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Description
BACKGROUND

[0001] The present disclosure relates generally to dis-
plays for use in electronic devices and, more particularly,
to the use of organic light emitting diode displays on elec-
tronic devices.

[0002] This section is intended to introduce the reader
to various aspects of art that may be related to various
aspects of the present disclosure, which are described
and/or claimed below. This discussion is believed to be
helpful in providing the reader with background informa-
tion to facilitate a better understanding of the various as-
pects of the present disclosure. Accordingly, it should be
understood that these statements are to be read in this
light, and not as admissions of prior art.

[0003] Organic lightemittingdiodes (OLEDs) are solid-
state semiconductor devices that convert electrical en-
ergy into light. Generally, OLEDs are fabricated by dis-
posing one or more layers of organic thin films between
two conductors or electrodes. When electrical current is
applied to the electrodes, light is emitted from the organic
layers. OLED technology may be used to fabricate ultra-
thin displays that can generally operate at lower voltages
than traditional display technologies, such as liquid crys-
tal display (LCD) technologies in which light is separately
generated and the color of the light modulated by an LCD
panel placed between the light and the viewer. In addi-
tion, an OLED display may provide better contrast ratios,
frame rate, color and/or power efficiency than a compa-
rable LCD display.

[0004] However, these advantages of an OLED dis-
play may be reduced or absent when the OLED display
is used to generate large amounts of white display area.
In particular, because an OLED display is a light emissive
(as opposed to light transmissive) technology, to display
a white area, the OLED panel typically has to energize
and emit light from a range of the various color channels
present at each pixel of the OLED display. As a result,
the display of white areas on an OLED display may be
power intensive and relatively inefficient.

[0005] The relative power inefficiency in displaying
white spaces using an OLED display may be particularly
problematic in certain contexts. For example, certain ap-
plications, such as word processing, spreadsheet design
and use, database design and use, e-mail, and other
business or productivity applications, typically utilize dark
orblack alphanumeric characters on a white background,
such as to simulate writing or printing on a sheet of paper.
As aresult, these applications may cause the display of
large expanses of white background with relatively little
area devoted to the non-white alphanumeric characters.
Such applications, therefore, may make the use of OLED
displays unsuitable or undesirably power intensive for
battery powered and/or portable electronic devices, such
as handheld devices. Reference is made to US
2002/145687 A1, which discloses a display including a
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polarizing member and a reflective display element be-
hind an EL element. The EL element self-emits light to
display information and doubles as a display-use light
source for the reflective display element. In a sufficiently
bright environment, ambient light enters a liquid crystal
layer after passing through a frontal substrate of the re-
flective display element, and is reflected from a metal
electrode to produce displays. In addition to the direct
lightfrom the El element, light that enters the liquid crystal
layer is simultaneously used. In a dark environment, the
El element emits light, and displayed contents are visible
owing to the reflection from the metal electrode as well
as directly exiting light. US 2004/0252076 A1 discloses
a display device including a first display disposed on a
display screen side and a second display disposed on a
rear surface side. The first display includes a self-lumi-
nous layer that self-emits desired color lights in response
to a first applied voltage and a pair of transparent elec-
trodes disposed so as to sandwich the self-luminous lay-
er. The second display includes an electrophoresis layer
that displays two colors in response to a second applied
voltage. The color lights of the first display are displayed
superposed on the two-color display of the second dis-
play. The display contents can be displayed in full color,
the power consumed in emission of the color lights by
the first display can be reduced, and the power consump-
tion of the overall display device can be reduced.

SUMMARY

[0006] A display is provided as defined in claim 1 and
a method for manufacturing a display is provided as de-
fined in claim 11. Other additional features will be under-
stood also from the claims and from the description which
follows.

[0007] The present disclosure describes the use of a
display suitable for use in a battery-powered electronic
device, such as a portable computer or a handheld elec-
tronic device. In one embodiment, the disclosed display
includes various layers including a transparent light emis-
sive display panel (e.g., an OLED panel) and a solid (e.g.,
white) or printed background layer, such as a white trans-
flective sheet. In addition, the display includes an opacity
switchable layer, disposed between the transparent light
emitting panel and the background layer. The switchable
layer comprises a plurality of regions, each region being
capable of being switched between a substantially
opaque state and a substantially transparent state such
that each region controls visibility of a corresponding un-
derlying portion of the background layer. For example,
in one embodiment, the switchable layer may be opaque,
e.g., black, in the absence of a current. However, upon
application of a current all or part of the switchable layer
may become transparent so that the underlying back-
ground layer is visible.
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BRIEF DESCRIPTION OF DRAWINGS

[0008] Various aspects of this disclosure may be better
understood upon reading the following detailed descrip-
tion and upon reference to the drawings in which:

Fig. 1 is a block diagram of exemplary components
of an electronic device, in accordance with aspects
of the present disclosure;

Fig. 2 is a view of a computer in accordance with
aspects of the present disclosure;

Fig. 3 is a front view of a handheld electronic device
in accordance with aspects of the present disclosure;

Fig. 4 depicts a schematic view of layers of a display
panel in accordance with aspects of the present dis-
closure;

FIG. 5depicts an example of layers of a display panel
with a switchable layer set to block transmission of
light in accordance with aspects of the present dis-
closure;

FIG. 6 depicts an example of layers of a display panel
with a switchable layer set to transmit light in accord-
ance with aspects of the present disclosure;

FIG. 7 is a front view of the handheld electronic de-
vice of FIG. 3 with a switchable layer of the display
set to transmit light in accordance with aspects of
the present disclosure;

Fig. 5 depicts a cross-sectional view of the layers
and components of an embodiment of a display pan-
el in accordance with aspects of the present disclo-
sure;

Fig. 6 depicts a view of a switchable layer address-
able as a whole, in accordance with aspects of the
present disclosure;

Fig. 7 depicts a view of a switchable layer having
separately addressable regions, in accordance with
aspects of the present disclosure; and

Fig. 8 depicts a schematic view of layers of a display
panel in accordance with a further aspect of the
present disclosure.

