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Description
BACKGROUND

[0001] A wide range of digital display systems incor-
porate liquid-crystal display (LCD) technology. LCD dis-
plays are found in smartphones, tablet and laptop com-
puters, and in video monitors for televisions and desktop
computers. A typical LCD display includes an image-
forming, liquid-crystal layer positioned in front of a back-
light.

[0002] Ideally the LCD backlight should emit enough
light to make the display viewable in bright ambient con-
ditions. A highly emissive backlight, however, may con-
sume excessive power. In smartphones and tablet com-
puters, for instance, the power to operate the LCD back-
light may be a significant fraction of the overall power
budget. As a result, tablets and smartphones must be
designed with relatively thick, relatively heavy batteries,
or be subject to frequent recharge, which shortens life-
time. In a stationary display, excessive power consump-
tion by the LCD backlight increases operating costs,
makes the system less environmentally compliant, and
may cause unwanted heating

[0003] US 2006/0126142 discloses an illumination ap-
paratus for a display device that includes a plurality of
point light sources and a light guide plate having a holo-
gram pattern which allows light rays to exit from a top
surface of the light guide plate while providing uniform
distributions of brightness and intensity of the exiting
rays. Light radiated from the point light sources impinges
vertically onto an incident portion, propagates obliquely
within the light guide plate, and is incident obliquely on
the hologram pattern. Since the hologram pattern has
the highest diffraction efficiency, the portion of light can
exitfrom the top surface with little loss. On the other hand,
the remaining portion of the incident light is totally reflect-
ed from the top surface onto the bottom surface of the
light guide plate and is again totally reflected from the
bottom surface onto the top surface. The preamble of
claim 1 is based on this disclosure.

[0004] WO 2011/022342 relates to the scanning of col-
limated light via a flat panel lamp. A light injection system
injects light into one or more locations along the thin end
of an optical wedge. By varying the location where light
is injected into the thin end of optical wedge, the direction
of collimated light leaving a viewing surface of optical
wedge may be adjusted. A controller independently and
selectively illuminates each light source of light injection
system according to a mode of the system, thereby to
control the location along the thin end of the optical wedge
at which light injection system injects light. In addition,
controller analyzes data received from a head-tracking
camera to determine the position of a viewer's head
and/or eyes.
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SUMMARY

[0005] This disclosure provides a display as defined in
claim 1 and a method as defined in claim 9.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

FIG. 1 shows aspects of example computer systems,
each having an LCD display.

FIG. 2 shows aspects of an example computer sys-
tem operatively coupled to an imaging system and
to an LCD display.

FIG. 3 shows example arrangements of display
zones for different LCD displays.

FIG. 4 shows additional aspects of an example LCD
display.

FIG. 5 shows aspects of an example injection optic
of an LCD backlight.

FIG. 6 represents an example light-extraction layer
of an LCD backlight.

FIG. 7 shows additional aspects of another example
LCD display.

FIG. 8 represents another example light-extraction
layer of an LCD backlight.

FIG. 9 illustrates an example method to concentrate
light from a display into a pupil of a viewer of the
display.

DETAILED DESCRIPTION

[0007] Aspects of this disclosure will now be described
by example and with reference to the illustrated imple-
mentations listed above. Components, process steps,
and other elements that may be substantially the same
in one or more implementations are identified coordinate-
ly and described with minimal repetition. It will be noted,
however, that elements identified coordinately may also
differ to some degree. It will be further noted that the
drawing figures included in this disclosure are schematic
and generally not drawn to scale. Rather, the various
drawing scales, aspect ratios, and numbers of compo-
nents shown in the figures may be purposely distorted
to make certain features or relationships easier to see.

[0008] The problem solved by this disclosure is one of
excessive power consumption by a backlight of an LCD
display. Existing backlight systems direct light through
an image-forming liquid-crystal layer over a wide range
of incidence angles. This tactic ensures that the display
is viewable over a wide range of viewing angles. At any
given time, however, a display can only be viewed by a
finite number of viewers, through a finite number of an-
atomical pupils, which have finite size. With existing dis-
plays, only a small fraction of the available display light
is received into the pupils; the remaining light is wasted.
Accordingly, the power input to an LCD display may be
better utilized by concentrating the display light into the
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viewer’s pupils, and emitting less light elsewhere. In this
way, the overall luminous output of the backlight can be
reduced, while maintaining the viewer's perception of
brightness.

[0009] FIG. 1 shows aspects of three different compu-
ter systems-10A, 10B, 10C-each having an LCD display
viewable to a user. Display 12A is a large-format display
of a home-entertainment system 10A. Display 12B is a
wide-screen display of a laptop computer system 10B.
Display 12C is a very thin LCD display integrated in a
tablet computer system 10C. The laptop and tablet com-
puter systems may be powered by rechargeable batter-
ies (not shown in the drawings).

[0010] Each computer system of FIG. 1 is equipped
with a corresponding imaging system-16A, 16B, 16C.
Each imaging system includes one or more cameras 18
oriented so as to image the face of the user-14A, 14B,
14C-when the user is viewing the display. In the case of
laptop computer system 10B and tablet computer system
10C, the imaging systems may include one or more rear-
facing cameras arranged beneath a bezel of the display.
Home-entertainment system 10A is equipped with a pe-
ripheral imaging system 16A. The peripheral imaging
system may include multiple co-registered cameras-e.g.,
a depth camera and one or more color cameras, as fur-
ther described below.

