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PIXEL AND DISPLAY DEVICE INCLUDING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0045415 filed in the
Korean Intellectual Property Office on Mar. 31, 2015, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to a
pixel and a display device.

[0004] 2. Description of the Related Technology

[0005] Currently known display devices employ technolo-
gies that can be classified, for example, as a liquid crystal
display (LCD), a plasma display panel (PDP), an organic
light-emitting diode (OLED) device, a field effect display
(FED), and an electrophoretic display device.

[0006] In particular, an OLED device includes two elec-
trodes and an organic emission layer positioned therebe-
tween, and an electron injected from one electrode and a hole
injected from the other electrode are coupled with each other
in the organic emission layer to generate an exciton, and the
exciton emits energy to emit light.

[0007] Since this device is self-luminant (it does not require
a separate light source unlike an LCD), its thickness and
weight thereof can be reduced. Further, since it has many
desirable characteristics such as a wide color gamut, low
power consumption, high luminance, and high refresh rate,
OLED has received attention as a next-generation technol-
ogy.

[0008] Inan OLED device, pixels degrade over time, and it
is necessary to correct for reduced light output. To this end, a
photosensor receives light emitted by the pixel, and the light
is analyzed and corrected as needed.

[0009] However, when the light emitted by the pixel is not
transmitted to the photosensor, the deteriorated pixel may not
be corrected.

[0010] The above information disclosed in this Back-
ground section is only to enhance the understanding of the
background of the described technology, and therefore it may
contain information that does not constitute the prior art that
is already known in this country to a petson of ordinary skill
in the art.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0011] One inventive aspect relates to a display device for
correcting the degradation of pixels.

[0012] Another aspect is a pixel and a display device for
amplifying light output to a rear side of the pixel.

[0013] Another aspect is a pixel and a display device for
efficiently correcting degradation of an OLED.

[0014] Another aspect is a pixel including: an OLED; a
reflection layer formed to face the OLED and to reflect light
of the OLED); and a photosensor for measuring luminance of
the reflected light, wherein the photosensor is provided on a
rear side of the OLED.

[0015] The photosensor does not overlap the OLED.
[0016] The reflection layer amplifies an amount of light
output to a rear side of the OLED.
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[0017] The pixel includes an encapsulation glass and a
black matrix provided on a lower portion of the encapsulation
glass, and the photosensor is formed on a lower portion of the
black matrix.

[0018] Another aspect is a display device including a plu-
rality of pixels, wherein the respective pixels include an
OLED, a reflection layer formed to face the OLED and to
reflect light of the OLED, and a photosensor for measuring
luminance of the reflected light; and the photosensor is pro-
vided onarear side of the OLED and the photosensor does not
overlap the OLED.

[0019] The photosensor does not overlap the OLED.
[0020] The reflection layer amplifies an amount of light
output to a rear side of the OLED.

[0021] The pixel includes an encapsulation glass and a
black matrix provided on a lower portion of the encapsulation
glass, and the photosensor is formed on a lower portion of the
black matrix.

[0022] Thedisplay device furtherincludes: a data driver for
generating a plurality of data signals according to a control
signal; and a signal controller for generating the control sig-
nal, wherein the OLED emits light according to a driving
current corresponding to the data signal, and the signal con-
troller determines degradation of the OLED based upon a
luminance value of the reflected light, and generates the con-
trol signal to correct an amount of light of the degraded
OLED.

[0023] The pixel and the display device according to the
exemplary embodiment have the effect of amplifying the light
output to the rear side of the pixel.

[0024] The pixel and the display device according to the
exemplary embodiment also have the effect of efficiently
correcting degradation of the OLED.

[0025] Another aspect is a pixel comprising: an organic
light-emitting diode (OLED); a reflection layer facing the
OLED and configured to reflect light emitted from the OLED;
and a photosensor configured to measure luminance of the
reflected light, wherein the photosensor is placed on a rear
side of the OLED.

