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(57) Abstract: In one example aspect, a device (100) comprises an or-
ganic light emitting diode (OLED) display (102, 500). The display com-
prises a transparent or semi-transparent substrate (510) and includes a
first region (104) comprising a plurality of first pixels (300) and a sec-
ond region (106) comprising a plurality of second pixels (400). A first
proportion of each first pixel comprises a first light emissive area (302),
a second proportion of each second pixel comprises a second light emis-
sive area (402), and the first proportion is different to the second pro-
portion, wherein the first proportion comprises a ratio of a size of the
first light emissive area to a size of each first pixel (300), and the second
proportion comprises a ratio of a size of the second light emissive area
to a size of each second pixel (400).
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ORGANIC LIGHT EMITTING DIODE (OLED) DISPLAY AND
METHOD OF PRODUCING OLED DISPLAY

Technical Field

Examples of the present disclosure relate to an organic light emitting diode (OLED) display
and a method of producing an OLED display.

Background

OLED displays are used in a wide range of devices to display text and images to a user.
Some devices may include one or more optoelectronic components that face the user, such
as a sensor or light source. A typical OLED display is not transparent or is only partially
transparent, allowing only around 4-5% of light to pass through. Therefore, the OLED
display in such devices is designed so that it does not cover the optoelectronic components.
As the size of the display increases relative to the size of the device, the display may include

one or more cutouts or “notches” to accommodate the optoelectronic components.

Summary

One aspect of the present disclosure provides a device comprising an organic light emitting
diode (OLED) display. The display comprises a transparent or semi-transparent substrate
and includes a first region comprising a plurality of first pixels and a second region
comprising a plurality of second pixels. A first proportion of each first pixel comprises a first
light emissive area, a second proportion of each second pixel comprises a second light
emissive area, and the first proportion is different to the second proportion, wherein the first
proportion comprises a ratio of a size of the first light emissive area to a size of each first
pixel, and the second proportion comprises a ratio of a size of the second light emissive area

to a size of each second pixel.

Another aspect of the present disclosure provides a method of producing an organic light
emitting diode (OLED) display. The method comprises forming, on a transparent or semi-
transparent substrate, a first region comprising a plurality of first pixels and a second region
comprising a plurality of second pixels. A first proportion of each first pixel comprises a first
light emissive area, a second proportion of each second pixel comprises a second light
emissive area, and the first proportion is different to the second proportion. The first

proportion comprises a ratio of a size of the first light emissive area to a size of each first
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pixel, and the second proportion comprises a ratio of a size of the second light emissive area
to a size of each second pixel.

Brief Description of the Drawings

For a better understanding of examples of the present disclosure, and to show more clearly
how the examples may be carried into effect, reference will now be made, by way of
example only, to the following drawings in which:

Figure 1 is a schematic of an example of a device comprising an organic light
emitting diode (OLED) display;

Figure 2 is a schematic of an example of the device of Figure 1 including an

optoelectronic component;

Figure 3 shows an example of a pixel that may be located in a first region of an
OLED display;

Figure 4 shows an example of a pixel that may be located in a second region of an
OLED display;

Figure 5 is a cross section of a portion of an example display; and

Figure 6 is a flow chart of an example of a method 600 of producing an OLED

display.

Detailed Description

The following sets forth specific details, such as particular embodiments or examples for
purposes of explanation and not limitation. It will be appreciated by one skilled in the art that
other examples may be employed apart from these specific details. In some instances,
detailed descriptions of well-known methods, nodes, interfaces, circuits, and devices are
omitted so as not obscure the description with unnecessary detail. Those skilled in the art
will appreciate that the functions described may be implemented in one or more nodes using
hardware circuitry (e.g., analog and/or discrete logic gates interconnected to perform a
specialized function, ASICs, PLAs, etc.) and/or using software programs and data in

conjunction with one or more digital microprocessors or general purpose computers. Nodes
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that communicate using the air interface also have suitable radio communications circuitry.
Moreover, where appropriate the technology can additionally be considered to be embodied
entirely within any form of computer-readable memory, such as solid-state memory,
magnetic disk, or optical disk containing an appropriate set of computer instructions that

would cause a processor to carry out the techniques described herein.

Some embodiments described herein may increase the display size or coverage in a device
by placing one or more optoelectronic components behind an organic light emitting diode
(OLED) display. In some embodiments, a display may have a higher light transmittance in a
region where the one or more optoelectronic components are located compared to other
regions of the display.

Figure 1 is a schematic of an example of a device 100 comprising an organic light emitting
diode (OLED) display 102, such as for example an active matrix OLED (AMOLED) or
passive matrix OLED (PMOLED) display. The display 102 comprises a transparent or semi-
transparent substrate and includes a first region 104 comprising a plurality of first pixels and
a second region 106 comprising a plurality of second pixels. The device 100 in some

examples may comprise a communication device or user equipment (UE).

