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(57) ABSTRACT

Systems and methods for electronically controlling the view-
ing angle of a display using liquid crystal optical elements are
provided. Each liquid crystal optical element may be associ-
ated with a respective scattering module and may selectively
steer a device generated light beam to one of two or more
scattering regions of its associated scattering module. When a
scattering region receives a steered light beam, the steered
light beam may be scattered into a viewing cone having at
least one viewing angle defined by a characteristic of that
scatter region. Each liquid crystal optical element may be
made from one or more suitable liquid crystal materials that
can be controlled electronically to vary the effective index of
refraction of one or more different regions of the liquid crystal
optical element, thereby steering incoming light towards a
particular one of two or more scattering regions of an associ-
ated scattering module.
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SYSTEMS AND METHODS FOR
ELECTRONICALLY CONTROLLING THE
VIEWING ANGLE OF A DISPLAY

FIELD OF THE INVENTION

[0001] This can relate to systems and methods for control-
ling the viewing angle of a display and, more particularly, to
systems and methods for electronically controlling the view-
ing angle of a display using liquid crystal optical elements.

BACKGROUND OF THE DISCLOSURE

[0002] Many electronic devices include the ability to
present visible information to a user. In particular, many
cellular telephones, laptop computers, and other portable
electronic devices include a display screen for projecting light
beams representative of device generated information to one
or more viewers. Often, a user of the device may choose to
share this displayed information with others looking at the
device from various angles with respect to the screen, while,
in other situations, the user may only want a person posi-
tioned directly in front of the screen to be able to see the
displayed information. However, due to processing limita-
tions, display limitations, size limitations, and other limita-
tions of such electronic devices, a user must generally shield
the display screen away from unintended viewers or aim the
display screen towards only an intended viewer.

SUMMARY OF THE DISCLOSURE

[0003] Systems and methods for electronically controlling
the viewing angle of a display screen are provided.

[0004] For example, in some embodiments, there is pro-
vided an electronic device that may include a housing having
an opening through a portion of the housing, a light source
that directs light towards the opening, and a first display
control subassembly. The first display control subassembly
may include a scattering module positioned between the light
source and the opening, The scattering module may include a
plurality of scattering regions. The first display control sub-
assembly may also include a steering module positioned
between the light source and the scattering module. The steer-
ing module may include a liquid crystal material that is elec-
tronically controllable to direct a light beam from the light
source towards a particular scattering region of the plurality
of scattering regions.

[0005] The plurality of scattering regions may include a
first scattering region that scatters light from the steering
module towards the opening with a first viewing angle with
respect to a first axis, and a second scattering region that
scatters light from the steering module towards the opening
with a second viewing angle with respect to the first axis. The
second viewing angle may be different than the first viewing
angle. In some embodiments, the steering module may
include a linear electric field gradient across the liquid crystal
material. In other embodiments, the steering module may
include a radial electric field gradient across the liquid crystal
material. The liquid crystal material may be electronically
controllable to adjust an effective index of refraction of the
steering module or to adjust a focal length of the steering
module

[0006] In other embodiments, there is provided a method
for controlling a viewing angle of a display having a first
scattering region with first scattering properties and a second
scattering region with second scattering properties. The
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method may include directing a light beam towards a liquid
crystal material and steering the light beam from the liquid
crystal material towards a particular scattering region of the
first scattering region and the second scattering region. The
steering may include applying a variable electrical control
signal to the liquid crystal material. For example, the steering
may also include adjusting an effective index of refraction of
the liquid crystal material using the applied control signal or
adjusting a focal length of the liquid crystal material using the
applied control signal. In some embodiments, the method
may also include adjusting the brightness of the light beam
based on the scattering properties of the particular scattering
region. Moreover, in some embodiments, the steering may
not include any mechanical movement of the liquid crystal
material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The above and other aspects of the invention, its
nature, and various features will become more apparent upon
consideration of the following detailed description, taken in
conjunction with the accompanying drawings, in which like
reference characters refer to like parts throughout, and in
which:

[0008] FIG. 1 is a schematic view of an illustrative elec-
tronic device in accordance with some embodiments of the
invention;

[0009] FIG. 2A is an isometric view of an illustrative elec-
tronic device with a display assembly in accordance with
some embodiments of the invention;

[0010] FIG. 2B is a horizontal cross-sectional view of a
portion of the electronic device and display assembly of FIG.
2A, taken from line [IB-IIB of FIG. 2A, in accordance with
some embodiments of the invention;

[0011] FIG. 2C is a top view of the electronic device and
display assembly of FIGS. 2A and 2B, taken from line IIC-
IIC of FIG. 2B, in accordance with some embodiments of the
invention;

[0012] FIG. 2D is a top view of the electronic device and
display assembly of FIGS. 2A and 2B, taken from line IID-
1ID of FIG. 2B, in accordance with some other embodiments
of the invention;

[0013] FIG. 3 isanisometric view ofa display subassembly
in accordance with some embodiments of the invention;
[0014] FIG. 3A is a side view of a portion of the display
subassembly of FIG. 3, taken from line IIIA-IIIA of FIG. 3, in
accordance with some embodiments of the invention;
[0015] FIG. 3B is a side view of a portion of the display
subassembly of FIGS. 3 and 3A, taken from line TTIB-11IB of
FIG. 3, in accordance with some embodiments of the inven-
tion;

[0016] FIG. 4 is a side view of a display subassembly in
accordance with some other embodiments of the invention;
[0017] FIG. 5 is a side view of a display subassembly in
accordance with yet some other embodiments of the inven-
tion;

[0018] FIG. 5A is a top view of the display subassembly of
FIG. 5, taken from line VA-VA of FIG. 5, in accordance with
some embodiments of the invention; and

[0019] FIG. 6 is a flowchart of an illustrative process for
controlling a viewing angle of a display in accordance with
some embodiments of the invention.

DETAILED DESCRIPTION OF THE
DISCLOSURE
[0020] Systems and methods for electronically controlling

the viewing angle of a display screen are provided and
described with reference to FIGS. 1-6.
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[0021] An electronic device may be operative to provide
visible information to a user. For example, an electronic
device may include a display assembly operative to present
the visible information at various viewing angles. The display
may be provided with one or more steering modules, each of
which may be associated with a respective scattering module
having two or more scattering regions. Each steering module
may selectively steer a device generated light beam to one of
the scattering regions of its associated scattering module.
When a scattering region receives a steered light beam, the
steered light beam may be scattered into a viewing cone
having at least one viewing angle that may be at least partially
defined by a characteristic of that scattering region. There-
fore, the particular scattering region of a scattering module
towards which a steering module steers a device generated
light beam may determine a viewing angle of light provided
by the display to the user.

[0022] In some embodiments, each steering module may
include one or more liquid crystal optical elements, which
may be made from one or more suitable liquid crystal mate-
rials. The optical properties of the liquid crystal materials can
be controlled electronically. This electronic control may
allow the effective index of refraction of one or more different
regions of the liquid crystal optical elements to be varied,
thereby steering incoming light towards a particular one of
two or more scattering regions of an associated scattering
module.

