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Directional flat illuminators

TECHNICAL FIELD

[0001] This disclosure generally relates to illumination of light modulation devices, and more
specifically rclates to light guides for providing large area directed illumination from localized

light sources for use in 2D, 3D, and/or autostercoscopic display devices.

BACKGROUND

[0002] Spatially multiplexed autostereoscopic displays typically align a parallax component such
as a lenticular screen or parallax barrier with an array of images arranged as a first and sccond set
of pixcls on a spatial light modulator. The parallax component directs light from each of the scts
of pixcls into different respective directions to provide first and second viewing windows in front
of the display. An observer with an eye placed in the first viewing window can see a first image
with light from the first set of pixcls and with an eye placed in the second viewing window can

see a sccond image, with light from the second set of pixels.

[0003] These displays have reduced spatial resolution compared to the native resolution of the
spatial light modulator and further, the structure of the viewing windows is determined by the
pixel aperture shape and parallax component imaging function. Gaps between the pixels, for
cxample, for clectrodes, typically produce non-uniform viewing windows. Undesirably, such
displays exhibit image flicker as an observer moves laterally with respect to the display and so

limit the viewing freedom of the display. Such flicker can be reduced by defocusing the optical
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elements; however such defocusing results in increased levels of image cross talk and increases
visual strain for an observer. Such flicker can be reduced by adjusting the shape of the pixel
aperture, however such changes can reduce display brightness and can include addressing

electronics in the spatial light modulator.

BRIEF SUMMARY

[0004] According to the present disclosure, a method for guiding light by employing an optical
valve may allow light rays to propagate in a first direction through the optical valve, and the light
may propagate in the first direction with substantially low loss. Additionally, the optical valve
may allow the light rays to interact with an end surface of the optical valve and also may allow
the light rays to propagate in a second direction through the optical valve, and while propagating
in the second direction, at least some of the light rays may encounter at least one extraction

feature and may be extracted from the optical valve.

[0005] According to another aspect of the present disclosure, a light valve for guiding light, may
include a first light guiding surface, wherein the first light guiding surface is substantially planar,
and a second light guiding surface which may be opposite the first light guiding surface and may
further include a plurality of guiding features and a plurality of extraction features. The
extraction features and the guiding features may be connected to each other and alternate with
one another respectively, and the plurality of extraction features may allow light to pass with
substantially low loss when the light is propagating in a first direction and may allow light to

reflect and exit the light valve when the light is propagating in a second direction.



WO 2012/068532 PCT/US2011/061511

[0006] According to yet another aspect of the present disclosure, an optical valve system, may
include a plurality of illumination elements at least operably coupled to a first end of an optical
valve, and in which the optical valve may include a first light guiding surface which may be
substantially planar. The optical valve may also include a second light guiding surface,
opposite the first light guiding surface, and may include a plurality of guiding features and a
plurality of cxtraction fcaturcs. The cxtraction fcaturcs and the guiding fcaturcs may be
connected to each other and alternate with each other. The extraction features may allow light to
pass with substantially low loss when the light is propagating in a first direction and may allow

light to reflect and exit the light valve when the light is propagating in a second direction.

[0007] According to another aspect of the present disclosure, an optical valve may include an
input sidc which may be located at a first cnd of an optical valve, a reflective side which may be
located at a second end of the optical valve, and a first light directing side and a second light
directing side which may be located between the input side and the reflective side of the optical
valve. The second light directing side may include a plurality of guiding features and a plurality
of extraction features. The plurality of guiding features may connect respective extraction

features.

[0008] According to another aspect of the present disclosure, a directional display system may
include an illuminator array that may provide light rays to an optical valve. The optical valve
may include a first light guiding surface of the optical valve, and in which the first light guiding
surface may be substantially planar. The optical valve may also include a second light guiding
surface of the optical valve, opposite the first light guiding surface, and may include a plurality
of guiding features and a plurality of extraction features. The plurality of extraction features may

include a first region and a second region. The extraction features of the first and second regions
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may have respective orientations such that at least some of the light rays from a first illuminator
may be directed to a first viewing window outside of the optical valve and at least some of the
light rays from a second illuminator may be directed to a second viewing window different from

the first viewing window outside of the optical valve.

[0009] According to another aspect of the present disclosure, an observer tracking
autostercoscopic display, may includc an optical valve, an array of illumination clements which
may provide light to the optical valve and a sensor for detecting an observer in the proximity of
viewing windows of the optical valve and an illuminator controller for determining a setting for
the array of illumination elements, in which the setting may determine a first illumination phase
for a first set of illuminator elements which may correspond to a first viewing window, and the
sctting may dcterminc a sccond illumination phasc for a sccond set of illuminator clements

which may correspond to a second viewing window.

[0010] Generally, a light valve or optical valve may provide large area illumination from
localized light sources. The terms light valve and optical valve may be used interchangeably
herein. An optical valve may be a waveguide in one example, and may include a stepped
structure, in which the steps may be extraction features that may be effectively, optically hidden
to guided light which may be propagating in a first direction. Returning light which may be
propagating in a second direction may be refracted, diffracted, and/or reflected by the extraction
features to provide illumination which may exit from the top surface of the optical valve. Such
controlled illumination may provide for efficient, multi-user autostereoscopic displays as well as

improved 2D display functionality.
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[0011] These and other advantages and features of the present disclosure will become apparent

to those of ordinary skill in the art upon reading this disclosure in its entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Embodiments are illustrated by way of example in the accompanying figures, in which

like reference numbers indicate similar parts, and in which:

[0013] FIGURE 1A is a schematic diagram showing a top view of a conventional waveguide
backlight illuminator;

[0014] FIGURE 1B is a schematic diagram showing a side view of the conventional waveguide
backlight illuminator of FIGURE 1A;

[0015] FIGURE 2A is a schematic diagram showing a top view of a known autostereoscopic
display;

[0016] FIGURE 2B is a schematic diagram showing a side view of the autostereoscopic display
of FIGURE 2A;

[0017] FIGURE 3A is a schematic diagram showing a top view of a known wedge waveguide
structure;

[0018] FIGURE 3B is a schematic diagram showing a side view of the wedge waveguide
structure of FIGURE 3A;

[0019] FIGURE 4A is a schematic diagram showing a top view of an optical valve, in
accordance with the present disclosure;

[0020] FIGURE 4B is a schematic diagram showing a side view of the optical valve structure of

Figure 5A, in accordance with the present disclosure;
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[0021] FIGURE 5A is a schematic diagram showing a top view of an optical valve structure
illustrating a directed output in the yz plane, in accordance with the present disclosure;

[0022] FIGURE 5B is a schematic diagram showing a first side view of the optical valve
structure of FIGURE 5A, in accordance with the present disclosure;

[0023] FIGURE S5C is a schematic diagram showing a second side view of the optical valve

structurc of FIGURE SA, in accordance with the present disclosure;

[0024] FIGURE 6 is a schematic diagram illustrating in cross scction an optical valve, in

accordance with the present disclosure;

[(0025] FIGURE 7A is a schcmatic diagram illustrating in schematic plan view an optical valve
which may be illuminated by a first illumination element and including curved light extraction

featurcs, in accordance with the present disclosure;

[0026] FIGURE 7B is a schematic diagram illustrating in schematic plan view an optical valve
which may be illuminated by a sccond illumination element, in accordance with the present

disclosurc;

[0027] FIGURE 7C is a schematic diagram illustrating in schematic plan view an optical valve

which may include linear light extraction features, in accordance with the present disclosure;

[0028] FIGURE 8 is a schematic diagram illustrating an autostercoscopic display apparatus

using the optical valve, in accordance with the present disclosure;

[0029] FIGURE 9 is a schematic diagram illustrating an optical valve including a planar

reflective side, in accordance with the present disclosure;
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[0030] FIGURE 10A is a schematic diagram illustrating an optical valve including a Fresnel

lens, in accordance with the present disclosure;

[0031] FIGURE 10B is a schematic diagram illustrating an optical valve including another

Fresnel lens, in accordance with the present disclosure;

[0032] FIGURE 10C is a schematic diagram illustrating a further optical valve including

anothcr Fresnel lens, in accordance with the present disclosure;

[0033] FIGURE 11 is a schematic diagram illustrating an optical valve with a Fresnel

cquivalent reflecting surfacc, in accordance with the present disclosure;

[0034] FIGURE 12 is a schematic diagram illustrating an optical valve including a vertical

diffuser, in accordance with the present disclosure;

[0035] FIGURE 13 is a schematic diagram illustrating in cross scction an autostcrcoscopic

display, in accordance with the present disclosure;

[0036] FIGURE 14 is a schematic diagram illustrating an optical valve including separated

clongate light extraction features, in accordance with the present disclosure;

[0037] FIGURE 15 is a schematic diagram illustrating a cross section of an optical valve
including light extraction features with variable slope and height, in accordance with the present

disclosure;

[0038] FIGURE 16A is a schematic diagram illustrating a cross section of an optical valve
including light extraction features with multiple reflecting facets for the light extraction fecatures,

in accordance with the present disclosurc;
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[0039] FIGURE 16B is a schematic diagram illustrating a cross section of an optical valve
including light extraction features with convex facets for the light extraction features, in

accordance with the present disclosure;

[0040] FIGURE 16C is a schematic diagram illustrating a cross section of an optical valve
including light extraction features with convex and concave facets for the light extraction

fcaturcs, in accordance with the present disclosure;

[0041] FIGURE 16D is a schematic diagram illustrating a cross section of an optical valve
including light extraction features with irregular facets for the light extraction features, in

accordance with the present disclosure;

[0042] FIGURE 16E is a schematic diagram illustrating a cross section of an optical valve
including light cxtraction fcaturcs arranged to provide limited scatter in the imaging dircction, in

accordance with the present disclosure;

[0043] FIGURE 17 is a schematic diagram illustrating a sketch of a variable lateral thickness

optical valve, in accordance with the present disclosure;

[0044] FIGURE 18 is a schematic diagram illustrating a plan view of a directional display
including an optical valve with a plurality of separated light extracting features arranged to

provide reduction of Moiré patterning, in accordance with the present disclosure;

[0045] FIGURE 19 is a schematic diagram illustrating options for the reflective side, in

accordance with the present disclosure;
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[0046] FIGURE 20 is a schematic diagram illustrating ray paths in an optical valve, in

accordance with the present disclosure;

[0047] FIGURE 21 is a schematic diagram illustrating an optical valve including a further tilt
between the first light directing side and guiding features of the second light directing side, in

accordance with the present disclosure;

[0048] FIGURE 22 is a schcmatic diagram illustrating in cross scction the light rays in a

substantially parallel sided optical valve, in accordance with the present disclosure;

[0049] FIGURE 23 is a schematic diagram illustrating in cross section the light rays in a tapered

optical valve, in accordance with the present disclosure;

[0050] FIGURE 24 is a schematic diagram illustrating an autostereoscopic display in which
light extraction may be achicved by refraction at the light extraction features of the optical valve,

in accordance with the present disclosure;

[0051] FIGURE 25 is a schematic diagram illustrating an optical valve including an air cavity,
in accordance with the present disclosure;

