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(57) ABSTRACT

An organic light-emitting diode (OLED) display is disclosed.
In oneaspect, the OLED display includes a base substrate and
a display unit formed on a first surface of the base substrate,
and including i) an active region having an OLED configured
to emit light and i1) a dummy region formed in an outer
portion of the active region. The OLED display further
includes an encapsulation substrate encapsulating the display
unit and a photo sensor mounted in an outer portion of the
dummy region and configured to measure intensity of the
light emitted from the OLED. The OLED includes a pixel
electrode, an opposite electrode facing the pixel electrode and
extending over the dummy region, and an emission layer
interposed between the pixel electrode and the opposite elec-
trode. The dummy region includes a light path configured to
guide light reflected from the opposite electrode to the photo
Sensor.
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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0070274, filed on Jun. 10, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display.

[0004] 2. Description of the Related Technology

[0005] In general, an OLED display has a panel having a
structure in which an encapsulation substrate covers a base
substrate on which a display unit is formed, and an area
around the display unit between the two substrates 1s sealed
by using a sealant. The display unit has a thin film transistor
and an OLED, and when the TFT is driven, the OLED emits
light such that an image is realized.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0006] One inventive aspect is an OLED display.

[0007] Another aspect is an OLED display which includes
a base substrate; a display unit formed on one surface of the
base substrate, and including an active region having an
organic light-emitting device that emits light, and a dummy
region that is an outer region of the active region; an encap-
sulation substrate for encapsulating the display unit between
the base substrate and the encapsulation substrate; and a
photo sensor mounted in an outer region of the dummy
region, and measuring intensity of the light emitted from the
organic light-emitting device, wherein the organic light-emit-
ting device includes a pixel electrode, an opposite electrode
facing the pixel electrode and extending over the dummy
region, and an emission layer interposed between the pixel
electrode and the opposite electrode, and wherein a light path
is established in the dummy region, and light reflected from
the opposite electrode is guided to the photo sensor via the
light path.

[0008] The opposite electrode at the light path established
in the dummy region may directly contact the base substrate,
without having an intermediate layer interposed therebe-
tween.

[0009] An insulating layer may be interposed between the
opposite electrode and the base substrate such that the oppo-
site electrode may protrude toward the encapsulation sub-
strate and thus an embossed zone may be further arranged in
the light path established in the dummy region.

[0010] A pixel-defining layer for defining a unit pixel
region of the organic light-emitting device may be arranged in
the active region, and the insulating layer may be formed from
the same layer as the pixel-defining layer.

[0011] A thin film transistor that is connected to the organic
light-emitting device may be further arranged in the active
region, and the thin film transistor may include an active
layer, a gate electrode, a source electrode, and a drain elec-
trode that are stacked on the one surface of the base substrate.
[0012] In the active region, the drain electrode may be
connected to the pixel electrode by having a planarization
layer interposed therebetween, and the pixel electrode, and
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the planarization layer may not be formed in the light path
established in the dummy region.

[0013] The photo sensor may be mounted at a top surface,
a bottom surface, or a side surface of an end of the base
substrate.

[0014] A plurality of the photo sensors may be formed at a
plurality of positions on the base substrate.

[0015] A reflective layer may be formed on another surface
of the base substrate. The light that is emitted from the organic
light-emitting device may be emitted toward the encapsula-
tion substrate such that an image may be realized.

[0016] Another aspect is an organic light-emitting diode
(OLED) display comprising: a base substrate; a display unit
formed on a first surface of the base substrate, and comprising
1) an active region having an OLED configured to emit light
and ii) a dummy region formed in an outer portion of the
active region; an encapsulation substrate encapsulating the
display unit; and a photo sensor mounted in an outer portion
of the dummy region and configured to measure intensity of
the light emitted from the OLED, wherein the OLED com-
prises a pixel electrode, an opposite electrode facing the pixel
electrode and extending over the dummy region, and an emis-
sion layer interposed between the pixel electrode and the
opposite electrode, and wherein the dummy region comprises
alight path configured to guide light reflected from the oppo-
site electrode to the photo sensor.