DETAILED DESCRIPTION OF SPECIFIC EMBODI-
MENTS

[0009] One or more specific embodiments will be de-
scribed below. In an effort to provide a concise descrip-
tion of these embodiments, not all features of an actual
implementation are described in the specification. It
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should be appreciated that in the development of any
such actual implementation, as in any engineering or de-
sign project, numerous implementation-specific deci-
sions must be made to achieve the developers’ specific
goals, such as compliance with system-related and busi-
ness-related constraints, which may vary from one im-
plementation to another. Moreover, it should be appre-
ciated that such a development effort might be complex
and time consuming, but would nevertheless be aroutine
undertaking of design, fabrication, and manufacture for
those of ordinary skill having the benefit of this disclosure.
[0010] The application is generally directed to the use
of a background layer (e.g., a solid white or printed sheet)
in conjunction with a transparent or semi-transparent,
light-emitting display layer, such as an OLED panel.
While other light-emissive display technologies that can
be implemented as a transparent or semi-transparent
layer may also be employed in conjunction with the pres-
ently disclosed embodiments, for the sake of simplicity,
such light emissive and transparent or semi-transparent
layers will be referred to hereinas OLED layers or panels.
However, it should be appreciated that use of such ter-
minology is meant only to simplify discussion and expla-
nation of the present disclosure, and should not be inter-
preted as excluding the use of other suitable display tech-
nologies unless otherwise stated.

[0011] According to the invention, an opacity switcha-
ble layer is provided between an OLED panel and the
background layer. All or portions of the switchable layer
may be selectively switched between transparent and
opaque states. When all or part of the switchable layer
is transparent, the background layer is visible through
the OLED layer and the transparent portions of the
switchable layer. Conversely, when all or part of the
switchable layer is opaque, the background is not visible
through the OLED layer and the opaque portions of the
switchable layer. In one implementation, an OLED dis-
play employing a switchable layer and solid background,
as discussed herein, may be 30% more power efficient
than a comparably sized LCD screen, while still providing
superior frame rates and/or contrast.

[0012] Withthese foregoing featuresin mind, a general
description of suitable electronic devices using OLED
displays and having such a switchable layer is provided
below. In FIG. 1, a block diagram depicting various com-
ponents that may be present in electronic devices suita-
ble for use with the present techniques is provided. In
FIG. 2, one example of a suitable electronic device, here
provided as a computer system, is depicted. In FIG. 3,
another example of a suitable electronic device, here pro-
vided as a handheld electronic device, is depicted. These
types of electronic devices, and other electronic devices
having comparable display capabilities, may be used in
conjunction with the present techniques.

[0013] An example of a suitable electronic device may
include various internal and/or external components
which contribute to the function of the device. FIG. 1 is
a block diagram illustrating the components that may be
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present in such an electronic device 8 and which may
allow the device 8 to function in accordance with the tech-
niques discussed herein. As will be appreciated, the var-
ious functional blocks shown in FIG. 1 may comprise
hardware elements (including circuitry), software ele-
ments (including computer code stored on a computer-
readable medium) or a combination of both hardware
and software elements. It should further be noted that
FIG. 1 is merely one example of a particular implemen-
tation and is merely intended to illustrate the types of
components that may be present in a device 8. For ex-
ample, in the presently illustrated embodiment, these
components may include a display 10, I/O ports 12, input
structures 14, one or more processors 16, a memory de-
vice 18, a non-volatile storage 20, expansion card(s) 22,
a networking device 24, and a power source 26.

[0014] With regard to each of these components, the
display 10 may be used to display various images gen-
erated by the device 8. In one embodiment, the display
10 may consist of a layer of organic light emitting diodes
(OLEDs), as well as one or more opacity switchable lay-
ers and a background layer, as discussed herein. Addi-
tionally, in certain embodiments of the electronic device
8, the display 10 may be provided in conjunction with
touch-sensitive element, such as a touch screen, that
may be used as part of the control interface for the device
8.

[0015] The I/O ports 12 may include ports configured
to connect to a variety of external devices, such as a
power source, headset or headphones, or other electron-
ic devices (such as handheld devices and/or computers,
printers, projectors, external displays, modems, docking
stations, and so forth). The I/O ports 12 may support any
interface type, such as a universal serial bus (USB) port,
a video port, a serial connection port, a IEEE-1394 port,
an Ethernet or modem port, and/or an AC/DC power con-
nection port.

[0016] The inputstructures 14 may include the various
devices, circuitry, and pathways by which user input or
feedback is provided to the processor 16. Such input
structures 14 may be configured to control a function of
the device 8, applications running on the device 8, and/or
any interfaces or devices connected to or used by the
electronic device 8. For example, the input structures 14
may allow a user to navigate a displayed user interface
or application interface. Examples of the input structures
14 may include buttons, sliders, switches, control pads,
keys, knobs, scroll wheels, keyboards, mice, touchpads,
and so forth.

[0017] In certain embodiments, an input structure 14
and display 10 may be provided together, such an in the
case of a touchscreen where a touch sensitive mecha-
nism is provided in conjunction with the display 10. In
such embodiments, the user may select or interact with
displayed interface elements via the touch sensitive
mechanism. In this way, the displayed interface may pro-
vide interactive functionality, allowing a user to navigate
the displayed interface by touching the display 10.
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[0018] User interaction with the input structures 14,
such as to interact with a user or application interface
displayed on the display 10, may generate electrical sig-
nals indicative of the user input. These input signals may
be routed via suitable pathways, such as an input hub or
bus, to the processor(s) 16 for further processing.
[0019] The processor(s) 16 may provide the process-
ing capability to execute the operating system, programs,
user and application interfaces, and any other functions
of the electronic device 8. The processor(s) 16 may in-
clude one or more microprocessors, such as one or more
"general-purpose" microprocessors, one or more spe-
cial-purpose microprocessors and/or ASICS, or some
combination of such processing components. For exam-
ple, the processor 16 may include one or more reduced
instruction set (RISC) processors, as well as graphics
processors, video processors, audio processors and/or
related chip sets. In one embodiment, the processor(s)
16, inaccordance with executed instructions, may control
the operation of one or more switchable layers of the
display 10, as discussed in greater detail below.