[0011] In some implementations, the imaging system
may be configured to acquire a time-resolved sequence
of depth maps. The term 'depth map’ refers to an array
of pixels registered to corresponding regions (X;, Y;) of
an imaged subject, with a depth value Z; indicating, for
each pixel, the depth of the corresponding region. 'Depth’
is defined as a coordinate parallel to the optical axis of
the imaging system, which increases with increasing dis-
tance from the cameras. Operationally, an imaging sys-
tem may be configured to acquire two-dimensionalimage
data from which a depth map is obtained via downstream
processing.

[0012] The nature of depth imaging may differ in the
various implementations of this disclosure. In one imple-
mentation, brightness or color data from two, stereoscop-
ically oriented imaging arrays may be co-registered and
used to construct a depth map. In otherimplementations,
a depth camera may be configured to project onto the
subject a structured infrared (IR) or near-IR (NIR) illumi-
nation pattern comprising numerous discrete features-
e.g., lines or dots. An imaging array in the depth camera
may be configured to image the structured illumination
reflected back from the subject. Based on the spacings
between adjacent features in the various regions of the
imaged subject, a depth map of the subject may be con-
structed. In still other implementations, the depth camera
may project a pulsed illumination towards the subject. A
pair of imaging arrays may be configured to detect the
pulsed illumination reflected back from the subject. Both
arrays may include an electronic shutter synchronized to
the pulsed illumination, but the integration times for the
arrays may differ, such that a pixel-resolved time-of-flight
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(TOF) of the pulsed illumination, from the illumination
source to the subject and then to the arrays, is discernible
based on the relative amounts of light received in corre-
sponding elements of the arrays. A TOF depth-sensing
camera that measures the phase shift between transmit-
ted and reflected light may also be used.

[0013] A color camera of any imaging system may im-
age visible light from the observed subject in a plurality
of channels-e.g., red, green, blue, etc.-mapping the im-
aged light to an array of pixels. Alternatively, a mono-
chromatic camera may be used, which images the light
in grayscale. In one implementation, the depth and color
cameras of an imaging system may have the same res-
olutions. Even when the resolutions differ, the pixels of
the color camera may be registered to those of the depth
camera. In this way, both color and depth information
may be assessed for each portion of the subject.
[0014] Whenever multiple implementations are pre-
sented in this disclosure, any feasible combination or
subcombination of features from different implementa-
tions also lies within the scope of the disclosure. For in-
stance, a peripheral depth camera may be paired with a
tablet computer system, or an integrated rear-facing
camera with a home-entertainment system display. Fur-
thermore, the range of computer systems and associated
displays of FIG. 1 should not be construed to limit the
scope of this disclosure. The display technology present-
ed herein may be used with LCD displays of any form
factor, and may be associated with display-driving devic-
es of any description. The components of a system that
includes a camera detecting light in the visible range, a
camera that senses depth, and a display may be inte-
grated in one device or on a common substrate.

[0015] FIG. 2 shows additional aspects of an example
computer system 10, LCD display 12, and imaging sys-
tem 16. The computer system includes a logic machine
20 and an instruction-storage machine 22. The logic ma-
chine may optionally include a central processing unit
(CPU) 24, an input/output (10) interface 26, and various
other componentry. The instruction-storage machine
may include random access memory and/or non-volatile
storage that optionally supports an operating system
(OS) 28 and applications 30. Taken together, the logic
machine and the instruction-storage machine instantiate
inter alia a pupil-tracking engine 32 and a display-direct-
ing engine 34. Additional aspects of computer system 10
are described hereinafter.

[0016] Pupil-tracking engine 32 is configured to re-
ceive image data from imaging system 16 and to identify,
based on the image data, one or more anatomical pupils
of one or more viewers sighting LCD display 12. In one
implementation, two anatomical pupils may be identified
for each viewer. Naturally, the process of image acqui-
sition and pupil identification may be repeated so as to
track any movement of the pupils relative to the LCD
display.

[0017] The operational details of pupil identification
and tracking may differ in the different implementations
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of this disclosure. In one implementation, image data
from imaging system 16 may be processed to resolve
such features as the pupil center, pupil outline, iris, and/or
one or more specular glints from a cornea of a viewer’s
eye. The locations of such features in the image data
may be used as input parameters in a model-e.g., a pol-
ynomial model that provides suitable pupil coordinates
in a frame of reference relative to display 12.

[0018] Accordingly, the pupil-tracking engine 32 may
be configured to compute the coordinates of each of N
pupils sighting the display (N = 2, 4, 6, efc.) and to main-
tain the coordinates in any appropriate data structure. In
implementations in which the imaging system includes a
depth camera or pair of stereo cameras capable of re-
solving pupil depth, the data structure may define three
coordinates for each pupil i-e.g., X;, Y;, Z;for 1 <i<N.In
other implementations, the depth coordinate Z; may be
unavailable, and the data structure may only define co-
ordinates X; and Y; relative to a plane parallel to display
12. It will be noted, however, that a suitable depth coor-
dinate may be estimated based on 2D image data to-
gether with an accurate camera model. In some imple-
mentations, the depth coordinate may be estimated
based on apparent distance between a viewer’s pupils.
For example, the depths of a viewer’s pupils Z; and ZJ-
may be assumed to increase with decreasing pupil sep-
aration, Xi - Xj, in the acquired image.