[0023] FIG. 1 is a schematic view of an illustrative elec-
tronic device 100 for displaying visible information to a user.
Electronic device 100 may be any portable, mobile, or hand-
held electronic device configured to present visible informa-
tion on a display assembly wherever the user travels. Alter-
natively, electronic device 100 may not be portable at all, but
may instead be generally stationary. Electronic device 100
caninclude, but is not limited to, a music player, video player,
still image player, game player, other media player, music
recorder, movie or video camera or recorder, still camera,
other media recorder, radio, medical equipment, domestic
appliance, transportation vehicle instrument, musical instru-
ment, calculator, cellular telephone, other wireless commu-
nication device, personal digital assistant, remote control,
pager, computer (e.g., desktop, laptop, tablet, server, etc.),
monitor, television, stereo equipment, set up box, set-top box,
boom box, modem, router, keyboard, mouse, speaker, printer,
and combinations thereof. In some embodiments, electronic
device 100 may perform a single function (e.g., a device
dedicated to displaying image content) and, in other embodi-
ments, electronic device 100 may perform multiple functions
(e.g., a device that displays image content, plays music, and
receives and transmits telephone calls).

[0024] Electronic device 100 may include a processor or
control circuitry 102, memory 104, communications circuitry
106, power supply 108, input component 110, and display
assembly 112. Electronic device 100 may also include a bus
103 that may provide a data transfer path for transferring data
and/or power, to, from, or between various other components
of device 100. In some embodiments, one or more compo-
nents of electronic device 100 may be combined or omitted.
Moreover, electronic device 100 may include other compo-
nents not combined or included in FIG. 1. For example,
electronic device 100 may include motion detection circuitry,
light sensing circuitry, positioning circuitry, or several
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instances of the components shown in FIG. 1. For the sake of
simplicity, only one of each of the components is shown in
FIG. 1.

[0025] Memory 104 may include one or more storage
mediums, including for example, a hard-drive, flash memory,
permanent memory such as read-only memory (“ROM”),
semi-permanent memory such as random access memory
(“RAM™), any other suitable type of storage component, or
any combination thereof. Memory 104 may include cache
memory, which may be one or more different types of
memory used for temporarily storing data for electronic
device applications. Memory 104 may store media data (e.g,,
music, image, and video files), software (e.g., for implement-
ing functions on device 100), firmware, preference informa-
tion (e.g., media playback preferences), lifestyle information
(e.g., food preferences), exercise information (e.g., informa-
tion obtained by exercise monitoring equipment), transaction
information (e.g., information such as credit card informa-
tion), wireless connection information (e.g., information that
may enable device 100 to establish a wireless connection),
subscription information (e.g., information that keeps track
of podcasts or television shows or other media a user sub-
scribes to), contact information (e.g., telephone numbers and
e-mail addresses), calendar information, any other suitable
data, or any combination thereof.

[0026] Communications circuitry 106 may be provided to
allow device 100 to communicate with one or more other
electronic devices or servers using any suitable communica-
tions protocol. For example, communications circuitry 106
may support Wi-Fi™ (e.g., an 802.11 protocol), Ethernet,
Bluetooth™, high frequency systems (e.g., 900 MHz, 2.4
GHz, and 5.6 GHz communication systems), infrared, trans-
mission control protocol/internet protocol (“TCP/IP”) (e.g.,
any of the protocols used in each of the TCP/IP layers),
hypertext transfer protocol (“HTTP”), BitTorrent™, file
transfer protocol (“FTP”), real-time transport protocol
(“RTP”), real-time streaming protocol (“RTSP”), secure shell
protocol (“SSH”), any other communications protocol, or any
combination thereof. Communications circuitry 106 may
also include circuitry that can enable device 100 to be elec-
trically coupled to another device (e.g., a computer or an
accessory device) and communicate with that other device,
either wirelessly or via a wired connection.

[0027] Power supply 108 may provide power to one or
more of the components of device 100. In some embodi-
ments, power supply 108 can be coupled to a power grid (e.g,,
when device 100 is not a portable device, such as a desktop
computer). In some embodiments, power supply 108 can
include one or more batteries for providing power (e.g., when
device 100 is a portable device, such as a cellular telephone).
As another example, power supply 108 can be configured to
generate power from a natural source (e.g., solar power using
one or more solar cells).

[0028] One or more input components 110 may be pro-
vided to permit a user to interact or interface with device 100.
For example, input component 110 can take a variety of
forms, including, but not limited to, a track pad, dial, click
wheel, scroll wheel, touch screen, one or more buttons (e.g.,
a keyboard), mouse, joy stick, track ball, and combinations
thereof. For example, input component 110 may include a
multi-touch screen. Each input component 110 can be con-
figured to provide one or more dedicated control functions for
making selections orissuing commands associated with oper-
ating device 100.
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[0029] Electronic device 100 may also include one or more
output components that may present information (e.g., tex-
tual, graphical, audible, and/or tactile information) to a user
of device 100. An output component of electronic device 100
may take various forms, including, but not limited, to audio
speakers, headphones, audio line-outs, visual displays, anten-
nas, infrared ports, rumblers, vibrators, or combinations
thereof.

[0030] For example, electronic device 100 may include
display assembly 112 as an output component. Display 112
may include any suitable type of display or interface for
presenting visible information to a user of device 100. In
some embodiments, display 112 may include a display
embedded in device 100 or coupled to device 100 (e.g., a
removable display). Display 112 may include, for example, a
liquid crystal display (“LCD”), a light emitting diode
(“LED”) display, an organic light-emitting diode (“OLED”)
display, a surface-conduction electron-emitter display
(“SED”), a carbon nanotube display, a nanocrystal display,
any other suitable type of display, or combination thereof.
Alternatively, display 112 can include a movable display ora
projecting system for providing a display of content on a
surface remote from electronic device 100, such as, for
example, a video projector, a head-up display, or a three-
dimensional (e.g., holographic) display. As another example,
display 112 may include a digital or mechanical viewfinder.
In some embodiments, display 112 may include a viewfinder
of the type found in compact digital cameras, reflex cameras,
or any other suitable still or video camera.

[0031] It should be noted that one or more input compo-
nents and one or more output components may sometimes be
referred to collectively as an /O interface (e.g., input com-
ponent 110 and display 112 as I/O interface 111). It should
also be noted that input component 110 and display 112 may
sometimes be a single I/O component, such as a touch screen
that may receive input information through a user’s touch of
adisplay screen and that may also provide visual information
to a user via that same display screen.

[0032] Processor 102 of device 100 may control the opera-
tion of many functions and other circuitry provided by device
100. For example, processor 102 may receive input signals
from input component 110 and/or drive output signals to
display assembly 112. Processor 102 may load a user intet-
face program (e.g., a program stored in memory 104 or
another device or server) to determine how instructions or
data received via an input component 110 may manipulate the
way in which information is provided to the user via an output
component (e.g., display 112). For example, processor 102
may control the viewing angle of the visible information
presented to the user by display 112 or may otherwise instruct
display 112 to alter the viewing angle.

