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(57) ABSTRACT

Various embodiments concern sensors and other compo-
nents that can be disposed beneath a variable transparency
layer of a mobile device. By modifying how much voltage
is applied to the variable transparency layer, a component,
such as a camera, can be readily hidden when not in use.
More specifically, the variable transparency layer may be
substantially opaque when the camera is not in use and at
least partially transparent when the camera is in use and
ready to capture an image. The opacity level of the variable
transparency layer can be modified by a voltage source that
is electrically coupled to the variable transparency layer. The
various levels of opacity could also enable the variable
transparency layer to act as an electronic aperture for the
camera.
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OPTICAL SENSORS DISPOSED BENEATH
THE DISPLAY OF AN ELECTRONIC
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/336,620, filed Oct. 27, 2016, which
claims priority to and the benefit of U.S. Provisional Appli-
cation No. 62/249,130, filed on Oct. 30, 2015, and U.S.
Provisional Application No. 62/318,123, filed on Apr. 4,
2016, each of which are incorporated herein by reference in
their entirety.

RELATED FIELD

[0002] Various embodiments relate generally to optical
sensors for user devices. More specifically, various embodi-
ments relate to techniques for positioning an optical sensor
under a substrate layer having modifiable transparency.

BACKGROUND

[0003] Many types of electronic devices exist today that
utilize a user interface that is viewed on a display, such as
a liquid crystal display. A user typically interacts with the
user interface using an input device that is mechanically
actuated (e.g., by buttons or keys) or electronically activated
(e.g., using a touch-sensitive screen). The user may view
content, such as text and graphics, on the display, and
interact with the content using the input device. For instance,
a user could choose to issue a command, make a selection,
or move a cursor within the bounds of the user interface.
Touch-sensitive displays are becoming an increasingly
popular option for many electronic devices due to the
improved marketability and ease of use of such displays.
[0004] Most electronic devices include one or more cam-
eras for capturing images of the surrounding environment,
such as a front-facing camera (i.e., a camera that faces the
user) that allows the user to capture images or video while
looking at the display. Front-facing cameras also enable
users to participate in two-way video calls, such as Google
Hangouts™, Apple FaceTime®, or Skype™.

[0005] Front-facing cameras and other features (e.g., the
speaker) are conventionally offset from the display. But this
limits how much area on the front of the electronic device
(also referred to as the “face” of the electronic device) can
be devoted to the display.

SUMMARY

[0006] Various techniques for positioning a sensor or other
component beneath a segment of display having variable
transparency are described herein. The variable transparency
layers enable the sensors and/or components to be readily
hidden when not in use. For example, a camera could be
hidden under a substantially opaque segment of the display
when not in use, and then exposed (e.g., by changing the
opacity level of the segment) when the user intends to
capture an image with the camera.

[0007] More specifically, the user device can include a
variable transparency layer that is located below or in line
with a protective substrate (e.g., glass, plastic, etc., or a
composite thereof) with which a user interacts, and a voltage
source (e.g., a battery) that is electrically coupled to the
variable transparency layer. When the user device deter-
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mines the user is likely to use the camera (e.g., by recog-
nizing the user initiated an application program associated
with the camera), the user device can prompt the voltage
source to modify the voltage that is applied to the variable
transparency layer, which causes the opacity level of the
variable transparency layer to change.

[0008] Insome embodiments, the voltage source increases
the transparency of the variable transparency layer by con-
tinually applying a voltage to multiple sub-layers of the
variable transparency layer. In other embodiments, the volt-
age source increases the transparency of the variable trans-
parency layer by applying a single instance of voltage to one
sub-layer of the variable transparency layer. Techniques are
also described herein for moditying the opacity level of the
variable transparency level after the user has captured an
image using the camera. For example, voltage may be
applied to different sub-layers of the variable transparency
layer (or may cease to be applied at all) in order to make the
variable transparency layer return to an opaque or translu-
cent state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] One or more embodiments of the present invention
are illustrated by way of example and not limitation in the
figures of the accompanying drawings, in which like refer-
ences indicate similar elements.

[0010] FIG. 1 depicts a user device that includes a display
and a camera that is offset from the display.

[0011] FIG. 2A is an exploded perspective view of a
conventional display assembly for a user device.

[0012] FIG. 2B is a side view of a user device that
illustrates how the camera is conventionally offset from the
display assembly.

[0013] FIG. 3A depicts a user device that includes a
camera set within the outermost bounds of the display and
disposed under a layer having variable transparency.
[0014] FIG. 3B depicts a user device that includes a
display assembly that has been formed to accommodate a
camera within the outermost bounds of the display.

[0015] FIG. 4 is a side view of a user device that illustrates
how a display assembly and a variable transparency layer
can both be located below a protective substrate.