[0019] Continuing in FIG. 2, display-directing engine
34 is configured to receive from pupil-tracking engine 32
the data structure defining the coordinates of the N iden-
tified pupils. The display-directing engine then computes,
based on the coordinates, a plurality of illumination pa-
rameters to be supplied as input to LCD display 12. In
some implementations, illumination parameters may
specify a direction of release of display light from the
display. Accordingly, receipt of the appropriate illumina-
tion parameters by the LCD display may have the effect
of concentrating light emission from the display toward
the Nidentified pupils and causing less light to be directed
elsewhere, as further described below. Although FIG. 2
refers to pupil coordinates and illumination parameters
specifically, this feature will not be construed to limit the
scope of the disclosure. Rather, any viewer data respon-
sive to the viewer’s pupil coordinates may be furnished
by the pupil tracking engine and received in the display-
directing engine. Likewise, any directing data responsive
to the viewer data and influencing the direction of release
of light from the display may be furnished by the display
directing engine and received in the LCD display.
[0020] In some implementations, LCD display 12 is di-
vided area-wise into a plurality of display zones, with one
or more illumination parameters specified independently
for each zone. In these implementations, the illumination
parameters specify a direction for release of display light
from the associated zone. The illumination parameters,
as noted above, depend on the identified pupil positions
and change with changing pupil positions. Moreover, the
illumination parameters may differ for different display
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zones of the same display. In a more particular imple-
mentation, illumination parameters for a given display
zone may specify whether light is to be emitted from that
display zone, and if so, the direction of the light to be
emitted.

[0021] FIG. 3 shows example arrangements of display
zones 36 for three different displays-12D, 12E, and 12F.
In wide-screen display 12D, each display zone 36V is a
vertical column that runs the height of the display; an
illumination parameter for each zone specifies the hori-
zontal-plane angle A at which light from that zone is re-
leased. In display 12E, each display zone 36H is a hor-
izontal row that runs the width of the display; an illumi-
nation parameter for each zone specifies the vertical-
plane angle B at which light from that zone is released.
In display 12F, each display zone 36R is a rectangular
block arranged on a grid. In this implementation, the di-
rection of release of the light is specified by a horizontal-
plane angle A and a vertical-plane angle B. It will be noted
that the number of display zones shown in the drawings
is provided by way of example, and that other numbers
of display zones are equally consistent with this disclo-
sure. In some examples, an LCD display may include
only one display zone.

[0022] In the example scenarios illustrated in FIG. 3,
display light is directed from each display zone 36 into a
pupil 38 of a viewer of the corresponding display. It is to
be emphasized that the direction of release of display
light from each display zone 36 is variable and control-
lable independently for each zone via the illumination pa-
rameters supplied to the display. As such, the indicated
release directions may be programmed to track changes
in pupil position, and, in a time-shared sense, to direct
display light to multiple pupils arranged at multiple posi-
tions relative to the display.

[0023] FIG. 4 is a partially exploded view showing ad-
ditional aspects of an LCD display 12 in one implemen-
tation. The display includes a liquid-crystal layer 40 ar-
ranged in front of a backlight 42. The backlight may be
situated to direct its emission through the liquid-crystal
layer, which forms a display image based on control sig-
nals from a peripheral or integrated computer system.
The liquid-crystal layer includes numerous, individually
addressable pixels arranged on a rectangular grid or oth-
er geometry. In some implementations, pixels transmit-
ting red light may be juxtaposed in the matrix to pixels
transmitting green and blue light, so that the LCD matrix
forms a color display image.

[0024] In the implementation of FIG. 4, backlight 42
includes a rectangular-prismatic optical waveguide 44.
The waveguide is made of an optically transparent ma-
terial such as acrylic, polycarbonate, or glass; it has a
front face 46 on the side facing liquid-crystal layer 40, a
back face 48 opposite the liquid-crystal layer, and an
edge face 50 through which display light is received into
the waveguide. Display light received at the edge face
at a suitable angle of incidence propagates through the
waveguide by total internal reflection (TIR) from the front
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and back faces.