[0020] The instructions or data to be processed by the
processor(s) 16 may be stored in a computer-readable
medium, such as a memory 18. Such a memory 18 may
be provided as a volatile memory, such as random ac-
cess memory (RAM), and/or as a non-volatile memory,
such as read-only memory (ROM). The memory 18 may
store a variety of information and may be used for various
purposes. For example, the memory 18 may store
firmware for the electronic device 8 (such as a basic in-
put/output instruction or operating system instructions),
various programs, applications, or routines executed on
the electronic device 8, user interface functions, proces-
sor functions, and so forth. In addition, the memory 18
may be used for buffering or caching during operation of
the electronic device 8.

[0021] The components may further include other
forms of computer-readable media, such as a non-vola-
tile storage 20, for persistent storage of data and/or in-
structions. The non-volatile storage 20 may include flash
memory, a hard drive, or any other optical, magnetic,
and/or solid-state storage media. The non-volatile stor-
age 20 may be used to store firmware, data files, soft-
ware, wireless connection information, and any other
suitable data.

[0022] The embodiment illustrated in FIG. 1 may also
include one or more card or expansion slots. The card
slots may be configured to receive an expansion card 22
that may be used to add functionality, such as additional
memory, |/O functionality, or networking capability, to the
electronic device 8. Such an expansion card 22 may con-
nect to the device through any type of suitable connector,
and may be accessed internally or external to the housing
of the electronic device 8. For example, in one embodi-
ment, the expansion card 22 may be flash memory card,
such as a SecureDigital (SD) card, mini- or microSD,
CompactFlash card, Multimedia card (MMC), or the like.
[0023] Thecomponentsdepictedin FIG. 1 alsoinclude
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a network device 24, such as a network controller or a
network interface card (NIC). In one embodiment, the
network device 24 may be a wireless NIC providing wire-
less connectivity over any 802.11 standard or any other
suitable wireless networking standard. The network de-
vice 24 may allow the electronic device 8 to communicate
over a network, such as a Local Area Network (LAN),
Wide Area Network (WAN), or the Internet. Further, the
electronic device 8 may connect to and send or receive
data with any device on the network, such as portable
electronic devices, personal computers, printers, and so
forth. Alternatively, in some embodiments, the electronic
device 8 may not include a network device 24. In such
an embodiment, a NIC may be added as an expansion
card 22 to provide similar networking capability as de-
scribed above.

[0024] Further, the components may also include a
power source 26. In one embodiment, the power source
26 may be one or more batteries, such as a lithium-ion
polymer battery or other type of suitable battery. The bat-
tery may be user-removable or may be secured within
the housing of the electronic device 8, and may be re-
chargeable. Additionally, the power source 26 may in-
clude AC power, such as provided by an electrical outlet,
and the electronic device 8 may be connected to the pow-
er source 26 via a power adapter. This power adapter
may also be used to recharge one or more batteries if
present.

[0025] With the foregoing in mind, FIG. 2 illustrates an
electronic device 8 in the form of a computer. Such com-
puters may include computers that are generally portable
(such as laptop, notebook, and tablet computers, net-
books, and so forth) as well as computers that are gen-
erally used in one place (such as conventional desktop
computers, workstations and/or servers). In certain em-
bodiments, the electronic device 8 in the form of a com-
puter may be a model of a MacBook®, MacBook® Pro,
MacBook Air®, iMac®, Mac® mini, or Mac Pro® available
from Apple Inc. By way of example, an electronic device
8 in the form of a laptop computer 30 is illustrated in FIG.
2 in accordance with one embodiment of the present in-
vention. The depicted computer 30 includes a housing
32, adisplay 10 (such as the depicted OLED display pan-
el 34), input structures 14, and input/output ports 12.
[0026] In one embodiment, the input structures 14
(such as a keyboard, mouse, and/or touchpad) may be
used to interact with the computer 30, such as to start,
control, or operate a GUI or applications running on the
computer 30. For example, a keyboard and/or touchpad
may allow a user to navigate a user interface or applica-
tion interface displayed on the display 10.

[0027] As depicted, the electronic device 8 in the form
of computer 30 may also include various input and output
ports 12 to allow connection of additional devices. For
example, the computer 30 may include an 1/O port 12,
such as a USB port or other port, suitable for connecting
to another electronic device, a projector, a supplemental
display, and so forth. In addition, the computer 30 may
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include network connectivity, memory, and storage ca-
pabilities, as described with respect to FIG. 1. As aresult,
the computer 30 may store and execute a GUI and other
applications.

[0028] In addition to computers, such as the depicted
laptop computer 30 of FIG. 2, an electronic device 8 may
take other forms, such as an electronic handheld device
40, such as the cellular telephone depicted in FIG. 3. It
should be noted that while the depicted handheld device
40 is provided in the context of a cellular telephone, other
types of handheld devices (such as media players for
playing music and/or video, a camera or video recorder,
personal data organizers, handheld game platforms,
and/or combinations of such devices) may also be suit-
ably provided as the electronic device 8. Further, a suit-
able handheld device 40 may incorporate the function-
ality of more than one of these types of devices, such as
adevice that incorporates the functionality of two or more
of a media player, a cellular phone, a gaming platform,
a personal data organizer, and so forth. For example, in
the depicted embodiment, the handheld device 40 is in
the form of a cellular telephone that may provide various
additional functionalities (such as the ability to take pic-
tures, record audio and/or video, listen to music, play
games, and so forth). By way of example, the handheld
device 40 may be a model of an iPod® or iPhone® avail-
able from Apple Inc. of Cupertino, California.