[0016] FIG. 5A is a side view of a variable transparency
layer that modifies its opacity level via electrochromism.
[0017] FIG. 5B is a side view of a variable transparency
layer that utilizes polymer dispersed liquid crystal (PDLC)
technology.

[0018] FIG. 6 depicts how the display of the user device
can include one or more segments having variable transpar-
ency.

[0019] FIG. 7 depicts a process for modifying the trans-
parency of a variable transparency layer of a user device.
[0020] FIG. 8 is a block diagram illustrating an example of
a processing system in which at least some operations
described herein can be implemented.

DETAILED DESCRIPTION

[0021] Techniques for positioning an optical sensor of a
user device below a layer that can be transparent in varying
degrees (i.e., a “variable transparency layer”) are described
herein. Although the term “camera” is used throughout the
Detailed Description for the purposes of illustration, other
sensors (e.g., proximity sensor, ambient light sensor) and
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components (e.g., light emitting diodes) could also be dis-
posed below the same variable transparency layer or another
variable transparency layer. The variable transparency layer
allows the camera to be hidden from the user while not in
use. For example, the variable transparency layer may be
substantially opaque while the camera is inactive and at least
partially transparent when the camera is active and ready to
capture an image.

[0022] These techniques can be used with any electronic
device having a camera and a display on which a user views
content, such as computers, tablets, personal digital assis-
tants (PDAs), mobile phones, gaming devices, music play-
ers, wearable electronic devices (e.g., watches), and other
portable electronic devices.

Terminology

[0023] Brief definitions of terms, abbreviations, and
phrases used throughout this application are given below.
[0024] Reference in this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of the
disclosure. The appearances of the phrase “in one embodi-
ment” in various places in the specification are not neces-
sarily all referring to the same embodiment, nor are separate
or alternative embodiments necessarily mutually exclusive
of other embodiments. Moreover, various features are
described that may be exhibited by some embodiments and
not by others. Similarly, various requirements are described
that may be requirements for some embodiments and not for
other embodiments.

[0025] Unless the context clearly requires otherwise,
throughout the description and the claims, the words “com-
prise,” “comprising,” and the like are to be construed in an
inclusive sense, as opposed to an exclusive or exhaustive
sense; that is to say, in the sense of “including, but not
limited to.” As wused herein, the terms ‘“connected,”
“coupled,” or any variant thereof, means any connection or
coupling, either direct or indirect, between two or more
elements; the coupling of or connection between the ele-
ments can be physical, logical, or a combination thereof. For
example, two components may be coupled directly to one
another or via one or more intermediary channels or com-
ponents. As another example, devices may be coupled in
such a way that information can be passed there between,
while not sharing any physical connection with one another.
Additionally, the words “herein,” “above,” “below,” and
words of similar import, when used in this application, shall
refer to this application as a whole and not to any particular
portions of this application. Where the context permits,
words in the Detailed Description using the singular or
plural number may also include the plural or singular
number respectively. The word “or,” in reference to a list of
two or more items, covers all of the following interpretations
of the word: any of the items in the list, all of the items in
the list, and any combination of the items in the list.
[0026] If the specification states a component or feature
“may,” “can,” “could,” or “might” be included or have a
characteristic, that particular component or feature is not
required to be included or have the characteristic.

[0027] The term “module” refers broadly to software,
hardware, or firmware components. Modules are typically
functional components that can generate useful data or other
output using specified input(s). A module may or may not be

Oct. 17,2019

self-contained. An application program (also called an
“application”) may include one or more modules, or a
module can include one or more application programs.

[0028] The terminology used in the Detailed Description
is intended to be interpreted in its broadest reasonable
manner, even though it is being used in conjunction with
certain examples. The terms used in this specification gen-
erally have their ordinary meanings in the art, within the
context of the disclosure, and in the specific context where
each term is used. For convenience, certain terms may be
highlighted, for example using capitalization, italics, and/or
quotation marks. The use of highlighting has no influence on
the scope and meaning of a term; the scope and meaning of
a term is the same, in the same context, whether or not it is
highlighted. It will be appreciated that an element or feature
can be described in more than one way.

[0029] Consequently, alternative language and synonyms
may be used for any one or more of the terms discussed
herein, and special significance is not to be placed on
whether or not a term is elaborated or discussed herein.
Synonyms for certain terms are provided. A recital of one or
more synonyms does not exclude the use of other synonyms.
The use of examples anywhere in this specification, includ-
ing examples of any terms discussed herein, is illustrative
only, and is not intended to further limit the scope and
meaning of the disclosure or of any exemplified term.
Likewise, the disclosure is not limited to the various
embodiments given in this specification.