[0026] Inthe above pixel, the photosensor does not overlap
the OLED in the depth dimension of the pixel. In the above
pixel, the reflection layer is configured to amplify an amount
of light output to the rear side of the OLED. The above pixel
further comprises an encapsulation glass and a black matrix
placed on a lower portion of the encapsulation glass, wherein
the photosensor is placed on a lower portion of the black
matrix. In the above pixel, the photosensor partially overlaps
the black matrix in the depth dimension of the pixel. In the
above pixel, the photosensor is thicker than the black matrix.
In the above pixel, the photosensor is thicker than the reflec-
tion layer. In the above pixel, the photosensor is thicker than
the OLED. The above pixel further comprises a driving circuit
layer formed below the OLED and formed over the photo-
sensor. In the above pixel, the photosensor is configured to
sense light emitted from the OLED and passing through the
driving circuit layer. In the above pixel, the photosensor is
thicker than the driving circuit layer.

[0027] Another aspect is a display device, comprising: a
plurality of pixels, wherein each of the pixels includes: an
organic light-emitting diode (OLED); a reflection layer fac-
ing the OLED and configured to reflect light emitted from the
OLED:; and a photo sensor configured to measure luminance
of the reflected light, wherein the photosensor is placed on a
rear side of the OLED.
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[0028] In the above display device, the photosensor does
not overlap the OLED in the depth dimension of the display
device. In the above display device, the reflection layer is
configured to amplify an amount of light output to the rear
side of the OLED. In the above display device, the pixel
includes a glass encapsulation glass and a black matrix placed
on a lower portion of the glass encapsulation, and wherein the
photosensor is placed on a lower portion of the black matrix.
The above display device further comprises: a data driver
configured to generate a plurality of data signals according to
acontrol signal; and a signal controller configured to generate
the control signal, wherein the OLED is configured to emit
light according to a driving current corresponding to the data
signals, and wherein the signal controller is further config-
ured to determine degradation of the OLED based upon a
luminance value of the reflected light, and generate the con-
trol signal to correct an amount of light of the degraded
OLED. In the above display device, the photosensor partially
overlaps the black matrix in the depth dimension of the pixel.
The above display device further comprises a driving circuit
layer formed below the OLED and formed over the photo-
sensor, wherein the photosensor is configured to sense light
emitted from the OLED and passing through the driving
circuit layer.

[0029] Another aspect is a pixel comprising: a driving cir-
cuit layer including first and second surfaces opposing each
other; an organic light-emitting diode (OLED) formed on the
first surface of the driving circuit layer; a reflection layer
formed over the OLED and configured to reflect light emitted
from the OLED; and a photo sensor placed on the second
surface of the driving circuit layer and configured to measure
luminance ofthe reflected light, wherein the photo sensor and
the OLED do not overlap each other inthe depth dimension of
the pixel.

[0030] The above pixel further comprises a black matrix
formed over the reflection layer, wherein the black matrix and
the reflection layer have substantially the same width.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG.1showsadisplay device according to an exem-
plary embodiment.

[0032] FIG. 2 shows a pixel of FIG. 1.

[0033] FIG. 3 shows a cross-sectional diagram of a pixel
according to an exemplary embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0034] Hereinafter, exemplary embodiments disclosed in
the present specification will be described in detail with ref-
erence to the accompanying drawings. In the present specifi-
cation, the same or similar components will be denoted by the
same or similar reference numerals, and duplicate descrip-
tions thereof will be omitted. The terms “module” and “unit”
for components used in the following description are used
only ease of description. Therefore, these terms do not have
meanings or roles in and of themselves that would distinguish
them from each other. In describing exemplary embodiments
of the present specification, when it is determined that a
detailed description of the well-known art associated with the
present invention may obscure the gist of the present inven-
tion, such description will be omitted. The accompanying
drawings are provided only in order to allow exemplary
embodiments disclosed in the present specification to be eas-
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ily understood and are not to be interpreted as limiting the
spirit disclosed in the present specification, and it is to be
understood that the present invention includes all modifica-
tions, equivalents, and substitutions without departing from
the scope and spirit of the present invention.

