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7) ABSTRACT

A display apparatus includes a plurality of pixels, each of the
pixels including an organic light emitting diode, a first
transistor providing a driving current to operate the organic
light emitting diode, a second transistor including a gate
electrode that receives a first scan signal, a first electrode
that receives a data signal, and a second electrode electri-
cally connected to the first electrode of the first transistor, a
storage capacitor including a first electrode receiving a first
power voltage and a second electrode electrically connected
to the gate electrode of the first transistor, and a color
accuracy enhancement transistor that applies a first back bias
voltage to the first transistor in response to a color accuracy
enhancement signal.

—~~TFE

— Nm

1

~—140

— L
M=

I i ]
H

L =120

—

\
\

11
/

- = \

— L o

=~~110

Ly

L

L)

/ |

DEa ACTaGEa SFa BVE
e ——
Ta T

SE1ACT1 GEt DE1

DEb ACTbGEb SEb
Tb



US 2019/0279564 A1

Sep. 12,2019 Sheet 1 of 7

Patent Application Publication

40103735
o1 QOAT3  INIA  SSAT3 NeH | o o9
, I v
us/
it uIs
HIA 4G MY |
| NOISS W3 : NYOS
218/
¢ x4 AN
A 11/
IE R L]
w1 21a {1710 1710
0e— HIAIHA Y1Va - 4ITI04LNOD 05
|
£110



Patent Application Publication  Sep. 12,2019 Sheet 2 of 7 US 2019/0279564 A1

FIG. 2
PX-1
ELVDD 5
Loer N2:
T . Ta |b— CA
oL —3 L
]’ To HBM
GS1 1 P
(SLi)
- S/0LED

FLVSS



ql 1L e
g3S 939 9Ly 93d 130 139 LIOV L3S 3A9 e3s ed9eloy e3q

[ [ [/ ([ ([ [ [ [/

US 2019/0279564 A1

o— A VAL VAL )

» Obb~= T S R B )
k= 0l —= ,_ Q_,_\_ d) k\u, _\ 7 ¥ = ] \_‘\_, I 7 % ,_ \\_,_\_ d ——
(o0} 7 ) ! 7
: e U T TS
> = 7 T I T { T 7 { 7
=N orl —— \/
—
m A / f
o 10d ~ T — }
Z r 9
72
341 —~
Voo
0g2 022 01g
00¢

€ 914

Patent Application Publication



Patent Application Publication  Sep. 12,2019 Sheet 4 of 7 US 2019/0279564 A1

FIG. 4
MODE CA TFT (Ta) HBM TFT (Th)
NORMAL MODE OFF OFF
COLOR ACCURACY MODE ON OFF
HIGH BRIGHTNESS MODE OFF ON
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DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2018-0028265
filed on Mar. 9, 2018, in the Korean Intellectual Property
Office, and entitled: “Display Apparatus,” is incorporated by
reference herein in its entirety.

BACKGROUND
1. Field
[0002] Embodiments relate to a display apparatus.
2. Description of the Related Art
[0003] A display apparatus having light weight and small

size has been manufactured. A cathode ray tube (CRT)
display apparatus has been used due to a performance and a
competitive price. However the CRT display apparatus has
a weakness with a size or portability. Therefore a display
apparatus such as a plasma display apparatus, a liquid crystal
display apparatus, and an organic light emitting display
apparatus has been highly regarded due to small size, light
weight, and low-power-consumption.

SUMMARY

[0004] Embodiments are directed to a display apparatus,
including a plurality of pixels, each of the pixels including
an organic light emitting diode, a first transistor providing a
driving current to operate the organic light emitting diode, a
second transistor including a gate electrode that receives a
first scan signal, a first electrode that receives a data signal,
and a second electrode electrically connected to the first
electrode of the first transistor, a storage capacitor including
a first electrode receiving a first power voltage and a second
electrode electrically connected to the gate electrode of the
first transistor, and a color accuracy enhancement transistor
that applies a first back bias voltage to the first transistor in
response to a color accuracy enhancement signal.

[0005] The color accuracy enhancement transistor may
include a gate electrode, a first electrode, and a second
electrode, and the first electrode may receive the data signal
or the first power voltage.

[0006] The gate electrode of the color accuracy enhance-
ment transistor may receive the color accuracy enhancement
signal, the first electrode of the color accuracy enhancement
transistor may be electrically connected to the first transistor,
and the second electrode of the color accuracy enhancement
transistor may be electrically connected to a back bias
electrode of the first transistor.

[0007] The first electrode of the color accuracy enhance-
ment transistor may be electrically connected to the first
power voltage.

[0008] The first electrode of the color accuracy enhance-
ment transistor may be electrically connected to the first
electrode of the first transistor.

[0009] Each of the pixels may further include a brightness
boosting transistor that applies a second back bias voltage to
the first transistor in response to a brightness boosting signal.
[0010] The brightness boosting transistor may include a
gate electrode, a first electrode, and a second electrode, and
the first electrode may receive a gate voltage of the first
transistor.
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[0011] The gate electrode of the brightness boosting tran-
sistor may receive the brightness boosting signal, the first
electrode of the brightness boosting transistor may be elec-
trically connected to the first transistor, and the second
electrode of the brightness boosting transistor may be elec-
trically connected to the back bias electrode of the first
transistor.