In some examples, one or more optoelectronic components 108 may be located underneath
the second region 106, as shown in Figure 2, which shows the device 100 of Figure 1
including an optoelectronic component 108. In some examples, “underneath” means that
the second region 106 of the display, or at least part of the second region 106, is between
the user or viewer of the device 100 and the optoelectronic component 108 or at least part of
the optoelectronic component. The device 100 may include one or more optoelectronic
components 108 located underneath the second region 106. In some examples, each
optoelectronic component may be a sensor such as for example a camera, light sensor,
proximity sensor, or optical fingerprint reader, and/or a light source (e.g. a visible or infrared,
IR, light source).

A first proportion of each first pixel comprises a first light emissive area, a second proportion
of each second pixel comprises a second light emissive area, and the first proportion is
different to the second proportion, wherein the first proportion comprises a ratio of a size of
the first light emissive area to a size of each first pixel, and the second proportion comprises
a ratio of a size of the second light emissive area to a size of each second pixel. In some
examples, at least part of each first and second pixel that does not comprise the respective

light emissive area is transparent or semi-transparent, due to the transparent or semi-
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transparent substrate of the OLED display 102. Therefore, for example, the second region
106 of the display 102 may let through more light than the first region 104.

The regions 104 and 106 of the device 100 shown in Figures 1 and 2 are single rectangular
regions. However, in other examples, the regions may be of any shape, and each region
may also comprise parts that are not contiguous with each other.

Figure 3 shows an example of a pixel 300 that may be located in the first region 104, and
thus may be a first pixel. The first pixel 300 comprises a light emissive area 302 and an area
304 that does not comprise light emissive material. At least some of the area 304 may be
transparent or semi-transparent. For example, at least part of the area 304 may not include
components and connectors such as pixel drive electronics or traces, and thus the
transparent or semi-transparent substrate may be exposed. In some examples, each of the
first and second pixels comprises respective pixel drive electronics at least partially covered
by the respective light emissive area.

Figure 4 shows an example of a pixel 400 that may be located in the second region 106, and
thus may be a second pixel. The second pixel 400 comprises a light emissive area 402 and
an area 404 that does not comprise light emissive material. At least some of the area 404
may be transparent or semi-transparent. For example, at least part of the area 404 may not
include components and connectors such as pixel drive electronics or traces, and thus the
transparent or semi-transparent substrate may be exposed. It can be seen that the area 404
comprises a greater proportion of the second pixel 400 than the area 304 of the first pixel
300. That is, for example, a third proportion of each first pixel comprises a transparent or
semi-transparent area, a fourth proportion of each second pixel comprises a transparent or
semi-transparent area, and the third proportion is different to the fourth proportion. As a
result, for example, each second pixel 400 (and thus a collection of second pixels, such as
for example in the region 106) may allow more light to pass through than each first pixel 300
(and thus a collection of first pixels, such as for example in the region 104). Thus, for
example, as a result of the second pixels allowing more light to pass through than the first
pixels, the first proportion may be higher than the second proportion.

In the example pixels 300 and 400 shown in Figures 3 and 4 respectively, each pixel is
shown as square and includes a square light emissive area. However, in other examples
the pixels may have other shapes. Additionally or alternatively, the light emissive areas may
have different shapes and/or may comprise non-contiguous parts.
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In some examples, the size of each first pixel is smaller than the size of each second pixel.
In such examples, the resolution of the display 102 in the first region 104 is higher than the
resolution in the second region 106. This may lead to a different appearance of the display
102 in the first region 104 as compared to the second region 106. However, the second
region 106 may be located in an area of the display 102 that displays certain information,
such as for example a digital clock, wireless connection information and/or other information
using text and/or simple graphics. As such, the lower resolution of the second region 106
may have little or no impact on the overall appearance of the display 102.

In some examples, the size of the light emissive area of the first and second pixels
respectively may be substantially the same. That is, for example, the size of the light
emissive area 302 of the first pixels 300 may be the same as the size of the light emissive
area 402 of the second pixels 400. In such cases, the same stencil or stencils may be used
in some examples of a manufacturing process to produce the first and second light emissive
areas. The transparent or semi-transparent area 304 of the first pixel 300 may in some
examples be smaller in size (area) than the area 404 of the second pixel 400. However, in

other examples, the light emissive areas 302 or 402 may be different sizes.

Figure 5 is a cross section of a portion of an example display 500, such as for example the
display 102 shown in Figures 1 and 2. Also shown is an optoelectronic component 502,

such as for example the optoelectronic component 108 shown in Figures 1 and 2.