System Overview

[0030] FIG. 1 depicts a user device 100 that includes a
display 102 and a front-facing camera 104 disposed within
a housing 106. As noted above, the camera 104 on conven-
tional user devices is offset from the display 102, which
limits the size of the display 102. For example, the camera
104 may be located within an opaque border 108 that
surrounds the display 102 and is not responsive to user
interactions (i.e., is not touch sensitive). The opaque border
108 is often used to hide components (e.g., sensors, con-
nectors, power supply) that reside within the user device
100.

[0031] The camera 104 is typically one of multiple cam-
eras included in the user device 100. For example, the user
device 100 may include a rear-facing camera that enables the
user to simultaneously preview and capture images of
objects residing behind the user device, and a front-facing
camera that enables the user to capture images of objects
residing in front of the user device. The rear-facing and
front-facing cameras can be, and often are, different types of
cameras and/or intended for different uses. For example, the
cameras may be able to capture images having different
resolutions or could be used with different lighting tech-
nologies (e.g., a stronger “flash™ for the rear-facing camera,
utilization of the display as a “flash” for the front-facing
camera).

[0032] Other sensors and/or components may also limit
the size of the display 102. For example, a touch-sensitive
button 110 could be offset from the display 102 that enables
the user to readily interact with content shown on the display
102. As another example, an ambient light sensor or a
proximity sensor could be placed in or near a microphone
slot 112 offset from the display 102. The microphone slot
112 is typically an opening in the protective substrate that
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enables audio waves to be projected by a microphone
disposed within the housing 106 of the user device 100.
[0033] FIG. 2A is an exploded perspective view of a
conventional display assembly 200 for a user device. FIG.
2B, meanwhile, is a side view of a user device 230 that
illustrates how the camera 224 is conventionally offset from
the display assembly. The display assembly 200 can include
a protective substrate 202, an optically-clear bonding layer
204, driving lines 204 and sensing lines 208 disposed on a
mounting substrate 210, and a display layer 212. Various
embodiments can include some or all of these layers, as well
as other layers (e.g., optically-clear adhesive layers).
[0034] The protective substrate 202 enables a user to
interact with (e.g., by making contact with an outer surface
using a finger 226) the display assembly 200. The protective
substrate 202 is preferably substantially or entirely trans-
parent and can be composed of glass, plastic, or any other
suitable material (e.g., crystallized aluminum oxide).
[0035] Together, the driving lines 206 and sensing lines
208 include multiple electrodes (“nodes”) that create a
coordinate grid for the display assembly 200. The coordinate
grid may be used by a processor on a printed circuit board
assembly (PCBA) 222 to determine the intent of a user
interaction with the protective substrate 202. The driving
lines 206 and/or sensing lines 208 can be mounted to or
embedded within a transparent substrate 210, such as glass
or plastic. The driving lines 206, sensing lines 208, and/or
mounting substrate 210 are collectively referred to herein as
“touch circuitry 214.”

[0036] An optically-clear bonding layer 204 may be used
to bind the protective substrate 202 to the touch circuitry
214, which generates signals responsive to a user interaction
with the protective substrate 202. The bonding layer 204 can
include an acrylic-based or silicon-based adhesive, as well
as one or more layers of indium-tin-oxide (ITO). Moreover,
the bonding layer 204 is preferably substantially or entirely
transparent (e.g., greater than 99% light transmission) and
may display good adhesion to a variety of substrates, includ-
ing glass, polyethylene (PET), polycarbonate (PC), polym-
ethyl methacrylate (PMMA), etc.

[0037] Adisplay layer 212 is configured to display content
with which the user may be able to interact. The display
layer 212 could include, for example, a liquid crystal display
(LCD) panel 228 and a backlight assembly (e.g., a diffuser
216 and a backlight 220) that is able to illuminate the LCD
panel 228. Other display technologies could also be used,
such as light emitting diodes (LEDs), organic light emitting
diodes (OLED), electrophoretic/electronic ink (“e-ink™), etc.
Air gaps may be present between or within some of these
layers. For example, an air gap 218 may be present between
the diffuser 216 and the backlight 220 in the backlight
assembly.

[0038] As shown in FIG. 2B, a camera 224 disposed
within the housing of the user device 230 is typically
coupled to a PCBA 222 that includes one or more compo-
nents (e.g., processors) that enable the user to capture
images using the camera 224. Although the camera 224 may
be located below the protective substrate 202, the camera
224 is offset from the display assembly 200.