[0012] The first electrode of the first brightness boosting
transistor may be electrically connected to the gate electrode
of the first transistor.

[0013] The first electrode of the first brightness boosting
transistor may be electrically connected to the second elec-
trode of the second transistor and the second electrode of the
storage capacitor.

[0014] When the color accuracy enhancement transistor is
turned on by the color-accuracy-enhancement signal, the
brightness boosting transistor may be turned off' by the
brightness-boosting signal, and, when the brightness boost-
ing transistor is turned on by the brightness-boosting signal,
the color accuracy enhancement transistor may be turned off
by the color-accuracy-enhancement signal.

[0015] Embodiments are also directed to a display appa-
ratus, including a plurality of pixels, each of the pixels
including an organic light emitting diode, a first transistor
providing a driving current to operate the organic light
emitting diode, a second transistor including a gate electrode
that receives a first scan signal, a first electrode that receives
a data signal, and a second electrode electrically connected
to the first electrode of the first transistor, and a brightness
boosting transistor that applies a second back bias voltage to
the first transistor in response to a brightness boosting signal.
[0016] The brightness boosting transistor may include a
gate electrode that receives the brightness boosting signal, a
first electrode electrically connected to the first transistor,
and a second electrode electrically connected to a back bias
electrode of the first transistor.

[0017] The first electrode of the brightness boosting tran-
sistor may receive a gate voltage of the first transistor.
[0018] Each of the pixels may further include a color
accuracy enhancement transistor that applies a first back bias
voltage to the first transistor in response to a color accuracy
enhancement signal.

[0019] Embodiments are also directed to a display appa-
ratus, including a base substrate, a back bias electrode on the
base substrate, a first transistor including a first active
pattern overlapping the back bias electrode and a first gate
electrode overlapping the first active pattern, a first electrode
electrically connected to the first transistor, a second elec-
trode facing the first electrode, a light emitting layer dis-
posed between the first electrode and the second electrode,
a color accuracy enhancement transistor electrically con-
nected to the back bias electrode, and a brightness boosting
transistor electrically connected to the back bias electrode.
[0020] The back bias electrode may be electrically con-
nected to a drain electrode of the color accuracy enhance-
ment transistor and a drain electrode of the brightness
boosting transistor.

[0021] The display apparatus may further include a buffer
layer disposed between the back bias electrode and the first
transistor.

[0022] The display apparatus may further include a mode
selector that provides the color accuracy enhancement signal
to a gate electrode of the color accuracy enhancement
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transistor, and provides a brightness boosting signal to a gate
electrode of the brightness boosting transistor.

[0023] The brightness boosting signal may have an off
voltage that turns off the brightness boosting transistor when
the color accuracy enhancement signal has an on voltage
that turns on the color accuracy enhancement transistor, and
the color accuracy enhancement signal may have an off
voltage that turns off the color accuracy enhancement tran-
sistor when the brightness boosting signal has an on voltage
to turn on the brightness boosting transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Features will become apparent to those of skill in
the art by describing in detail example embodiments with
reference to the attached drawings in which:

[0025] FIG. 1 illustrates a block diagram of a display
apparatus according to an example embodiment;

[0026] FIG. 2 illustrates an equivalent circuit diagram of
an example of a pixel included in the display apparatus of
FIG. 1;

[0027] FIG. 3 illustrates a cross-sectional view of the
display apparatus of FIG. 1,

[0028] FIG. 4 illustrates a table showing an operation of a
color accuracy enhancement transistor and a brightness
boosting transistor according to modes of the display appa-
ratus of FIG. 1,

[0029] FIG. 5 illustrates an equivalent circuit diagram of
an example of a pixel included in a display apparatus
according to an example embodiment;

[0030] FIG. 6 illustrates a cross-sectional view of the
display apparatus of FIG. 5;

[0031] FIG. 7 illustrates a graph showing dispersion of a
driving current according to change of a second power
supply voltage and brightness in a normal mode and a color
accuracy mode; and

[0032] FIG. 8 illustrates a graph comparing drive current
values in the normal mode and the high bright mode.

DETAILED DESCRIPTION

[0033] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey example implementations to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0034] FIG. 1 illustrates a block diagram of a display
apparatus according to an example embodiment.

[0035] The display apparatus may include a display panel
10, a scan driver 20, a data driver 30, an emission control
driver 40, a controller 50, and a mode selector 60.

[0036] The display panel 10 may include a plurality of
pixels PX to display an image. For example, the display
panel 10 may include n*m pixels PX in which pixels PX are
arranged at locations corresponding to crossing points of
scan lines SL1 through SLn and data lines DL1 through
DLm, where n and m are integers greater than 1. Each of the
pixels PX may include a driving transistor and a plurality of
switching transistors. Example circuits of the pixel PX are
described in detail in connection with FIGS. 2 and 5.
[0037] The scan driver 20 may progressively provide a
first scan signal to the pixels PX via the scan lines SL1
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through SLn based on a first control signal CTL1. The scan
driver 20 may progressively provide a second scan signal to
the pixels PX via inverted scan lines /SL1 through /SLn
based on a first control signal CTL1. For example, the
second scan signal may correspond to a signal inverted
relative to the first scan signal.