[0052] FIGURE 26A is a schematic diagram showing a top view of an optical valve structure, in
accordance with the present disclosure;

[0053] FIGURE 26B is a schematic diagram showing a side view of the optical valve structure

of Figure 26A, in accordance with the present disclosure;

[0054] FIGURE 27 is a graph illustrating extraction feature curves for different x offsets, in

accordance with the present disclosure;



WO 2012/068532 PCT/US2011/061511
10

[0055] FIGURE 28 is a graph illustrating the tilt angle away from the z-axis of the reflecting
facet of the extraction feature as a function of y-position along a feature, in accordance with the

present disclosure;

[0056] FIGURE 29 illustrates divergent light propagation from a planar end surface, in

accordance with the present disclosure;

[0057] FIGURE 30A is a graph illustrating cxtractor curves and facct angles for a divergent

optical valve with a planar top surface, in accordance with the present disclosure;

[0058] FIGURE 30B is a graph illustrating extractor curves and facet angles for a divergent
optical valve with a planar top surface, in accordance with the present disclosure;

[0059] FIGURE 31 is a schematic diagram of a stereoscopic display embodiment illustrating
how right and lcft cyc imagcs arc displayed in synchronization with first and sccond illumination
sources respectively, in accordance with the present disclosure;

[0060] FIGURE 32 is a schematic diagram of a display embodiment illustrating how images
may be selectively presented to a user, while not presented to others, in accordance with the
present disclosure;

[0061] FIGURE 33 is a schematic diagram illustrating how device and head or eye position
detected by an onboard device may provide inputs to a control system that substantially
automatically synchronizes the display of left and right eye images on an autostereoscopic
display, in accordance with the present disclosure; and

[0062] FIGURE 34 is a schematic diagram showing how multiple viewer stereoscopic viewing
may be provided using detectors to locate the position of eyes and thereby synchronize

illuminating LEDs for the left and right eye views, in accordance with the present disclosure.



WO 2012/068532 PCT/US2011/061511
11




WO 2012/068532 PCT/US2011/061511

DETAILED DESCRIPTION

[0063] Generally, in the present disclosure, a method for guiding light by employing an optical
valve may allow light rays to propagate in a first direction through the optical valve, and the light
may propagate in the first dircction with substantially low loss. Additionally, the optical valve
may allow the light rays to interact with an end surface of the optical valve and also may allow
the light rays to propagate in a second direction through the optical valve, and while propagating
in the second direction, at least some of the light rays may encounter at least one extraction

feature and may be extracted from the optical valve.

[0064] According to another aspect of the present disclosure, a light valve for guiding light, may
includc a first light guiding surfacc, wherein the first light guiding surfacc is substantially planar,
and a second light guiding surface which may be opposite the first light guiding surface and may
further include a plurality of guiding features and a plurality of extraction features. The
extraction features and the guiding features may be connected to each other and alternate with
one another respectively, and the plurality of extraction features may allow light to pass with
substantially low loss when the light is propagating in a first dircction and may allow light to

reflect and exit the light valve when the light is propagating in a second direction.

[0065] According to yet another aspect of the present disclosure, an optical valve system, may
include a plurality of illumination elements at least operably coupled to a first end of an optical
valve, and in which the optical valve may include a first light guiding surface which may be
substantially planar. The optical valve may also include a second light guiding surface,
opposite the first light guiding surface, and may include a plurality of guiding features and a

95194936.281002
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plurality of extraction features. The extraction features and the guiding features may be
connected to each other and alternate with each other. The extraction features may allow light to
pass with substantially low loss when the light is propagating in a first direction and may allow

light to reflect and exit the light valve when the light is propagating in a second direction.

[0066] According to another aspect of the present disclosure, an optical valve may include an
input sidc which may bc located at a first end of an optical valve, a reflective side which may be
located at a second end of the optical valve, and a first light directing side and a second light
directing side which may be located between the input side and the reflective side of the optical
valve. The second light directing side may include a plurality of guiding features and a plurality
of extraction features. The plurality of guiding features may connect respective extraction

fcaturcs.

[0067] According to another aspect of the present disclosure, a directional display system may
include an illuminator array that may provide light rays to an optical valve. The optical valve
may include a first light guiding surface of the optical valve, and in which the first light guiding
surface may be substantially planar. The optical valve may also include a second light guiding
surface of the optical valve, opposite the first light guiding surface, and may include a plurality
of guiding features and a plurality of extraction features. The plurality of extraction features may
include a first region and a second region. The extraction features of the first and second regions
may have respective orientations such that at least some of the light rays from a first illuminator
may be directed to a first viewing window outside of the optical valve and at least some of the
light rays from a second illuminator may be directed to a second viewing window different from

the first viewing window outside of the optical valve.
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[0068] According to another aspect of the present disclosure, an observer tracking
autostereoscopic display, may include an optical valve, an array of illumination elements which
may provide light to the optical valve and a sensor for detecting an observer in the proximity of
viewing windows of the optical valve and an illuminator controller for determining a setting for
the array of illumination elements, in which the setting may determine a first illumination phase
for a first sct of illuminator clements which may corrcspond to a first viewing window, and the
setting may determine a second illumination phase for a second set of illuminator elements

which may correspond to a second viewing window.

[0069] Generally, a light valve or optical valve may provide large area illumination from
localized light sources. The terms light valve and optical valve may be used interchangeably
hercin.  An optical valve may bec a waveguide in one cxample, and may include a stepped
structure, in which the steps may be extraction features that may be effectively, optically hidden
to guided light which may be propagating in a first direction. Returning light which may be
propagating in a second direction may be refracted, diffracted, and/or reflected by the extraction
features to provide illumination which may exit from the top surface of the optical valve. Such
controlled illumination may provide for efficient, multi-user autostereoscopic displays as well as

improved 2D display functionality.

[0070] Generally, an optical valve may be an optical structure or any type of optical device that
may guide and/or direct light. Light may propagate within the optical valve in a first direction
from an input side to a reflective side and may be transmitted substantially without loss. Light
may be reflected at the reflective side and may propagate in a second direction substantially
opposite the first direction. As the light propagates in the second direction, the light may be

incident on light extraction features which may extract or redirect the light outside the optical
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valve. Stated differently, the optical valve may allow light to propagate in the first direction and

may allow light to be extracted while propagating in the second direction.

[0071] In one embodiment, the optical valve may function as an optical valve directional
backlight and may achieve time sequential directional illumination of large display arcas. Time
multiplexed autostercoscopic displays can advantageously improve the spatial resolution of
autostcrcoscopic display by dirccting light from substantially all of the pixcls of a spatial light
modulator to a first viewing window in a first time slot, and substantially all of the pixels to a
second viewing window in a second time slot. Thus an observer with eyes arranged to receive
light in first and second viewing windows may see a full resolution image across the whole of
the display over multiple time slots. Time multiplexed displays can achieve directional
illumination by dirccting an illuminator array through a substantially transparent time
multiplexed spatial light modulator using directional optical elements, in which the directional
optics substantially form an image of the illuminator array in the window plane. Furthermore, the
uniformity of the viewing windows may be advantageously independent of the arrangement of
pixels in the spatial light modulator. Advantageously such displays can provide observer

tracking displays which have low flicker, with low levels of cross talk for a moving observer.

[0072] To achieve high uniformity in the window plane it may be desirable to provide an array
of illumination elements that have a high spatial uniformity. The illuminator elements of the
time sequential illumination system may be provided for examples by pixels of a spatial light
modulator with size approximately 100 micrometers in combination with a lens array. However,
such pixels may suffer from the same difficulties as for spatially multiplexed displays. Further

such devices may have low efficiency and higher cost, requiring additional display components.
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[0073] High window plane uniformity can be conveniently achieved with macroscopic
illuminators, for example, optical elements that may be approximately Imm or greater.
However, the increased size of the illuminator elements may mean that the size of the directional
optical elements may increase proportionately. For example, an approximately 16mm wide
illuminator imaged to an approximately 65mm wide viewing window may result in an
approximatcly 200mm back working distance. Thus, the incrcased thickness of the optical

elements can prevent useful application, for example to mobile displays, or large area displays.

[0074] Additionally, optical elements may be employed that are thinner than the back working
distance of the optical elements to direct light from macroscopic illuminators to a window plane.
Thin may be discussed with respect to an optical valve illuminator which may relate to the
thickness of the optical valve in the z dircction and which may be in the approximate range of
0.1 mm to 25 mm. Such displays may use an array of facets configured to extract light

propagating in a second direction in a substantially parallel optical valve.

[0075] Embodiments herein may provide an autostereoscopic display with large area and thin
structure. Further, as will be described, the optical valves of the present disclosure may achieve
thin optical components with large back working distances. Such components can be used in
directional backlights, to provide directional displays including autostereoscopic displays.
Further, one embodiment may provide a controlled illuminator for the purposes of an efficient
autostereoscopic display. Additionally, one embodiment may relate to a directional backlight
apparatus and a directional display which may incorporate the directional backlight apparatus.
Such an apparatus may be used for autostercoscopic displays, privacy displays and other

directional display applications
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[0076] In onc embodiment, the optical function of the directional backlight can be provided by
non-linear light extraction features that may be integrated into the optical valve structure,
reducing cost and complexity. A combination of optical functions can advantagcously be
provided in the extraction features to reduce the number of additional optical films that may be
employed to provide viewing windows from the illumination structure. The uniformity of
illumination of the display can be incrcased compared to lincar cxtraction features. Further the
sag of edge reflectors can be reduced so that the size of the bezel of the directional backlight may
be reduced, improving the visual appearance of the bezel. Advantageously Moiré between the
directional backlight and the panel can be reduced. Additionally, the aberrations of the display

can be optimized for a range of viewing positions, to increase viewing freedom.

[0077] 1t should be noted that cmbodiments of the present disclosurc may be used in a varicty of
optical systems, display systems, and projection systems. The embodiment may include or work
with a varicty of projectors, projection systems, optical components, displays, microdisplays,
computer systems, processors, sclf-contained projector systems, visual and/or audiovisual
systems and electrical and/or optical devices. Aspects of the present disclosure may be used with
practically any apparatus rclated to optical and electrical devices, optical systems, display
systems, entertainment systems, presentation systems or any apparatus that may contain any type
of optical system. Accordingly, embodiments of the present disclosure may be employed in
optical systems, devices used in visual and/or optical prescntations, visual peripherals and so on

and in a number of computing environments.

[0078] Before procecding to the disclosed embodiments in detail, it should be understood that
the disclosure is not limited in its application or crecation to the details of the particular

arrangements shown, because the disclosure is capable of other embodiments. Morcover,
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aspects of the disclosure may be sct forth in different combinations and arrangements to define
cmbodiments unique in their own right. Also, the terminology used herein is for the purposc of

description and not of limitation.

[0079] FIGURES 1A and 1B are schematic diagrams showing top and side views, respectively,
of a conventional waveguide backlight illuminator. The top view 150 of FIGURE 1A includes
[LEDs 155 which may be uscd to illuminatc a wedged waveguide 160. Wedged waveguides with
scattering featurcs are routinely used for LCD illumination. The top view 150 is illustrated in the

xy planc.