[0035] Terms including ordinal numbers such as first, sec-
ond, and the like, will be used only to describe various com-
ponents, and are not interpreted as limiting these components.
The terms are only used to differentiate one component from
other components.

[0036] It is to be understood that when one component is
referred to as being “connected” or “coupled” to another
component, it may be connected or coupled directly to
another component or there may be other intervening com-
ponents. On the other hand, it is to be understood that when
one component is referred to as being “connected or coupled
directly” to another component, there are no other intervening
components.

[0037] Singular forms are to include plural forms unless the
context clearly indicates otherwise.

[0038] Itwill be further understood that terms “comprises”
or “have” used in the present specification specify the pres-
ence of stated features, numerals, steps, operations, compo-
nents, parts, or a combination thereof, but do not preclude the
presence or addition of one or more other features, numerals,
steps, operations, components, parts, or a combination
thereof

[0039] Inthe drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present. In this dis-
closure, the term “substantially” includes the meanings of
completely, almost completely or to any significant degree
under some applications and in accordance with those skilled
in the art. The term “connected” includes an electrical con-
nection.

[0040] FIG. 1 is a block diagram of a display device 1
according to an exemplary embodiment. Depending on
embodiments, certain elements may be removed from or
additional elements may be added to the display device 1
illustrated in FIG. 1. Furthermore, two or more elements may
be combined into a single element, or a single element may be
realized as multiple elements. This applies to the remaining
apparatus embodiments.

[0041] Referring to FIG. 1, the display device 1 includes a
plurality of scanning lines (S1-Sn), a plurality of data lines
(D1-Dm), a display unit 100, a data driver 200, a scan driver
300, a signal controller 400, and a plurality of pixels PX.
[0042] Asshown in FIG. 1, the scanning lines (S1-Sn) (n is
a natural number) are arranged in a vertical or column direc-
tion and each of the scanning lines (S1-Sn) extends in a
horizontal or row direction. The data lines (D1-Dm) (m is a
natural number) are arranged in a horizontal or row direction
and each of the data lines (D1-Dm) extends in a vertical or
column direction.

[0043] The display unit 100 is connected to the scanning
lines (S1-Sn), the data lines (D1-Dm), and the sensing lines
(SL1-SLm). The pixels PX are substantially arranged in a
matrix form.
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[0044] The data driver 200 is connected to a plurality of
data lines (D1-Dm). The data driver 200 generates a plurality
of data signals (D[1])-D[m]) (e.g., a data voltage) corre-
sponding to image data DATA1 input according to a data
driving control signal CONT1 and applies the same to a
plurality of data lines (D1-Dm).

[0045] The scan driver 300 is connected to a plurality of
scanning lines (S1-Sn), and it sequentially applies a plurality
of scanning signals (S[1]-S[n]) to a plurality of scanning lines
(81-Sn) according to a scan control signal CONT2.

[0046] The signal controller 400 receives external input
data InD and a synchronization signal and generates a data
driving control signal CONT1, a scan control signal CONT?2,
and image data DATA1. The external input data InD include
luminance information of the pixels PX, and the luminance
has a predetermined number of grays (e.g., 1024(=2"%), 256
(=2%), or 64(=2%)). The synchronization signal includes a
horizontal synchronizing signal Hsync, a vertical synchroni-
zation signal Vsync, and a main clock signal MCLK. The
signal controller 400 distinguishes the external input data InD
for respective frames according to the vertical synchroniza-
tion signal Vsync. The signal controller 400 distinguishes the
external input data InD for respective scan lines according to
the horizontal synchronizing signal Hsync and generates the
image data DATAL.

[0047] The signal controller 400 is connected to a plurality
of sensing lines (SL1-SLm), and determines the degradation
of the pixels PX based upon measured luminance values of
the pixels PX. The signal controller 400 may generate the data
driving control signal CONT1 to correct an amount of light of
the degraded pixel PX.