The display 500 includes a first region, at least part 504 of which is shown in Figure 5.
Another part 506 of the display may also be part of the first region. The display 500 also

includes a second region, at least part 508 of which is shown in Figure 5.

The display 500 comprises a transparent or semi-transparent substrate 510, and an OLED
layer 512 that includes the pixels of the display 500, such as first and second pixels, e.g. as
shown in Figures 3 and 4. The OLED layer may include, for example, light emissive material
as well as drive electronics and electronic traces. The display 500 also includes a protection
layer 514 such as plastic or glass. A reflective layer 516 is included underneath the
substrate 510. A circular polarizer layer 518 (e.g. a linear polarizer and quarter wave plate)
is provided above the protective layer 514. The circular polarizer layer 518 and reflective
layer 516 together reduce the reflection of ambient light by the display 500. The reflective
layer 516 may also increase the efficiency of the display 500 by reflecting light from the
OLED layer 512.
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In some examples, for example in the display 500 as shown in Figure 5, a part of one or
more layers are omitted in the second region 508. For example, the reflective layer 516 and
the circular polarizer 518 are omitted in at least part of the second region 508, in an area that
is over the optoelectronic component 502. Thus in some examples the reflective layer 516
and the circular polarizer 518 do not prevent or reduce light from reaching or being emitted

from the optoelectronic component 502.

The display 500 may also include a transparent or semi-transparent bonding or adhesive
layer 520 between the optoelectronic component and the substrate 510, for example in a

region where the reflective layer 516 is omitted.

Figure 6 is a flow chart of an example of a method 600 of producing an organic light emitting
diode (OLED) display, such as for example the display 100 shown in Figures 1 and 2, of the
display 500 shown in Figure 5. The method 600 comprises forming 602, on a transparent or
semi-transparent substrate, a first region comprising a plurality of first pixels and a second
region comprising a plurality of second pixels. A first proportion of each first pixel comprises
a first light emissive area, a second proportion of each second pixel comprises a second
light emissive area, and the first proportion is different to the second proportion. The first
proportion comprises a ratio of a size of the first light emissive area to a size of each first
pixel, and the second proportion comprises a ratio of a size of the second light emissive area

to a size of each second pixel.

In some examples, the first proportion is higher than the second proportion. The size of
each first pixel may be smaller than the size of each second pixel. Additionally or
alternatively, the size of the first light emissive area of each first pixel may be larger than the
size of the second light emissive area of each second pixel. Each of the first and second
light emissive areas of each of the first and second pixels respectively may comprise an area

of organic light emissive material.

In some examples, the second pixels may be larger. In such cases, the size of the second
light emissive area in each second pixel may be larger than the size of the first light emissive
area in each first pixel, for example to at least partially compensate for any drop in luminosity
of the second region of the display (e.g. for a particular drive voltage) compared to the first
region due to having a lower resolution in the second region. However, in such examples,

the first proportion may still be higher than the second proportion.
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In some examples, a third proportion of each first pixel comprises a transparent or semi-
transparent area, a fourth proportion of each second pixel comprises a transparent or semi-
transparent area, and the third proportion is different to the fourth proportion. Thus the
method 600 may in some examples include forming the transparent or semi-transparent

areas accordingly.

Each of the first and second pixels comprises respective pixel drive electronics at least
partially covered by the respective light emissive area.

In some examples, the method 600 may comprise providing a circular polarizer over at least
part of the first region. This may in some examples comprise omitting the circular polarizer
over at least part of the second region. Additionally or alternatively, the method 600 may in
some examples comprise providing a light reflective layer under at least part of the first
region. This may in some examples comprise omitting the light reflective layer under at least
part of the second region.

It should be noted that the above-mentioned examples illustrate rather than limit the
invention, and that those skilled in the art will be able to design many alternative examples
without departing from the scope of the appended statements. The word “comprising” does
not exclude the presence of elements or steps other than those listed in a claim, “a” or “an”
does not exclude a plurality, and a single processor or other unit may fulfil the functions of
several units recited in the statements below. Where the terms, “first”, “second” etc. are
used they are to be understood merely as labels for the convenient identification of a
particular feature. In particular, they are not to be interpreted as describing the first or the
second feature of a plurality of such features (i.e. the first or second of such features to
occur in time or space) unless explicitly stated otherwise. Steps in the methods disclosed
herein may be carried out in any order unless expressly otherwise stated. Any reference

signs in the statements shall not be construed so as to limit their scope.
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Claims

1. A device (100) comprising an organic light emitting diode (OLED) display (102, 500),

wherein the display comprises a transparent or semi-transparent substrate (510) and
includes a first region (104) comprising a plurality of first pixels (300) and a second region
(106) comprising a plurality of second pixels (400),

wherein a first proportion of each first pixel comprises a first light emissive area
(302), a second proportion of each second pixel comprises a second light emissive area
(402), and the first proportion is different to the second proportion, wherein the first
proportion comprises a ratio of a size of the first light emissive area to a size of each first
pixel, and the second proportion comprises a ratio of a size of the second light emissive area

to a size of each second pixel.