[0080] The side view 100 of FIGURE 1B is illustrated in the xz plane and includes LED 105,
waveguide 110, LCD 120, diffuser 130 and reflecting elements 140. The side view 100 of
FIGURE 1B, is an altcrnative vicw of top view 150 of FIGURE [A. Accordingly, LED 105 of
FIGURE 1B may correspond to LEDs 155 and the waveguide 110 of FIGURE 1B may

correspond to the waveguide 160 of FIGURE 1A.

[0081] As shown in FIGURE 1B, LED 105 may illuminatc a thicker edge 107 of the waveguide
110, and light may propagate within the waveguide 110. A proportion of the propagating light
periodically encounters a reflecting element 140 such as at point 145, which may scatter the light
rays. The scattered rays of light that have propagation angles that exceed the critical angle of the
wavcguide 110, exit to pass through the diffuser 130 and then illuminate the LCD 120. The
remaining scattered rays of light get compressed steadily by the wedge profile as the light rays
travel toward the thin end 109 of the waveguide 110. The light rays encounter morc and more
scattering features, illustrated at points 146 and 147 in the waveguide 110, until the majority of

the illuminating light lecaves the waveguide 110. In this manner, the gradual light lcakage
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spreads the light from a localized source along the waveguide 110 x-axis, to illuminate the LCD
120. LEDs 155 may be positioned adjacent to one another, as shown in FIGURE 1A, so that
light may propagate in the direction of the waveguide orthogonal to its wedge profile, along the

y-axis. The diffuser 130 may also be used to diffuse illumination, as illustrated in FIGURE 1B.

[0082] While this conventional approach provides illumination, the exit ray angles of the light
arc not controlled and arc not directed. Without control of the illumination, no opportunity for

efficiency, privacy and autostereoscopic applications is possible.

[0083] FIGURES 2A and 2B are schematic diagrams showing a top view and a side view of a
known autostereoscopic display. The top view 250 of FIGURE 2A is illustrated in the xy plane
and includes LEDs 255a and 255b which may be used to illuminate a waveguide 210.
Additionally, the side view 200 of FIGURE 2B is illustrated in the xz planc and includes LEDs
205a and 205b, LCD 220, 3M film 230, waveguide 210 and reflecting elements 240. The side
view 200 of FIGURE 2B is an alternative view of top view 250 of FIGURE 2A. Accordingly,
LEDs 205a and b of FIGURE 2B may correspond to LEDs 255a and 255b of FIGURE 2A and

the waveguide 110 of FIGURE 1B may correspond to the waveguide 260 of FIGURE 2A.

[0084] More recently, output illumination with angular control has been developed as discussed
in U.S. Pat. No. 7,750,982 to Nelson et al., which is herein incorporated by reference. In this
known example, as illustrated in FIGURES 2A and 2B, LEDs 255a and 255b, and 205a and b,
respectively, are located to the left and right of a waveguide and can be modulated
independently. As shown in FIGURE 2B, light emitted from a right hand side LED 205b,
propagates down a double wedged waveguide 210, gradually increasing its ray angles until some

exceed the critical angle when total internal reflection (TIR) fails. These rays then exit the guide
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and propagate outside toward a display at a narrow range of angles close to 90° to the guide
normal or z-axis. A micro-prism film, illustrated as 3M film 230 in FIGURE 2B, with integral
lenscs located between the waveguide 210 and the LCD 220 dircects this light toward along the z-
axis with a spread of angles up to, but not exceeding normal propagation.

[0085] Continuing the discussion of FIGURE 2B, by positioning the LCD 220 directly on top of
the 3M film 230, a fully illuminated LCD would be seen only in the left eye when viewing the
display normally. This image persists in the left eye only, as the display is rotated clockwise
about the vertical until it starts to appear in the right cye. At this point, the display appcars as a
conventional 2D display. A symmetric situation is obtained in the right eye for light emitted
from left hand side LED 205a of FIGURE 2B. Modulating left and right eye LEDs 205a and
205b in synchronization with alternating left and right eye images supplied to the display then
allows the viewer to sece high resolution stereo when viewed normally. Rotating the display
away from the normal provides a 2D image, avoiding the unpleasant pseudoscopic sensation,
such as when a left eye stereoscopic image is seen in the right eye and vice versa, created by
more conventional lenticular screen or parallax barrier approaches. Furthermore, the 3D images
are full resolution unlike the conventional approaches and it can default to a conventional 2D
display when all LEDs are turned on. This known stereoscopic display solution is limited in that
only two bcams arc controlled independently, thus preventing privacy cfficient illumination
modes and freedom of head movement in an autosteroscopic system that multiple independently

modulated beams may allow.

[0086] FIGURES 3A and 3B arc schematic diagrams showing a top view and a sidc view of
another known autostereoscopic display. The top view 350 of FIGURE 3A is illustrated in the

xy plane and includes LED 355 which may be used to illuminate a wedge waveguide 360. As
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shown in FIGURE 3A, the wedge waveguide 360 may have a reflecting corrugated surface 362.
Additionally, the side view 300 of FIGURE 3B is illustrated in the xz plane and includes LED
305, LCD 320, redirection film 330, and waveguide 310. The side view 300 of FIGURE 3B is an
alternative view of top view 350 of FIGURE 3A. Accordingly, LED 305 of FIGURE 3B may
correspond to the LED 355 of FIGURE 3A and the wedge waveguide 310 of FIGURE 3B may
corrcspond to thc wedge waveguide 360 of FIGURE 3A. Similar to the wavcguides of
FIGURES 1A, 1B, 2A, and 2B, the wedge waveguide 310 of FIGURE 3B also has a thin end

307 and a thick end 309.

[0087] As shown in FIGURES 3A and 3B, a wedge waveguide may be employed as taught in
United States Patent No. 7,660,047, to Travis, which is herein incorporated by reference in its
cntircty. The approach of FIGURES 3A and 3B cmploys a singlc LED cmitter which may

exhibit a small optical extent or etendue.

[0088] The wedge waveguide may provide conventional collimation in the xy plane of the
waveguide and utilize the xz collimation provided by the gradual leaking of wedge waveguide
through TIR failure. Furthermore, the xy collimation can be carried out in reflection, utilizing
forward propagation for beam expansion and a backward collimated propagating beam for
leaking light down the same waveguide. A tilted, curved reflecting edge surface provides the
collimation and angular bias on reflection, as shown in FIGURES 3A and 3B.

[0089] One problem with the wedge waveguide of FIGURES 3A and 3B is the requirement of
deflecting the exited illumination beam away from the waveguide surface. This is done
efficiently and uniformly using a complex film. Furthermore, the symmetrical nature of a free
standing wedge means leaking may be likely to occur at both top and bottom surfaces.

Additionally, the spread of internal propagation ray angles are reduced, ultimately increasing
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wedge thickness for any given LED source. One further issue concerns the reflecting edge that
has to be corrugated to avoid non-uniform illumination close to this edge. Such corrugation is
costly as it has to cater for tight design tolerances.

[0090] Generally, the wedge waveguide may not function as a valve. Light that may propagate
from a thin end to a thick end of the wedge waveguide may return without extraction if reflected
dircctly from the thick end. Primarily through angular adjustment by reflection off a slanted or
corrugated end mirror may light back propagate with high enough angles to be extracted.

[0091] Generally, for both optical valve and wedge waveguide illuminated displays, efficiency
can be improved for example, by providing local controlled colored illumination to pixels,
avoiding the need for a color filter array (“CFA”), as taught in commonly-owned United States
Publication No. 2009/0160757 cntitled “Intra-pixcl illumination system,” which is hercin
incorporated by reference in its entirety, or through concentrating the illumination solely into
regions where viewers’ eyes reside. Privacy applications may also be provided by concentrating
the illumination solely into regions where viewers’ eyes reside, since no illuminating light
reaches the eyes of potential eavesdroppers. By modulating those illuminating beams that reach
left and right eyes separately in synchronization with left and right eye image presentation, it is
also possible to deliver stereoscopic information without the requirement of eyewear. This latter
autostereoscopic approach may be used for handheld 3D devices.

[0092] FIGURES 4A and 4B are schematic diagrams illustrating respective top and side views
of one embodiment of an optical valve. Generally, the embodiment of FIGURES 4A and 4B
may operate as an optical valve. The optical valve 410 of FIGURES 4A and 4B may be referred

to as such for discussion purposes only and not of limitation.
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[0093] FIGURES 4A and 4B are schematic diagrams illustrating a respective top view and a
side view of one embodiment of an optical valve. The top view 450 of FIGURE 4A is illustrated
in the xy plane and includes LED 405 which may be used to illuminate the optical valve 410.
Although an LED is discussed as the light source with respect to the embodiments discussed
herein, any light source may be used such as, but not limited to, laser sources, local field
cmission sourccs, organic cmitter arrays, and so forth. Additionally, the side view 400 of
FIGURE 4B is illustrated in the xz plane and includes LED 405, LCD 420, extraction features
430 and optical valve 410. The side view 400 of FIGURE 4B is an alternative view of top view
450 of FIGURE 4A. Accordingly, the LED 405 of FIGURES 4A and 4B may correspond to one
another and the optical valve 410 of FIGURES 4A and 4B may correspond to one another.
Further, in FIGURE 4B, the optical valve 410 may have a thin cnd 407 and a thick cnd 409.
Although the LCD 420 may be referred to herein for discussion purposes, other displays may be
used including, but not limited to, LCOS, DLP devices as this illuminator may work in

reflection, and so forth.

[0094] In the embodiment of FIGURES 4A and 4B, light propagating in a first direction may be
guided through the optical valve 410 without substantial loss and light propagating in a second
direction may be extracted from the optical valve 410 by employing extraction features 430. The
extraction features 430 will be discussed in further detail herein. As shown in FIGURE 4B, the
light may propagate in a first direction which may be from the thin end 407 to the thick end 409
of the optical valve 410. Additionally, after reflecting off the end of the optical valve 410, the
light may propagate in a second direction in which the second direction may be from the thick
end 409 towards the thin end 407. As the light travels in the second direction, the light may

encounter the extraction features 430 and be extracted from the optical valve 410, towards the
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LCD 420. Additionally, the extraction features may be effectively, optically hidden in the risers
of the optical valve to the light propagating in the first direction

[0095] Furthering the discussion of the optical valve 410 of FIGURE 4B, light may enter a first
end, for example the thin end 407 of FIGURE 4B, propagate along the length of the optical
valve, reflect off a second end, for example the thick end 409 of FIGURE 4B, and propagate
along the length of the optical valve toward the first cnd, and at some point along the length of
the optical valve, the light may be extracted from the optical valve through interaction with an
extraction feature 430.

[0096] Continuing the discussion of this embodiment, the light may homogenize and expand
upon propagating in a first direction before being reflected off a non-planar surface and being
extracted while propagating in a second direction. The non-planar surface may perform like a
cylindrical lens allowing the light to form an image of a source in a window plane. In one
example, the source imaging may be achieved by employing a similar cylindrical reflecting end
surface to the wedge waveguide without the need to employ costly corrugation. By way of
comparison, the reflecting end of the wedge waveguide in United States Patent No. 7,660,047, to

Travis has to be corrugated.