[0029] In the depicted embodiment, the handheld de-
vice 40 includes an enclosure or body that protects the
interior components from physical damage and shields
them from electromagnetic interference. The enclosure
may be formed from any suitable material such as plastic,
metal or a composite material and may allow certain fre-
quencies of electromagnetic radiation to pass through to
wireless communication circuitry within the handheld de-
vice 40 to facilitate wireless communication.

[0030] In the depicted embodiment, the enclosure in-
cludes user input structures 14 through which a user may
interface with the device. Each user input structure 14
may be configured to help control a device function when
actuated. For example, in a cellular telephone implemen-
tation, one or more of the input structures 14 may be
configured to invoke a "home" screen or menu to be dis-
played, to toggle between a sleep and a wake mode, to
silence a ringer for a cell phone application, to increase
or decrease a volume output, and so forth.

[0031] In the depicted embodiment, the handheld de-
vice 40 includes a display 10 that may include an OLED
display panel 34. The display 10 may be used to display
a graphical user interface (GUI) 42 that allows a user to
interact with the handheld device 40. Generally, the GUI
42 may include graphical elements that represent appli-
cations and functions of the electronic device. The graph-
ical elements may include icons 44 and other images
representing buttons, sliders, menu bars, and the like.
Theicons 44 may be selected and/or activated viaa touch
screen included in the display 10, or may be selected by
a user input structure 14, such as a wheel or button.
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[0032] The handheld electronic device 40 also may in-
clude various input and output (I/O) ports 18 that allow
connection of the handheld device 40 to external devices.
For example, one 1/O port 18 may be a port that allows
the transmission and reception of data or commands be-
tween the handheld electronic device 30 and another
electronic device, such as a computer. Such an 1/O port
18 may be a proprietary port from Apple Inc. or may be
an open standard I/O port.

[0033] With the foregoing discussion in mind, it may
be appreciated that an electronic device 8 in either the
form of a computer 30 or a handheld device 40 may be
provided with a display 10 that includes an OLED display
panel orlayer. Such a display 10 may be utilized to display
the respective operating system and application interfac-
es running on the electronic device 8 and/or to display
data, images, or other visual outputs associated with an
operation of the electronic device 8.

[0034] Turning now to FIG. 4, one embodiment of a
display 10 for use in an electronic device 8, as discussed
above, is schematically depicted. In accordance with this
embodiment, a processor 16, such as a central process-
ing unit (CPU) or graphics processing unit (GPU) is in
communication with some or all of the components of the
display 10. As depicted, the display 10 is a multi-layer
structure that includes an OLED panel 34, an opacity
switchable layer 50 (i.e., a shutter layer), and a back-
ground layer 52.

[0035] In one embodiment, the OLED panel 34 is a
light emissive structure such that pixels defined within
the OLED panel can emit light of various colors. That is,
the pixels of the OLED display actually emit light in re-
sponse to electrical control signals, as opposed to mod-
ulating a separately generated light as it is transmitted
through the pixels. The OLED panel 34 is transparent or
substantially transparent such that the underlying layers,
e.g., switchable layer 50 and/or a background layer 52,
is visible through sections of the OLED panel 34 that are
not actively emitting light.

[0036] Inone embodiment, the background layer 52 is
an opaque layer, such as a white (or other color) printed
sheet suitable for reflecting white or ambient light back
toward a viewer through the transparent OLED panel 34.
As discussed below, in other embodiments the back-
ground layer 52 may also be a printed sheet. In one im-
plementation, the background layer 52 is transflective
(i.e., both light transmissive and reflective) such that the
background color (e.g., white) may be transmitted
through a transflective surface layer, which also acts to
reflect ambient light back toward the viewer.

[0037] Between the background layer 52 and the
OLED panel 34 is a switchable layer 50 that is capable
of being modulated (such as by application and/or re-
moval of an electrical field) between an opaque (or sub-
stantially opaque) state and a transparent (or substan-
tially transparent) state. In one embodiment, the switch-
able layer 50 is opaque when no electrical field is present
such that the background layer 52 is not visible through
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the transparent OLED panel 34. In such an embodiment,
the opaque state of the switchable layer 50 may provide
a black or other solid color background for the OLED
panel 34. In this embodiment, the switchable layer 50
may become transparent in the presence of an electrical
field such that the background layer 52 is visible through
the OLED panel 34 and the transparent state switchable
layer 50. Further, the switchable layer 50 is divided into
separately addressable sections, such that different por-
tions of the switchable layer 50 is capable of being sep-
arately modulated between opacity and transparency.
[0038] Varioustechnologies may be employed inform-
ing the switchable layer 50. In general, such switching
technologies include a layer of an active material (e.g.,
a liquid crystal material, suspended particles, or electro-
chromic materials) positioned between two electrodes
such that, upon application of an electrical potential, the
optical properties (e.g., color, transparency, opacity) of
the layer change. For example, in one embodiment, the
switchable layer may be formed as a PSE hybrid layer
in which phosphor particles are evenly dispersed in the
layer in the absence of an electrical field (i.e., the opaque
state) and migrate to an external periphery (e.g., a screen
edge or bezel) in the presence of an electrical field (i.e.,
the transparent state). Other suitable switching technol-
ogies include, but are not limited to, polymer-dispersed
liquid crystal (PDLC) devices, suspended particle devic-
es (SPDs), polymeric solid electrolytes, and micro-blinds.
[0039] In addition to he various layers discussed
above, FIG. 4 also depicts other components of a display
10 that may be present in certain embodiments. For ex-
ample, in the depicted embodiment, background lights
54 (e.g. side firing fluorescent or LED background lights)
may be provided to illuminate the background layer 52
in response to control signals from the processor 16. In
such an embodiment, based upon an application or on
the degree of ambient light (as discussed below) the proc-
essor 16 may control the opacity/transparency of the
switchable layer 50 and the degree of illumination of the
background layer 52.