[0033] Electronic device 100 may also be provided with a
housing 101 that may at least partially enclose one or more of
the components of device 100 for protecting them from debris
and other degrading forces external to device 100. In some
embodiments, one or more of the components may be pro-
vided within its own housing (e.g., input component 110 may
be an independent keyboard or mouse within its own housing
that may wirelessly or through a wire communicate with
processor 102, which may be provided within its own hous-
ing).

[0034] FIGS. 2A-2D show an illustrative electronic device
200. Electronic device 200 may include some or all of the
features of electronic device 100 of FIG. 1. In particular, as
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shown in FIG. 24, for example, electronic device 200 may
include a display assembly 212 positioned at an opening 205
through a wall 207 of housing 201 of device 200. In some
embodiments, display 212 may be a touch screen and may
also act as an input component for device 200. Therefore,
display 212 may provide an input region (e.g., input region
210" on a portion of display 212 that may receive a user touch
event for instructing device 200 (e.g., an instruction to alter
the viewing angle or other characteristic of display 212). In
other embodiments, electronic device 200 may include an
additional input component (e.g., input component 210),
which may be distinct from display 212, and which may be
used to receive user inputs for instructing device 200 (e.g., an
instruction to alter the viewing angle or other characteristic of
display 212).

[0035] The viewing angle of a display may be the maxi-
mum angle in the entire range of angles an observer may
make between their line of sight and a particular point on the
face of the display exposed to the observer within a particular
plane while being able to see an acceptably bright image.
Light beams projected from a point of the display may pro-
vide a viewing cone that may be defined by at least one
specific viewing angle.

[0036] FIG. 2B is a horizontal cross-sectional view of a
portion of electronic device 200 according to some embodi-
ments. As shown in FIG. 2B, display assembly 212 may
include an array of display subassemblies 220 (e.g., an array
including display subassemblies 2204-220%). Each display
subassembly 220 may include a respective image generating
module 222, a respective beam steering module 224, and a
respective beam scattering module 226. As shown, each scat-
tering module 226 may include two or more scattering
regions (e.g., at least a first scattering region 228 and a second
scattering region 230).

[0037] Image generating module 222 of each display sub-
assembly 220 may direct a generated beam of light 223
towards a respective beam steering module 224 of that display
subassembly 220. Beam steering module 224 of each display
subassembly 220 may receive the generated beam 223 from
its respective image generating module 222 and may steer
that beam 223 towards one of the scattering regions of the
respective scattering module 226 of that display subassembly
220. For example, as shown in FIG. 2B, each beam steering
module 224 may steer a received beam 223 towards either
first scattering region 228 as a first steered beam 225 or
towards second scattering region 230 as a second steered
beam 227. Each one of the beams that may be steered by a
beam steering module 224 (e.g., steered beams 225 and 227)
may be substantially identical to the generated beam 223
received at that steering module 224 from its respective image
generating module 222.

[0038] In some embodiments, each steering module 224
may include one or more liquid crystal optical elements,
which may be made from one or more suitable liquid crystal
materials. The optical properties of the one or more liquid
crystal materials may be controlled electronically. For
example, as shown in FIG. 2B, at least one control signal line
250 may be coupled to each steering module 224 of display
212 for providing at least one variable voltage or other elec-
trical signal, which may be controlled by a processor or other
component of device 200, to vary the optical properties of
each steering module 224. This electronic control may vary
the effective index of refraction of one or more different
regions of the one or more liquid crystal optical elements of
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each steering module 224, thereby steering incoming light
towards a scattering region of an associated scattering module
226. For example, a liquid crystal optical element of steering
module 224 may include one or more crystals that may be
rotated within a fluid in response to the electrical signal
applied to the steering module. Such rotation may affect the
effective index of refraction of steering module 224 (e.g., the
index of refraction with respect to the direction of an incom-
ing light beam 223).

[0039] While only one control signal line 250 is shown in
FIG. 2B as being coupled to all of the steering modules 224 of
display 212 for controlling all steering modules 224 at the
same time with the same control signal, for example, it is to be
understood that, in other embodiments, each steering module
224 may be coupled to and independently controlled by its
own control signal line 250 that may provide one or more
control signals within one or more ranges of values.

[0040] Each liquid crystal optical element of each steering
module 224 may function as an optical “wedge,” such that a
linear gradient in the index of refraction of the element may
provide a “beam steering” effect. In conventional geometric
optics, the geometric shape of a “wedge” element may change
the direction of a beam of light transiting through the wedge,
such that the angle of the wedge with respect to the beam of
light entering the wedge may control the angular change in
direction of the beam as it exits the wedge. However, in some
embodiments, a liquid crystal optical element may provide a
“wedge angle” controllable by a variable control voltage
applied to the liquid crystal optical element, such that light
beams may be “steered” dynamically under electronic con-
trol, for example, without mechanical movement of the beam
steering module itself. Thus, the “‘steering” effect achieved by
the liquid crystal optical element may be an electronically
controllable change in the direction of beam propagation.

[0041] Once a steered beam is received at one of the scat-
tering regions of an associated scattering module 226, the
scattering region may scatter the steered beam into a viewing
cone 235 that may be defined by at least one viewing angle
237. Each viewing angle 237 that may at least partially define
aviewing cone 235 may be dictated by one or more properties
of the particular scattering region from which it was scattered.
For example, one or more scattering regions of a scattering
module 226 (e.g., first scattering region 228 and/or second
scattering region 230) may include different scattering prop-
erties than each of the one or more other scattering regions of
that scattering module 226. In some embodiments, one or
more scattering regions of a scattering module 226 may be an
opal glass or any other suitable material having a particular
type of diffusion powder or other suitable material therein for
scattering incoming light into a viewing cone 235 with at least
one particular viewing angle 237. Alternatively or addition-
ally, one ormore scattering regions of a scattering module 226
may include a transparent material or any other suitable mate-
rial having an engineered texture for providing a particular
surface profile or roughness for scattering incoming light into
aviewing cone 235 with at least one particular viewing angle
237. In some embodiments, for example, one or more scat-
tering regions of a scattering module 226 may be provided
with a holographic optical material, such as holographic opti-
cal material made available by Physical Optics Corporation
of Torrance, California, which may scatter incoming light
into a viewing cone 235 defined by at least two different
viewing angles 237 (e.g., a horizontal viewing angle and a
vertical viewing angle).