[0097] The optical valvc may be a freestanding, singlc molded unit with a thickness that may be
adjusted appropriately for different display platforms. Further, the trade off may be a loss of
optical efficiency with decreasing thickness. Additionally, a relatively low thickness and low
cost autostereoscopic display may be achieved and may reduce the number of optical
components employed in autostereoscopic displays while improving the optical quality. Further,
in onc embodiment, the size of the cdge bezel rcgions or the appropriate width oversize of the

optical valve may be reduced to reduce bulk. The extraction features have substantially no light
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directing function for light passing through the optical valve from the first input side to the
second reflective side, thus a long back working distance of the light reflecting side may be
achieved and also a small thickness of the optical valve. Additionally, introducing curved
surfaces to the extraction features, may functionally replace the curved end surface, making the
final external dimensions of the optical valve structure more compatible with small handheld

devices. Extraction fcatures with curved surfaces will be discussed in further detail herein.

[0098] As previously discussed, the structure of one embodiment is shown in FIGURES 4A and
4B and includes an optical valve with two or more LED emitters at a thin end 407 and a
reflecting curved surface at the other thick end 409 or reflecting end. Light entering the optical
valve structure may propagate along the x-direction and may expand in the y-direction as shown
in FIGURES 4A and 4B. The cxtraction fcaturcs 430 may not affect the light and may not affect
how the light may be guided since the extraction features 430 may be optically hidden from the

light rays that cannot exceed the critical angle, &, in which:

G = sin'(1/n))

relative to the z-axis, and in which n is the refractive index of the optical valve material. The xz
angular profile of the light may remain substantially unchanged in contrast to the wedge
waveguide structure described with respect to FIGURES 3A and 3B. At the far end away from
the light source or the thick end 409 of the optical valve 410, the light may be incident on an end
surface that may be substantially parallel to the z-axis, but curved in the xy plane. The curve may
act to image the light along the angles in the same xy plane while substantially retaining the

orthogonal xz angular profile. The light may form a diverging beam and may lose light or form a
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converging beam and fail to illuminate the edges, thus making a big bezel or width oversize

appropriate.

[0099] Offset along the y-axis of the original light source input from the symmetry axis of the
structurc may cause the approximately collimated return light rays in the second direction to
propagate at an angle ~y relative to the -x axis, The returning light rays may reflect off of the
surfaces of the extraction features which may cause deflection toward the z-axis and extraction
from the guide. Reflection from an approximately 45° oriented surface of the extraction feature
may substantially preserve the xz angular spread &n (=6 in air) and the offset angle  of the
guided light, albeit the offset angle  of the guided light may cause the light to propagate close
to the z-axis and not the —x axis. The approximately 45° reflection may also approximately
center the light about the normal of the cxiting face in the xz plane, which may be approximately
¢=0°. The xz angular profile can be slightly modified sincc high angle rays incident on the
extraction feature surface can be attenuated duc to TIR failure. In onc cxample, rays that may be
between approximately negative 50 degrees and approximately five degrees from the x-axis may
reflect with good efficicncy, and the rays that may be approximately above five degrees may
break through the extraction surface and may be optically lost. The optically lost rays may be
the high angle rays. Silvering the bottom, may improve extraction efficiency of high angle rays,
which may be at the expensc of propagation loss while guiding the light. The offset angle y of
the guided light will be discussed in further detail at least with respect to FIGURES 5A, 5B, and

5C.

[00100] FIGURE 5A is a schematic diagram showing a top view of an optical valve

structure illustrating a directed output in the yz plane, FIGURE 5B is a schematic diagram
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illustrating a first side view of the optical valve structure of FIGURE 5A and FIGURE 5C is a

schematic diagram showing a second side view of the optical valve structure of FIGURE 5A.

[00101] The top view 550 of FIGURE 5A is illustrated in the xy plane and includes LED
505 which may be used to illuminate the optical valve 510. The second side view 500 of
FIGURE 5C is illustrated in the xz plane and includes LED 505, LCD 520, and optical valve 510.
The side view 525 of FIGURE 5B is an alternative view of top view 550 of FIGURE 5A and
also includes LED 505, LCD 520, extraction features 530 and optical valve 510. Accordingly,
the LED 505 of FIGURES SA, 5B, and 5C may correspond to one another and the optical valve
510 of FIGURES 5A, 5B, and 5C may corrcspond to onc another. Further, as illustrated in
FIGURE 5B, the optical valve 510 may have a thin end 507 and a thick end 509. The thick end

509 may thus form a concave or convex mirror.

[00102] As illustrated in FIGURE 5C, the thickness ¢ of the entrance of the optical valve
510, and thickness 7 also of the optical valve 510 may be determined at least by system etendue
and cfficicncy respectively. The system ctenduc in the yz planc may be determined by the
vertical y extent of the exit pupil or eyebox, as shown in FIGURE 5B. By way of example, it
may be desirable that a vertical window extent be approxiamtely 4/2, in which A4 may be
approximately the distance between eye and display, typically 300mm. The xz angular extent &
may then be approximately 2.tan™ (1/4) or approximately 30° which may translate to an internal
xz angle of approximately &n spread of approximately 20° about the x-axis. Typical output
sprcad of an LED in air may bc approximatcly 100° and in the guide may be approximatcly 65°.
Thus, to approximately match, the LED angular extent is approximately halved. Etendue

conservation may provide that the approximate size ¢ of the guide entrance may then be
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approximately twice the size of the LED emitting area assuming a suitable beam expander, such
as a tapered waveguide, is used. Typical LEDs for small platforms can be approximately 0.5mm

wide which may provide for the size of the entrance aperture as approximately # =~1mm.

[00103] The ratio of the exit aperture size T to the entrance size ¢ may be employed to
determine a loss in efficiency since returning light hitting the entrance aperture may be
effectively lost from the system. The minimum size may then be approximately 2mm for
approximately 50% efficiency, though 7 ~3mm may provide a better efficiency/thickness trade-

off.

[00104] The number of cxtraction features may be limited primarily by the resulting form
of the extraction features after manufacturing. Practical extraction features may include
manufacturing errors from using practical manufacturing methods. These errors may typically
have a finite size related for example to the size of the cutting tool that made the mold. In the
case the extraction feature is small, the error may be a larger fraction of the overall extraction
fcaturc and may causc lcss than optimal performance. A scnsible size for the cxtraction features
may thus be chosen so that the extraction feature size may be compatible with the expected final
form or fidelity. The fewer in number of the extraction features, the larger the feature size, and
the less relatively rounded the edges. Round edges may tend to expand the angular extent of
propagating light within the optical valve and can cause unwanted leakage. Assuming a feasible
step size & of approximately 10um, the number Ns of steps may then be approximately (7-1)/5 ~
200. In the example of a mobile phone display in landscape stereoscopic mode, the step pitch p
may be d/Ns ~ 250um. Typical mobilc phones may have 78um pixcl pitch so diffusing of the
output light along x may be introduced to avoid Moire effects. To approximately preserve to

first order the vertical extent of the exit pupil and yet scramble the outgoing optical field, a
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diffusing angle of approximately 30° may be sufficient. 1D holographic diffusers, for example,

by Luminit (a company based in Torrance, California) may be employed to achieve this effect.

[00105] The curved mirrored surface may perform similar to a 1D imaging clement.
Localized light boxes or exit pupils may be formed in the plane of the viewer through the one
dimensional imaging of the distinct LEDs. The imaging condition may be approximately
described by the usual formula //4 + [/ = 1/f , assuming minimal sag of the curved reflecting
surface which may also be known as the thin lens assumption. Where fis the focal distance of
the curved reflecting surface which may be approximately cqual to half its radius of curvature r,
u is the distance d of the LEDs to the end face and v is the optical path length to the viewer
which may be approximately ».4. The radius of curvature may then be:

2-dn-A
(n-A + d)

r=

For typical mobile phone values, r may be approximately 90mm.

[00106] In another case in which the sag of the curved surface is significant, the radius of

curvature may be:

i ¢
.y VEdar+ gl
o el r—————

- !
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[00107] The embodiment illustrated in FIGURES 5A, 5B, and 5C may create an eyebox,
which may be effectively a magnified version of the LEDs. Again from geometrical lens
considerations the ratio of the eyebox size /s may be approximately equivalent to the
geometrical ratio n4/d ~ 5. The position of the eyebox may be scaled similarly from the

approximate LED position which may be determined by Q/w = Z/s ~ 5. To provide head
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position flexibility the eyebox may be approximately the width of the inter-ocular distance or
approximately 65mm with minimal gap between the emitting regions of the two LEDs. In this
example case, each LED emitting area may extend from the middle of the thin end to
approximately 65/5 or approximately 13mm. The curved cylindrical lens surface may be
replaced by a Fresnel equivalent as shown in FIGURE 11 and which will be discussed in further
dctail hercin. However, while this may reduce the cxtent to which the end surface may cxceed

the final display area, it may also add cost.

[00108] FIGURE 6 is a schematic diagram illustrating another embodiment in cross
section of an optical valve. FIGURE 6 shows in cross section an embodiment which includes an
optical valve 601 which may be a transparent material. In the embodiment of FIGURE 6, the
optical valve 601 has an illumination input side 602, a reflective side 604, a first light directing
side 606 which is planc, and a second light directing side 608 which includes guiding features
610 and light extraction features 612. As shown in FIGURE 6, light rays 616 from an
illumination element 614 of an array 615 of illumination elements, may be substantially guided
in the optical valve 601 by means of total internal reflection by the side 606 and total internal
reflection by the guiding feature 610, to the reflective side 604 which may be a mirror surface.
The array 615 of illumination elements may be, in one example, an addressable array of LEDs.
Generally, in FIGURES 6-235, similarly numbered elements may correspond to one another. For
example, the optical valve in FIGURE 6 may be labeled 601, the optical valve in FIGURE 7A

may be labeled 701, the optical valve of FIGURE 13 may be labeled 1301 and so forth.

[00109] Continuing the discussion of FIGURE 6, light ray 618 may be reflected by the
side 604 and may be further substantially guided in the optical valve 601 by total internal

reflection at the side 604 and may be reflected by guide features 612. Rays 618 that may be
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incident on extraction features 612 may be deflected away from guiding modes of the optical
valve and may be directed as shown by ray 620 substantially through the side 604 to an optical
pupil that may form a viewing window 626 of an autostercoscopic display. The width of the
viewing window 626 may be primarily determined by the size of the illuminator, output design
distance and optical power in the side 604 and features 612. The height of the viewing window
may be primarily dctermined by the rcflection conc angle of the featurcs 612 and the

illumination cone angle input at the input side.

[00110] The optical valve of FIGURE 6 may be formed for example by means of molding
in one piece, or by attachment of molded films comprising the features 610, 512, to a wedge
shaped structure with ends 602, 604. The optical valve 601 may be formed using singly or in
combination matcrials such as glass or polymcr matcrials such as, but not limited to, acrylic or
PET. Advantageously optical valves of the present embodiments can be formed with low cost

and high transmission.