[0038] The data driver 30 may provide a data signal to the
pixels PX via the data lines DL1 through DLm based on a
second control signal CTL2.

[0039] The emission control driver 40 may provide an
emission control signal to the pixels PX via the emission
control lines EM1 through EMn based on a third control
signal CTL3.

[0040] The controller 50 may control the scan driver 20,
the data driver 30, and the emission control driver 40. The
controller 50 may generate the control signals CTL1, CTL2,
CTL3 to control the scan driver 20, the data driver 30, and
the emission control driver 40. The first control signal CTL1
for controlling the scan driver 20 may include a vertical start
signal, scan clock signals, etc. The second control signal
CTL2 for the controlling the data driver 30 may include
digital image data, a horizontal start signal, etc. The third
control signal CTL3 for the controlling the emission control
driver 40 may include an emission control start signal,
emission control clock signals, etc.

[0041] The mode selector 60 may generate a color accu-
racy enhancement signal CA and a brightness boosting
signal HBM and prove them the pixels PX. The mode
selector 60 may generate the color accuracy enhancement
signal CA and the brightness boosting signal HBM accord-
ing user’s mode selection, and provide the generated color
accuracy enhancement signal CA and the brightness boost-
ing signal HBM to the pixels PX of the display panel 10. In
an example embodiment, the mode is one of a normal mode,
a color accuracy mode and a high brightness mode (HBM
mode), and one of these modes may be selected. Accord-
ingly, the mode selector 60 may appropriately generate the
color correcting enhancement signal CA and the brightness
boosting signal HBM to provide them to the pixel PX of the
display panel 10. Details of this are described below in
connection with FIG. 4.

[0042] In addition, the display apparatus may further
include a power supply unit for supplying the display panel
10 with a first power supply voltage ELVDD, a second
power supply voltage ELVSS, and an initialization voltage
VINT.

[0043] FIG. 2 illustrates an equivalent circuit diagram of
an example of a pixel included in the organic light emitting
display apparatus of FIG. 1.

[0044] Referring to FIG. 2, the pixel PX-1 may include
first and second transistors T1 and T2, a storage capacitor
CST, an organic light emitting diode OLED, a color accu-
racy enhancement transistor Ta, and a brightness boosting
transistor Tb.

[0045] The pixel PX-1 may be located at the (i)th pixel
row and the (j)th pixel column, where i is an integer between
1 and n, and j is an integer between 1 and m.

[0046] The first transistor T1 may be a driving transistor
providing a driving current corresponding to a data signal to
the organic light emitting diode OLED. The first transistor
T1 may include a gate electrode connected to the first node
N1, a first electrode connected to the second node N2, and
a second electrode connected to the organic light emitting
diode OLED.
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[0047] The first power voltage ELVDD may be provided
to the first transistor T1, which may be connected to the
storage capacitor CST. The first transistor T1 may control
the driving current flowing from the first power voltage
ELVDD through the organic light emitting diode OLED
corresponding to a voltage value stored in the storage
capacitor CST.

[0048] The second transistor T2 may provide a data signal
to the first transistor T1 in response to a first scan signal
GS1. The second transistor T2 may be a switching transistor.
In an example embodiment, the second transistor T2 may
include a gate electrode receiving the first scan signal GS1
from the (i)th scan line SLi, a first electrode receiving the
data signal from the (j)th data line DLj, and a second
electrode connected to the gate electrode of the first tran-
sistor T1.

[0049] The storage capacitor CST may include a first
electrode receiving the first power voltage ELVDD and a
second electrode connected to the gate electrode of the first
transistor T1 (for example at the first node N1). The storage
capacitor CST may store a voltage corresponding to a
difference between a voltage received from the second
transistor T2 and the first power voltage ELVDD.

[0050] The organic light emitting diode OLED may emit
light having a predetermined luminance according to the
driving current.

[0051] The color accuracy enhancement transistor Ta may
include a gate electrode receiving a color accuracy enhance-
ment signal CA from the mode selector 60, a first electrode
connected to the first electrode of the first transistor T1 and
the first power supply voltage ELVDD (for example at the
second node N2), and a second electrode connected to a
back bias electrode (see BVE of FIG. 3), which may be used
for applying a back bias voltage to the first transistor T1.
[0052] In a color accuracy mode, the color accuracy
enhancement transistor Ta may apply the first power supply
voltage ELVDD as the back bias voltage of the first tran-
sistor T1 in response to the color accuracy enhancement
signal CA. At this time, the brightness boosting transistor Tb
may be off.

[0053] The brightness boosting transistor Th may include
a gate electrode receiving the brightness boosting signal
HBM from the mode selector 60, a first electrode connected
to the gate electrode of the first transistor T1 and the second
electrode of the second transistor T2 (for example at the first
node N1), and a second electrode connected to the back bias
electrode BVE.