[0040] In addition, as depicted in FIG. 4 an ambient
light sensor 56 may be provided as part of the display
10. In such an embodiment, the ambient light sensor 56
may detect the amount of ambient light present in the
vicinity of the display 10 and may provide a signal indic-
ative of the amount of ambient light to the processor 16.
Based on the detected ambient light, the processor 16
may control the opacity/transparency of the switchable
layer 50 and/or may control the degree of illumination of
the background layer 52 provided by the background
lights 54.

[0041] With the foregoing in mind and by way of exam-
ple, FIGS. 5 and 6 depict the respective layers discussed
with respect to FIG. 4 with the switchable layer 50 in an
opaque state in FIG. 5 and in a light transmissive (e.g.,
transparent or clear) state in FIG. 6. In the example of
FIG. 5, ambient light 60 is depicted as being incident
upon the display 10. Because the switchable layer 50 is
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in an opaque state, the ambient light 60 does not reach,
and is not reflected by, the background layer 52 (e.g., a
white or transflective background layer). Thus, the light
emanating from the display 10 is primarily the light 62
generated by the OLED panel 34. An example of this
effect is depicted in FIG. 3, in which a home screen of
the handheld device 40 is depicted as having a generally
dark or black background which, in accordance with one
embodiment, may be implemented by setting a switcha-
ble layer 50 of the display 10 to an opaque state.
[0042] Conversely, in the example depicted in FIG. 6
the switchable layer 50 is generally transparent, allowing
the ambient light 60 to reach and be reflected by the
background layer 52. As a result, in this example, the
light emanating from the display 10 includes not only the
light 62 generated by the OLED panel 34, but also the
light 64 reflected by the background layer 52. An example
of this effect is depicted in FIG. 7, in which an application
screen of the handheld device 40 is depicted as having
a generally light or white background which, in accord-
ance with one embodiment, may be implemented by set-
ting a switchable layer 50 of the display 10 to a light trans-
missive state to allow a white or light background layer
52 of the display 10 to reflect light.

[0043] Turning to FIG. 8 a cross-sectional view of the
layers present in a particular embodiment are depicted.
In this embodiment, an OLED panel 34 is depicted. The
OLED panel 34 includes a substrate layer 70 (e.g., a
glass substrate layer) on which a thin film transistor (TFT)
layer may be formed. The TFT layer may define the var-
ious pixels of the OLED display and allow each pixel to
be separately addressed. In one embodiment, each pixel
may include a layer or layers of organic light emitting
diodes 72 printed, deposited, or otherwise formed on the
substrate layer 70 and the TFT layer. The operation of
the TFT layer and the corresponding pixels of the OLED
panel 34 may be coordinated and/or controlled by one
or more driver chips 74 (such as a chip-on-glass (COG))
in communication with the TFT layer and/or the one or
more processors 16 (FIG. 4).

[0044] The OLED panel 34 may also include a cover
or external layer 76 (e.g., a cover glass) that forms the
external viewing surface facing a viewer. In certain em-
bodiments the cover layer 76 may perform various color
filtration and/or polarization functions with respect to the
light emitted by the OLED panel 34. In one embodiment,
the cover layer 76 and the substrate layer 70 may be
bonded together, such as by a glass frit bond 78, along
all or part of the periphery of the surface and/or substrate
layers. In one implementation, the OLED panel 34 is be-
tween about 1.5 mm and 1.9 mm in thickness.

[0045] Inthe depicted embodiment, the switchable lay-
er 50 consists of layers 84 of a clear material, such as
polyethylene terephthalate (PET). In one implementa-
tion, between the layers 84 is a printed or otherwise de-
posited layer 86 of active material (e.g., a phosphor-
based PSE hybrid material) that can migrate or otherwise
be reoriented and/or repositioned based on the presence

10

15

20

25

30

35

40

45

50

55

or absence of an electrical field. The layers 84 surround-
ing the layer of active material 86 may be bonded together
by a suitable bond 86, such as a bond 86 formed using
thermal, ultrasonic, and/or mechanical approaches. In
one embodiment, the switchable layer 50 is between
about 0.1 mm and 0.3 mm in thickness.

[0046] The background layer 52 may be provided as
a single or multiple layer structure of a solid color (e.g.,
white) or printed background. For example, in one em-
bodiment the background layer 52 includes a transflec-
tive layer 90 positioned over a solid-color substrate layer
92, such as a white substrate layer. The transflective lay-
er 90 acts to both reflect ambient light and to transmit the
color and/or pattern of the substrate layer 92. In one im-
plementation, the background layer 52 is between about
0.5 mm and 1.0 mm in thickness.

[0047] Inone embodiment, the substrate layer 92 may
be a printed substrate, e.g., a corporate logo, emblem,
name, or mark. In such an embodiment, the printed mat-
ter, such as a logo, may be visible when the OLED panel
34 is not emitting light and when the switchable layer 50
is in a transparent state. In such an embodiment, the
switchable layer 50 may be implemented or may utilize
an approach that results in the switchable layer 50 being
transparent in the absence of an electrical field. In such
an implementation, the printed matter, e.g., the logo or
emblem, present on the substrate layer 92 may be visible
when the electrical device 8 is off, i.e., when the display
10 is unpowered.

[0048] As depicted in FIG. 8, the various layers of the
display 10 may be joined or adhered by various interven-
ing layers. For example, in the depicted embodiment, the
OLED panel 34, the switchable layer 50, and the back-
ground layer 52 may be adhered or joined using respec-
tive layers 96 of an optically clear adhesive (OCA). In
one implementation, the layers 96 of OCA may be be-
tween about 0.05 mm and 0.15 mm in thickness.
[0049] Turningto FIG. 9, a view of one implementation
of a switchable layer 50 is depicted. In accordance with
this implementation, one or more conductive elements
100, e.g., one or more electrodes, are depicted as encir-
cling the periphery of the switchable layer 50, such as
under an opaque bezel 102. The one or more conductive
elements 100 may be formed on or within one of the
layers forming the switchable layer 50 or may be provided
external to the switchable layer 50 but in sufficient prox-
imity such that an electrical field generated by the one or
more conductive elements 100 is sufficient to affect the
switchable layer 50. In one implementation, the one or
more conductive elements 100 may be formed using con-
ductive materials (e.g., metals or alloys) that are opaque
or transparent (e.g., indium tin oxide (ITO)).