[0039] FIGS. 3A-B depict user devices 300a-b that
include cameras 304a-b set within the outer bounds of the
display 3024-b and disposed under segments of the display
having variable transparencies. Positioning a camera (e.g.,
camera 304a) directly beneath a variable transparency layer
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(e.g., variable transparency layer 306a) enables the camera
to be hidden from view when not in use. For example, a
segment of the display 302q-b surrounding the camera
304a-b may appear to be partially or entirely opaque when
the camera 304¢-b is inactive and partially or entirely
transparent when the camera 304a-b is active and ready to
capture an image.

[0040] Consequently, the camera may be completely hid-
den from view when the camera is inactive, and the user may
only be able to see an opaque segment of the display (e.g.,
an opaque square in the case of FIG. 3A). This opaque
segment may blend in with an opaque border if one is
present or with content presented on the display 302a-b
(e.g., as part of a dashboard along the upper edge of the
display 302a-5).

[0041] Modifications could be made to the display assem-
bly that enable the camera 304a-b and variable transparency
layer 306a-b to be positioned within the bounds of the
display 302a-b. For example, at least some layers in the
display assembly (e.g., the active display panel and the touch
circuitry) could have an opening through which the camera
is able to see. The opening could be a geometric shape (e.g.,
a square as shown in FIG. 3A) that is completely surrounded
by the display assembly or a notch in one of the sides of the
display assembly (as shown in FIG. 3B). Consequently,
various layers in the display assembly (e.g., display assem-
bly 200 of FIG. 2A) could be designed to enable the camera
304a-b to sit within the outermost border of the display
302q-b.

[0042] FIG. 4 is a side view of a user device 400 that
illustrates how a display assembly and a variable transpar-
ency layer 420 can both be located below a protective
substrate 402. The display assembly could also include
touch circuitry 404, an LCD panel 406, and a backlight
assembly that includes a diffuser 408, air gap 410, and/or
backlight 412. Although the user device 400 of FIG. 4
includes an LCD panel 406 and backlight assembly, other
display technologies could also be used.

[0043] Inclusion of the variable transparency layer 420
enables the camera 416 (or some other component) to be
hidden when not in use. In some embodiments, the various
opacity levels of the variable transparency layer 420 could
also be used to filter images captured by the camera 416. For
example, a user could adjust the total range, contrast, etc., of
an image by modifying the opacity level of the variable
transparency layer 420.

[0044] The display assembly can be arranged as would
conventionally occur as shown in FIG. 1, or as described
above with respect to FIGS. 3A-B. The variable transpar-
ency layer 420 can then be disposed between the inner side
of the protective substrate 402 and the camera 416. That is,
the camera 416 can be disposed directly beneath the variable
transparency layer 420 whose opacity level varies in
response to a voltage supplied by a voltage source (e.g., a
battery). As further described below, the variable transpar-
ency layer 420 typically includes multiple layers, and the
light transmission properties of at least one of these layers is
configured to change when voltage, light, heat, etc., is
applied. Thus, the variable transparency layer 420 may be
able to change from opaque or translucent to substantially
transparent in response to receiving an indication (e.g., via
the protective substrate) that the user intends to capture an
image using the camera 416.
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[0045] In some embodiments, the user is able to prompt a
change in the opacity level of the variable transparency layer
420 by interacting with the user device 400 (e.g., by inter-
acting with the protective substrate 402 using a finger 418).
For example, the user device 400 may include an application
program that is associated with the camera 416. Upon
determining the user has supplied user input requesting the
application program be initiated (e.g., by tapping an icon
corresponding to the application program), the user device
400 (and more specifically the PCBA 414) may initiate the
application program and cause the voltage source to modify
the voltage applied to the variable transparency layer 420
(e.g., by applying or discontinuing to apply a voltage). The
voltage source could be a lithium-based battery, an alkaline-
based battery, a lead-based battery, a nickel-cadmium bat-
tery, a nickel-metal-hydride battery, or any other suitable
source of voltage.

[0046] FIG. 5A is a side view of a variable transparency
layer 500 that is able to darken its appearance when a
voltage is applied via electrochromism. Electrochromism
enables some materials to reversibly change opacity by
using bursts of voltage to cause electrochemical redox
reactions in electrochromic materials. In such embodiments,
the variable transparency layer 500 can include multiple
layers that are disposed between a substrate 502 and a base
substrate 512. For example, the layers could be deposited on
top of the substrate 502 by a sputtering process. The
substrate 502 can be the protective substrate with which the
user makes contact (e.g., protective substrate 202 of FIGS.
2A-B) or another distinct substrate located below the pro-
tective substrate. The substrate 502 and base substrate 512
are generally composed of an optically-clear material (e.g.,
glass, plastic).