[00111] FIGURE 7A is a schematic diagram illustrating in schematic plan view an optical
valve illuminated by a first illumination element and including curved light extraction features.
FIGURE 7A illustrates in plan view further guiding of light rays from light emitting element 714
in the optical valve 701. Each of the output rays may be directed towards the same viewing
window 726 from the respective illuminator 714. Thus, light ray 730 of FIGURE 7A may
intersect the ray 720 in the window 726, or may have a different height in the window as shown
by ray 732. Sides 722, 724 of the optical valve may be, but are not limited to, transparent,

mirrored, serrated, blackened surfaces, and so forth.
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[00112] Continuing the discussion of FIGURE 7A, the light extraction features 712 may
be elongate and curved and the orientation of light extraction features 712 in a first region 734 of
the light directing side 708 may be different to the orientation of light extraction features 712 in a

second region 736 of the light directing side 708.

[00113] FIGURE 7B is a schematic diagram illustrating in schematic plan view an optical
valve illuminated by a sccond illumination clement. FIGURE 7B includes the light rays 740,
742 from a second illuminator element 738 of the array 715. The curvature of the mirror on the
side 704 and the light extraction features may cooperate to produce a second viewing window
744 which may be laterally separated from the viewing window 726 with light rays from the

illuminator 738.

[00114] The embodiment of FIGURES 7A and 7B may providc a rcal image of the
illuminator element 714 at a viewing window 726 whereas the real image may be formed by
cooperation of optical power in reflective side 704 and optical power which may arise from
different orientations of clongate light extraction features 712 between regions 734 and 736.
Further, the embodiment of FIGURES 7A and 7B may achieve improved aberrations of the
imaging of light emitting element 714 to lateral positions in viewing window 726. Improved
aberrations may achieve an extended viewing freedom for an autostereoscopic display while
achieving low cross talk levels. In one example, extended viewing freedom may include larger
angles over which 3D can be viewed with good performance or low cross-talk which may be less

than approximately 5%.

[00115] FIGURE 7C is a schematic diagram illustrating in schematic plan view an optical

valve which may include linear light extraction features. Figure 7C shows a similar arrangement
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to FIGURES 4A and 4B in which the light extraction features are linear and substantially parallel
to cach other. The embodiment of FIGURE 7C may provide substantially uniform illumination
across a display surface and may be more convenient to manufacture than the curved features of

FIGURES 7A and 7B.

[00116] FIGURE 8 is a schematic diagram illustrating an autostereoscopic display
apparatus using thc optical valve. FIGURE 8 shows an obscrver tracking autostercoscopic
display apparatus. As shown in FIGURE 8, an array 815 of illumination clements and optical
valve 801 may be arranged to provide an array 846 of viewing windows. A sensor 850 such as a
CCD or CMOS sensor may be employed to sense an observer in the vicinity of the windows and
an observer tracking system 852 may be used to calculate observer position. An illuminator
controller 854 may dctermine the correct sctting of the illuminator array so that illuminator
elements corresponding to viewing window set 856 may be illuminated during a first
illumination phase and illuminator elements corresponding to viewing window set 858 may be
illuminated in a second illumination phase. The controller 854 may adjust which illumination
elements of array 815 are illuminated depending on the observer position. Image display may be
provided by a transmissive spatial light modulator display 848, such as an LCD, and may be
located between the optical valve 801 and the viewing window array 846. In a first illumination
phase which may correspond to illumination of window array 856, a left eye image may be
presented on the display 848, and in a second phase which may correspond to illumination of

window array 858, a right eye image may be presented on the display 848.

[00117] The embodiment of FIGURE 8 can achieve a wide viewing freedom observer
tracking autostereoscopic display with low levels of flicker for a moving observer. The optical

quality of the windows of the array 846 can be improved by the varying orientation of extraction
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features 812 across the optical valve. Thus the illumination uniformity in the window plane can
be optimized in addition to the cross talk for an observer. This embodiment may provide a thin
optical valve that can be configurcd as a directional backlight with LCDs in thin packages.
Further, the embodiment of FIGURE & may not employ additional light steering films as the
output may be directed in a substantially forward direction. Additionally, the efficiency of the
optical valve may be varicd by using mostly TIR rcflections rather than reflections from
metalized surfaces. The light extraction may be substantially through the light directing side 804,

as the light losses through the light side 808 may be substantially lower.

[00118] FIGURE 9 is a schematic diagram illustrating an optical valve including a planar
reflective side. FIGURE 9 shows a further embodiment of the optical valve which includes a
planc reflective side 904. Light extraction featurcs 912 may be configured to substantially dircct
light rays 960 from the light emitting element array 915 to the window array 946. However, the
side 904 may be a reflective surface such as a mirror which may have little to no optical power,
so the optical power may be provided by light extraction featurcs 912. The embodiment of
FIGURE 9 may achicve a small total arca of optical valve that can be approximately matched to
arca of the spatial light modulator. This may reduce total display size. Specifically, the

approximate area under the sag of the curvature of side 904 may be substantially eliminated.

[00119] FIGURE 10A is a schematic diagram illustrating an optical valve including a
Fresnel lens and FIGURE 10B is also a schematic diagram illustrating an optical valve including
another Fresnel lens. FIGURES 10A and 10B show further embodiments in which an additional
Fresnel lens 1062 may be positioned at the output of the optical valves with planar and curved
sides 1004 respectively. The Fresnel lens may be configured to cooperate with the side 1004 and

light extraction features 1012 to substantially direct light from the array 1015 of illumination
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elements to the viewing windows array (not shown in FIGURES). The Fresnel lens may have a
spherical or cylindrical form, in which the form may depend on the vertical height of window
(not shown in FIGURES). Additionally, the optical power of the optical valve can be distributed
between the side 1004, the light deflection features 1012 and the Fresnel lens, which may reduce
degradations of window structure in the array of windows (not shown in FIGURES), so
incrcasing vicwing frecdom and rcducing image cross talk while maintaining low levels of

flicker for a moving observer in the window plane.

[00120] FIGURE 10C is a schematic diagram illustrating a further optical valve including
another Fresnel lens. In FIGURE 10C, the Fresnel lens 1062 axis may be offset compared to the
center of the optical valve so that the axis 1064 of the center of the display may be in a different
location to the axis 1066 of the center of the lens. The embodiment of FIGURE 10C may shift
the nominal output light direction from the extraction features to be more on-axis than may
otherwise be the case. Further, the embodiment of FIGURE 10C may provide a brighter display

as it may not employ vertical diffusion to provide adequate on-axis brightness.

[00121] FIGURE 11 is a schematic diagram illustrating an optical valve with an
alternative reflective end. As shown in FIGURE 11, an optical valve may have a curved surface

or conventional collimating wedge 1110, which may be replaced with a Fresnel equivalent 1120.

[00122] FIGURE 12 is a schematic diagram illustrating an optical valve including a
vertical diffuser. FIGURE 12 shows a further embodiment in which a vertical diffuser 1268 may
be arranged to provide diffusion for an input ray 1220 into a cone angle 1270 which may
increase the vertical height of the windows without significantly increasing scatter in the

horizontal direction. Additionally, the vertical viewing angle may be increased without
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increasing cross talk between adjacent windows in the array 1246. The vertical diffuser may be
various types of materials including, but not limited to an asymmetric scattering surface, relief
structure, a lenticular screen, and so forth. The vertical diffuser may be arranged to cooperate
with a Fresnel lens which may provide high display uniformity for rotation about a horizontal

axis.

[00123] FIGURE 13 is a schematic diagram illustrating in cross section an
autostereoscopic display. FIGURE 13 shows an autostereoscopic display including the optical
valve 1, Fresnel lens 1362, vertical diffuser 1368 and transmissive spatial light modulator 1348
may be arranged to provide an autostercoscopic viewing window 1326 from an illuminator
element of the illuminator array 1314. A gap may be provided between the diffuser 1368 and
Fresnel lens 1362 to reduce Moire beating between the spatial light modulator 1348 and the

structures of the Fresnel lens 1362 and light extraction features 1312,

[00124] In some embodiments, the density of light extraction features 1312 in regions at
the edge of the optical valve 1301 may be lower than the density in the centre of the optical valve
1301. Such an arrangement may result in non-uniform intensity across the area of the display
apparatus. FIGURE 14 is a schematic diagram illustrating an optical valve including separated
elongate light extraction features. FIGURE 14 shows that additional separated elongate light
extraction features 1472 may be arranged, for example, between continuous light extraction

features 1474 to advantageously achieve higher display intensity uniformity.

[00125] FIGURE 15 is a schematic diagram illustrating a cross section of an optical valve
including light extraction features with variable slope and height. FIGURE 15 shows in cross

section a schematic arrangement of light extraction features and guiding features 1576, 1578 in
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which the height and slope of the light extraction features may vary across the second light
directing side 1508. Advantageously the slope may be adjusted to provide vertical diffusion
characteristics, while the height may be varied to adjust the amount of light that may be extracted

from the optical valve for a particular region.

[00126] FIGURE 16A is a schematic diagram illustrating a cross section of an optical
valve including light cxtraction fecaturcs with multiple reflecting facets for the light extraction
features. FIGURE 16A is an embodiment in which the light extraction features 1673 may be
provided by multiple plane surfaces. FIGURE 16B is a schematic diagram illustrating a cross
section of an optical valve which may include light extraction features with convex facets for the
light extraction features. FIGURE 16B shows one configuration of convex light extraction
featurcs 1675, while FIGURE 16C illustratcs a combination of convex 1675 and concave 1677
light extraction features. FIGURE 16C is a schematic diagram illustrating a cross section of an
optical valve including light extraction features with convex and concave facets for the light
extraction features. FIGURE 16D is a schematic diagram illustrating a cross section of an
optical valve including light extraction features with irregular facets for the light extraction
features. FIGURE 16D shows one embodiment providing irregular feature 1612 shapes. The
embodiments of FIGURES 16A, 16B, 16C, and 16D may provide vertical diffusion

characteristics without employing the vertical diffuser 1668, thus reducing cost and complexity.

[00127] FIGURE 16E is a schematic diagram illustrating a cross section of an optical
valve 1690 including light extraction features arranged to provide limited scatter in the imaging
direction. FIGURE 16E shows a further embodiment in which the light extraction features have
a surface modulation 1695 on the extractor faces which may be for the purpose of light diffusion

and arranged such that lateral diffusion may be achieved in the window plane. The cone angle of
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the diffusion may be used to provide some lateral blurring of the window structure, but may be
much lower than that used for vertical diffusion. Such an arrangement may be used to increase

window uniformity and reduce display flicker for a moving observer.

[00128] FIGURE 17 is a schematic diagram illustrating a sketch of a variable lateral
thickness optical valve. FIGURE 17 shows a schematic arrangement of optical valve 1701 (not
marked) in which the hcight of the cxtraction featurcs 1712 may vary across the width of the
optical valve 1701 which may provide a higher extraction uniformity across the area of side
1706. Thus, height 1778 of the features 1712 at the edge of the optical valve 1701 may be
greater than the height 1780 in the center of the optical valve 1701. In the embodiment of
FIGURE 17, the light guiding features 1724 may not be parallel to each other or the surface
1706. The oricntation of the featurcs 1712 may be adjusted to compensate for such a change in

surface normal direction for the light guiding features 1710.