[0050] In the depicted implementation, a current ap-
plied to the encircling conductive elements 100 may gen-
erate a field that causes the migration or movement of
opaque phosphor elements dispersed in the switchable
layer 50 to the periphery of the switchable layer 50, i.e.,
underneath the bezel 102. In this manner, the entire
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switchable layer 50 may be switched between an opaque
state and a transparent state by application of a potential
to the one or more conductive elements 100.

[0051] Turning to FIG. 10, the switchable layer 50 is
depicted as being splitinto a plurality (here six) of different
regions (110, 112, 114, 116, 118, 120) that may each be
separately addressable to separately switch the regions
between opaque and transparent states. In otherembod-
iments, two, four, eight, ten, twelve, sixteen (or more)
differentand separately addressable regions may be pro-
vided in a switchable layer 50. Each region may be de-
fined by distinct and separate conductive elements 122
that may be addressed separately to make one, more
than one, or all of the regions 110-120 transparent or
opaque at a given moment. In one such implementation,
the conductive elements 122 may be formed using
opaque conductive materials formed at such thicknesses
so as to not be substantially visible to a viewer of the
display 10 or may be formed using transparent conduc-
tive materials (e.g., ITO). In accordance with the embod-
iment described in FIG. 10, a processor 16 (FIG. 4) may
separately control the opacity/transparency of each re-
gion 110-120 as well as the pixels of the OLED display
34 so as to optimize the power used to display a particular
combination of background, alphanumeric characters,
and/or graphic elements.

[0052] While the preceding discussion, for simplicity,
has primarily focused on the use of a single switchable
layer, it should be appreciated that, in certain implemen-
tations, more than one such switchable layer 50 may be
provided. For example, in the embodiment depicted in
FIG. 11, two separately controllable switchable layers 50
are provided. In such an implementation, each switcha-
ble layer 50 may be split into different regions that are
offset from one another such that smaller overall trans-
parent and/or opaque regions may be generated by the
combined and coordinated operation of both switchable
layers 50.

[0053] Alternatively, each switchable layer 50 may in-
clude different phosphor or chromic elements such that
the color of each switchable layer 50, when in an opaque
state, may be different. For example, one of the switch-
able layers 50 may be substantially black when opaque
while another switchable layer 50 may be substantially
gray, blue, red, green, or another solid color, when
opaque. In this manner, the switchable layers 50 may be
utilized to provide various differently colored back-
grounds for the overlying transparent OLED panel 34.
[0054] It may also be noted that, in certain implemen-
tations the transparent OLED panel 34 may be used to
filter the ambient light to achieve a desired color effect
on the transflective background, i.e., background layer
52. For example, the ambient light may be filtered to
achieve a desired complementary color effect on the
transflective background layer. In this manner, assuming
the transflective background is a white background, the
OLED panel 34 may filter the ambient light to generate
colors with a large white component (e.g., pink) at the
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background layer 52. Generating complementary colors
in this manner may be desirable for the purpose of power
efficiency and/or to achieve a desired aesthetic effect.
[0055] The specific embodiments described above
have been shown by way of example, and it should be
understood that these embodiments may be susceptible
to various modifications and alternative forms.

Claims
1. Adisplay (10) comprising:

a transparent light emissive layer (34) capable
of displaying one or more colors on a pixel-by-
pixel basis;

a background layer (52); and

a switchable layer (50) positioned between the
transparent light emissive layer (34) and the
background layer (52), characterised in that
the switchable layer (50) comprises a plurality
of regions (110, 112, 114, 116, 118, 120), each
region being capable of being switched between
a substantially opaque state and a substantially
transparent state such that each region controls
visibility of a corresponding underlying portion
of the background layer (52).

2. The display of claim 1, wherein the light emissive
layer (34) comprises a layer of organic light emitting
diodes.

3. Thedisplay of claim 1, wherein the background layer
(52) comprises a transflective sheet, a printed logo,
emblem, mark, shape, or alphanumeric characters.

4. The display of claim 1, wherein each region (110,
112,114,116, 118, 120) is capable of being switched
from the substantially opaque state to the substan-
tially transparent state by the application of an elec-
trical field.

5. The display according to any one of the preceding
claims, comprising one or more background lights
(54) configured to illuminate all or part of the back-
ground layer (52).

6. An electronic device comprising a display according
to any one of the preceding claims, the electronic
device comprising one or more processors (16)
wherein the display is in communication with at least
one of the one or more processors;
wherein at least one of the one or more processors
(16) is configured to control operation of the switch-
able layer (50).

7. The electronic device of claim 6, wherein the elec-
tronic device comprises one or more of a desktop
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computer, a portable computer, a tablet computer,
acellular telephone, a game system, a media player,
a camera, or a television.

The electronic device of claim 6, wherein the display
comprises a touch screen interface.

The electronic device of claim 6, wherein the switch-
ablelayer comprises a layer of a polymeric solid elec-
trolyte hybrid material or a layer of an active material
whose optical properties are capable of being ad-
justed by the presence or absence of an electrical
field.

The electronic device of claim 6, comprising a light
sensor (56) in communication with at least one of
the one or more processors (16), wherein the oper-
ation of the display is controlled at least in part by a
signal generated by the light sensor.

A method for manufacturing a display, comprising:

securing a transparent organic light emitting di-
ode layer (34) to a first face of a switchable layer
(50) comprising a plurality of regions (110, 112,
114,116, 118, 120) that can each be independ-
ently switched between a substantially opaque
state and a substantially transparent state;
securing a background layer (52) to a second
face of the switchable layer (50) opposite the
first face; and

connecting the transparent organic light emitting
diode layer (34) and the switchable layer (50) to
a processor (16) configured to control operation
of the transparent organic light emitting diode
layer (34) and the switchable layer (50),
wherein the state of each region that can be
switched between a substantially opaque state
and a substantially transparent state is in oper-
ation controlled thereby to control the visibility
of corresponding underlying portions of the
background layer (52).