[0017] Inthe above display, a portion of the opposite elec-
trode formed in the dummy region directly contacts the base
substrate. The above display further comprises an insulating
layer interposed between the opposite electrode and the base
substrate. In the above display, the opposite electrode extends
toward the encapsulation substrate so as to form an embossed
zone in the light path of the dummy region. In the above
display, a portion of the opposite electrode formed in the
embossed zone does not contact the base substrate. In the
above display, the insulating layer formed in the dummy
region is discontinuous. The above display further comprises
a pixel-defining layer defining a unit pixel region of the
OLED and formed in the active region, wherein the insulating
layer and the pixel-defining layer are formed from the same
layer.

[0018] In the above display further comprises a thin film
transistor electrically connected to the OLED and formed in
the active region, wherein the thin film transistor comprises
an active layer, a gate electrode, a source electrode, and a
drain electrode that are stacked on the first surface of the base
substrate. In the above display, in the active region, the drain
electrode is connected to the pixel electrode by having a
planarization layer interposed therebetween, and wherein the
pixel electrode and the planarization layer are not formed in
the light path formed in the dummy region. In the above
display, the photo sensor is mounted at a top surface, a bottom
surface, or a side surface of an end of the base substrate. In the
above display, a plurality of the photo sensors are formed ata
plurality of positions on the base substrate. The above display
further comprises a reflective layer formed on a second sur-
face of the base substrate, wherein the first and second sur-
faces are opposing each other. In the above display, the OLED
is configured to emit the light toward the encapsulation sub-
strate so as to display an image.

[0019] Another aspect is an organic light-emitting diode
(OLED) display comprising: a substrate; a display unit
formed on a first surface of the substrate, and comprising i) an
active region having an OLED configured to emit light and i1)
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a dummy region formed in an outer portion of the active
region; and a photo sensor mounted in an outer portion of the
dummy region and configured to measure intensity of the
light emitted from the OLED, wherein the OLED comprises
an electrode extending over the dummy region, and wherein
the dummy region comprises a light path configured to guide
light reflected from the electrode to the photo sensor.

[0020] In the above display, a first portion of the electrode
formed in the dummy region directly contacts the substrate.
The above display further comprises an insulating layer inter-
posed between the electrode and the substrate, wherein a
portion of the insulating layer is formed in the dummy region.
In the above display, the portion of the insulating layer is
discontinuous. In the above display, a second portion of the
electrode formed in the dummy region does not contact the
substrate. In the above display, a plurality of the photo sensors
are formed at a plurality of positions on the substrate. The
above display further comprises a reflective layer formed on
a second surface of the substrate, wherein the first and second
surfaces are opposing each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG.1isaplanview of an OLED display according
to an embodiment

[0022] FIG. 2 is a side view of the OLED display shown in
FIG. 1.
[0023] FIG.3isacross-sectional view ofthe OLED display

of FIG. 1, taken along a line III-II1.

[0024] FIG. 4 illustrates an OLED display according to
another embodiment.

[0025] FIGS. 5 and 6 illustrate examples of a mounting
position of a photo sensor.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0026] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings. In this regard, the present embodiments may have
different forms and should not be construed as being limited
to the descriptions set forth herein. Accordingly, the embodi-
ments are merely described below, by referring to the figures,
to explain aspects of the present description.

[0027] In the accompanying drawings, those components
that are the same or are in correspondence are rendered the
same reference numeral regardless of the figure number, and
redundant explanations are omitted.

[0028] Throughout the specification, a singular form may
include plural forms, unless there is a particular description
contrary thereto.

[0029] Throughout the specification, it will be further
understood that the terms “comprises” and/or “comprising”
used herein specify the presence of stated features or compo-
nents, but do not preclude the presence or addition of one or
more other features or components.