May 19,2011

[0042] As shown in FIG. 2B, for example, when beam
steering module 224a of display subassembly 220a steers
generated beam 223a towards first scattering region 228a of
scattering module 226a as a first steered beam 225¢, first
scattering region 228 may scatter steered beam 2254 as a
scattered beam 229a away from display 212 (e.g., through
opening 205, towards a user 290 of device 200) into a viewing
cone 235a having a viewing angle 237a of angle size a with
respect to the X-axis. In some embodiments, each scattering
module 226 of display assembly 212 may include a first
scattering region 228 having similar scattering properties to
each of the other first scattering regions 228 of display assem-
bly 212. For example, when beam steering module 2244 of
display subassembly 220d steers generated beam 223d
towards first scattering region 2284 of scattering module
226d as a first steered beam 2254, first scattering region 2284
may scatter steered beam 2254 as a scattered beam 2294 away
from display 212 into a viewing cone 2354 having a viewing
angle 2374 of the same angle size a as that of viewing angle
237a of viewing cone 235a. Although not shown in FIG. 2B,
for the sake of clarity, the same may be true for each of the
other subassemblies 220 (e.g., subassemblies 2205, 220c, and
220e-220k), when its respective steering module 224 steers a
steered beam 225 towards its first scattering region 228.

[0043] However, each scattering module 226 may also
include at least a second scattering region 230 having scat-
tering properties different from that of its first scattering
region 228. For example, as also shown in FIG. 2B, when
beam steering module 2244 of display subassembly 2207
steers generated beam 223/ towards second scattering region
230/ of scattering module 226/ as a second steered beam
227h, second scattering region 230/ may scatter steered beam
227h as a scattered beam 231/ away from display 212 (e.g.,
towards a user 290 of device 200) into a viewing cone 235/
having a viewing angle 237k of angle size [} with respect to
the X-axis. Angle size } may be any suitable viewing angle
size that is larger or smaller than viewing angle size c.. In
some embodiments, each scattering module 226 of display
assembly 212 may include a second scattering region 230
having similar scattering properties to each of the other sec-
ond scattering regions 230 of display assembly 212. For
example, when beam steering module 224k of display subas-
sembly 220k steers generated beam 223k towards second
scattering region 230% of scattering module 2264 as a second
steered beam 227%, second scattering region 2304 may scatter
steered beam 227k as a scattered beam 2314 away from dis-
play 212 into a viewing cone 235k having a viewing angle
237k of the same angle size f as that of viewing cone 2354.
Although not shown in FIG. 2B, for the sake of clarity, the
same may be true for each of the other subassemblies 220
(e.g., subassemblies 220a-220g, 220i, and 220j), when its
respective steering module 224 steers a steered beam 227
towards its second scattering region 230.

[0044] In some embodiments, the beam steering module
224 of every subassembly 220 may be operative to steer
beams to its respective first scattering region 228 or to its
respective second scattering region 230 at a particular
moment, which may provide a consistent viewing angle
across the array of subassemblies 220 (e.g., when one control
signal line 250 is coupled to and controls all steering modules
226 of display assembly 212). In other embodiments, the
beam steering module 224 of some subassemblies 220 may
be operative to steer beams to its respective first scattering
region 228 while the beam steering module 224 of other
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subassemblies 220 may be operative to steer beams to its
respective second scattering region 230 at a particular
moment, which may provide different viewing angles at dif-
ferent portions of the array of subassemblies 220 (e.g., when
certain steering modules 226 of display assembly 212 are
coupled to and controlled by a first control signal line 250 and
when other steering modules 226 are coupled to and con-
trolled by a second control signal line 250 that is independent
from the first control signal line 250).

[0045] Display subassemblies 220 of display 212 may be
positioned adjacent one another and may be arranged to form
an array of one or more rows and one or more columns of
subassemblies 220 under housing opening 205. For example,
as shown in the embodiments of FIGS. 2C and 2D, subassem-
blies 220 may be arranged to form an array of ten rows and
eleven columns under housing opening 205 (e.g., respectively
along the X-axis and the Y-axis), although it is to be under-
stood that any suitable number of rows and columns may be
used depending on the size and resolution of the display, for
example. The various scattering regions of scattering mod-
ules 226 of display 212 may be arranged in any suitable
pattern in the array of subassemblies 220.

[0046] In some embodiments, as shown in FIG. 2C, for
example, subassemblies 220 may be arranged such that simi-
lar scattering regions from each scattering module may align
in alinear fashion. For example, first scattering regions 228 of
two adjacent scattering modules 226 may be adjacent one
another and may align within a row or column of the array of
subassemblies 220, and second scattering regions 230 of two
adjacent scattering modules 226 may likewise be adjacent
oneanother and may align within a row or column of the array
of subassemblies 220. In other embodiments, as shown in
FIG. 2D, for example, subassemblies 220 may be arranged
such that similar scattering regions from each scattering mod-
ule may alternate between rows and columns of the subas-
sembly array in a checkerboard or other suitable pattern. For
example, first scattering regions 228 of any two adjacent
scattering modules 226 in the same row or column may be
separated from one another by a second scattering region 230
of one of the adjacent scattering modules 226 of the array of
subassemblies 220. Alternatively, subassemblies 220 may be
staggered or positioned in any other suitable arrangement
under housing opening 205.

[0047] Whileeach scattering module 226 is shownin FIGS.
2B-2D as having only two scattering regions (i.e., first scat-
tering region 228 and second scattering region 230), it is to be
understood that in other embodiments each scattering module
may include three or more scattering regions. For example,
rather than including only two scattering regions positioned
adjacent one another (e.g., first scattering region 228 and
second scattering region 230 aligned adjacent one another
along the X-axis, as shown in FIGS. 2B-2D), a scattering
module 226 may include three or more scattering regions
positioned adjacent one another along a particular axis. In
such embodiments, an associated steering module 224 may
be operative to steer an incoming beam (e.g., beam 223)
towards any one of those three or more adjacent scattering
regions in response to one or more electronic control signals
provided by at least one control signal line 250. For example,
different ranges of control signal values may control a steer-
ing module 224 to steer an incoming beam to respective
different scattering regions.

[0048] In other embodiments, rather than including two or
more scattering regions positioned adjacent one another

May 19,2011

along a particular axis (e.g., first scattering region 228 and
second scattering region 230 aligned adjacent one another
along the X-axis, as shown in FIGS. 2B-2D), a scattering
module may include three or more scattering regions posi-
tioned in a non-linear fashion. For example, as shown in FIG.
3, a display subassembly 320, which may be substantially
similar to display subassemblies 220 of FIGS. 2B-2D, may
include a scattering module 326 having three or more scat-
tering regions arranged in a two-dimensional array. Scatter-
ing module 326 may include four scattering regions 328, 330,
332, and 334, for example. These scattering regions may be
positioned with respect to each other in any suitable manner
in a two-dimensional array. For example, as shown in FIG. 3,
scattering regions 328, 330, 332, and 334 may be positioned
adjacent one another in a two column by two row array (e.g.,
in the X-Y plane).