[0047] The multiple layers can include a first conducting
oxide layer 504a, an electrochromic layer 506 (e.g., tungsten
oxide (WO;)), an ion conductor layer 508, an ion storage
layer 510 (e.g., lithium cobalt oxide (I.iC00,)), and a second
conducting oxide layer 5045. The conducting oxide layers
504a-b are thin films of optically transparent and electrically
conductive materials, such as indium tin oxide (ITO). The
conducting oxide layers 504a-b could also be composed of
other transparency conductive oxides (TCOs), conductive
polymers, metal grids, carbon nanotubes, graphene, ultrathin
metal films, or some combination thereof. The ion conductor
layer 508 can include a liquid electrolyte or a solid (e.g.,
inorganic or organic) electrolyte. A voltage source 514,
which is coupled to the conducting oxide layers 504a-b, is
able to selectively apply a voltage to either of the conducting
oxide layers, which drives ions from the ion storage layer
510 into the electrochromic layer 506 and vice versa.
[0048] More specifically, when the voltage source 514
applies a voltage to the outermost conducting oxide 504aq,
ions move from the ion storage layer 510 to the electrochro-
mic layer 506. This causes the variable transparency layer
500 to reflect light and appear at least partially opaque.
When the voltage source 514 applies a voltage to the
innermost conducting oxide 5045, the ions return to the ion
storage layer 510 from the electrochromic layer 506. This
enables the variable transparency layer 500 to reflect less
light and appear at least partially transparent.

[0049] Conversely, an ion-soaked electrochromic layer
506 is able to reflect light that filters through the substrate
502, thereby enabling the variable transparency layer 500 to
appear at least partially opaque. By passing low-voltage
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electrical charges across the variable transparency layer 500,
the electrochromic layer 506 can be changed from substan-
tially transparent to substantially opaque.

[0050] Only a single instance of voltage needs to be
applied to modify the transparency of the variable transpar-
ency layer 500 in such embodiments. Thus, voltage need not
be continually applied in order to maintain a particular level
of transparency. The ions will remain in the electrochromic
layer 506 and the variable transparency layer will remain at
least partially opaque until the voltage it reversed, which
causes the ions to move back into the ion storage layer 510.

[0051] The transparency level of the variable transparency
layer 500 at any given point in time can be modified by
supplying more or less voltage to the first or second con-
ducting oxides 504a-b. For example, when a high voltage is
applied to the outermost conducting oxide 5044, more ions
migrate into the electrochromic layer 506 and the variable
transparency layer 500 appears to be more opaque. As
another example, a lower voltage can be applied to the
outermost conducting oxide 504¢ if the variable transpar-
ency layer 500 needs to be more transparent.

[0052] FIG. 5B is a side view of a variable transparency
layer 516 that varies its opacity level when a voltage is
applied via polymer dispersed liquid crystal (PDLC) tech-
nology. Voltage is used to change the positon and orientation
of liquid crystals disposed within a polymer matrix 524 in
order to allow more or less light to pass through the variable
transparency layer 516.

[0053] In such embodiments, the variable transparency
layer 516 can include electrically-conductive coatings
522a-b (e.g., polyethylene terephthalate (PET)) on each side
of a polymer matrix 524 that includes randomly-arranged
liquid crystals. Adhesive films 520a-5 may be used to bond
the conductive coatings 522a-b to optically-clear substrates
518, 526. The optically-clear substrates could be composed
of glass, plastic, or any other suitable material (e.g., crys-
tallized aluminum oxide). The outermost substrate 518 can
be the protective substrate with which the user makes
contact (e.g., protective substrate 202 of FIGS. 2A-B) or
another distinct substrate located below the protective sub-
strate.

[0054] Electrical wiring can couple the conductive coat-
ings 522a-b to a voltage source 528. When a voltage is
applied to the conductive coatings 522a-b, the liquid crystals
within the polymer matrix 524 become aligned and the
variable transparency layer 516 becomes substantially or
entirely transparent. However, when the voltage source 528
ceases to apply the voltage, the liquid crystals scatter and the
variable transparency layer 516 appears substantially
opaque or translucent.

[0055] Unlike the electrochromic techniques described
above, a variable transparency layer 516 that utilizes PDL.C
technology will only appear transparency so long as voltage
is applied to the conductive coatings 522a-b by the voltage
source 528. Thus, the voltage source 528 must continually
provide voltage in order to maintain transparency. This may
be preferred in embodiments where the variable transpar-
ency layer 516 is intended to remain opaque or translucent
for long durations of time.

[0056] Electrochromic and PDLC techniques have been
selected and described herein for the purposes of illustration.
Other technologies that enable the modification of light
transmission properties could also be used to achieve the
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same (or similar) effects, such as photochromic, thermochro-
mic, suspended particle, and micro-blind techniques.