[0048] The pixels PX respectively display an image, and
more specifically, one pixel may uniquely display one pri-
mary color (spatial division), or the pixels may alternately
display primary colors over time (temporal division) so that a
spatial sum or a temporal sum of the primary colors may be
displayed as a desired color. The pixels PX are synchronized
with corresponding scanning signals and receive data signals
(D[1]D-D[m]) from the corresponding data lines. The data
signals (D[1])-D[m]) input to the pixels PX are programmed
to the pixels PX according to the scanning signals supplied
through the corresponding scanning lines.

[0049] Each of the pixels PX includes an OLED (OLED,
refer to FIG. 3) and a photosensor (PS, refer to FIG. 3). A
plurality of photosensors (PS) are connected to a plurality of
corresponding sensing lines (SL1-SLm). The photosensors
(PS) are respectively synchronized with corresponding scan-
ning signals and measure a luminance value of light emitted
by the corresponding OLED. The configuration of the pixel
PX will now be described in detail.

[0050] FIG. 2 shows the pixel PX of FIG. 1. As shown in
FIG. 2, the pixel PX includes a switching transistor (TS), a
driving transistor (TR), a storage capacitor (CS), and an
OLED.

[0051] The switching transistor (TS) includes a gate elec-
trode connected to the scanning line (Sn), a first electrode
connected to the data line D1, and a second electrode con-
nected to a gate electrode of the driving transistor (TR).
[0052] Thedriving transistor (TR) includes a gate electrode
connected to the second electrode of the switching transistor
(TS), a source electrode connected to a driving voltage
(VDD), and a drain electrode connected to an anode of the
OLED.
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[0053] Thestorage capacitor (CS)is connected between the
gate electrode and the source electrode of the driving transis-
tor (TR).

[0054] The OLED includes a cathode connected to a driv-
ing voltage (VSS).

[0055] When the switching transistor (TS) is turned on by
the scanning signal with a gate-on voltage transmitted
through the scanning line 51, the data signal is transmitted to
the gate electrode of the driving transistor (TR) through the
switching transistor (TS). A voltage caused by the data signal
transmitted to the gate electrode of the driving transistor (TR)
is maintained by the storage capacitor (CS).

[0056] A driving current corresponding to the voltage
maintained by the storage capacitor (CS) flows to the driving
transistor (TR). The driving current flows to the OLED, and
the OLED emits light with a luminance corresponding to the
driving current.

[0057] FIG. 3 shows a cross-sectional diagram of a pixel
according to an exemplary embodiment. FIG. 3 shows the
display unit 100 according to an exemplary embodiment with
a configuration of a front emissive display device.

[0058] For ease of description, FIG. 3 shows that one pho-
tosensor (PS) is formed corresponding to one OLED, but the
exemplary embodiment is not limited thereto, and one pho-
tosensor (PS) may be formed corresponding to a plurality of
OLEDs.

[0059] The respective pixels PX include an encapsulation
glass (EG) or a glass encapsulation, and a driving circuit layer
(DC) formed to face the encapsulation glass (EG). A black
matrix (BM) is provided on a lower portion of the encapsu-
lation glass (EG), and a reflection layer (RL) is provided on
the black matrix (BM). The OLED is provided on the driving
circuit layer (DC), and the photosensor (PS) is formed in a
position that does not overlap the OLED on a lower portion of
the driving circuit layer (DC).

[0060] The driving circuit layer (DC) includes a pixel cir-
cuit (refer to FIG. 2) for generating a driving current corre-
sponding to the data signal input to the pixels PX and a
plurality of electrodes (not shown) for transmitting the gen-
erated driving current to the OLED.

[0061] The OLED emits light with a luminance corre-
sponding to the driving current. The light emitted by the
OLED may be output to the front side through the encapsu-
lation glass (EG). The light emitted by the OLED is reflected
on the reflection layer (RL) and reaches the photosensor (PS),
and the reflection layer (RL) may increase the amount of light
output to the rear side.