[0030] Throughout the specification, it will be understood
that when a layer, region, or component is referred to as being
“formed on,” another layer, region, or component, it can be
directly or indirectly formed on the other layer, region, or
component. That is, for example, intervening layers, regions,
or components may be present.
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[0031] 1Inthe drawings, for convenience of description, the
thicknesses or sizes of elements are exaggerated for clarity,
but one or more embodiments of the present invention are not
limited thereto.

[0032] Also, it should also be noted that in some alternative
implementations, the steps of all methods described herein
may occur out of the order. For example, two steps illustrated
in succession may in fact be executed substantially concur-
rently or the two steps may sometimes be executed in the
reverse order.

[0033] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
In this disclosure, the term “substantially” includes the mean-
ings of completely, almost completely or to any significant
degree under some applications and in accordance with those
skilled in the art. Moreover, “formed on” can also mean
“formed over.” The term “connected” includes an electrical
connection.

[0034] FIGS. 1 and 2 are a plan view and a side view of an
OLED display according to an embodiment.

[0035] As illustrated, in the present embodiment, the
OLED display includes a base substrate 110 that is formed of
a glass material, a display unit 120 that is formed on the base
substrate 110 and realizes an image, an encapsulation sub-
strate 130 that encapsulates the display unit 120 between the
base substrate 110 and the encapsulation substrate 130 by
interposing a sealant 140 therebetween, or the like.

[0036] In the present embodiment, the OLED display is a
top-emission type where an image is realized toward the
encapsulation substrate 130, a polarizing film 131 is attached
on an outer surface of the encapsulation substrate 130, and a
reflective layer 111 is formed on an outer surface of the base
substrate 110. The reflective layer 111 may also perform a
function of heat dissipation.

[0037] The OLED display includes a plurality of photo
sensors 150 that are mounted at edges of the base substrate
110 so as to measure intensity of light that is emitted from
each of adjacent pixels in the display unit 120. That is, when
the display unit 120 realizes an image, emission occurs in an
OLEDEL (refer to FIG. 3) of each of pixels in the display unit
120, and here, the photo sensors 150 measure the intensity of
light from each of the adjacent pixels and thus sense whether
light with desired intensity is emitted. In some embodiments,
the intensity of light is monitored to compensate for an image
sticking phenomenon that occurs due to local deterioration of
a pixel.

[0038] For example, when a general image is realized, all
pixels of the display unit 120 repeat on or off in turn so that
rapid deterioration of a specific part hardly occurs, but, if a
logo of a broadcasting company or a program is continuously
displayed on a specific portion of a screen, pixels of the
specific portion have to remain an emission status for a long
time such that deterioration of the pixels accelerate, com-
pared to pixels of other portions, and an image sticking phe-
nomenon occurs after screen conversion. Therefore, if a spe-
cific pixel is continuously used, emission efficiency of the
pixel deteriorates such that the pixel emits light with intensity
lower than a desired level, becomes dim, compared to adja-
cent pixels, and thus looks as image sticking to a user.
[0039] In some embodiments, in order to solve the prob-
lem, the photo sensors 150 are mounted along the edges of the
display unit 120 where the logo is mainly displayed. Each of
the photo sensors 150 measures intensity of light at a corre-
sponding position, and when a measured value does not reach
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set intensity of light, a set value is increased to compensate for
insufficient intensity oflight, so that image sticking is solved.
In the present embodiment, 6 photo sensors 150 are mounted,
but the number and positions of the photo sensors 150 may
vary depending on specific applications.

[0040] In the present embodiment, an opposite electrode
120c (refer to FIG. 3) that is arranged at the display unit 120
functions to establish a light path to the photo sensor 150. This
will be described with reference to an inner structure of the
display unit 120 shown in FIG. 3.

[0041] As illustrated in FIG. 3, the display unit 120 has an
active region AT where an image is realized, and a dummy
region DM that is an outer portion of the active region AT. The
dummy region DM does not have an OLED EL where emis-
sion occurs, and is not directly related to emission of an
image. However, the dummy region DM protects the active
region AT against moisture or static electricity. Also, since
light that is emitted from the OLED EL of the active region AT
travels to the photo sensor 150 via the dummy region DM, the
dummy region DM of the base substrate 110 corresponds to a
light path toward the photo sensor 150.

