
JP 2010282231 A 16-12-2010
JP 2012088715 A 10-05-2012
JP 2013178549 A 09-09-2013
KR 20060133881 A 27-12-2006
US 2006228073 Al 12-10-2006
US 2008239424 Al 02-10-2008
US 2010220295 Al 02-09-2010
US 2011211239 Al 01-09-2011
US 2012081789 Al 05-04-2012
US 2012206811 Al 16-08-2012
US 2013155513 Al 20-06-2013
WO 2005093493 Al 06-10-2005

WO 2011131978 Al 27-10-2011  EP 2561396 Al 27-02-2013
US 2013044376 Al 21-02-2013
WO 2011131978 Al 27-10-2011

US 2006132914 Al 22-06-2006  EP 1639394 A2 29-03-2006
US 2006132914 Al 22-06-2006
WO 2004109349 A2 16-12-2004

US 2010201953 Al 12-08-2010  EP 1952189 A2 06-08-2008
JP 5226528 B2 03-07-2013
JP 2009516862 A 23-04-2009
US 2007159673 Al 12-07-2007
US 2007171328 Al 26-07-2007
US 2007171329 Al 26-07-2007
US 2010201953 Al 12-08-2010
US 2010202034 Al 12-08-2010
WO 2007062098 A2 31-05-2007

US 2006221448 Al 05-10-2006  CN 101151562 A 26-03-2008
EP 1866684 Al 19-12-2007
JP 2008535032 A 28-08-2008
KR 20070119017 A 18-12-2007
US 2006221448 Al 05-10-2006
WO 2006106501 Al 12-10-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