2. The device of claim 1, wherein the first proportion is higher than the second
proportion.
3. The device of claim 2, wherein the size of each first pixel (300) is smaller than the

size of each second pixel (400).

4, The device of claim 2 or 3, wherein the size of the first light emissive area (302) of
each first pixel (300) is larger than the size of the second light emissive area (402) of each
second pixel (400).

5. The device of any of claims 2 to 4, further comprising an optoelectronic component
(108, 502) underneath the second region (106).

6. The device of claim 5, wherein the optoelectronic component (108, 502) comprises a

camera, light sensor, proximity sensor, light source or optical fingerprint reader.

7. The device of claim 5 or 6, comprising a layer (520) of optically clear adhesive or
optically clear resin between the optoelectronic component (108, 502) and at least a portion
(508) of the second region (106) of the OLED display (102, 500).

8. The device of any of the preceding claims, wherein the each of the first (302) and
second (402) light emissive areas of each of the first (300) and second (400) pixels

respectively comprises an area of organic light emissive material.
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9. The device of any of the preceding claims, wherein a third proportion of each first
pixel (300) comprises a transparent or semi-transparent area (304), a fourth proportion of
each second pixel (400) comprises a transparent or semi-transparent area (404), and the

third proportion is different to the fourth proportion.

10. The device of any of the preceding claims, wherein each of the first (300) and second
(400) pixels comprises respective pixel drive electronics at least partially covered by the

respective light emissive area (302, 402).

11. The device of any of the preceding claims, wherein the display (102, 500) comprises
a circular polarizer (518) over at least part (504, 506) of the first region (104).

12. The device of claim 11, wherein the circular polarizer (518) is not over at least part
(508) of the second region (106).

13. The device of any of the preceding claims, wherein the display (102, 500) comprises
a light reflective layer (516) under at least part (504, 506) of the first region.

14. The device of claim 13, wherein the reflective layer (516) is not under at least part
(508) of the second region (106).

15. The device of any of the preceding claims, wherein the display (102, 500) comprises
an active matrix OLED (AMOLED) display or a passive matrix OLED (PMOLED) display.

16. The device of any of the preceding claims, wherein the device (100) comprises a

communication device or User Equipment (UE).

17. A method of producing an organic light emitting diode (OLED) display (102, 500), the
method comprising:

forming (602), on a transparent or semi-transparent substrate, a first region (104)
comprising a plurality of first pixels (300) and a second region (106) comprising a plurality of
second pixels (400),

wherein a first proportion of each first pixel comprises a first light emissive area
(302), a second proportion of each second pixel comprises a second light emissive area
(402), and the first proportion is different to the second proportion, wherein the first

proportion comprises a ratio of a size of the first light emissive area to a size of each first
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pixel, and the second proportion comprises a ratio of a size of the second light emissive area
to a size of each second pixel.

18. The method of claim 17, wherein the first proportion is higher than the second

proportion.

19. The method of claim 18, wherein the size of each first pixel (300) is smaller than the

size of each second pixel (400).

20. The method of claim 18 or 19, wherein the size of the first light emissive area (302) of
each first pixel (300) is larger than the size of the second light emissive area (402) of each

second pixel (400).

21. The method of any of claims 17 to 20, wherein each of the first (302) and second
(402) light emissive areas of each of the first (300) and second (400) pixels respectively

comprises an area of organic light emissive material.

22. The method of any of claims 17 to 21, wherein a third proportion of each first pixel
(300) comprises a transparent or semi-transparent area (304), a fourth proportion of each
second pixel (400) comprises a transparent or semi-transparent area (404), and the third

proportion is different to the fourth proportion.

23. The method of any of claims 17 to 22, wherein each of the first (300) and second
(400) pixels comprises respective pixel drive electronics at least partially covered by the

respective light emissive area (302, 402).

24. The method of any of claims 17 to 23, wherein the display (102, 500) comprises an
active matrix OLED (AMOLED) display or a passive matrix OLED (PMOLED) display.

25. The method of any of claims 17 to 24, comprising providing a circular polarizer (518)
over at least part (504, 506) of the first region (104).

26. The method of claim 25, comprising omitting the circular polarizer (518) over at least
part (508) of the second region (106).

27. The method of any of claims 17 to 26, comprising providing a light reflective layer
(516) under at least part (504, 506) of the first region (104).
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28. The method of claim 27, comprising omitting the light reflective layer (516) under at
least part (508) of the second region (106).
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