[0042] The active region AT includes the OLED EL having
a structure where a pixel electrode 120a, an emission layer
1205, and the opposite electrode 120c¢ are sequentially
stacked, and a thin film transistor TFT that is connected to the
pixel electrode 120a of the organic light-emitting device EL.
[0043] The thin film transistor TFT includes an active layer
122, a gate electrode 124, a source electrode 126, and a drain
electrode 127. A gate insulating layer 123 is interposed
between the gate electrode 124 and the active layer 122 for
insulation between the gate electrode 124 and the active layer
122.

[0044] The active layer 122 may be arranged on a buffer
layer 121. The active layer 122 may be formed while contain-
ing various materials. In an embodiment, the active layer 122
contains an inorganic semiconductor material such as amor-
phous silicon or crystalline silicon. In another embodiment,
the active layer 122 contains an oxide semiconductor. In
another embodiment, the active layer 122 contains an organic
semiconductor material.

[0045] The gate insulating layer 123 is arranged on the
buffer layer 121 and thus covers the active layer 122, and the
gate electrode 124 is formed on the gate insulating layer 123.
[0046] An interlayer insulating layer 125 is formed on the
gate insulating layer 123 so as to cover the gate electrode 124,
and the source electrode 126 and the drain electrode 127 are
formed on the interlayer insulating layer 125 and are con-
nected to the active layer 122.

[0047] A planarization layer 128 that covers the thin film
transistor TFT is formed on the interlayer insulating layer
125. The planarization layer 128 may be formed of an inor-
ganic material and/or an organic material.

[0048] The OLED EL is disposed on the planarization layer
128 and, as described above, the OLED EL includes the pixel
electrode 120q, the emission layer 1205, and the opposite
electrode 120c. A pixel-defining layer 129 is disposed on the
planarization layer 128 and the pixel electrode 120q, and
defines a unit pixel region.

[0049] The emission layer 1205 may be a single layer or a
composite layer where a hole injection layer, a hole transport
layer, an electron transport layer, or an electron injection layer
are formed above or below the emission layer 1205.

[0050] The pixel electrode 120q is disposed above the pla-
narization layer 128 and is electrically connected to the drain

Dec. 10, 2015

electrode 127 of the thin film transistor TFT via a through
hole 128a that penetrates through the planarization layer 128.
[0051] The pixel electrode 120a may function as an anode
electrode, and the opposite electrode 120¢ may function as a
cathode electrode. However, one or more embodiments are
not limited thereto, thus, polarities of the pixel electrode 120a
and the opposite electrode 120¢ may be switched.

[0052] The pixel-defining layer 129 has an opening that
exposes the pixel electrode 120a, and thus defines a pixel
region of the organic light-emitting device EL. In the present
embodiment, only one opening is illustrated. However, the
pixel-defining layer 129 may have a plurality of openings, and
the pixel electrode 120q, the emission layer 1205, and the
opposite electrode 120c may be sequentially stacked in each
of the openings and may emit light.

[0053] When the openings are formed, the OLED display
may include a plurality of the organic light-emitting devices
EL. A plurality of pixels may be arranged in the OLEDs EL,
respectively, and may realize red light, green light, blue light,
or white light. Alternatively, the emission layer 1205 may be
commonly formed while extending over an entire portion of
the planarization layer 128, regardless of positions of the
pixels. Here, the emission layer 1205 may have a structure in
which layers that include emission materials for emitting red
light, green light, and blue light may be vertically stacked or
the emission materials may be mixed. A combination of other
colors may also be possible, provided that the combination of
other colors may emit white light. Also, the emission layer
1205 may further include a color conversion layer or a color
filter that converts the emitted white light into a predeter-
mined color.