[00129] FIGURE 18 is a schematic diagram illustrating a plan view of a directional
display including an optical valve which may have a plurality of separated light extracting
features and which may be arranged to provide reduction of Moiré patterning. FIGURE 18
shows schematically a random arrangement of elongate light extraction features arranged such
that the features may reduce Moiré between the light extraction features and the pixelated spatial
light modulator. Moire patterning may be visible when two periodic semi-transparent structures
are placed in close proximity. The introduction and random placement of extraction features

may break an/or interrupt any periodicity and may reduce visible Moiré effects.

[00130] FIGURE 19 is a schematic diagram illustrating light imaging options provided by

the curved reflective side. FIGURE 19 illustrates three different examples of light collimation of
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principal rays. Example a of FIGURE 19 illustrates convergent principal rays, example b
illustrates collimated principal rays, and example c illustrates divergent principal rays, all of
which may be propagating in the second direction after reflecting off the reflective side.
Additionally, FIGURE 19 shows that the curvature of the reflective side 1904 can be adjusted to
substantially control the collimation and/or de-collimation of light reflected within the optical
valve 1901. Advantagcously a divergent beam as shown in FIGURE 19C may provide for the

greatest area utilization for off-axis viewing of the optical valve 1901.

[00131] FIGURE 20 is a schematic diagram illustrating ray paths in an optical valve. The
geometry of FIGURE 20 may be used to determine the curvature and slope of the optical valve
2001 extraction features that focus collimated principal rays into an approximate point at a
viewing planc a, distancc ¥ from the display. Additionally, FIGURE 20 shows schematically the
surface normal and ray directions for the optical valve 2001 structure of the present

embodiments.

[00132] FIGURE 21 is a schematic diagram illustrating an optical valve including a
further tilt between the first light directing side and guiding features of the second light directing

side.

[00133] FIGURE 22 is a schematic diagram illustrating in cross scction the light rays in a
substantially parallel sided optical valve. FIGURE 22 shows in cross section an embodiment
with no tilt angle between the first light directing surface 2206 and the guiding features 2210 of

the second light directing side.

[00134] FIGURE 23 is a schematic diagram illustrating in cross section the light rays in a

tapered optical valve. The embodiment of FIGURE 22 includes guiding rays within the optical
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valve which may be incident on a light extraction feature 2212 of the light directing side 2308
(comprising features 2310, 2312) in which the side 2206 may be substantially parallel to the
guiding features 2210. Ray 2282 may be incident on extraction feature 2212 and may be
deflected by the facet, but may then be captured by TIR in the optical valve 2201 at the side
2206. Ray 2284 may be extracted as shown; however ray 2286 may also be transmitted through
the light cxtraction featurc and as a result may be optically lost. Providing a wedge between the
features 2310 and side 2306 may provide additional output coupling light as shown in FIGURE
23. In this case, a less steeply inclined light extraction feature 2312 may be arranged so that light
for all three incident rays is substantially directed back into the optical valve. As the optical
valve may be a narrowing taper for rays travelling in the direction illustrated in FIGURE 23, then
rays that may be incident on side 2306 may not cxceced the critical angle and may thus be output
from the optical valve. Further, output coupling films 2388 may be arranged to redirect the light
close to the surface of the side 2306 to the on-axis direction of the display. Advantageously such
an arrangement may achieve features that are more steeply inclined than parallel sided optical
valves. Such features may reflect a higher proportion of the waveguided cone angle within the

optical valve without employing additional metalized coatings and may thus be more efficient.

[00135] FIGURE 24 is a schematic diagram illustrating an autostereoscopic display in
which light extraction may be achieved by refraction at the light extraction features of the optical
valve. FIGURE 24 shows a further embodiment in which the light extraction features 2412 may
be arranged to refract light in the optical valve 2401. A light deflection structure 2492 may
include an array of prisms which may be arranged to direct extracted light rays 2490 to a
direction that may be substantially normal to the panel output direction. A Fresnel lens 2462 and

diffuser 2468 may also be further arranged to direct light onto the panel 2448 such that viewing



WO 2012/068532 PCT/US2011/061511
41

windows 2426 may be formed, as described previously. In one example, the facet angle may be
approximately 90 degrees. Advantageously such an embodiment can achieve high levels of

light extraction from the features 2412.

[00136] FIGURE 25 is a schematic diagram illustrating an optical valve including an air
cavity. FIGURE 25 shows anothcer embodiment in which the optical valve may include an air
cavity 2598 with first and sccond light dirccting sides 2506 and 2508. The first and sccond light
directing sides 2506 and 2508 may be arranged on support substrates 2594 and 2596
respectively. Sides 2506 and features 2510 may be metalized other than on the extraction
features 2512 so that light may be extracted when propagating in the second direction but not
when propagating in the first direction. Advantageously such an arrangement may be less easily
damaged during handling than thc total intcrnal reflection waveguide optical valve 2401 of

FIGURE 24.

[00137] FIGURES 26A and 26B are schematic diagrams showing top and side views,
respectively, of an optical valve structurc. FIGURES 26A and 26B illustratc another
embodiment that may employ curved extraction features which may allow a planar reflecting end
surface.  Further, in yet another embodiment a curved back reflecting surface and curved
extraction features 2610 to avoid excessive light loss at the edges through lack of collimation
while reducing the back edge outer curve, may be included. Moreover, other embodiments may
brecak the cxtraction featurcs into smaller isolated featurcs to substantially avoid aliasing issues
with the panel. Each feature may still constitute a designed facet which may provide the
approximately correct reflecting angles for the imaging condition while not substantially

affecting forward propagating guided light.
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[00138] The extraction features of an optical valve system may form a series of separated
facets. The separated facets may alter the propagation angles of guided light in such a way that
total internal reflection (TIR) at the optical valve surface may fail and light may be extracted. In
one example, the extraction features may be separated such that the slanted features may have a
first slope and may be separated by intervals of guiding features with a second slope, in which

the sccond slope may be a different slope than the first slope of the slanted features.

[00139] Another function may include directing the light in a substantially prescribed
manner to optimize for angularly controlled illumination. In the discussion with respect to at
least FIGURES 5 and 6, the extraction features were presumed as substantially linear, uniformly
slanted steps which may act to transform propagation directions from —x to ~z depending on the
slopc angle. Functions such as focusing, redircction, diffusion, and so forth, may be provided by
one or more external films, which can include, but are not limited to, diffusers and Fresnel
lenses. Incorporating as many functions into the extraction features can reduce costs and

improve performance.

[00140] In yet another embodiment a diffuser may be incorporated into any of the optical
valve variations discussed herein. Introducing a surface modulation onto the extractor facets as
illustrated in FIGURE 5 can deflect light approximately into a set of prescribed horizontal and
vertical angles which may effectively diffuse the illumination light. Diffusing may be employed
to blur the imaging of the physical gaps between LED emission regions. It may also be useful in
mixing light between adjacent LED sources to minimize color non-uniformities. The spatial
dimensions associated with such diffusing surface modulation may be sufficiently small so that

the surface modulation may not be resolved by the system or cause spatial interference with the
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periodic pixels of an illuminated display. The spatial interference may be partially alleviated by

making any modulation aperiodic and pseudo-random.

[00141] The extraction features of a light valve directional backlight system may form a
series of separated and tilted facets which may alter the propagation angles of guided light in
such a way that total internal reflection (TIR) at the guide surface may substantially fail and
allow light to cscapc. The terms scparated, tilted, detached, disconnected, and so forth, may be
used herein to describe the configuration of the extraction features with respect to one another.
In one example, the extraction features may be separated from one another by guiding features.
A secondary function may be to direct the light in a prescribed manner to optimize for
substantially angularly controlled illumination. In the discussion with respect to at least
FIGURES 4A, 4B, 5A, 5B, 5C, thc cxtraction fcaturcs arc prcsumed substantially linear,
uniformly slanted steps which may transform propagation directions from —x to ~z depending on
the slope angle. Functions such as focusing, redirection, diffusion, and so on may be provided
by one or more external films, which can include diffusers and Fresnel lenses, but may be

provided by design of the extraction feature profiles.

[00142] In one embodiment, the extraction features may substantially focus the principal
rays of the system onto the viewing plane which may avoid the use of any extra films barring
minor diffusers. The principal rays of the system may be the rays that are substantially central to
the optical ray set at any position in the system. For example, light propagating from a
physically small LED source at one end of an optical valve may provide a fan of principal rays in
the xy plane which may propagate toward the end reflector. On reflection from the end reflector,
these rays may propagate back in the xy plane with modified angles to provide convergence,

collimation, or divergence as shown in FIGURES 19A, 19B, and 19C. FIGURES 19A, 19B,
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and 19C are schematic diagrams illustrating light imaging options provided by the curved

reflective side.

[00143] Converging principal rays, such as those shown in FIGURE 19A, may move away
from the edges and may fail to illuminate the optical valve surface area, but may enable
substantial horizontal localization of extracted rays in the viewing plane with substantially linear
extraction features. Uniform illumination of a display may then entail including a horizontal
over sizing of the waveguide. Diverging rays, such as those depicted in FIGURE 19C may be
redirected to provide light to local eye pupils but substantially fill the desired illuminating area
cven from off axis LEDs. The more divergent the rays, the less bright the illuminator may be
since light may be optically lost to the edges of the optical valve. Near collimated propagating

principal rays, such as depicted FIGURE 19B may achieve an appropriate compromise.

[00144] The embodiment of FIGURE 20 is provided as an example and not of limitation
and assumes an illuminating area of approximately 150x200mm for x and y dimensions.
Additionally, calculations assumc thc coordinatc origin to be approximately centered in the

middle of the display area as shown in FIGURE 20.

[00145] The curvature and slope of the extraction features which may be used to focus
collimated principal rays to a point in the plane of the viewer may be derived from the
construction illustrated in FIGURE 20. The collimated rays may propagate back along the x-axis

with the propagation vector,

X
"
o
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before encountering an extraction feature at position (x,y). The face of the extraction feature at
this point has a surface normal vector n(x,y) such that reflected light may travel substantially

directly toward a focus point (0,0, 7) with a normalized propagation vector:

[00146] V is the product of the viewing distance which may be approximately 500mm and
the refractive index which may be approximately 1.5 of the waveguide. In this example ¥ may

be approximately 750mm.

[00147] The laws of reflection may indicate that the surface normal n(x,y) that deflects a

light ray propagating with i into one with ko is approximately:
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[00148] A continuous extraction feature curve may follow a path in the xy plane which

may be orthogonal to its face normal. Mathematically:

dx
dy |'n(x,») =0

in which dx and dy may be infinitesimally small shifts along the curve. Evaluating this

expression may yield the local gradient of the curve in the xy plane:
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[00149] FIGURE 27 shows extraction feature curves x(x0, y) from the center of the guide,
y=0, to the cdge, y=100mm), that may be derived from the local gradient equation above.
Complete curves covering negative values of y may not be ecmployed as the curve may be even

about the y-axis from physical symmetry.