[0054] In a high brightness mode, the brightness boosting
transistor Th may apply a gate voltage of the first transistor
T1 (a voltage of the first node N1) as the back bias voltage
to the first transistor T1 in response to the brightness
boosting signal HBM. At this time, the color accuracy
enhancement transistor Ta may be off.

[0055] According to the present example embodiment, the
pixel of the display apparatus may include the color accu-
racy enhancement transistor Ta that applies the first power
voltage ELVDD to the back bias voltage of the first tran-
sistor T1 in response to the color accuracy improvement
signal CA. Thus, color accuracy of the image displayed by
the display apparatus may be improved.

[0056] In addition, the pixel of the display apparatus may
include the brightness boosting transistor Tb that applies the
gate voltage of the first transistor T1 to the back bias voltage
of the first transistor T1 in response to the brightness
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boosting signal HBM. Accordingly, the brightness of the
image displayed by the display apparatus may be boosted.

[0057] FIG. 3 illustrates a cross-sectional view of the
display apparatus of FIG. 1.

[0058] Referring to FIG. 3, the display apparatus may
include a base substrate 100, the back bias electrode BVE,
a buffer layer 110, an active pattern layer, a first insulation
layer 120, a first gate pattern layer, a second insulation layer
130, a first source drain pattern layer, a third insulation layer
140, a first electrode 210, a light emitting layer 220, a second
electrode 230, and a thin film encapsulation layer TFE.

[0059] The base substrate 100 may include transparent or
opaque insulation materials. For example, the base substrate
100 may include a quartz substrate, a synthetic quartz
substrate, a calcium fluoride substrate, a fluoride-doped
quartz substrate, a sodalime glass substrate, a non-alkali
glass substrate etc. In another implementation, the base
substrate 100 may include a flexible transparent material
such as a flexible transparent resin substrate (e.g., a poly-
imide substrate). In this case, the polyimide substrate may
include a first polyimide layer, a barrier film layer, a second
polyimide layer, etc. For example, the polyimide substrate
may have a configuration where the first polyimide layer, the
barrier film layer, and the second polyimide layer, are stack
on the a rigid glass substrate. The polyimide substrate may
be relatively thin and flexible. Thus, the polyimide substrate
may be formed on a rigid glass substrate to help support the
formation of an upper structure (e.g., the thin film transistor,
the light emitting structure, etc.). In a manufacturing the
display apparatus, after an insulation layer (e.g., a buffer
layer) is provided on the second polyimide layer of the
polyimide substrate, the upper structure may be formed on
the insulation layer. After the upper structure is formed on
the buffer layer, the rigid glass substrate on which the
polyimide substrate is formed may be removed. It may be
difficult to directly form the upper structure on the polyimide
substrate if the polyimide substrate is relatively thin and
flexible. Accordingly, the upper structure may be formed on
the polyimide substrate and the rigid glass substrate, and
then the polyimide substrate may serve as the base substrate
100 after the removal of the rigid glass substrate.

[0060] The back bias electrode BVE may be disposed on
the base substrate 100. The back bias electrode BE may be
formed by using a metal, an alloy, a metal nitride, a
conductive metal oxide, or a transparent conductive material
as an electrode for applying a back bias voltage to the first
transistor T1.

[0061] The buffer layer 110 may be disposed entirely on
the base substrate 110 on which the back bias electrode BVE
is disposed. The buffer layer 110 may prevent diffusion of
metal atoms and/or impurities from the base substrate 100.
Additionally, the buffer layer 110 may adjust heat transfer
rate of a successive crystallization process for the active
pattern layer, to help provide a substantially uniform the
active pattern layer. For example, the buffer layer 110 may
include an organic or inorganic material.

[0062] The buffer layer 110 may cover the back bias
electrode BVE on the base substrate 100 and may have a
substantially flat upper surface without a step portion around
the back bias electrode BVE. In an example embodiment,
the buffer layer 110 may be disposed at substantially the
same thickness along a profile of the back bias electrode
BVE.
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[0063] The active pattern layer may be disposed on the
buffer layer 110. The active pattern layer may include a first
active pattern ACT1, a color accuracy enhancement active
pattern ACTa, and a brightness boosting active pattern
ACTa.

[0064] The active pattern layer may include amorphous
silicon or may include polycrystalline silicon. In example
embodiments, the active pattern layer may include, for
example, an oxide of at least one of In, Ga, Sn, Zr, V, Hf, Cd,
Ge, Cr, Ti, and Zn. Each of the first active pattern ACT1, the
color accuracy ernhancement active pattern ACTa, and the
brightness boosting active pattern ACTb may include a
channel region and source and drain regions doped with an
impurity.