[0049] In some embodiments, beam steering module 324
associated with scattering module 326 may include two or
more beam steering cells that may together steer incoming
generated beam 323 from image generating module 322
towards one of the four scattering regions of scattering mod-
ule 326. For example, as shown in FIG. 3. beam steering
module 324 may include a first beam steering cell 336, a
second beam steering cell 317, and a third beam steering cell
319. Image generating module 322 may direct a generated
beam oflight 323 towards first beam steering cell 336 of beam
steering module 324. First beam steering cell 336 may receive
generated beam 323 and may steer that beam 323 towards one
of second beam steering cell 317 and third beam steering cell
319, which may be positioned adjacent one another along a
first axis. For example, as shown in FIG. 3, second beam
steering cell 317 and third beam steering cell 319 may be
positioned adjacent one another along the Y-axis, and first
beam steering cell 336 may steer received beam 323 either
towards second beam steering cell 317 as a first steered beam
325 or towards third beam steering cell 319 as a second
steered beam 327. Each one of the beams that may be steered
by first beam steering cell 336 (e.g., steered beams 325 and
327) may be substantially identical to the generated beam 323
received at first beam steering cell 336 from image generating
module 322.

[0050] If second beam steering cell 317 receives first
steered beam 325 from first beam steering cell 336, second
beam steering cell 317 may steer that beam 325 towards one
of first scattering region 328 and second scattering region 330
of scattering module 326, which may be positioned adjacent
one another along a second axis. For example, as shown in
FIG. 3, first scattering region 328 and second scattering
region 330 may be positioned adjacent one another along the
X-axis, and second beam steering cell 317 may steer received
beam 325 either towards first scattering region 328 as a
steered beam 325' or towards second scattering region 330 as
a steered beam 325". Each one of the beams that may be
steered by second beam steering cell 317 (e.g., steered beams
325 and 325") may be substantially identical to the steered
beam 325 received at second beam steering cell 317 from first
beam steering cell 336. Likewise, if third beam steering cell
319 receives second steered beam 327 from first beam steer-
ing cell 336, third beam steering cell 319 may steer that beam
327 towards one of third scattering region 332 and fourth
scattering region 334 of scattering module 326, which may be
positioned adjacent one another along a second axis. For
example, as shown in FIG. 3, third scattering region 332 and
fourth scattering region 334 may also be positioned adjacent
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oneanother along the X-axis, and third beam steering cell 319
may steer received beam 327 either towards third scattering
region 332 as a steered beam 327" or towards fourth scattering
region 334 as a steered beam 327". Each one of the beams that
may be steered by third beam steering cell 319 (e.g., steered
beams 327" and 327") may be substantially identical to the
steered beam 327 received at third beam steering cell 319
from first beam steering cell 336.

[0051] While first beam steering cell 336 is shown in FIG.
3 to be spaced along axis 7 from second beam steering cell
317 and third beam steering cell 319 in order to more clearly
illustrate certain features, it is to be understood that the beam
steering cells of steering module 324 may be positioned
proximate to one another in some embodiments (e.g.. as
shown by steering cells 413 and 415 of steering module 424
of FIG. 4).

[0052] While only one control signal line 350, which may
be substantially similar to control signal line 250 of FIG. 2B,
is shown in FIG. 3 as being coupled to steering module 324 of
display subassembly 320, the same control signal may be
provided by control signal line 350 to each beam steering cell
of steering module 324 or a different control signal may be
provided by control signal line 350 to a respective one of the
beam steering cells of steering module 324 for controlling the
steering cells independently.

[0053] Once a steered beam is received at one of the scat-
tering regions of scattering module 326, the scattering region
may scatter the steered beam into a viewing cone 335 that
may be defined by at least one viewing angle 337. Each
viewing angle 337 that may at least partially define a viewing
cone 335 may be dictated by one or more properties of the
particular scattering region from which it was scattered. For
example, one or more scattering regions of scattering module
326 (e.g., first scattering region 328, second scattering region
330, third scattering region 332, and fourth scattering region
334) may include different scattering properties than each of
the other scattering regions of scattering module 326. As
shown in FIG. 3, for example, first scattering region 328 may
scatter steered beam 325' into a viewing cone 335-1, second
scattering region 330 may scatter steered beam 325" into a
viewing cone 335-2, third scattering region 332 may scatter
steered beam 327" into a viewing cone 335-3, and fourth
scattering region 334 may scatter steered beam 327" into a
viewing cone 335-4, and each of these viewing cones 335
may be defined by at least one viewing angle that differs from
a viewing angle that defines each one of the other viewing
cones 335.

[0054] In some embodiments, a viewing cone may be
defined by two or more viewing angles. For example, as
shown in FIGS. 3A and 3B, respectively, viewing cone 335-2
of second scattering region 330 of scattering module 326 may
be defined by at least a horizontal viewing angle 337z with
respect to the X-axis having a viewing angle size 0 as well as
a vertical viewing angle 337v with respect to the Y-axis hav-
ing a viewing angle size 8, which may be any suitable viewing
angle size that is larger or smaller than viewing angle size .
Therefore, in such embodiments where viewing angle size §
is larger than viewing angle size 6, as shown in FIGS. 3-3B,
viewing cone 335-2 may have a relatively wide horizontal
viewing angle and a relatively narrow vertical viewing angle.
[0055] In some embodiments, each of the other viewing
cones 335 of scattering module 326 may differ from one
another such that scattering module 326 may provide a user
with a suitable shaped viewing cone for any one of various
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applications. For example, in such embodiments where view-
ing angle size d is larger than viewing angle size 0, viewing
cone 335-1 may be defined by a relatively narrow horizontal
viewing angle size 6 and a relatively narrow vertical viewing
angle size 8, viewing cone 335-2 may be defined by a rela-
tively wide horizontal viewing angle size d and a relatively
narrow vertical viewing angle size 0 (see, e.g., FIGS. 3A and
3B), viewing cone 335-3 may be defined by a relatively
narrow horizontal viewing angle size 8 and a relatively wide
vertical viewing angle size 9, and viewing cone 335-4 may be
defined by a relatively wide horizontal viewing angle size §
and a relatively wide vertical viewing angle size d. Therefore,
an electronic device provided with a display subassembly 320
may selectively generate a viewing cone 335 having a vari-
able horizontal viewing angle and a variable vertical viewing
angle to accommodate practically any situation.

[0056] Inotherembodiments, rather than including a single
beam steering cell operative to steer an incoming beam
towards a particular one of two or more scattering regions
positioned adjacent one another along a particular axis (see,
e.g., FIG. 2B), and rather than including two or more beam
steering cells operative to steer an incoming beam to one of
three or more scattering regions arranged in a two-dimen-
sional array (see, e.g., FIG. 3), a scattering module receiving
an unpolarized light beam may alternatively or additionally
include beam steering cells that are operative to steer respec-
tive types of polarized light to one of two or more scattering
regions of an associated scattering module. For example, as
shown in FIG. 4, a display subassembly 420, which may be
substantially similar to display subassemblies 220 of FIGS.
2B-2D and/or subassembly 320 of FIG. 3, may include a
beam generating module 422, a beam steering module 424,
and a beam scattering module 426. Beam generating module
422 may be operative to transmit a generated unpolarized
light beam 423« towards beam steering module 424. Beam
steering module 424 may include a first beam steering cell
413 and a second beam steering cell 415. These two beam
steering cells may be positioned adjacent one another along
the Z-axis of subassembly 420, for example. These two beam
steering cells may be identical, but may be physically rota-
tionally offset from one another about the Z-axis in the X-Y
plane, such that one of the beam steering cells may be opera-
tiveto steer the portion of unpolarized light beam 423w having
a first polarization and such that the other one of the beam
steering cells may be operative to steer the portion of unpo-
larized light beam 423w having a second polarization.