[00150] The surface normal of an extraction feature, n, may be described by its tilt angle
with respect to the xy plane as the surface normal orientation in the same xy planec may be
determined by the curvature of the extraction feature. The surface tilt angle & from the z-axis

may be given by:

6 = acos(n-k)

in which & may be the conventional z-axis direction vector.

[00151] In one embodiment, for which # is set forth above:
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[00152] FIGURE 28 shows tilt angles for three extraction features approximately centered

at x=-50, 0 and 50mm.

[00153] In another embodiment, a design may focus diverging propagating principal rays.

In one cxample, the design may not have a curved end surface. In this embodiment, a planar
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silvered surface may reflect light and may substantially maintain the divergence in the xy plane
of the original LED emission. Advantages may include ease of manufacture, less arca wasted to
the incomplete illumination under any curve sag and the ability to populate the entrance edge
with LED sources for greater angular deflection and substantially uniform ‘2D-like’ performance
when all sources are turned on. FIGURE 29 illustrates divergent light propagation from a planar
cnd surface. The gcometry shown in FIGURE 29 may give the principal light ray propagation ki

at any position (x,y) as:

«(")

in which L may be the x-dimension of the optical valve. In this embodiment, L is approximately

150mm.

[00154] Continuing from the analysis above, the local gradient of the extractor curve in

this case may become:

[00155] Again, a curve profile x(x0,y) can be derived for curves intercepting the x-axis at

x0.

[00156] The extractor facet normal with respect to the z-axis may then be:
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[00157] Derived extractor profiles and surface tilt values are illustrated in FIGURES 30A
and 30B.
[00158] The embodiments described herein may direct light emitted by an on-axis source

toward a single point in the plane of the viewer. These designs may be further optimized to
accommodate a plurality of sources using optical design packages such as Zemax, FRED, ASAP,

and so forth.

[00159] FIGURE 31 is a schematic diagram of a stereoscopic display system employing a
controlled backlight. FIGURE 31 includes a viewer 3105, a right eye image 3110, a left eye
image 3120, and a display system 3130. In FIGURE 31, right and left eye images 3110 and
3105 may be displayed in substantial synchronization with first and second illumination sources,
respectively, such as LEDs. Additionally, the display system 3130 and displays as discussed
herein, may be various types of devices including, but not limited, a cell phone, smart phone,
PDA, gaming system, notebook, laptop, television systems, displays, and so forth. In the
example of FIGURE 31, two LEDs can each provide an exit pupil or light box that may be
aligned by the viewer to illuminate each eye separately. Modulating the LEDs in substantial
synchronization with the display system 3130 that provides alternate left and right eye
stereoscopic images may allow 3D viewing. The material cost of the display unit may be
comparablc to that of a 2D display. Additionally, the efficicncy of the display system 3130 in
2D mode or when the display may be conventionally updated, may be significantly improved

since light may not be wasted illuminating regions away from the eyes of the viewer 3105.
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[00160] FIGURE 32 is a schematic diagram of a display embodiment illustrating how
images may be selectively presented to a user, while not presented to others. FIGURE 32
includes a first viewer 3210, a second viewer 3220, and a display 3230. In the embodiment of
FIGURE 32, the display 3230 may provide privacy since others may not be able to view the
display 3230 where substantially no illumination light exists. In the example of FIGURE 32, a
first vicwer 3210 may be able to view sterco or conventional 2D images, whilc a sccond viewer
3220 in a different position, such as an adjacent seat when using public transport, may be unable

to view the content on the display 3230 that the first viewer 3210 may view.

[00161] Introducing two or more LEDs may provide multiple eyeboxes, freeing up head
and or device movement and may provide for a multiple viewer option. The position of viewers’
cycs can be obtained, in onc cxample, using an inboard, out facing CCD dctcctor, which may be
commonly found on hand held devices and laptops. These two system functions are described

diagrammatically in FIGURE 33 and FIGURE 34.

[00162] FIGURE 33 is a schematic diagram showing how device and head or eye
position may be detected by an onboard device. FIGURE 33 includes a device 3310, a first
orientation 3320, a second orientation 3330, a first set of illumination pupils 3325, and a second
set of illumination pupils 3335. As shown in FIGURE 33, the first set of illumination pupils 3325
may include images that may be synchronized with the right eye and also images that may be
synchronized with the left eye. In the case the device 3310 may be located at a first orientation
3320, the first set of illumination pupils 3325 may include fewer images that may be
synchronized with the right eye and more images that may be synchronized with the left eye.
Similarly, in the other case shown in FIGURE 33, the device 3310 may located be at a second

orientation 3330, and the second set of illumination pupils 3335 may include fewer images that
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may be synchronized with the left eye and more images that may be synchronized with the right
eye.

[00163] Continuing the discussion of FIGURE 33, the onboard device may be a CCD
camera and may provide inputs to a control system that automatically, substantially synchronizes
the display of left and right eye images on an autostereoscopic display 3310. LED
synchronization may be determined by cyc tracking inputs using an on-board CCD camcra. In
the example of FIGURE 33, device and/or hecad position inputs may be provided to a control
system that controls multiple LED illuminators which may be substantially synchronized with
alternately displayed left and right eye images. Additionally, stereoscopic images may be altered
in accordance with viewing angle to achieve motion parallax without increased display

bandwidth.

[00164] FIGURE 34 is a schematic diagram showing how multiple viewer stereoscopic
viewing may be provided using detectors to locate the position of eyes and thereby substantially
synchronize illuminating LEDs for the left and right cyc views. FIGURE 34 includes a device
3410, a first viewer 3420, and a second viewer 3430. As illustrated in FIGURE 34, the device
3410 may be in one location with at least a first viewer 3420 and a second viewer 3430 viewing
the device 3410. In this example, a CCD camera, which may be located in the device 3410, may
locate the eye positions of the viewers 3420 and 3430. Continuing the example of FIGURE 34, a
controller may then control the illuminating LEDs in the device 3410 to providc the left eye view
via the optical valve in particular directions toward the left eye of the first viewer 3420 and the
left of the second viewer 3430. Additionally, the right eye view may be provided via the optical
valve in another particular direction toward the right eye of the first viewer 3420 and the right

eye of the second viewer 3430. Although only two viewers are included in FIGURE 34, more
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viewers may view the device 3410 and two viewers were used for discussion purposes only and

not for limitation.

[00165] Although the described system embodiments have assumed a handheld mobile
platform, such examples should not be considered limiting. This controlled illumination
approach can apply to small and large LCD platforms alike, including laptop, television

applications, and so forth.

[00166] As may be used herein, the terms “substantially” and “approximately” provide an
industry-accepted tolerance for its corresponding term and/or relativity between items. Such an
industry-accepted tolcrance ranges from less than one percent to ten percent and corresponds to,
but is not limited to, component valucs, angles, et cetera. Such relativity between items ranges

between less than one percent to ten pereent

[00167] While various embodiments in accordance with the principles disclosed herein
have been described above, it should be understood that they have been presented by way of
example only, and not limitation. Thus, the breadth and scope of the embodiment(s) should not
be limited by any of the above-described exemplary embodiments, but should be defined only in
accordance with any claims and their equivalents issuing from this disclosure. Furthermore, the
above advantages and features are provided in described embodiments, but shall not limit the
application of such issued claims to processes and structures accomplishing any or all of the

above advantages.

[00168] Additionally, the section headings herein are provided for consistency with the
suggestions under 37 CFR 1.77 or otherwise to provide organizational cues. These headings

shall not limit or characterize the invention(s) set out in any claims that may issue from this
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disclosure. Specifically and by way of example, although the headings refer to a “Technical
Field,” the claims should not be limited by the language chosen under this heading to describe
the so-called field. Further, a description of a technology in the “Background” is not to be
construed as an admission that certain technology is prior art to any embodiment(s) in this
disclosure.  Neither is the “Summary” to be considered as a characterization of the
cmbodiment(s) sct forth in issucd claims. Furthcrmore, any rcference in this disclosure to
“invention” in the singular should not be used to argue that there is only a single point of novelty
in this disclosure. Multiple embodiments may be set forth according to the limitations of the
multiple claims issuing from this disclosure, and such claims accordingly define the
embodiment(s), and their equivalents, that are protected thereby. In all instances, the scope of
such claims shall be considered on their own merits in light of this disclosurc, but should not be

constrained by the headings set forth herein.
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CLAIMS

1. A method for guiding light by employing an optical valve, comprising:

allowing light rays to propagate in a first direction through the optical valve, wherein the

light propagates in the first direction with substantially low loss;

allowing the light rays to interact with an end surface of the optical valve; and

allowing the light rays to propagate in a second direction through the optical valve,
wherein at least some of the light rays encounter at least one extraction feature and are extracted

from the optical valve,

2. The method for guiding light by employing an optical valve of claim 1, wherein the light rays

enter the optical valve at a first end.

3. The method for guiding light by employing an optical valve of claim 2, wherein the end

surface is located at a second end of the optical valve.

4. The method for guiding light by employing an optical valve of claim 3, wherein the second

end of the optical valve is thicker than the first end of the optical valve.

5. The method for guiding light by employing an optical valve of claim 1, wherein the light rays
propagating in the first direction, propagate from the first end to the second end, further wherein

the light rays propagating in the second direction propagate from the second end to the first end.

6. The method for guiding light by employing an optical valve of claim 5, wherein the second

end is a reflecting surface.
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7. The method for guiding light by employing an optical valve of claim 6, wherein the second

end is a curved surface.

8. The method for guiding light by cmploying an optical valve of claim 1, wherein the light rays
encountering the at least one extraction feature further comprises the light rays reflecting off the

extraction feature,

9. The method for guiding light by employing an optical valve of claim 8, wherein the light rays
reflecting off the extraction feature further comprises the light rays exceeding the critical angle

with respect to the z-axis.

10. The method for guiding light by employing an optical valve of claim 1, further comprising
allowing the light to substantially homogenize and expand when propagating in the first

dircction.

11. The method for guiding light by employing an optical valve of claim 1, further comprising

allowing the light to be optically adjusted at the second end of the optical valve.

12. The method for guiding light by employing an optical valve of claim 11, whercin optically

adjusting the light further comprises substantially locally redirecting the light.

13. The method for guiding light by employing an optical valve of claim 11, whercin optically

adjusting the light further comprises imaging the light at the sccond end of the optical valve.

14. The mcthod for guiding light by employing an optical valve of claim 1, wherein light is

generated by illumination elements and the light enters at the first end of the optical valve.

15. The method for guiding light by employing an optical valve of claim 14, wherein the

illumination elements are LEDs.
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16. The method for guiding light by employing an optical valve of claim 1, wherein the xz
angular profile of the light may remain substantially unchanged while propagating in the first

direction,

17. The method for guiding light by employing an optical valve of claim 1, further comprising

providing a substantially uniform illumination across a display.