[0065] The first insulation layer 120 may be disposed on
the buffer later 110 on which the active pattern layer is
disposed. For example, the first insulation layer 120 may be
uniformly formed on the buffer layer 110 along a profile of
the gate pattern. In some example embodiments, the first
insulation layer 120 may have a relatively large thickness for
covering the gate pattern, so that the first insulation layer
120 may have a substantially level surface. The first insu-
lating layer 120 may be formed using an inorganic insulating
material such as silicon oxide or metal oxide. For example,
the first insulating layer 120 may be formed using silicon
oxide (Si0,), silicon nitride (SiN ), silicon oxynitride (Si-
O,N)), aluminum oxide (AlO,), tantalum oxide (TaO,),
hafnium oxide (HfO ), zirconium oxide (ZrO,), titanium
oxide (TiO,), etc. These may be used alone or in a combi-
nation thereof.

[0066] The first gate pattern layer may be disposed on the
first insulation layer 120. The first gate pattern layer may
include a first gate electrode GE1, a color accuracy enhance-
ment gate electrode GEa, a brightness boosting gate elec-
trode GEb, and a signal line such as a scan line. The first gate
pattern layer may be formed using a metal, an alloy, a metal
nitride, a conductive metal oxide, or the like.

[0067] The second insulation layer 130 may be disposed
on the first insulation layer 120 on which the first gate
pattern layer is disposed. For example, the second insulation
layer 130 may be uniformly formed on the first insulation
layer 120 along a profile of the gate pattern layer. In some
example embodiments, the second insulation layer 130 may
have a relatively large thickness for covering the gate pattern
layer, so that the second insulation layer 130 may have a
substantially level surface. The second insulating layer 130
may be formed using an inorganic insulating material such
as silicon oxide or metal oxide. For example, the second
insulating layer 130 may be formed using silicon oxide
(8i0x), silicon nitride (SiNx), silicon oxynitride (SiOxNy),
aluminum oxide (AlOx), tantalum oxide (TaOx), hafhium
oxide (HfOx), zirconium oxide (ZrOx), titanium oxide
(TiOx), etc. The second insulating layer 130 may be formed
of a plurality of layers.

[0068] The first source drain pattern layer may be disposed
on the second insulation layer 130. The first source drain
pattern layer may include a first source electrode SE1, a first
drain electrode DE1, a color accuracy enhancement source
electrode SEa, a color accuracy enhancement drain electrode
DExa, a brightness boosting source electrode SEb, a bright-
ness boosting drain electrode DEb, and a signal wiring such
as a data line. The first source drain pattern layer may be
formed using a metal, an alloy, a metal nitride, a conductive
metal oxide, or the like.
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[0069] The first source electrode SE1 and the first drain
electrode DE1 may be electrically connected to the source
and the drain regions of the first active pattern ACT1 through
contact holes formed through the first insulating layer 120
and the second insulating layer 130, respectively.

[0070] The color accuracy enhancement source electrode
SEa and the color accuracy enhancement drain electrode
DEa may be electrically connected to the source region and
the drain region of the color accuracy enhancement active
pattern ACTa through the contact holes formed through the
first insulation layer 120 and the second insulation layer 130,
respectively.

[0071] The brightness boosting source electrode SEb and
the brightness boosting drain electrode DEb may be elec-
trically connected to the source region and the drain region
of the brightness boosting active pattern ACTb through the
contact holes formed through the first insulation layer 120
and the second insulation layer 130, respectively.

[0072] In addition, the color accuracy enhancement drain
electrode DEa and the brightness boosting drain electrode
DEb may be electrically connected to the back bias electrode
BVE through contact holes formed through the buffer layer
110, the first insulation layer 120 and the second insulation
layer 130.

[0073] The first active pattern ACT1, the first gate elec-
trode GF1, the first source electrode SE1, and the first drain
electrode SE1 may be included in a first transistor T1, which
is a driving transistor. The color accuracy enhancement
active pattern ACTa, the color accuracy enhancement gate
electrode GEa, the color accuracy enhancement source elec-
trode SEa, and the color accuracy enhancement drain elec-
trode DEa may be included in the color accuracy enhance-
ment transistor Ta. The brightness boosting active pattern
ACTD, the brightness boosting gate electrode GEb, the
brightness boosting source electrode SEb, and the brightness
boosting drain electrode DEb may be included in the bright-
ness boosting transistor Tb.

[0074] The third insulation layer 140 may be disposed on
the first source drain pattern layer. The third insulation layer
140 may have a single-layer structure, or may have a
multi-layer structure including at least two insulating layers.
In example embodiments, the third insulation layer 140 may
include organic materials such as polyimide, epoxy-based
resin, acryl-based resin, polyester, photoresist, polyacryl-
based resin, polyimide-based resin, a polyamide-based resin,
a siloxane-based resin, etc. In some example embodiments,
the third insulation layer 140 may include inorganic material
such as silicon compounds, metals, and metal oxides.
[0075] The first electrode 210 may be disposed on the
third insulating layer 140. The first electrode 210 may be
connected to the first drain electrode DE1 of the first
transistor T1 through a contact hole formed through the third
insulating layer 140.