[0025] Backlight42 also includes a light-extraction lay-
er 52 supported on front face 46 in FIG. 4. In other im-
plementations, the light-extraction layer may be support-
ed on back face 48. More generally, the light-extraction
layer may be arranged anywhere on or within the
waveguide. It may be formed as a layer midway between
and parallel to the front and back faces, for example, to
interact with the propagating light at each crossing be-
tween front and back faces. In still other examples, the
light extraction layer may extend the entire thickness of
the waveguide, between the front and back faces, or any
portion thereof. In the illustrated implementation, the
light-extraction layer partially frustrates the TIR from the
front surface and thereby promotes, at each reflection
from the front surface, a release of some of the propa-
gating light from the waveguide. The nature of the light-
extraction layer may differ in the different implementa-
tions of this disclosure, and will be described hereinafter.
Generally, however, every light-extraction layer will in-
clude certain diffractive features that interact to a speci-
fied degree with the propagating light, releasing such light
at a specified efficiency. Thus, by configuring a steady
increase in diffraction efficiency along the direction of
propagation, the effect of diminishing intensity of the
propagating light can be counterbalanced, leading to a
substantially uniform release of light over any portion of
the propagation path, such as any or all display zones 36.
[0026] In the implementation of FIG. 4, backlight 42 is
divided (spatially, not materially) into five vertical display
zones 36 that run the entire height of the backlight. In
other implementations, the display zones may be ar-
ranged horizontally, or in any other suitable pattern. In
FIG. 4, a different injection optic 54 is provided for each
of the different display zones. Each injection optic is con-
figured to inject substantially collimated light into edge
face 50 of waveguide 44, the exit pupil of the injection
optic being about as wide as its associated display zone.
The light output of each injection optic is actively control-
lable in terms of its intensity, color, and variable angle of
injection into edge face 50. In general, the angle of injec-
tion may be specified in terms of two orthogonal plane
angles measured relative to the normal of edge face 50-
an elevation angle C in planes perpendicular to the front
and back faces, and an azimuth angle (not labeled in the
drawings) in planes parallel to the front and back faces.
In some implementations, both the elevation angle and
the azimuth angle may controllable. In implementation
of FIG. 4, however, the azimuth angle is set at design
time, and only the elevation angle is subject to active
control. Although each injection optic of FIG. 4 injects
light directly into edge face 50 of waveguide 44, various
alternative configurations may be used instead. For ex-
ample, edge face 50 may support a fixed mirror config-
ured to inject light into the waveguide. The mirror may
receive light from projection optics arranged along the
opposite edge face of the waveguide, or elsewhere.
[0027] FIG. 5 shows aspects of an example injection
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optic 54. The injection optic includes independently bi-
ased red, green, and blue lasers 56-diode lasers, for ex-
ample-that emit coherent, collimated beams of mono-
chromatic light. The three laser beams are received in
pupil expander 58-an optic configured to expand the exit
pupil of each of the laser beams substantially to the width
of the associated display zone 36, effectively combining
the beams.

[0028] The output from pupil expander 58 is directed
to mirror 60, which is coupled to a piezoelectric mirror
mount 62. In this implementation, a control voltage ap-
plied to a piezoelectric element of the mirror mount brings
about a proportional deflection of the mirror about the
axis marked X. The deflection of the mirror may be used
to control the angle at which light is injected into
waveguide 44, or more specifically, the display zone 36
associated with the injection optic. In other implementa-
tions, the mirror mount may include two piezoelectric el-
ements to control the deflection of the mirror in two, or-
thogonal directions. In other implementations, the laser
light may be deflected in orthogonal directions by two
different mirrors, each coupled to its own piezoelectric
mirror mount. In other implementations, a non-piezoe-
lectric mechanical transducer may be used to deflect mir-
ror 60-e.g., atransducer responsive to an applied electric
or magnetic field, for example. In still other implementa-
tions, the mirror and piezoelectric mirror mount may be
replaced by an electronically tunable optic configured to
deflect the laser light by a controllable amount. In these
and other implementations, injection optic 54 may be
configured to inject red, green, and blue laser emission
into a given zone at the same injection angle. In still other
implementations, the injection optic may be configured
to inject light from a single laser, providing a monochro-
matic display.

[0029] Returningto FIG. 4, the reader will note that the
elevation angle C at which light s injected into waveguide
44 determines the angle at which the propagating light
is incident on the front and back faces of the waveguide.
In particular, a low angle of incidence on edge face 50
brings about a small number of glancing reflections 64E
from the front and back faces, whereas a high angle of
incidence leads to a larger number of reflections 64A,
closer to the critical angle. Thus, by controlling independ-
ently for each display zone the elevation angle at which
lightis injected into the waveguide, one also controls the
angle at which the propagating light is incident on light-
extraction layer 52.

[0030] The foregoing description and drawings dem-
onstrate that illumination parameters responsive to pupil
position can be computed based onimage data and used
to control the angle at which light propagating through
waveguide 44 is incident upon light-extraction layer 52.
Moreover, a different set of illumination parameters may
be furnished for each of a plurality of display zones 36
of an LCD display. The remaining drawings and descrip-
tion serve to illustrate how control of the incidence angle
may be used to intelligently concentrate display light into
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the viewer’s pupils.

[0031] FIG. 6 provides a representation of light-extrac-
tion layer 52 in one, non-limiting implementation. As not-
ed above, a light-extraction layer may include numerous
diffractive features. The thickness of the light-extraction
layer may be ten to one-hundred microns, in some ex-
amples. In the example shown in FIG. 6, the light-extrac-
tionlayerincludes a plurality of superimposed Bragg grat-
ings 66, which extend across all of the display zones 36.
Although the drawing shows only two Bragg gratings, a
typical light-extraction layer may include one-hundred or
more. The various Bragg gratings of the light-extraction
layer may differ with respect to orientation and pitch.
[0032] Each Bragg grating 66 is excitable by light of a
narrow wavelength band and a narrow range of incidence
angles. The excitation wavelengths and angles are de-
termined by the wavelength and orientation of the probe
light used to record the Bragg grating. Outside the ap-
propriate wavelength band or range of incidence angles,
the Bragg grating is transparent-a condition that allows
numerous Bragg gratings to occupy the same volume
and to operate independently of each other. In other im-
plementations, various other kinds of volume holograms
may be used in lieu of the Bragg gratings. In particular,
a series of volume holograms may be used, with each
volume hologram diffusing light over a narrow range of
angles, such that the angles addressed by the series
adjoin into a continuum.