[0057] For example, as shown in FIG. 4, beam steering
module 424 may include first beam steering cell 413 that may
be configured to steer the portion of unpolarized light beam
423u having a first polarization (e.g., a horizontal polariza-
tion) towards one of the two or more scattering regions of
associated scattering module 426 and that may be configured
to pass the portion of unpolarized light beam 423« having a
second polarization (e.g., a vertical polarization) towards sec-
ond beam steering cell 415. In some embodiments, first beam
steering cell 413 may be configured to steer a horizontal
polarization light portion of unpolarized light beam 423u
towards one of the two or more scattering regions of associ-
ated scattering module 426 (e.g., as first steered horizontal
polarization beam 425/ towards first scattering region 428 or
as second steered horizontal polarization beam 427/ towards
second scattering region 430). First beam steering cell 413
may also be configured to pass a vertical polarization light
portion of unpolarized light beam 423u towards second beam
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steering cell 415 (e.g., as vertical polarization beam 423v).
Similarly, second beam steering cell 415 may be configured
to steer vertical polarization beam 423v towards one of the
two or more scattering regions of associated scattering mod-
ule 426 (e.g., as first steered vertical polarization beam 425v
towards first scattering region 428 or as second steered ver-
tical polarization beam 427v towards second scattering region
430). Moreover, second beam steering cell 415 may be con-
figured to pass the steered horizontal polarization beams 425/
and 4275 from first beam steering cell 413 towards scattering
module 426.

[0058] While first beam steering cell 413 is shown in FIG.
4 to be positioned along axis Z proximate to second beam
steering cell 415, it is to be understood that the beam steering
cells of steering module 424 may be spaced apart from one
another in some embodiments (e.g., as shown by steering
cells 317 and 336 of steering module 324 of FIG. 3).

[0059] As shown in FIG. 4, second or vertical polarization
beam steering cell 415 may be positioned adjacent first or
horizontal polarization beam steering cell 413, along the
Z-axis, between horizontal polarization beam steering cell
413 and scattering module 426. However, it is to be under-
stood that, in other embodiments, second or vertical polariza-
tion beam steering cell 415 may instead be positioned adja-
cent horizontal polarization beam steering cell 413, along the
Z-axis, between horizontal polarization beam steering cell
413 and image generating module 422, while horizontal
polarization beam steering cell 413 may be positioned
between vertical polarization beam steering cell 415 and scat-
tering module 426. Moreover, it is to be understood that, in
some embodiments, steering module 424 of subassembly 420
of FIG. 4 may not only be provided with first polarization
beam steering cell 413 and second polarization beam steering
cell 415, but steering module 424 may also be provided with
one or more additional steering cells, such as steering cells
317, 319, and 326 of FIG. 3 for steering light beams (e.g.,
before or after polarization) to a two-dimensional array of
scattering regions, for example.

[0060] While only one control signal line 450, which may
be substantially similar to control signal line 250 of FIG. 2B
and/or control signal line 350 of FIG. 3, is shown in F1G. 4 as
being coupled to steering module 424 of display subassembly
420, the same control signal may be provided by control
signal line 450 to each beam steering cell of steering module
424 or a different control signal may be provided by control
signal line 450 to a respective one of the beam steering cells
of steering module 424 for controlling the steering cells inde-
pendently.

[0061] As mentioned, a beam steering module may include
an electric field gradient or profile applied across one or more
liquid crystal optical elements that may be under dynamic
electronic control for steering incoming light towards one of
two or more scattering regions of an associated scattering
module. The electric field may vary across the beam steering
module for steering an incoming light beam in various direc-
tions towards the scattering module. For example, the electric
field gradient may be linear across the liquid crystal material
of the beam steering module, such that incoming light may be
steered to one of two or more scattering regions positioned
adjacent one another along a particular axis (e.g., first scat-
tering region 228 and second scattering region 230 of FIGS.
2B-2D along the X-axis, or third scattering region 332 and
fourth scattering region 334 of FIG. 3 along the X-axis). In
such embodiments, the linear gradient in the electric field of
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the liquid crystal optical elements across the beam steering
module may function as an optical “wedge,” such that an
effective index of refraction of the steering module may be
adjusted to provide a “beam steering” effect for a light beam
towards one of two or more linearly aligned scattering regions
of a scattering module.

[0062] Alternatively, the electric field gradient may extend
radially away from an axis, across the liquid crystal material
of the beam steering module, such that incoming light may be
directed towards one of two or more concentric or otherwise
radially spaced scattering regions of a scattering module. In
such embodiments, the radial gradient in the electric field of
the liquid crystal optical elements across the beam steering
module may function as an optical “lens,” such that a focal
length of the steering module may be adjusted to provide a
“focusing” effect for a light beam towards at least one of two
or more radially spaced scattering regions of a scattering
module.

[0063] For example, as shown in FIG. 5, a display subas-
sembly 520, which may be substantially similar to display
subassemblies 220 of FIGS. 2B-2D, subassembly 320 of FIG.
3, and/or subassembly 420 of FIG. 4, may include a beam
generating module 522, a beam steering module 524, and a
beam scattering module 526. Beam generating module 522
may be operative to transmit a generated light beam 523
towards beam steering module 524. Beam steering module
524 may include an electric field gradient or profile applied
across one or more liquid crystal optical elements that may
vary along beam steering module 524 radially away from the
Z-axis under dynamic electronic control for directing incom-
ing light beam 523 towards at least one of two or more
scattering regions of associated scattering module 526. As
shown in FIGS. 5 and 5A, for example, beam scattering
module 526 may include two or more concentric or otherwise
radially adjacent scattering regions, such as an inner scatter-
ing region 528 and an outer scattering region 530 that may at
least partially surround inner scattering region 528 (e.g.,
about axis 7). Based on one or more received electronic
control signals provided by control signal line 550, beam
steering module 524 may steer or focus received beam 523
towards inner beam scattering region 528 as first steered
beam 525 or towards outer beam scattering region 530 as one
or more second steered beams 527. However, in some
embodiments, when beam steering module 524 steers or
focuses received beam 523 towards outer beam scattering
region 530, some of received beam 523 may also be steered
towards inner beam scattering region 528 as well.