[0076] The first electrode 210 may include a reflective
material or a transmissive material in accordance with the
emission type of the display apparatus. For example, the first
electrode 210 may be formed using aluminum, alloy con-
taining aluminum, aluminum nitride, silver, alloy containing
silver, tungsten, tungsten nitride, copper, alloy containing
copper, nickel, alloy containing nickel, chrome, chrome
nitride, molybdenum, alloy containing molybdenum, tita-
nium, titanium nitride, platinum, tantalum, tantalum nitride,
neodymium, scandium, strontium ruthenium oxide, zinc
oxide, indium tin oxide, tin oxide, indium oxide, gallium



US 2019/0279564 A1l

oxide, indium zinc oxide, etc. These may be used alone or
in a combination thereof. In example embodiments, the first
electrode 210 may have a single layer structure or a multi
layer structure, which may include a metal film, an alloy
film, a metal nitride film, a conductive metal oxide film,
and/or a transparent conductive film.

[0077] The pixel defining layer PDL may be disposed on
the third insulation layer 140 on which the first electrode 210
is disposed. The pixel defining layer PDL may define an
opening which exposes the first electrode 210. The pixel
defining layer PDL may include an organic material or an
inorganic material. For example, the pixel defining layer
PDL may be formed using photoresist, acryl-based resin,
polyacryl-based resin, polyimide-based resin, a silicon com-
pound, etc. In an example embodiment, the pixel defining
layer PDL may be etched to form an opening for partially
exposing the first electrode 210. An emission region and a
non-emission region of the display apparatus may be defined
by the opening of the pixel defining layer PDL. For example,
a portion where the opening of the pixel defining layer PDL
is located may correspond to the emission region, and the
non-emission region may correspond to a portion adjacent to
the opening of the pixel defining layer PDL.

[0078] The light emitting layer 220 may be positioned on
the first electrode 210 exposed by the opening of the pixel
defining layer PDL. The light emitting layer 220 may extend
on a sidewall of the opening of the pixel defining layer PDL.
The light emitting layer 220 may be formed by a laser
induced thermal imaging process, a printing process, etc.
The light emitting layer 220 may include an organic light
emitting layer (EL), a hole injection layer (HIL), a hole
transfer layer (HTL), an electron transfer layer (ETL), an
electron injection layer (EIL), etc. In example embodiments,
a plurality of organic light emitting layers may be formed
using light emitting materials for generating different colors
of light such as a red color of light (R), a green color of light
(G), and a blue color of light (B) in accordance with color
pixels of the display apparatus. In some example embodi-
ments, the organic light emitting layer of the of the light
emitting layer 220 may include a plurality of stacked light
emitting materials for generating a red color of light, a green
color of light, and a blue color of light to thereby emit a
white color of light. The light emitting structures may be
commonly formed so as to correspond to a plurality of
pixels, and each pixel may be divided by a color filter layer.

[0079] The second electrode 230 may be disposed on the
pixel defining layer PDL and the light emitting layer 220.
The second electrode 230 may include a transmissive mate-
rial or a reflective material in accordance with the emission
type of the display device. For example, the second elec-
trode 230 may be conductive and may be formed using
aluminum, alloy containing aluminum, aluminum nitride,
silver, alloy containing silver, tungsten, tungsten nitride,
copper, alloy containing copper, nickel, alloy containing
nickel, chrome, chrome nitride, molybdenum, alloy contain-
ing molybdenum, titanium, titanium nitride, platinum, tan-
talum, tantalum nitride, neodymium, scandium, strontium
ruthenium oxide, zinc oxide, indium tin oxide, tin oxide,
indium oxide, gallium oxide, indium zinc oxide, etc. These
may be used alone or in a combination thereof. In example
embodiments, the second electrode 230 may also have a
single layer structure or a multi layer structure, which may
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include a metal film, an alloy film, a metal nitride film, a
conductive metal oxide film, and/or a transparent conductive
film.

[0080] The first electrode 210, the light emitting layer 220,
and the second electrode 230 may form a light emitting
structure 200.

[0081] The thin film encapsulation layer TFE may be
disposed on the second electrode 230. The thin film encap-
sulation layer TFE may prevent penetration of moisture and
oxygen from outside. The thin film encapsulation layer TFE
may have at least one organic layer and at least one inorganic
layer. The at least one organic layer and the at least one
inorganic layer may be alternately stacked with each other.
For example, the thin film encapsulation layer TFE may
include two inorganic layers and one organic layer therebe-
tween, etc. In some example embodiments, an encapsulation
substrate may be provided for shielding outside air and
moisture from penetrating into the display apparatus in place
of the thin film encapsulation layer.

[0082] FIG. 4 illustrates a table showing an operation of a
color accuracy enhancement transistor and a brightness
boosting transistor according to modes of the display appa-
ratus of FIG. 1.

[0083] Referring to FIGS. 1, 2, and 4, the display appa-
ratus may have a normal mode, a color accuracy mode, and
a high brightness mode. The normal mode may correspond
to a standard of display quality. In the color accuracy
enhancement mode, dispersion of characteristics of driving
transistors of the pixels of the display apparatus may be
reduced, so that display quality of the display apparatus may
be improved. In the high brightness mode, Id (drain current)
of the driving transistor of the pixels may increase, so that
brightness of the display apparatus may be increased.