[0033] Furthermore, each Bragg grating or other vol-
ume hologram may be configured, when excited, to dif-
fract a portion of the light propagating through the
waveguide and to eject such light in a predetermined,
different direction, which is selectable based on the man-
ner in which the hologram is recorded. With the LCD dis-
play implementation of FIG. 4, the useful directions lie in
horizontal planes orthogonal to the plane of display 12
and span a range of horizontal-plane angles. In one ex-
ample, thirty Bragg gratings may be used for each of
three wavelengths of light. Here, the horizontal-plane an-
gles may range from 60 to 120 degrees in increments of
2 degrees. Naturally, other ranges and increments are
contemplated as well. During the recording process,
each angle in the series is mapped to light of a different
elevation angle, which may range from the critical angle
(42 degrees in polyacrylic) to a glancing angle of 5 de-
grees or less. Due to the action of the Bragg gratings,
the injection angle at which light is injected into the
waveguide influences a reflection angle at which the in-
jected lightreflects from the front and back faces on prop-
agating through waveguide 44. In essence, the superpo-
sition of Bragg gratings in light-extraction layer 52 is used
to transform the controllable elevation angle C of injection
into the waveguide to an orthogonal angle of release into
the air. In the illustrated scenario, at least one volume
hologram in light-extraction layer 52 is configured to re-
lease light in each of the directions computed by display-
directing engine 34 when excited at the appropriate in-
jection angle.
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[0034] FIG. 7 is a partially exploded view showing as-
pects of another LCD display 12’. LCD display 12’ shares
many of the features of LCD display 12, but differs in
other respects. In this implementation, backlight 42’ in-
cludes a plurality of stacked-up waveguides 44’, each
configured to receive light from the plurality of injection
optics 54. Each waveguide includes an edge face 50,
where light from the injection optics is received.

[0035] FIG. 8 shows aspects of awaveguide 44’ inone,
non-limiting implementation. As in the previous imple-
mentation, each waveguide 44’ includes a light-extrac-
tion layer 52’ arranged on its front face 46. However, the
light-extraction layer of waveguide 44’ need only include
a single diffraction grating. The diffraction grating to be
used with waveguide 44’ may be a surface-relief grating,
in one implementation. In other implementations, other
types of holograms may be used. The grating or other
hologram of light-extraction layer 52’ may be configured
to release light in one direction when excited by the light
propagating through the waveguide. Nevertheless, the
configuration of FIGS. 7 and 8 may be used to controllably
direct display light in any number of directions, because
any number of waveguides 44’ may be stacked together
and configured to receive light from injection optics 54:
each light-extraction layer 52’ may release light in a dif-
ferent direction, so that the light released from the series
of waveguides spans a desired range.

[0036] As in the previous implementation, the useful
directions may lie in horizontal planes orthogonal to the
plane of display 12’ and span a range of horizontal-plane
angles. In one example, thirty waveguides may be used
for each of three wavelengths of light. The horizontal-
plane angles may range from 60 to 120 degrees in incre-
ments of 2 degrees, with other ranges and increments
contemplated as well. As in the previous implementation,
the direction of release of the display light may be con-
trolled by via the elevation angle C at which light is re-
ceived from the injection optics 54. In the implementation
of FIGS. 7 and 8, however, the mode by which the ele-
vation angle affects the direction of release of light is
different. In this implementation, light from the injection
optics is directed into a given waveguide over a pre-
scribed range of elevation angles. Outside the prescribed
range of elevation angles, light from the injection optics
may be directed into another waveguide instead. Thus,
the elevation angle controls which waveguide is supplied
light, which controls which hologram is excited, which in
turn controls the direction of release of the light.

[0037] The different hologram-selection approaches
described hereinabove are usable together in some con-
figurations. In other words, a given backlight may include
a plurality of waveguides in a stacked configuration, with
at least one of the waveguides supporting two or more
holograms. For example, a single waveguide may sup-
port three different holograms-to diffract red, green, and
blue light when excited at the same range of reflection
angles. Such holograms may include Bragg gratings or
other volume holograms, and/or surface-relief gratings.
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Furthermore, although the drawings and description
hereinabove feature various LCD displays and associat-
ed componentry, this aspect should net be construed to
limit the scope of the disclosure. Rather, the light-direct-
ing approaches here disclosed may apply to any type of
display that uses a backlight-e.g., displays based on elec-
tro-wetting.

[0038] The configurations described above enable var-
ious methods to concentrate light from a display into a
pupil of a viewer of the display. Some such methods are
now described, by way of example, with continued ref-
erence to the above configurations. It will be understood,
however, that the methods here described, and others
within the scope of this disclosure, may be enabled by
different configurations as well.

[0039] FIG. 9 illustrates an example method 68 to con-
centrate light from a display into a pupil of a viewer of the
display. The method is enacted in a computer system
operatively coupled to the display and to an imaging sys-
tem. As noted above, the imaging system may be con-
figured to acquire an image of anyone viewing the dis-
play. Accordingly, at 70 of method 68, an image of one
or more viewers of the display is acquired. At 72, the
pupils of the one or more viewers are identified in the
acquired image.

[0040] At 74, method 68 begins looping through each
of the pupils identified. For each pupil, the coordinates
of the pupil are computed based on the acquired image
in a pupil-tracking engine of the computer system. The
computed coordinates are used, ultimately, to determine
the desired direction of release of light from the display.
To that end, there may be provided, for each pupil iden-
tified, a time window during which the light injected into
the waveguide is at an angle to cause excitation of the
volume hologram that concentrates light towards that pu-
pil.