[0064] Once a steered beam is received at one of the scat-
tering regions of scattering module 526, the scattering region
may scatter the steered beam into a viewing cone 535 that
may be defined by at least one viewing angle 537. Each
viewing angle 537 that may at least partially define a viewing
cone 535 may be dictated by one or more properties of the
particular scattering region from which it was scattered. For
example, one or more scattering regions of scattering module
526 (e.g., inner scattering region 528 and outer scattering
region 530) may include different scattering properties than
each of the other scattering regions of scattering module 526.
As shown in FIG. 5, for example, inner scattering region 528
may scatter steered beam 525 into a viewing cone 535-1, and
outer scattering region 530 may scatter each steered beam 527
into a viewing cone 535-2. For example, viewing cone 535-1
of inner scattering region 528 may be defined by at least a
horizontal viewing angle 537 with respect to the X-axis
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having a viewing angle size A, and at least one viewing cone
535-2 of outer scattering region 530 may be defined by at least
a horizontal viewing angle 537¢ with respect to the X-axis
having a viewing angle size 1, which may be any suitable
viewing angle size that is larger or smaller than viewing angle
size . Therefore, in such embodiments where viewing angle
size A is smaller than viewing angle size 1, as shown in FIG.
5, viewing cone 535-1 may have a relatively narrow horizon-
tal viewing angle and viewing cone 535-2 may have a rela-
tively wide horizontal viewing angle.

[0065] Whether an electric field gradient or profile varies
linearly, radially, or in any other suitable manner across the
liquid crystal optical elements ofa beam steering module, the
gradient may be continuous or may be provided in distinct
regions. Similarly, whether a beam scattering module
includes two or more linearly aligned scattering regions, three
or more scattering regions positioned in a two-dimensional
array, two or more concentric or otherwise radially adjacent
scattering regions, or any other suitable arrangement of scat-
tering regions, the scattering properties of two adjacent scat-
tering regions may gradually blend with one another or they
may abruptly change at the portion of the scattering module
where the two scattering regions meet.

[0066] In some embodiments, a display assembly may
include a first subset of display subassemblies that may each
include a scattering module having only two scattering
regions, while a second subset of the display subassemblies
may each include a scattering module having three or more
scattering regions. Therefore, such a display assembly may be
able to provide viewing cones with different possible viewing
angles at different portions of the array of subassemblies.
While each viewing angle of each viewing cone illustrated in
FIGS. 2B-5 is shown to be symmetrical about an axis sub-
stantially perpendicular to the display screen (e.g., symmetri-
cal about the Z-axis), it is to be understood that a scattering
region may be operative to scatter light into a viewing cone
with at least one viewing angle that is not symmetrical about
an axis substantially perpendicular to the display screen.
[0067] Each display subassembly may be associated with a
respective subpixel, a respective pixel, a respective triad of
pixels, or any other respective image element of the display
assembly. Moreover, the steering and scattering capabilities
of each subassembly may be performed on a light beam at
various stages of conditioning for presentation to a user. For
example, with reference to a display subassembly 220 of FIG.
2B, each image generating module 222 may include a light
generating component (e.g., a backlight) and one or more
light conditioning components (e.g., one or more optical fil-
ters that may be under electronic control, such as a polariza-
tion filter, one or more shutters, and/or one or more colored
filters for creating animage from the generated light). In such
embodiments, a generated light beam 223 provided by an
image generating module 222 may be steered, scattered, and
then presented to a user without any additional optical filter-
ing or conditioning.

[0068] Alternatively, with continued reference to a display
subassembly 220 of FIG. 2B, each image generating module
222 may include a light generating component, and a separate
light conditioning component 222' may be positioned else-
where in the subassembly 220 to provide optical filtering
before presenting a light beam to a user. For example, as
shown in FIG. 2B, a separate light conditioning component
222" may be positioned in a subassembly 220 adjacent the
beam scattering module 226 and between the scattering mod-
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ule 226 and a user, such that a scattered beam may be optically
filtered before being presented to the user. As another
example, a separate light conditioning component 222" may
be positioned in a subassembly 220 (see, e.g., subassembly
2205) between the beam steering module 224 and the beam
scattering module 226, such that a steered beam may be
optically filtered before being scattered. In some embodi-
ments, a single light guide pipe or any other suitable light
generating assembly may be provided as the light generating
component for two or more of the display subassemblies.

[0069] Insome embodiments, the brightness or peak white
level of the generated light beam 223 provided by the beam
generating module of a particular subassembly 220 may be
varied based on the viewing angle of its associated scattered
beam provided by the scattering region 226 of that subassem-
bly 220. For example, in order to conserve power, when a
smaller viewing angle is used for a light beam of a particular
subassembly 220 (e.g., viewing angle size a by controlling
beam steering module 224 to steer generated light beam 223
to first beam scattering region 228), the brightness of gener-
ated light beam 223 for that subassembly may be reduced.
However, when a larger viewing angle is used for alight beam
of a particular subassembly 220 (e.g., viewing angle size [} by
controlling beam steering module 224 to steer generated light
beam 223 to second beam scattering region 230), the bright-
ness of generated light beam 223 for that subassembly may be
increased. For example, balancing the brightness of a genet-
ated light beam 223 with the selected viewing angle for that
beam may provide a constant perceived brightness of the
beam by one or more observers while conserving the power of
device 200.

[0070] In some embodiments, as shown in FIG. 2B, for
example, display assembly 212 may also include a screen 240
that may be positioned between beam scattering modules
226, or separate light conditioning component 222", and the
exterior of device 200 (e.g., user 290). For example, this
screen 240 may provide additional protection to display
assembly 212.

[0071] FIG. 6 is a flowchart of an illustrative process 600
for controlling a viewing angle of a display. The display may
include a first scattering region with first scattering properties
and a second scattering region with second scattering prop-
erties.

[0072] At step 602, alight beam may be directed towards a
liquid crystal material. For example, the light beam may be
generated by an image generating component (e.g., image
generating component 222) or otherwise directed towards a
beam steering module including a liquid crystal material.
Next, at step 604, the light beam may be steered from the
liquid crystal material towards a particular scattering region
of the first scattering region and the second scattering region.

[0073] For example, the steering at step 604 may include
applying a variable electrical control signal to the liquid crys-
tal material. In some embodiments, an effective index of
refraction of the liquid crystal material may be adjusted using
the applied control signal. In other embodiments, a focal
length of the liquid crystal material may be adjusted using the
applied control signal. Process 600 may also include adjust-
ing the brightness of the light beam based on the scattering
properties of the particular scattering region. For example, by
balancing the brightness of a generated light beam with the
selected viewing angle for that beam, a constant perceived
brightness by one or more observers of that beam may be
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provided while conserving power. The steering at step 604
may not include any mechanical movement of the liquid
crystal material.

[0074] It is understood that the steps shown in process 600
of FIG. 6 are merely illustrative and that existing steps may be
modified or omitted and that additional steps may be added.
[0075] While there have been described systems and meth-
ods for electronically controlling the viewing angle of a dis-
play screen, it is to be understood that many changes may be
made therein without departing from the spirit and scope of
the invention. It is also to be understood that various direc-
tional and orientational terms, such as “top” and “bottom,”
“horizontal” and “vertical,” and the like, are used herein only
for convenience, and that no fixed or absolute directional or
orientational limitations are intended by the use of these
words. For example, the displays of the invention can have
any desired orientation. If reoriented, different directional or
orientational terms may need to be used in their description,
but that will not alter their fuandamental nature as within the
scope and spirit of the invention.