[0084] In an example embodiment, in the normal mode,
both the color accuracy enhancement transistor Ta and the
brightness boosting transistor Th are off, for example, the
color accuracy enhancement signal and the brightness boost-
ing signal may have an off voltage. The display quality of the
image displayed in the normal mode may correspond to a
reference display quality.

[0085] In an example embodiment, in the color accuracy
mode, the color accuracy enhancement transistor Ta is on
and the brightness boosting transistor Tb is off, for example,
the color accuracy enhancement signal may have on voltage
and the brightness boosting signal may have off voltage. In
the color accuracy mode, the color accuracy enhancement
transistor Ta may provide the first power voltage ELVDD as
a back bias voltage to the first transistor T1 (which is a
driving transistor) so that dispersion of Ids (drain-source
current) may be reduced. Accordingly, deviations of driving
current for the pixels may be reduced, and the image to be
displayed may be displayed more accurately and the display
quality may be improved.

[0086] In an example embodiment, in the high brightness
mode, the color accuracy enhancement transistor Tb is off
and the brightness boosting transistor Tb is on, for example,
the color accuracy enhancement signal may have off voltage
and the brightness boosting signal may have on voltage. In
the high brightness mode, the brightness boosting transistor
Tb provides the gate voltage of the first transistor T1 (the
voltage of the first node N1) as a bias voltage of the first
transistor T1 (which is the driving transistor), and Id (drain
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current) corresponding to Vg (gate voltage) of the driving
transistor is increased, so that the brightness of the display
apparatus may be increased.

[0087] According to an example embodiment, it may be
possible to improve the display quality in the color accuracy
mode, increase the brightness in the high brightness mode,
and the color accuracy mode and the high brightness mode
may be selected by user’s choice or automatically selected
according to surrounding environment. For example, the
high brightness mode may be selected in a bright environ-
ment of external light, and the color accuracy mode may be
selected in a dark environment of external light. In addition,
the mode switching may be configured to be automatically
switched using an illuminance sensor or the like.

[0088] FIG. 5 illustrates an equivalent circuit diagram of
an example of a pixel included in a display apparatus
according to an example embodiment.

[0089] Referring to FIG. 5, the pixel PX-1 may include
first through seventh transistors T1 through T7, a storage
capacitor CST, an organic light emitting diode OLED, a
color accuracy enhancement transistor Ta, and a brightness
boosting transistor Th. The pixel PX-1 may be located at the
(i)th pixel row and the (j)th pixel column, where i is an
integer between 1 and n, and j is an integer between 1 and
m.

[0090] The first transistor T1 may be a driving transistor
providing a driving current corresponding to a data signal to
the organic light emitting diode OLED. The first transistor
T1 may include a gate electrode connected to the first node
N1, a first electrode connected to the second node N2, and
a second electrode connected to the third node N3.

[0091] The second transistor T2 may provide a data signal
to the first transistor T1 in response to a first scan signal
GS1. In an example embodiment, the second transistor T2
may include a gate electrode receiving the first scan signal
GS1 from the (i)th scan line SLi, a first electrode receiving
the data signal from the (j)th data line DL, and a second
electrode connected to the first electrode of the first transis-
tor T1 (for example, at the second node N2).

[0092] The third transistor T3 may connect the second
electrode of the first transistor T1 to the gate electrode of the
first transistor T1 in response to a second scan signal GS2.
In an example embodiment, the third transistor T3 may
include a gate electrode receiving the second scan signal
GS2 from the (i)th inverted scan line /SLi, a first electrode
connected to the second electrode of the first transistor T1
(for example, at the third node N3), and a second electrode
connected to the gate electrode of the first transistor T1 (for
example, at the first node N1).

[0093] The fourth transistor T4 may apply the initializa-
tion voltage VINT to the gate electrode of the first transistor
T1 in response to a third scan signal GS3. In an example
embodiment, the fourth transistor T4 may include a gate
electrode receiving the third scan signal GS3 from the
(i-Dth inverted scan line /SL(i-1), a first electrode receiving
the initialization voltage VINT, and a second electrode
connected to the gate electrode of the first electrode T1 (for
example, at the first node N1).

[0094] The fifth transistor TS may apply the first power
voltage ELVDD to the first electrode of the first transistor T1
in response to the emission control signal. In an example
embodiment, the fifth transistor TS may include a gate
electrode receiving the emission control signal from the (i)th
emission control line EMi, a first electrode receiving the first
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power voltage ELVDD, and a second electrode connected to
the first electrode of the first transistor T1 (for example, at
the second node N2).

[0095] The sixth transistor T6 may connect the second
electrode of the first transistor T1 to the first electrode of the
organic light emitting diode OLED in response to the
emission control signal. In an example embodiment, the
sixth transistor T6é may include a gate electrode receiving the
emission control signal from the (i)th emission control line
EMi, a first electrode connected to the second electrode of
the first transistor T1 (for example, at the third node N3), and
a second electrode connected to the first electrode of the
organic light emitting diode OLED (for example, at a fourth
node N4).