[0041] As described hereinabove, the display in some
implementations is divided into zones from which light is
directed independently into the viewers’ pupils, where
light is injected into the waveguide at a different angle
for each zone. Depending on the size of the display, the
location of the viewer relative to the display, the accept-
ance cone of the viewer’s pupil, and the maximum angle
of release from the display, it may be the case that not
every display zone is capable of projecting lightinto every
identified pupil. Accordingly, at 76 method 68 encounters
a second loop nested within the first. Here, the method
loops through each zone of the display. For each zone,
it is determined whether light from that zone can be di-
rected to the pupil whose coordinates have just been
computed. If the light cannot be directed from the zone
to the pupil, then the method advances to 78, where the
zone is deactivated to save power. However, if it is de-
termined that light can be directed from the zone to the
pupil, then the method advances to 80, where a direction
for release of light from that zone is computed based on
the coordinates of the pupil.

[0042] The particular approach taken to compute the
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release direction based on the pupil coordinates may dif-
ferin the differentimplementations of this disclosure. Re-
turning to FIG. 3, the reader will appreciate thatfor display
implementations such as 12D, in which the display zones
run vertical, the display-directing engine may compute a
release direction based on a horizontal position of a pupil
relative to the display. However, for display implementa-
tions such as 12F, in which the display zones run hori-
zontal, the display-directing engine may compute the re-
lease direction based on the vertical position of the pupil
relative to the display. In some cases, the vertical posi-
tions of each of a viewer’s pupils may be averaged to-
gether to determine the appropriate release direction.
[0043] At 82, appropriate injection parameters are
computed based on the desired release direction and are
furnished to the injection optics of the display. In this man-
ner, light is injected into the waveguide at an injection
angle to cause the light to reflect from front and back
faces of the waveguide at a reflection angle to excite one
of a plurality of volume holograms arranged on or within
the waveguide-i.e., the one that provides the desired di-
rection of release of display light for the current time win-
dow.

[0044] As evident from the foregoing description, the
methods and processes described herein may be tied to
acomputing system of one or more computing machines.
Such methods and processes may be implemented as
a computer-application program or service, an applica-
tion-programming interface (API), a library, and/or other
computer-program product.

[0045] Shown in FIG. 2 in simplified form is a non-lim-
iting example of a computer system 10 used to support
the methods and processes described herein.

[0046] Logic machine 20 of computer system 10 in-
cludes one or more physical devices configured to exe-
cute instructions. For example, the logic machine may
be configured to execute instructions that are part of one
ormore applications, services, programs, routines, librar-
ies, objects, components, data structures, or other logical
constructs. Such instructions may be implemented to
perform a task, implementadata type, transform the state
of one or more components, achieve a technical effect,
or otherwise arrive at a desired result.

[0047] Logic machine 20 may include one or more
processors configured to execute software instructions.
Additionally or alternatively, the logic machine may in-
clude one or more hardware or firmware logic machines
configured to execute hardware or firmware instructions.
Processors of the logic machine may be single-core or
multi-core, and the instructions executed thereon may
be configured for sequential, parallel, and/or distributed
processing. Individual components of the logic machine
optionally may be distributed among two or more sepa-
rate devices, which may be remotely located and/or con-
figured for coordinated processing. Aspects of the logic
machine may be virtualized and executed by remotely
accessible, networked computing devices configured in
a cloud-computing configuration.



13 EP 3 123 241 B1 14

[0048] Instruction-storage machine 22 includes one or
more physical devices configured to hold instructions ex-
ecutable by the associated logic machine 20 to imple-
ment the methods and processes described herein.
When such methods and processes are implemented,
the state of the instruction-storage machine may be
transformed-e.g., to hold different data. The instruction-
storage machine may include removable and/or built-in
devices; it may include optical memory (e.g., CD, DVD,
HD-DVD, Blu-Ray Disc, efc.), semiconductor memory
(e.g., RAM, EPROM, EEPROM, efc.), and/or magnetic
memory (e.g., hard-disk drive, floppy-disk drive, tape
drive, MRAM, efc.), among others. Aninstruction-storage
machine may include volatile, nonvolatile, dynamic, stat-
ic, read/write, read-only, random-access, sequential-ac-
cess, location-addressable, file-addressable, and/or
content-addressable devices.

[0049] It will be appreciated that each instruction-stor-
age machine 22 includes one or more physical devices.
However, aspects of the instructions described herein
alternatively may be propagated by acommunication me-
dium (e.g., an electromagnetic signal, an optical signal,
efc.) that is not held by a physical device for a finite du-
ration.

[0050] Aspects of logic machine 20 and instruction-
storage machine 22 may be integrated together into one
or more hardware-logic components. Such hardware-
logic components may include field-programmable gate
arrays (FPGAs), program- and application-specific inte-
grated circuits (PASIC / ASICs), program- and applica-
tion-specific standard products (PSSP /ASSPs), system-
on-a-chip (SOC), and complex programmable logic de-
vices (CPLDs), for example.