[0054] The opposite electrode 120¢ of the OLED EL faces
the pixel electrode 120a by having the emission layer 1205
formed therebetween in the active region AT, and a side of the
opposite electrode 120¢ extends over the dummy region DM.
Due to the extending opposite electrode 120¢, a smooth light
path toward the photo sensor 150 is formed in the dummy
region DM. That is, when light is emitted toward the encap-
sulation substrate 130 from the OLED EL so as to realize an
image, a portion of the light spreads out and thus travels
toward the photo sensor 150 along the base substrate 110.
Here, when the opposite electrode 120¢ that is formed of
metal blocks the light toward the photo sensor 150 so as to
prevent the light from deviating, the base substrate 110 that is
formed of glass functions as a light guide plate, so that the
smooth light path toward the photo sensor 150 is formed. That
is, since the reflective layer 111 that is formed on the outer
surface of the base substrate 110 prevents deviation of the
light, if the opposite electrode 120c blocks an inner surface of
the base substrate 110, the base substrate 110 may function as
the light guide plate, so that the light may reach the photo
sensor 150 while the deviation of the light is minimized. In
particular, since the opposite electrode 120¢ in the dummy
region DM directly contacts the base substrate 110 without an
intermediate layer, a chance that the light may deviate from
the light path is very low. Thus, since the light may reach the
photo sensor 150 while the deviation of the light from the
OLED EL is significantly decreased, accuracy in measuring
intensity of the light may be enhanced. For example, if the
planarization layer 128 in the active region AT, or the pixel
electrode 120a are formed in the dummy region DM and thus
are interposed between the base substrate 110 and the oppo-
site electrode 120c, there is a high chance that the light may
not reach the photo sensor 150 but deviates via the planariza-
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tion layer 128 or of the pixel electrode 120a. However, in the
present embodiment, an intermediate layer via which the light
may deviate is not formed in the dummy region DM, so that
measurement of the intensity of light may be accurately per-
formed. A guide member 151 fixes the photo sensor 150 to a
side surface of the base substrate 110, and at an end of the base
substrate 110, a portion of the guide member 151 may func-
tion as a light guide that reflects the light into the base sub-
strate 110. Accordingly, since deterioration of a correspond-
ing pixel may be sensed and insufficient intensity of light may
be compensated for, based on the intensity of light that is
accurately measured, an image sticking problem on a screen
may be efficiently solved.

[0055] FIG. 4 illustrates an OLED display according to
another embodiment.

[0056] Compared to the previous embodiment, in the
present embodiment, an embossed zone EB that is embossed
by an insulating layer 129« is further formed in a region
between the base substrate 110 and the opposite electrode
120¢ in the dummy region DM. The insulating layer 1292
may be formed from the same layer as the pixel-defining layer
129 in the active region AT. As described above, when the
embossed zone EB is formed in the middle of a light path, a
direction of light toward the photo sensor 150 is adjusted
while the light passes grooves of the embossed zone EB. That
is, as the light passes the grooves of the embossed zone EB,
the direction of the light toward the photo sensor 150 may be
further accurately focused. Thus, in order to focus the light to
an accurate position of the photo sensor 150, the embossed
zone EB may be formed in the dummy region DM.

[0057] In some embodiments, the photo sensor 150 is
mounted at the end of the base substrate 110, but unlike to the
embodiment, as illustrated in FIG. 5, the photo sensor 150
may be mounted at a top surface of the end of the base
substrate 110, or as illustrated in FI1G. 6, the photo sensor 150
may be mounted at a bottom surface of the end of the base
substrate 110. That is, the photo sensor 150 may be mounted
at the top surface, the bottom surface, or the side surface of the
base substrate 110, and if it is required to adjust a light path
according to a change in an installation position, as illustrated
in FIG. 4, the embossed zone EB may be formed to control the
light to be focused to the photo sensor 150.

[0058] As described above, according to at least one of the
disclosed embodiments, measurement accuracy of the photo
sensor that measures intensity of light of each part of the
display unit increases, thus, even when a region having an
image sticking phenomenon occurs in the display unit, the
intensity of light may be accurately compensated for by using
the photo sensor, so that the image sticking may be efficiently
offset.