The method of claim 11, wherein the transparent or-
ganic light emitting diode layer (34) comprises a
glass substrate on which a plurality of organic light
emitting diodes are formed and a cover glass frit
bonded to the glass substrate so as to cover the plu-
rality of organic light emitting diodes.

The method of claim 11, wherein switchable layer
(50) comprises:

a hybrid polymeric solid electrolyte material dis-
posed between a first polyethylene terephtha-
late sheet and a second polyethylene terephtha-
late sheet; and

respective electrodes defining the boundaries

15

20

25

30

35

40

45

50

55

of the one or more respective regions.

14. The method of claim 11, wherein the background

layer (52) comprises a transflective layer and a solid
or printed sheet.

Patentanspriiche

Anzeige (10) umfassend:

Eine transparente lichtemittierende Schicht
(34), die in der Lage ist, eine oder mehrere Far-
ben auf einer Pixel-flir-Pixel-Basis anzuzeigen;
Eine Hintergrundschicht (52); und

Eine schaltbare Schicht (50), die zwischen der
transparenten, lichtemittierenden Schicht (34)
und der Hintergrundschicht (52) angeordnet ist,
dadurch gekennzeichnet, dass

die schaltbare Schicht (50) eine Vielzahl von Be-
reichen (110, 112, 114, 116, 118, 120) umfasst,
wobei jeder Bereich in der Lage ist, zwischen
einem im Wesentlichen undurchsichtigen Zu-
stand und einen im wesentlichen transparenten
Zustand umgeschaltet zu werden, so dass jeder
Bereich eine Sichtbarkeit eines entsprechenden
darunterliegenden Abschnittes der Hintergrund-
schicht (52) steuert.

Anzeige nach Anspruch 1, wobei die lichtemittieren-
de Schicht (34) eine Schicht von organischen lich-
temittierenden Dioden umfasst.

Anzeige nach Anspruch 1, wobei die Hintergrund-
schicht (52) eine transflektive Schicht, ein gedruck-
tes Logo, ein Emblem, ein Kennzeichen, eine Form
oder alphanumerische Zeichen umfasst.

Anzeige nach Anspruch 1, wobeijeder Bereich (110,
112, 114, 116, 118, 120) in der Lage ist von dem im
Wesentlichen undurchsichtigen Zustand in den im
Wesentlichen transparenten Zustand geschaltet zu
werden, durch die Anwendung eines elektrischen
Feldes.

Anzeige gemaR irgendeinem der vorhergehenden
Anspriche, ferner ein oder mehrere Hintergrundlich-
ter (54) umfassend, die eingerichtet sind, um die ge-
samte oder einen Teil der Hintergrundschicht (52)
zu erleuchten.

Elektronische Vorrichtung, die eine Anzeige gemaR
irgendeinem der vorhergehenden Anspriiche um-
fasst, wobei die elektronische Vorrichtung einen
oder mehrere Prozessoren (16) umfasst, wobei die
Anzeige in Kommunikation mit zumindest einem der
einen oder der mehreren Prozessoren ist;

wobei zumindest einer des einen oder der mehreren
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Prozessoren (16) eingerichtet ist, um einen Betrieb
der schaltbaren Schicht (50) zu steuern.

Elektronische Vorrichtung nach Anspruch 6, wobei
die elektronische Vorrichtung einen oder mehrere
von einem Desktop-Computer, einem tragbaren
Computer, einem Tablet-Computer, einem zellula-
ren Telefon, einem Spielsystem, einem Medienspie-
ler, einer Kamera oder einem Fernseher umfasst.

Elektronische Vorrichtung, nach Anspruch 6, wobei
die Anzeige eine Beriihrungsbildschirmschnittstelle
umfasst.

Elektronische Vorrichtung nach Anspruch 6, wobei
die schaltbare Schicht eine Schicht von einem poly-
meren Festkdrperelektrolythybridmaterial oder eine
Schicht von einem aktiven Material, dessen optische
Eigenschaften in der Lage sind durch die Anwesen-
heit oder die Abwesenheit eines elektrischen Feldes
angepasst zu werden, umfasst.

Elektronische Vorrichtung nach Anspruch 6, die ei-
nen Lichtsensor (56) der mit zumindest einem des
einen oder der mehreren Prozessoren (16) in Kom-
munikation ist, umfasst,

wobei der Betrieb der Anzeige zumindest zum Teil
durch ein Signal gesteuert wird, welches durch den
Lichtsensor erzeugt wird.

Verfahren zum Herstellen einer Anzeige, umfas-
send:

Sichern einer transparenten organischen lichte-
mittierenden Diodenschicht (34) auf einerersten
Flache einer schaltbaren Schicht (50), die eine
VielzahlvonBereichen (110,112,114,116, 118,
120) umfasst, die jede unabhangig zwischen ei-
nem im Wesentlichen undurchsichtigen Zu-
stand und einem im Wesentlichen transparen-
ten Zustand geschaltet werden kénnen;
Sichern einer Hintergrundschicht (52) an eine
zweite Flache der schaltbaren Schicht (50) ge-
genuber der ersten Flache; und

Verbinden der transparenten organischen lich-
temittierenden Diodenschicht (34) und der
schaltbaren Schicht (50) zu einem Prozessor
(16), der eingerichtet ist, um einen Betrieb der
transparenten organischen lichtemittierenden
Diodenschicht (34) und der schaltbaren Schicht
(50) zu steuern,

wobei der Zustand von jedem Bereich, der zwi-
schen einem im Wesentlichen undurchsichtigen
Zustand und einem im Wesentlichen transpa-
renten Zustand geschaltet werden kann, im Be-
trieb gesteuert wird, wodurch die Sichtbarkeit
von entsprechenden darunterliegenden Ab-
schnitten der Hintergrundschicht (52) gesteuert
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wird.