[0051] The terms 'module,” ’program,” and ’engine’
may be used to describe an aspect of a computer system
implemented to perform a particular function. In some
cases, a module, program, or engine may be instantiated
via a logic machine executing instructions held by an in-
struction-storage machine. It will be understood that dif-
ferent modules, programs, and/or engines may be in-
stantiated from the same application, service, code block,
object, library, routine, API, function, etc. Likewise, the
same module, program, and/or engine may be instanti-
ated by different applications, services, code blocks, ob-
jects, routines, APIs, functions, etc. The terms 'module,’
‘program,’ and ’engine’ may encompass individual or
groups of executable files, data files, libraries, drivers,
scripts, database records, efc.

[0052] It will be appreciated that a ’service’, as used
herein, is an application program executable across mul-
tiple user sessions. A service may be available to one or
more system components, programs, and/or other serv-
ices. In some implementations, a service may run on one
or more server-computing devices.

[0053] It will be understood that the configurations
and/or approaches described herein are exemplary in
nature, and that these specific implementations or exam-
ples are not to be considered in a limiting sense, because
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numerous variations are possible. The specific routines
or methods described herein may represent one or more
of any number of processing strategies. As such, various
acts illustrated and/or described may be performed in the
sequence illustrated and/or described, in other sequenc-
es, in parallel, or omitted. Likewise, the order of the
above-described processes may be changed.

Claims

1. Adisplay (12; 12’) comprising a backlight, said back-
light comprising:

an optical waveguide (44; 44’) with opposing
front (46) and back faces (48); an injection optic
(54) configured to inject light into the waveguide
at a variable injection angle, the injection angle
influencing a reflection angle (C) at which the
light reflects from the front and back faces (46,
48) on propagating through the waveguide; and
arranged on or within the waveguide, a holo-
gram configured to release a portion of the light
from the waveguide when excited at a predeter-
mined reflection angle; characterised in that
the hologram is one of a plurality of volume holo-
grams superposed in a light-extraction layer (52;
52’) arranged on or within the waveguide, and
wherein each volume hologram is configured to
release the light in a predetermined, different
direction when excited at a corresponding re-
flection angle.

2. The display of claim 1, wherein the hologram is ar-
ranged on the front or back face (46, 48) of the
waveguide (44; 44’).

3. The display of claim 1, wherein the waveguide (44;
44’) includes an edge face (50) adjacent the front
and back faces (46, 48), and wherein the injection
optic (54) is configured to inject the light into the edge
face.

4. Thedisplay of claim 3, wherein the variable injection
angle is an elevation angle with regard to said edge
face.

5. The display of claim 1, wherein the waveguide (44;
44’) includes a plurality of display zones (36) with a
different injection optic (54) provided for each zone.

6. The display of claim 1, wherein each volume holo-
gram is a Bragg grating (66).

7. Thedisplay of claim 5, wherein the plurality of volume
holograms extends across all of the display zones
(36).



15 EP 3 123 241 B1 16

8. The display of claim 1, wherein the injection optic

(54) includes red, green, and blue lasers (56) emit-
ting onto a movable mirror (60), and wherein the in-
jection angle is controlled via deflection of the mirror.

A method of concentrating light into a pupil of a view-
er of a display of a computer system, the method
comprising:

acquiring (70) an image of the viewer;
recognizing (72, 74) a position of the pupil based
on the image;

computing (80) a direction for release of light
based on the position of the pupil; and
injecting (82) light into a waveguide (44; 44’) of
said display ata variable injection angle to cause

the light to reflect from front and back faces (46, 48)
of the waveguide at a reflection angle that excites
one of a plurality of holograms, the excited hologram
being configured to release the lightin the computed
direction for release.

Patentanspriiche

Display (12; 12’), eine Hintergrundbeleuchtung um-
fassend, wobei die Hintergrundbeleuchtung um-
fasst:

einen Lichtwellenleiter (44; 44’) mit gegeniiber-
liegenden Vorder- (46) und Rickflachen (48);
eine Injektionsoptik (54), die dafiir konfiguriert
ist, Licht in den Wellenleiter in einem variablen
Injektionswinkel zu injizieren, wobei der Injekti-
onswinkel einen Reflektionswinkel (C) beein-
flusst, in dem das Licht von den Vorder- und
Ruckflachen (46,48) bei der Ausbreitung durch
den Lichtwellenleiter reflektiert; und
angeordnet auf oder innerhalb des Wellenlei-
ters, ein Hologramm, das dafiir konfiguriert ist,
einen Teil des Lichts von dem Wellenleiter, bei
Anregung in einem vorbestimmten Reflexions-
winkel, freizusetzen;

dadurch gekennzeichnet, dass

das Hologramm eines von der Vielzahl von Vo-
lumenhologrammen ist, die Ubereinander in ei-
ner Lichtextraktionsschicht (52; 52’), die auf
oder innerhalb des Wellenleiters angeordnet ist,
angeordnet sind, und wobei jedes Volumenho-
logramm dafiir konfiguriert ist, das Licht in eine
vorbestimmte, unterschiedliche Richtung freizu-
setzen, wenn in einem entsprechenden Refle-
xionswinkel angeregt.

2. Display nach Anspruch 1, wobei das Hologramm an

der Vorder- oder Riickflache (46,48) des Wellenlei-
ters (44; 44’) angeordnet ist.
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3.