18. The method for guiding light by employing an optical valve of claim 1, further comprising

optimizing the efficiency of the optical valve by substantially employing TIR reflections.

19. A light valve for guiding light, comprising;:

a first light guiding surfacc, wherein the first light guiding surfacc is substantially planar;

and

a second light guiding surface, opposite the first light guiding surface, further comprising
a plurality of guiding features and a plurality of extraction features, wherein the extraction
features and the guiding features are connected to and alternate with one another respectively,
further wherein the plurality of extraction features allow light to pass with substantially low loss
when the light is propagating in a first direction and allow light to reflect and exit the light valve

when the light is propagating in a second direction.

20. The light valve for guiding light of claim 19, further comprising a first end, wherein light

may enter the light valve at the first end.

21. The light valve for guiding light of claim 19, further comprising a second end, wherein light

may interact with the second end and be redirected back toward the first end.
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22. The light valve for guiding light of claim 19, wherein the first end is thinner than the second

end.

23. The light valve for guiding light of claim 21, wherein the second end is a reflecting surface.

24. The light valve for guiding light of claim 21, wherein the second end is a curved surface.

25. The light valve for guiding light of claim 19, wherein the extraction features are optically

hidden from light propagating in a first dircction.

26. The light valve for guiding light of claim 19, further comprising illumination elements for

generating light to enter at the first end of the light valve.

27.  The light valve for guiding light of claim 26, wherein the illumination elements are

LEDs.

28. The light valve for guiding light of claim 26, wherein the illumination clements are an array

of illumination elements configured to provide light at the first end of the light valve.

29.  The light valve for guiding light of claim 19, wherein each of the plurality of extraction

fcaturcs arc oricnted at approximatcly 45 degrecs to cach of the plurality of guiding featurcs.

30.  The light valve for guiding light of claim 19, wherein each of the plurality of extraction

features are substantially elongated, linear surfaces.

31.  The light valve for guiding light of claim 19, wherein each of the plurality of extraction

features are substantially planar.

32. The light valve for guiding light of claim 19, wherein each of the plurality of extraction

features are substantially parallel to one another.
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33. The light valve for guiding light of claim 19, wherein each of the plurality of extraction

features are separated by substantially the same distance.

34. The light valve for guiding light of claim 19, wherein at least one of the plurality of

extraction features is coated with a reflective coating.

35. The light valve for guiding light of claim 19, wherein the plurality of extraction features

have a tilt angle in the approximate range of 10-90 degrees.

36. The light valve for guiding light of claim 19, wherein the plurality of extraction features

have a tilt angle between approximately 20 and 50 degrees.

37. The light valve for guiding light of claim 19, whercin the plurality of cxtraction featurcs

have a tilt angle between approximately 30 and 48 degrees.

38. The light valve for guiding light of claim 19, wherein the guiding features are substantially

planar.

39. The light valve for guiding light of claim 19, wherein the guiding features are substantially

parallel to the first light directing side.

40. The light valve for guiding light of claim 19, wherein the guiding features have a wedge

angle compared to the first light directing side.

41. The light valve for guiding light of claim 19, wherein the second end is a concave mirror.

42. The light valve for guiding light of claim 19, wherein the second end is coated with a

reflective coating.

43. The light valve for guiding light of claim 19, wherein the second end is a cylindrical mirror.
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44. The light valve for guiding light of claim 43, wherein the optical axis of the cylindrical

mirror is substantially orthogonal to the surface normal of the first light guiding surface.

45. The light valve for guiding light of claim 19, wherein each guiding feature has a surface

normal direction to direct at least some of the light rays propagating in the first direction.

46. The light valve for guiding light of claim 19, wherein each extraction feature has a surface
normal direction to direct at least some of the light rays propagating in the second direction to be

extracted in a direction outside the light valve.

47. The light valve for guiding light of claim 19, wherein the extracted light ray passes from the

extraction feature, and exits from the light valve through the first light guiding surface.

48. The light valve for guiding light of claim 26, wherein the second light guiding surface is
configured so that light rays from the illumination elements are incident on the light extracting

features after reflecting from the second end.

49. The light valve for guiding light of claim 19, wherein the plurality of extraction features

further comprise:

a first region wherein the extraction features of the first region have a first orientation;

and

a second region wherein the extraction features of the second region have a second
orientation, wherein the first orientation and the second orientations are different from one

another.

50. The light valve for guiding light of claim 19, wherein the first light guiding surface and the

second light guiding surface are transparent.



WO 2012/068532 PCT/US2011/061511

51. The light valve for guiding light of claim 19, wherein the orientation of the extraction

features varies across the optical valve from the first end to the second end.

52. The light valve for guiding light of claim 21, wherein the second end is a reflective surface

with approximately no optical power.

53. The light valve for guiding light of claim 19, further comprising a Fresnel lens.

54. The light valve for guiding light of claim 53, wherein the Fresncl lens is spherical in form.

55. The light valve for guiding light of claim 53, wherein the axis of the Fresnel lens is offset in

comparison to the center of the optical valve.

56. The light valve for guiding light of claim 19, further comprising a vertical diffuser.

57. The light valve for guiding light of claim 56, wherein the vertical diffuser further comprises

an asymmectric scattcring surfacc.

58. The light valve for guiding light of claim 19, further comprising a diffuser and a Fresnel

lens, wherein a gap is provided between the diffuser and the Fresnel lens.

59. The light valve for guiding light of claim 19, wherein the density of extraction fcatures at the
edge of the light valve is lower than the density of cxtraction features in the center of the light

valve.

60. The light valve for guiding light of claim 19, wherein the extraction features have a variable
slope and height from one another, wherein the slope is adjusted to alter the vertical diffusion
characteristics and the height is adjusted to vary the amount of light that is extracted from the

light valve.
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61. The light valve for guiding light of claim 19, wherein at least some of the extraction features

have convex facets.

62. The light valve for guiding light of claim 19, wherein the height of the extraction features

varies across the width of the light valve.

63. The light valve for guiding light of claim 19, wherein the guiding features are not parallel to

each other and are not parallel to the first light guiding surface.

64. The light valve for guiding light of claim 19, wherein the extraction features are elongate

and are configured randomly to reduce Moire patterning.

65. The light valve for guiding light of claim 19, whercin light cxtraction is substantially

achieved by refraction at the extraction features of the light valve.

66. The light valve for guiding light of claim 19, further comprising an air cavity.

67. The light valve for guiding light of claim 19, wherein the extraction features are curved.

68. The light valve for guiding light of claim 67, wherein the second end is a curved back

reflecting surface.

69. The light valve for guiding light of claim 19, wherein the extraction features have a surface
modulation for deflecting light approximately into a set of prescribed horizontal and vertical

angles.

70. The light valve for guiding light of claim 19, wherein the extraction features substantially

focus the principal rays of the optical system onto the viewing plane.

71.  Anoptical valve system, comprising:
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a plurality of illumination elements at least operably coupled to a first end of an optical

valve, wherein the optical valve further comprises:

a first light guiding surface, wherein the first light directing surface is

substantially planar; and

a sccond light guiding surface, opposite the first light guiding surface, further
comprising a plurality of guiding features and a plurality of extraction features, wherein the
extraction features and the guiding features are connected to and alternate with each other,
further wherein the extraction featurcs may allow light to pass with substantially low loss when
the light is propagating in a first direction and may allow light to reflect and exit the light valve

when the light is propagating in a second direction.

72. The optical valve system of claim 71, wherein the plurality of illumination clements arc

LEDs.

73. An optical valve system of claim 72, wherein the plurality of illumination elements are

configurcd in an array.

74. The optical valve system of claim 73, wherein the array of the plurality of illumination

elements is an addressable array of LEDs.

75. An optical valve comprising:

an input side located at a first end of an optical valve;

a reflective side located at a second end of the optical valve;
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a first light directing side and a second light directing side located between the input side
and the reflective side of the optical valve, wherein the second light directing side further
comprises a plurality of guiding features and a plurality of extraction features, wherein the

plurality of guiding features connect respective extraction features.
76. The optical valve of claim 75, wherein the first light directing side is substantially planar.

77. The optical valve of claim 75, wherein the surface normal direction of each extraction
feature of the plurality of extraction features is different to the surface normal directions of each

of the respective adjacent guiding featurcs of the plurality of guiding featurcs.

78.  The optical valve of claim 75, wherein the separation of the first light directing side and

second light dirccting side increases from the input side to the reflective side.

79. A directional display system comprising;:

an illuminator array that provides light rays to an optical valve, the optical valve

comprising:

a first light guiding surface of the optical valve, wherein the first light guiding surface is

substantially planar; and

a second light guiding surface of the optical valve, opposite the first light guiding surface,
further comprising a plurality of guiding features and a plurality of extraction features, wherein
the plurality of extraction features further comprise a first region and a second region, further
wherein the extraction features of the first and second regions have respective orientations such
that at least some of the light rays from a first illuminator are directed to a first viewing window

outside of the optical valve and at least some of the light rays from a second illuminator are
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directed to a second viewing window different from the first viewing window outside of the

optical valve.

80. The directional display system of claim 79, wherein the extraction features are configured
such that light interacting with a second reflective end provides a real image of the illuminator

array.

81. The directional display system of claim 79, wherein the extraction features have a

microscopically variable surface normal direction to provide a diffusion function.

82. The directional display system of claim 79, wherein the extraction features have a pitch that

varies across the surface of the second light guiding surface.

83.  The dircctional display system of claim 79, wherein the extraction features have a varied
height across the length of the optical valve to provide a substantially uniform luminance output

across the first light guiding surface.

84.  The directional display system of claim 79, wherein the thickness of the optical valve
increases in a first direction from a first end to a second end of the optical valve and increases a
second direction from the center to the edge of the optical valve, wherein the second direction is

in a substantially orthogonal direction from the first direction.

85.  The directional display system of claim 79, further comprising a lens to direct light from

the illuminator elements to respective viewing windows.

86.  The directional display system of claim 85, wherein the lens is a Fresnel lens.

87. The directional display system of claim 79, wherein the plurality of extraction features

further comprise:
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a first region wherein the extraction features of the first region have a first orientation;

and

a second region wherein the extraction features of the second region have a second
orientation, wherein the first orientation and the second orientations are different from one

another.

88. The directional display system of claim &7, further comprising a diffuser, wherein the

diffusers diffuse in a first direction substantially orthogonal to the first orientation.

89.  An observer tracking autostereoscopic display, comprising;:

an optical valve;

an array of illumination elements to provide light to the optical valve; and

a scnsor for detecting an observer in the proximity of viewing windows of the optical

valve; and

an illuminator controller for determining a setting for the array of illumination elements,
whercein the sctting dceterminces a first illumination phasc for a first sct of illuminator clements
corresponding to a first viewing window, and the setting determines a second illumination phase

for a second set of illuminator elements corresponding to a second viewing window.

90.  The observer tracking autostereoscopic display of claim 89, wherein the illumination

controller adjusts illumination elements depending on the position of an observer.
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91.  The observer tracking autostereoscopic display of claim 89, wherein the first illumination
phase corresponds to a left eye image on a display, and the second illumination phase

corresponds to a right eye image on the display.