[0057] As shown in FIG. 6, the display of a user device
600 can include one or more segments 602a-b having
variable transparency. In some embodiments, the segment(s)
602a-b are disposed over certain areas of the display that
include component(s) that are desirable to be hidden from
the user. For example, variable segment 602a¢ may be
disposed above a camera, while variable segment 6025 may
be disposed over a lighting feature (e.g., a light emitting
diode or light pipe), an ambient light sensor, a proximity
sensor, etc.

[0058] The segment(s) 602a-b may be individually con-
trollable by a processor housed within the user device. That
is, the processor may be able to make one segment (e.g.,
segment 602a) substantially transparent, while the other
segment (e.g., segment 6025) remain opaque or translucent.
The opacity level of each segment 602a-b could also be
specified by a user of the user device 600 (e.g., via an
application program associated with the corresponding com-
ponents). For example, the user might specify a first opacity
level for a variable segment 602a disposed over a camera
and a second opacity level for a variable segment 6025
disposed over a lighting feature.

[0059] FIG. 7 depicts a process 700 for modifying the
transparency of a variable transparency layer of a user
device. The user device may be a smartphone, tablet, a
personal computer, or any other electronic device having a
feature that is desirable to hide from a user when not in use.

[0060] A user device is initially provided (e.g., to a user)
that can include a protective substrate, a display assembly, a
processor, a voltage source, and a variable transparency
layer (step 701). The variable transparency layer can be
located below or in line with the protective substrate. That
is, the variable transparency layer may be disposed directly
underneath and adjacent to the protective substrate as shown
in FIG. 4, or the variable transparency layer may be inte-
grated into the protective substrate (e.g., during the manu-
facturing process). The protective substrate could be glass,
plastic, or any other suitable material (e.g., crystallized
aluminum oxide). The protective substrate includes two
sides: an outward-facing side with which a user is able to
make contact, and an inward-facing side that is directly
adjacent to another layer of the display assembly (e.g., touch
circuitry or the variable transparency layer).

[0061] In some embodiments, the user is able to initiate an
application program that is associated with a camera and is
executed by the processor (step 702). The user device can
continually monitor whether the application program has
been initiated by the user (step 703), and, upon determining
the application program has been initiated, the user device
can modify the opacity level of the variable transparency
layer (step 704). As further described above, this can be
accomplished by applying a voltage or by ceasing to apply
a voltage to the variable transparency layer.

[0062] In some embodiments, the amount of voltage
applied to the variable transparency layer is based at least in
part on user input received at the application program. For
example, the user may specify a camera setting (e.g., high
contrast) or environmental information (e.g., high light
scene) that prompts the user device to modify the opacity
level of the variable transparency layer. As another example,
the user device could be configured to automatically modify
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the opacity level of the variable transparency layer based on
other information gathered by the camera, ambient light
sensor, proximity sensor, etc.

[0063] When the variable transparency layer becomes less
than substantially opaque, the user device can allow the user
to capture an image (step 705). The user device may capture
the image upon receiving user input at the application
program (e.g., a tap of a digital icon) or at the user device
(e.g., a press of a button). The amount of voltage applied to
the variable transparency layer may cause the variable
transparency layer to be less than fully transparent. For
example, application of a first voltage may cause the vari-
able transparency layer to be substantially or entirely trans-
parent (e.g., 99% transparency), while application of a
second lesser voltage may cause the variable transparency
layer to be more opaque and less transparent (e.g., 75%
transparency). Consequently, the variable transparency layer
could be used as a natural filter for images captured by the
camera (step 706). The variable transparency layer acts as a
“natural filter” because it filters light prior to the image being
captured by the camera, rather than serving as a post-capture
filter. Images captured by the camera can be stored in a
memory that is accessible to the user device (step 707). The
memory could be housed within the user device or may be
remotely accessible by the user device across a network
(e.g., as part of a cloud-storage solution).

[0064] Unless contrary to physical possibility, it is envi-
sioned that the steps described above may be performed in
various sequences and combinations. For instance, a user
device could automatically modify the opacity level of the
variable transparency layer before the user initiates the
application program. Other steps could also be included in
some embodiments. For example, the user may be able to
apply post-capture filters to an image in addition to the
filtering provided by the variable transparency layer.

Processing System

[0065] FIG. 8 is a block diagram illustrating an example of
a processing system 800 in which at least some operations
described herein can be implemented. The computing sys-
tem may include one or more central processing units
(“processors”) 802, main memory 806, non-volatile memory
810, network adapter 812 (e.g., network interfaces), video
display 818, input/output devices 820, control device 822
(e.g., keyboard and pointing devices), drive unit 824 includ-
ing a storage medium 826, and signal generation device 830
that are communicatively connected to a bus 816. The bus
816 is illustrated as an abstraction that represents any one or
more separate physical buses, point to point connections, or
both connected by appropriate bridges, adapters, or control-
lers. The bus 816, therefore, can include, for example, a
system bus, a Peripheral Component Interconnect (PCI) bus
or PCI-Express bus, a HyperTransport or industry standard
architecture (ISA) bus, a small computer system interface
(SCSI) bus, a universal serial bus (USB), IIC (12C) bus, or
an Institute of Electrical and Electronics Engineers (IEEE)
standard 1394 bus, also called “Firewire.”