Display nach Anspruch 1, wobei der Wellenleiter (44;
44’) eine Randflache (50) angrenzend an die Vorder-
und Ruckflachen (46, 48) enthalt, und wobei die In-
jektionsoptik (54) dafir konfiguriert ist, das Licht in
die Randflache zu injizieren.

Display nach Anspruch 3, wobei der variable Injek-
tionswinkel ein Neigungswinkel in Hinblick auf die
Randflache ist.

Display nach Anspruch 1, wobei der Wellenleiter (44;
44’) eine Vielzahl von Displayzonen (36) mit einer
unterschiedlichen Injektionsoptik (54), die fur jede
Zone bereitgestellt wird, enthalt.

Display nach Anspruch 1, wobei jedes Volumenho-
logramm ein Bragg-Gitter (66) ist.

Display nach Anspruch 5, wobei die Vielzahl von Vo-
lumenhologrammen sich Uber alle Displayzonen
(36) erstrecken.

Display nach Anspruch 1, wobei die Injektionsoptik
(54) rote, griine und blaue Laser (56) enthalt, die auf
einen beweglichen Spiegel (60) emittieren, und wo-
bei der Injektionswinkel Giber Ablenkung von dem
Spiegel gesteuert wird.

Verfahren zum Konzentrieren von Licht in eine Pu-
pille eines Betrachters eines Displays eines Compu-
tersystems, wobei das Verfahren umfasst:

Erfassen (70) eines Bildes des Betrachters;
Erkennen (72, 74) einer Position der Pupille auf
Grundlage des Bildes;

Berechnen (80) einer Richtung zur Freisetzung
von Licht auf Grundlage der Position der Pupille;
und

Injizieren (82) von Lichtin einen Wellenleiter (44;
44’) des Displays in einem variablen Injektions-
winkel, um das Licht zu veranlassen, von Vor-
der- und Ruckflachen (46, 48) des Wellenleiters
in einem Reflexionswinkel, der eines von der
Vielzahl von Hologrammen anregt, zu reflektie-
ren, wobei das angeregte Hologramm dafir
konfiguriertist, das Lichtin die fir das Freisetzen
berechnete Richtung zu reflektieren.

Revendications

1.

Affichage (12 ; 12’) comprenant un rétroéclairage,
ledit rétroéclairage comprenant :

un guide d’'onde optique (44 ; 44’) avec des fa-
ces avant (46) et arriere (48) ;

une optique d’injection (54) configurée pour in-
jecter de la lumiére dans le guide d’'onde sous
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un angle d’injection variable, I'angle d’injection
influengant un angle de réflexion (C) sous lequel
la lumiére se réfléchit depuis les faces avant et
arriere (46, 48) lors de sa propagation a travers
le guide d’onde ; et, agencé sur ou dans le guide
d’'onde, un hologramme configuré pour libérer
une partie de lalumiére du guide d’'onde lorsqu'’il
est excité sous un angle de réflexion
prédéterminé ;

caractérisé en ce que I'hologramme est 'un
d’une pluralité d’hologrammes en volume super-
posés dans une couche d’extraction de lumiére
(52, 52’) agencés sur ou dans le guide d’onde
et dans lequel chaque hologramme en volume
est configuré pour libérer la lumiére dans une
direction prédéterminée différente lorsqu’il est
excité sous un angle de réflexion correspon-
dant.

Affichage selon la revendication 1, dans lequel I'ho-
logramme est agencé sur la face avant ou arriere
(46, 48) du guide d’onde (44 ; 44’).

Affichage selon la revendication 1, dans lequel le
guide d’onde (44 ; 44’) comprend une face de bord
(50) adjacente aux faces avant et arriere (46, 48) et
dans lequel I'optique d’injection (54) est configurée
pour injecter la lumiére dans la face de bord.

Affichage selon la revendication 3, dans lequel I'an-
gle d’injection variable est un angle d’élévation par
rapport a ladite face de bord.

Affichage selon la revendication 1, dans lequel le
guide d’onde (44 ; 44’) comprend une pluralité de
zones d’affichage (36) avec une optique d’injection
différente (54) prévue pour chaque zone.

Affichage selon la revendication 1, dans lequel cha-
que hologramme en volume est un réseau de Bragg
(66).

Affichage selon la revendication 5, dans lequel la
pluralité d’hologrammes en volume s’étend en tra-
vers de la totalité des zones d’affichage (36).

Affichage selon la revendication 1, dans lequel I'op-
tiqgue d’injection (54) comprend des lasers rouge,
vert et bleu (56) émettant sur un miroir mobile (60)
et dans lequel I'angle d’injection est commandé par
déflection du miroir.

Procédé de concentration de lumiere dans la pupille
d’un observateur d'un affichage d’'un systéme infor-
matique, le procédé comprenant :

I'acquisition (70) d’'une image de I'observateur ;
la reconnaissance (72, 74) d’une position de la
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pupille basée sur 'image ;

le calcul (80) d’'une direction pour la libération
de lumiére sur la base de la position de la
pupille ; et

I'injection (82) de lumiére dans un guide d’onde
(44 ; 44’) dudit affichage sous un angle d’injec-
tion variable pour amener la lumiére a se réflé-
chir sur les faces avant et arriéere (46, 48) du
guide d’onde sous un angle de réflexion qui ex-
cite 'un d’'une pluralité d’hologrammes, I'holo-
gramme excité étant configuré pour libérer la
lumiére dans la direction calculée pour la libé-
ration.
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