[0059] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0060] While the inventive technology has been described
with reference to the figures, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the spirit
and scope of the present invention as defined by the following
claims.
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What is claimed is:

1. An organic light-emitting diode (OLED) display com-
prising:

a base substrate;

adisplay unit formed on a first surface ofthe base substrate,

and comprising 1) an active region having an OLED
configured to emit light and ii) a dummy region formed
in an outer portion of the active region;

an encapsulation substrate encapsulating the display unit;

and

a photo sensor mounted in an outer portion of the dummy

region and configured to measure intensity of the light
emitted from the OLED,

wherein the OLED comprises a pixel electrode, an oppo-

site electrode facing the pixel electrode and extending
over the dummy region, and an emission layer inter-
posed between the pixel electrode and the opposite elec-
trode, and

wherein the dummy region comprises a light path config-

ured to guide light reflected from the opposite electrode
to the photo sensor.

2. The OLED display of claim 1, wherein a portion of the
opposite electrode formed in the dummy region directly con-
tacts the base substrate.

3. The OLED display of claim 2, further comprising an
insulating layer interposed between the opposite electrode
and the base substrate.

4. The OLED display of claim 3, wherein the opposite
electrode extends toward the encapsulation substrate so as to
form an embossed zone in the light path of the dummy region.

5. The OLED display of claim 4, wherein a portion of the
opposite electrode formed in the embossed zone does not
contact the base substrate.

6. The OLED display of claim 3, wherein the insulating
layer formed in the dummy region is discontinuous.

7. The OLED display of claim 3, further comprising a
pixel-defining layer defining a unit pixel region of the OLED
and formed in the active region, wherein the insulating layer
and the pixel-defining layer are formed from the same layer.

8. The OLED display of claim 1, further comprising a thin
film transistor electrically connected to the OLED and
formed in the active region, wherein the thin film transistor
comprises an active layer, a gate electrode, a source electrode,
and a drain electrode that are stacked on the first surface of the
base substrate.

9. The OLED display of claim 8, wherein, in the active
region, the drain electrode is connected to the pixel electrode
by having a planarization layer interposed therebetween, and
wherein the pixel electrode and the planarization layer are not
formed in the light path formed in the dummy region.

10. The OLED display of claim 1, wherein the photo sensor
is mounted at a top surface, a bottom surface, or a side surface
of an end of the base substrate.

11. The OLED display of claim 10, wherein a plurality of
the photo sensors are formed at a plurality of positions on the
base substrate.

12. The OLED display of claim 1, further comprising a
reflective layer formed on a second surface of the base sub-
strate, wherein the first and second surfaces are opposing each
other.

13. The OLED display of claim 1. wherein the OLED is
configured to emit the light toward the encapsulation sub-
strate so as to display an image.

14. An organic light-emitting diode (OLED) display com-
prising:
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a substrate;

adisplay unit formed on a first surface of the substrate, and
comprising i) an active region having an OLED config-
ured to emit light and i) a dummy region formed in an
outer portion of the active region; and

a photo sensor mounted in an outer portion of the dummy

region and configured to measure intensity of the light
emitted from the OLED,

wherein the OLED comprises an electrode extending over

the dummy region, and wherein the dummy region com-
prises a light path configured to guide light reflected
from the electrode to the photo sensor.

15. The OLED display of claim 14, wherein a first portion
ofthe electrode formed in the dummy region directly contacts
the substrate.

16. The OLED display of claim 14, further comprising an
insulating layer interposed between the electrode and the
substrate, wherein a portion of the insulating layer is formed
in the dummy region.

17. The OLED display of claim 16, wherein the portion of
the insulating layer is discontinuous.

18. The OLED display of claim 14, wherein a second
portion of the electrode formed in the dummy region does not
contact the substrate.

19. The OLED display of claim 14, wherein a plurality of
the photo sensors are formed at a plurality of positions on the
substrate.

20. The OLED display of claim 14, further comprising a
reflective layer formed on a second surface of the substrate,
wherein the first and second surfaces are opposing each other.
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