[0066] In various embodiments, the processing system
800 operates as part of a user device (e.g., user device
300a-b of FIGS. 3A-B), although the processing system 800
may be connected (e.g., wired or wirelessly) to the user
device. In a networked deployment, the processing system
800 may operate in the capacity of a server or a client
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machine in a client-server network environment, or as a peer
machine in a peer-to-peer (or distributed) network environ-
ment.

[0067] The processing system 800 may be a server com-
puter, a client computer, a personal computer (PC), a tablet
PC, a laptop computer, a personal digital assistant (PDA), a
cellular telephone, an iPhone®, an iPad®, a Blackberry®, a
processor, a telephone, a web appliance, a network router,
switch or bridge, a console, a hand-held console, a gaming
device, a music player, or any portable, device or any
machine capable of executing a set of instructions (sequen-
tial or otherwise) that specify actions to be taken by the
processing system.

[0068] While the main memory 806, non-volatile memory
810, and storage medium 826 (also called a “machine-
readable medium) are shown to be a single medium, the term
“machine-readable medium” and “storage medium” should
be taken to include a single medium or multiple media (e.g.,
a centralized or distributed database, and/or associated
caches and servers) that store one or more sets of instruc-
tions 828. The term “machine-readable medium” and “stor-
age medium” shall also be taken to include any medium that
is capable of storing, encoding, or carrying a set of instruc-
tions for execution by the computing system and that cause
the computing system to perform any one or more of the
methodologies of the presently disclosed embodiments.

[0069] In general, the routines executed to implement the
embodiments of the disclosure, may be implemented as part
of an operating system or a specific application, component,
program, object, module or sequence of instructions referred
to as “computer programs.” The computer programs typi-
cally comprise one or more instructions (e.g., instructions
804, 808, 828) set at various times in various memory and
storage devices in a computer, and that, when read and
executed by one or more processing units or processors 802,
cause the processing system 800 to perform operations to
execute elements involving the various aspects of the dis-
closure.

[0070] Moreover, while embodiments have been
described in the context of fully functioning computers and
computer systems, those skilled in the art will appreciate that
the various embodiments are capable of being distributed as
a program product in a variety of forms, and that the
disclosure applies equally regardless of the particular type of
machine or computer-readable media used to actually effect
the distribution.

[0071] Further examples of machine-readable storage
media, machine-readable media, or computer-readable (stor-
age) media include, but are not limited to, recordable type
media such as volatile and non-volatile memory devices
810, floppy and other removable disks, hard disk drives,
optical disks (e.g., Compact Disk Read-Only Memory (CD
ROMS), Digital Versatile Disks (DVDs)), and transmission
type media, such as digital and analog communication links.

[0072] The network adapter 812 enables the processing
system 800 to mediate data in a network 814 with an entity
that is external to the processing system 800 through any
known and/or convenient communications protocol sup-
ported by the processing system 800 and the external entity.
The network adapter 812 can include one or more of a
network adaptor card, a wireless network interface card, a
router, an access point, a wireless router, a switch, a multi-

Oct. 17,2019

layer switch, a protocol converter, a gateway, a bridge,
bridge router, a hub, a digital media receiver, and/or a
repeater.

[0073] The network adapter 812 can include a firewall
which can, in some embodiments, govern and/or manage
permission to access/proxy data in a computer network, and
track varying levels of trust between different machines
and/or applications. The firewall can be any number of
modules having any combination of hardware and/or soft-
ware components able to enforce a predetermined set of
access rights between a particular set of machines and
applications, machines and machines, and/or applications
and applications, for example, to regulate the flow of traffic
and resource sharing between these varying entities. The
firewall may additionally manage and/or have access to an
access control list which details permissions including for
example, the access and operation rights of an object by an
individual, a machine, and/or an application, and the cir-
cumstances under which the permission rights stand.
[0074] As indicated above, the techniques introduced here
implemented by, for example, programmable circuitry (e.g.,
one or more microprocessors), programmed with software
and/or firmware, entirely in special-purpose hardwired (i.e.,
non-programmable) circuitry, or in a combination or such
forms. Special-purpose circuitry can be in the form of, for
example, one or more application-specific integrated circuits
(ASICs), programmable logic devices (PLDs), field-pro-
grammable gate arrays (FPGAs), etc.