Verfahren nach Anspruch 11, wobei die transparen-
te organische lichtemittierende Diodenschicht (34)
ein Glassubstrat umfasst, auf welchem eine Vielzahl
von organischen lichtemittierenden Dioden geformt
sind und eine Abdeckglasmasse umfasst, die auf
das Glassubstrat gebunden ist, um die Vielzahl von
organischen lichtemittierenden Dioden abzudecken.

Verfahren nach Anspruch 11, wobei die schaltbare
Schicht (50) ein hybrides polymeres Festkdrpere-
lektrolytmaterial umfasst, das zwischen einer ersten
Polyethylen-Terephtalat-Schicht und einer zweiten
Polyethylen-Terephtalat-Schicht angeordnet ist und
entsprechende Elektroden umfasst, welche die
Grenzen der einen oder der mehreren entsprechen-
den Bereiche definieren.

Verfahren nach Anspruch 11, wobeidie Hintergrund-
schicht (52) eine transflektive Schicht und eine feste
oder gedruckte Schicht umfasst.

Revendications

1.

Un afficheur (10) comprenant :

une couche luminescente transparente (34)
susceptible d’afficher une ou plusieurs couleurs
sur une base pixel par pixel ;

une couche d’arriére-plan (52) ; et

une couche commutable (50) positionnée entre
la couche luminescente transparente (34) et la
couche d’arriere-plan (52),

caractérisé en ce que la couche commutable
(50) comprend une pluralité de régions (110,
112, 114, 116, 118, 120), chaque région étant
susceptible d’étre commutée entre un état subs-
tantiellement opaque et un état substantielle-
ment transparent de telle sorte que chaque ré-
gion contrdle la visibilit¢ d’'une partie sous-
jacente correspondant de la couche d’arriere-
plan (52).

L’afficheur de la revendication 1, dans lequel la cou-
che luminescente (34) comprend une couche de dio-
des luminescentes organiques.

L’afficheur de la revendication 1, dans lequel la cou-
che d’arriere-plan (52) comprend une feuille trans-
flective, un logo imprimé, un embléme, un marqua-
ge, une forme ou des caractéres alphanumériques.

L’afficheur de la revendication 1, dans lequel chaque
région (110, 112, 114, 116, 118, 120) est susceptible
d’étre commutée de I'état substantiellement opaque
a I'état substantiellement transparent par I'applica-
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tion d’'un champ électrique.

L’afficheur selon 'une des revendications précéden-
tes, comprenantun ou plusieurs éclairages d’arriere-
plan (54) configurés pour illuminer toute ou partie de
la couche d’arriere-plan (52).

Un dispositif électronique comprenant un afficheur
selon l'une des revendications précédentes, le dis-
positif électronique comprenant un ou plusieurs pro-
cesseurs, dans lequel I'afficheur est en communica-
tion avec au moins l'un des un ou plusieurs
processeurs ; dans lequel au moins l'un des un ou
plusieurs processeurs (16) est configuré pour con-
troler le fonctionnement de la couche commutable
(50).

Le dispositif électronique de la revendication 6, dans
lequel le dispositif électronique comprend un ou plu-
sieurs d’entre un ordinateur de bureau, un ordinateur
portable, un ordinateur tablette, un téléphone cellu-
laire, un systéme de jeu, un lecteur de media, une
caméra ou une télévision.

Le dispositif électronique de la revendication 6, dans
lequel I'afficheur comprend une interface a écran
tactile.

Le dispositif électronique de la revendication 6, dans
lequel la couche commutable comprend une couche
d’'un matériau hybride d’électrolyte solide polymére
ou une couche d’un matériau actif dontles propriétés
optiques sont susceptibles d’'étre ajustées par la pré-
sence ou I'absence d’'un champ électrique.

Le dispositif électronique de la revendication 6, com-
prenant un capteur de lumiére (56) en communica-
tion avec au moins I'un des un ou plusieurs proces-
seurs,

dans lequel le fonctionnement de I'afficheur est con-
tr6lé au moins en partie par un signal généré par le
capteur de lumiére.

d’'un afficheur,

Un procédé de fabrication

comprenant :

la fixation d’'une couche de diodes luminescen-
tes organiques transparente (34) a une premie-
re face d’'une couche commutable comprenant
une pluralité de régions (110, 112, 114, 116,
118, 120) qui peuvent étre commutées chacune
indépendamment entre un état substantielle-
ment opaque et un état substantiellement
transparent ;

la fixation d’'une couche d’arriére-plan (52) a une
seconde face de la couche commutable (50) op-
posée a la premiére face ; et

la connexion de la couche de diodes lumines-
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centes organiques transparente (34) et de la
couche commutable (50) a un processeur (16)
configuré pour contréler le fonctionnement de la
couche de diodes luminescentes organiques
transparente (34) et de la couche commutable
(50),

I’état de chaque région qui peut étre commuté
entre un état substantiellement opaque et un
état substantiellement transparent étant en
fonctionnement contrdlé a cet effet pour contro-
ler la visibilité de partie sous-jacente correspon-
dante de la couche d’arriére-plan (52).

Le procédé de la revendication 11, dans lequel la
couche de diodes luminescentes organiques trans-
parente comprend un substrat en verre sur lequel
sont formées une pluralité de diodes luminescentes
organiques et une vitre de fermeture collée par frit-
tage au substrat en verre de maniére a couvrir la
pluralité de diodes luminescentes organiques.

Le procédé de la revendication 11, dans lequel la
couche commutable comprend :

un matériau d’électrolyte solide polymere hybri-
de disposé entre une premiére feuille de téréph-
talate de polyéthyléne et une seconde couche
de téréphtalate de polyéthyléne ; et

des électrodes respectives définissant les limi-
tes des une ou plusieurs régions respectives.

Le procédé de la revendication 11, dans lequel la
couche d’arriéere-plan (52) comprend une couche
transflective et une feuille rigide ou imprimée.
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