[0062] Theblack matrix (BM) blocks undesired light when
the image is realized by using the light (e.g., red, green and
blue light) emitted by the OLED. The photosensor (PS)
senses the luminance of light emitted by the OLED.

[0063] While the inventive technology has been described
in connection with what is presently considered to be practi-
cal exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims. Therefore, the above detailed
description is not to be interpreted as being restrictive, but is
to be considered as being illustrative. The scope of the present
invention is to be determined by reasonable interpretation of
the claims, and all alterations within equivalences of the
present invention fall within the scope of the present inven-
tion.
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What is claimed is:

1. A pixel comprising;

an organic light-emitting diode (OLED);

areflection layer facing the OLED and configured to reflect

light emitted from the OLED; and

a photosensor configured to measure luminance of the

reflected light,

wherein the photosensor is placed on a rear side of the

OLED.

2. The pixel of claim 1, wherein the photosensor does not
overlap the OLED in the depth dimension of the pixel.

3. The pixel of claim 2, wherein the reflection layer is
configured to amplify an amount of light output to the rear
side of the OLED.

4. The pixel of claim 3, further comprising an encapsula-
tion glass and a black matrix placed on a lower portion of the
encapsulation glass, wherein the photosensor is placed on a
lower portion of the black matrix.

5. The pixel of claim 4, wherein the photosensor partially
overlaps the black matrix in the depth dimension of the pixel.

6. The pixel of claim 4, wherein the photosensor is thicker
than the black matrix. The pixel of claim 1, wherein the
photosensor is thicker than the reflection layer.

8. The pixel of claim 1, wherein the photosensor is thicker
than the OLED.

9. The pixel of claim 1, further comprising a driving circuit
layer formed below the OLED and formed over the photo-
sensot.

10. The pixel of claim 9, wherein the photosensor is con-
figured to sense light emitted from the OLED and passing
through the driving circuit layer.

11. The pixel of claim 9, wherein the photosensor is thicker
than the driving circuit layer.

12. A display device, comprising:

a plurality of pixels, wherein each of the pixels includes:

an organic light-emitting diode (OLED);

a reflection layer facing the OLED and configured to
reflect light emitted from the OLED; and

a photosensor configured to measure luminance of the
reflected light,

wherein the photosensor is placed on a rear side of the
OLED.

13. The display device of claim 12, wherein the photosen-
sor does not overlap the OLED in the depth dimension of the
display device.
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14. The display device of claim 13, wherein the reflection
layer is configured to amplify an amount of light output to the
rear side of the OLED.

15. The display device of claim 14, wherein the pixel
includes a glass encapsulation glass and a black matrix placed
on a lower portion of the glass encapsulation, and wherein the
photosensor is placed on a lower portion of the black matrix.

16. The display device of claim 15, further comprising:

a data driver configured to generate a plurality of data

signals according to a control signal; and

a signal controller configured to generate the control sig-

nal,
wherein the OLED is configured to emit light according to
a driving current corresponding to the data signals, and

wherein the signal controller is further configured to deter-
mine degradation of the OLED based upon a luminance
value of the reflected light, and generate the control
signal to correct an amount of light of the degraded
OLED.

17. The display device of claim 12, wherein the photosen-
sor partially overlaps the black matrix in the depth dimension
of the pixel.

18. The display device of claim 12, further comprising a
driving circuit layer formed below the OLED and formed
over the photosensor, wherein the photosensor is configured
to sense light emitted from the OLED and passing through the
driving circuit layer.

19. A pixel comprising:

a driving circuit layer including first and second surfaces

opposing each other;

an organic light-emitting diode (OLED) formed on the
first surface of the driving circuit layer;

areflection layer formed over the OLED and configured
to reflect light emitted from the OLED; and

a photo sensor placed on the second surface of the driv-
ing circuit layer and configured to measure luminance
of thereflected light, wherein the photo sensor and the
OLED do not overlap each other in the depth dimen-
sion of the pixel.

20. The pixel of claim 19, further comprising a black
matrix formed over the reflection layer, wherein the black
matrix and the reflection layer have substantially the same
width.
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