[0076] Those skilled in the art will appreciate that the
invention can be practiced by other than the described
embodiments, which are presented for purposes of illustra-
tion rather than of limitation.

What is claimed is:

1. An electronic device comprising;

a housing comprising an opening through a portion of the
housing;

a light source that directs light towards the opening; and

a first display control subassembly comprising:

a scattering module positioned between the light source
and the opening, the scattering module comprising a
plurality of scattering regions; and

a steering module positioned between the light source
and the scattering module, the steering module com-
prising a liquid crystal material that is electronically
controllable to direct a light beam from the light
source towards a particular scattering region of the
plurality of scattering regions.

2. The electronic device of claim 1, wherein the plurality of

scattering regions comprises:

a first scattering region that scatters light from the steering
module towards the opening with a first viewing angle
with respect to a first axis; and

asecond scattering region that scatters light from the steer-
ing module towards the opening with a second viewing
angle with respect to the first axis, wherein the second
viewing angle is different than the first viewing angle.

3. The electronic device of claim 1, wherein:

the scattering module and the steering module are posi-
tioned along a first axis; and

the plurality of scattering regions comprises at least a first
scattering region and a second scattering region that are
positioned along a second axis perpendicular to the first
axis.

4. The electronic device of claim 3, wherein:

the plurality of scattering regions further comprises a third
scattering region; and

the first scattering region and the third scattering region are
positioned along a third axis that is perpendicular to both
the first axis and the second axis.

5. The electronic device of ¢claim 1, wherein:

the scattering module and the steering module are posi-
tioned along a first axis;
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the plurality of scattering regions comprises a first scatter-
ing region and a second scattering region that are posi-
tioned in a plane perpendicular to the first axis; and

the second scattering region surrounds the first scattering
region.

6. The electronic device of claim 1, wherein the steering
module comprises a linear electric field gradient across the
liquid crystal material.

7. The electronic device of claim 1, wherein the steering
module comprises a radial electric field gradient across the
liquid crystal material.

8. The electronic device of claim 1, wherein the liquid
crystal material is electronically controllable to adjust an
effective index of refraction of the steering module.

9. The electronic device of claim 1, wherein the liquid
crystal material is electronically controllable to adjust a focal
length of the steering module.

10. The electronic device of claim 1, wherein the steering
module comprises:

a first beam steering cell that directs a first portion of the
light beam having a first polarization towards a first
particular scattering region of the plurality of scattering
regions; and

a second beam steering cell that directs a second portion of
the light beam having a second polarization towards a
second particular scattering region of the plurality of
scattering regions.

11. The electronic device of claim 1 further comprising a
light conditioning component positioned between the light
source and the steering module.

12. The electronic device of claim 1 further comprising a
light conditioning component positioned between the steer-
ing module and the scattering module.

13. The electronic device of claim 1 further comprising a
light conditioning component positioned between the scatter-
ing module and the opening.

14. The electronic device of claim 1, wherein at least one
scattering region of the plurality of scattering regions scatters
light towards the opening in a viewing cone comprising a first
viewing angle with respect to a first axis and a second viewing
angle with respect to a second axis, wherein:

the second viewing angle is different than the first viewing
angle; and

the second axis is different than the first axis.

15. The electronic device of claim 1 further comprising a
second display control subassembly positioned adjacent the
first display control subassembly.

16. The electronic device of claim 15, wherein the second
display control subassembly comprises:

a second scattering module positioned between the light
source and the opening, the second scattering module
comprising a second plurality of scattering regions; and

a second steering module positioned between the light
source and the second scattering module, the second
steering module comprising a second liquid crystal
material that is electronically controllable to direct a
second light beam from the light source towards a par-
ticular scattering region of the second plurality of scat-
tering regions.

17. The electronic device of ¢laim 16, wherein:

the liquid crystal material of the steering module of the first
display control subassembly is electronically control-
lable by at least a first control signal provided by a first
control signal line;
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the second liquid crystal material of the second steering
module of the second display control subassembly is
electronically controllable by at least a second control
signal provided by a second control signal line; and

the first control signal is independent from the second
control signal.

18. A control assembly positioned between a light source
and a viewer to switch an image display between different
viewing angles, the control assembly comprising:

a scattering module positioned between the light source
and the viewer, the scattering module comprising at least
two scattering regions; and

a steering module positioned between the light source and
the scattering module, the steering module comprising a
liquid crystal material that is electronically controllable
to direct a light beam from the light source towards a
particular scattering region of the at least two scattering
regions.

19. The control assembly of claim 18, wherein the liquid
crystal material is electronically controllable to adjust an
effective index of refraction of the steering module.

20. A method for controlling a viewing angle of a display
comprising a first scattering region with first scattering prop-
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erties and a second scattering region with second scattering
properties, the method comprising:

directing a light beam towards a liquid crystal material; and

steering the light beam from the liquid crystal material

towards a particular scattering region of the first scatter-
ing region and the second scattering region.

21. The method of claim 20, wherein the steering com-
prises applying a variable electrical control signal to the lig-
uid crystal material.

22. The method of claim 21, wherein the steering further
comprises adjusting an effective index of refraction of the
liquid crystal material using the applied control signal.

23. The method of claim 21, wherein the steering further
comprises adjusting a focal length of the liquid crystal mate-
rial using the applied control signal.

24. The method of claim 20 further comprising adjusting
the brightness of the light beam based on the scattering prop-
erties of the particular scattering region.

25. The method of claim 20, wherein the steering com-
prises no mechanical movement of the liquid crystal material.

LI I T



patsnap

TREMOF) AT FRHERENANRENGE

[ (RE)S US20110116017A1 KR
RS US12/622268

FRIBE(FFR)ACF) FRAQF

BRiF(E R AR FERNA].

HEREERR)AE) FERLE.

[FRIRBAA GERE DAVID S

KA GERE, DAVID S.

IPCH%E GO02F1/133 G02F1/1335

CPCH S GO02F1/1323 GO2F1/292 G02F1/133504 GO2F1/137
H A0 FF SRR UsS9507198

NEBGELE Espacenet  USPTO

BEX)
RUTERARSAEAHABFESNEREABNRENG L. SRS
HZF T TSR A TR RAR XK |, B WA R RES £
X REOEBXBFEROFIRES MR R AHH— . 25
Xl m e ReT , AR UREH D NES , ZAEEFHAZ
HMAXENRBIERENED —IMIA. SMREXFTHTUE—MH
SHEENRSMBIEIR , XERSIR TN EFEREUUTRENE
THH—IREN RN BRI R, NTFAFASEORERN —
MAXBFEROF N RNE S M XE,

324


https://share-analytics.zhihuiya.com/view/dfcb09e2-59ca-424c-a8ba-6a750978a985
https://worldwide.espacenet.com/patent/search/family/043086465/publication/US2011116017A1?q=US2011116017A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110116017%22.PGNR.&OS=DN/20110116017&RS=DN/20110116017