Remarks

[0075] The foregoing description of various embodiments
has been provided for the purposes of illustration and
description. It is not intended to be exhaustive or to limit the
claimed subject matter to the precise forms disclosed. Many
modifications and variations will be apparent to one skilled
in the art. Embodiments were chosen and described in order
to best describe the principles of the invention and its
practical applications, thereby enabling others skilled in the
relevant art to understand the claimed subject matter, the
various embodiments, and the various modifications that are
suited to the particular uses contemplated.

[0076] Although the above Detailed Description describes
certain embodiments and the best mode contemplated, no
matter how detailed the above appears in text, the embodi-
ments can be practiced in many ways. Details of the systems
and methods may vary considerably in their implementation
details, while still being encompassed by the specification.
As noted above, particular terminology used when describ-
ing certain features or aspects of various embodiments
should not be taken to imply that the terminology is being
redefined herein to be restricted to any specific characteris-
tics, features, or aspects of the invention with which that
terminology is associated. In general, the terms used in the
following claims should not be construed to limit the inven-
tion to the specific embodiments disclosed in the specifica-
tion, unless those terms are explicitly defined herein.
Accordingly, the actual scope of the invention encompasses
not only the disclosed embodiments, but also all equivalent
ways of practicing or implementing the embodiments under
the claims.

[0077] The language used in the specification has been
principally selected for readability and instructional pur-
poses, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore
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intended that the scope of the invention be limited not by this
Detailed Description, but rather by any claims that issue on
an application based hereon. Accordingly, the disclosure of
various embodiments is intended to be illustrative, but not
limiting, of the scope of the embodiments, which is set forth
in the following claims.

1-20. (canceled)

21. An electronic device comprising:

a display, a portion of said display comprising a first
variable transparency region defining a variably light
transmissive aperture through said display, wherein the
first variable transparency region is operable from
transparent to opaque in response to a signal applied
thereto; and

a sensor disposed directly beneath the first variable trans-
parency region;

wherein light is received by the sensor through said
display said when said first variable transparency
region is operated to be transparent; and

wherein said first variable transparency region is opaque
when said first variable transparency segment is oper-
ated to be opaque.

22. The electronic device of claim 21, further comprising:

a portion of said display comprising a second variable
transparency region defining a variably light transmis-
sive aperture through said display, wherein the second
variable transparency segment is operable from trans-
parent to opaque in response to a signal applied thereto;
and

a light emitting device disposed directly beneath the
second variable transparency region;

wherein light is transmitted by the light emitting device
through said display when said first variable transpar-
ency region is operated to be transparent; and

wherein said second variable transparency segment is
opaque when said first variable transparency region is
operated to be opaque.

23. The electronic device of claim 22, said first and

second variable transparency regions further comprising:

a first conducting oxide layer;

an electrochromic layer below the first conducting oxide
layer;

an electrolyte layer below the electrochromic layer;

an ion storage layer below the electrolyte layer; and

a second conducting oxide layer below the ion storage
layer;
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wherein the first and second conducting oxide layers are
electrically coupled to the voltage source;

wherein application of a voltage to the first conducting
oxide layer causes ions to be transferred from the ion
storage layer to the electrochromic layer, which causes
a corresponding variable transparency segment to
become more opaque, and

wherein application of the voltage to the second conduct-
ing oxide layer causes ions to be transferred from the
electrochromic layer to the ion storage layer, which
causes the corresponding variable transparency seg-
ment to become more transparent.

24. The electronic device of claim 22, said first and

second variable transparency regions further comprising:

a first conductor layer;

a polymer layer below the first conductor layer, wherein
liquid crystal droplets are dispersed throughout the
polymer layer; and

a second conductor layer;

wherein the first and second conductor layers are electri-
cally coupled to a voltage source; and

wherein simultaneous application of voltage to the first
and second conductor layers causes the liquid crystal
droplets dispersed throughout the polymer layer to
become aligned, which causes a corresponding variable
transparency region to become more transparent.

25. The electronic user device of claim 21, wherein a
voltage is applied to the first variable transparency region
upon determining that a user initiated an application pro-
gram associated with the sensor.

26. An electronic device comprising:

a display, a portion of said display comprising a light

transmissive aperture through said display; and

a sensor disposed directly beneath the light transmissive
aperture;

wherein light is received by the sensor through said
display via said light transmissive aperture.

27. The electronic device of claim 21, further comprising:

a portion of said display comprising a second light
transmissive aperture through said display; and

a light emitting device disposed directly beneath the light
transmissive aperture;

wherein light is transmitted by the light emitting device
through said display via said light transmissive aper-
ture.