[0096] The seventh transistor T7 may apply the initializa-
tion voltage VINT to the first electrode of the OLED in
response to the fourth scan signal GS4. In an example
embodiment, the seventh transistor T7 may include a gate
electrode receiving the fourth scan signal GS4 from the
(i-Dthinverted scan line /SL(i-1), a first electrode receiving
the initialization voltage VINT, and a second electrode
connected to the first electrode of the OLED (for example,
at fourth node N4).

[0097] The third to seventh transistors T3 to T7 may be
circuit configuration transistors.

[0098] The storage capacitor CST may include a first
electrode receiving the first power voltage ELVDD and a
second electrode connected to the gate electrode of the first
transistor T1 (for example, at first node N1).

[0099] The color accuracy enhancement transistor Ta may
include the gate electrode for receiving the color correcting
enhancement signal CA from the mode selector 60, the first
electrode connected to the first electrode of the first transis-
tor T1 (for example, at second node N2), and the second
electrode connected to a back bias electrode BVE for
applying a back bias voltage to the first transistor T1.

[0100] In a color accuracy mode, the color accuracy
enhancement transistor Ta may apply a data signal or the
first power supply voltage ELVDD as the back bias voltage
of the first transistor T1 in response to the color accuracy
enhancement signal CA. At this time, the brightness boost-
ing transistor Th may be off.

[0101] The brightness boosting transistor Th may include
the gate electrode for receiving the brightness boosting
signal HBM from the mode selector 60, the first electrode
connected to the gate electrode of the first transistor T1 (for
example, at first node N1), and a second electrode connected
to the back bias electrode BVE for applying the back bias
voltage to the first transistor T1.

[0102] In ahigh brightness mode, the brightness boosting
transistor Th may apply a gate voltage of the first transistor
T1 (a voltage of the first node N1) as the back bias voltage
to the first transistor T1 in response to the brightness
boosting signal HBM. At this time, the color accuracy
enhancement transistor Ta may be off.

[0103] According to the present example embodiment, the
pixel of the display apparatus may include the color accu-
racy enhancement transistor Ta that applies the data signal or
the first power supply voltage ELVDD as the back bias
voltage of the first transistor T1 in response to the color
accuracy enhancement signal CA. Accordingly, the color
accuracy of the image displayed by the display apparatus
may be improved.
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[0104] In addition, the pixel of the display apparatus may
include the brightness boosting transistor Tb that applies the
gate voltage of the first transistor T1 as the back bias voltage
to the first transistor T1 in response to the brightness
boosting signal HBM. Accordingly, the brightness of the
image displayed by the display apparatus may be boosted.

[0105] Although the example embodiment of FIG. 5
describes that the gate electrode of the fourth transistor T4
and the gate electrode of the seventh transistor T7 receive
the inverted scan signal from the (i-1)th inverted scan line
/SL(i-1), the fourth transistor and the seventh transistor may
be connected to different scan lines. In this case, the scan
driver may include stages sets for respectively outputting the
first scan signal, the second scan signal, the third scan signal,
and the fourth scan signal as scan signals.

[0106] Although the example embodiment of FIG. 5
describes that the pixel PX-1 includes the first to seventh
transistors, the pixel may have a variety of structures.

[0107] FIG. 6 illustrates a cross-sectional view of the
display apparatus of FIG. 5 according to an example
embodiment.

[0108] Referring to FIG. 6, the display apparatus may be
substantially the same as the display apparatus of FIG. 3
except that the display apparatus further includes a lower
buffer layer 105, a second gate pattern layer, and a second
source drain pattern layer. Therefore, repetitive description
may be simplified or omitted.

[0109] The display apparatus may include the base sub-
strate 100, the lower buffer layer 105, a back bias electrode
BVE, the buffer layer 110, an active pattern layer, a first_first
insulation layer 122, a first gate pattern layer, a first_second
insulation layer 124, a second gate pattern layer, the second
insulation layer 130, a first source drain pattern layer, the
third insulation layer 140, a second source drain pattern
layer, a forth insulation layer 150, the first electrode 210, the
light emitting layer 220, the second electrode 230, and the
thin film encapsulation layer TFE.

[0110] The lower buffer layer 105 may be disposed on the
base substrate 100. The lower buffer layer 105 may be used
to improve a flatness of a surface of the base substrate 110
when the surface of the base substrate 110 is not vniform.
More than one buffer layer may be provided on the base
substrate 110 according to a type of the base substrate 100.
For example, the buffer layer may include an organic
material or an inorganic material.

[0111] The back bias electrode BVE may be disposed on
the lower buffer layer 105. The buffer layer 110 may be
disposed entirely on the base substrate 110 on which the
back bias electrode BVE is disposed.

[0112] The active pattern layer may be disposed on the
buffer layer 110. The active pattern layer may include a first
active pattern ACT1, a color accuracy enhancement active
pattern ACTa, and a brightness boosting active pattern
ACTa.

[0113] The first_first insulation layer 122 may be disposed
on the buffer later 110 on which the active pattern layer is
disposed.

[0114] The first gate pattern layer may be disposed on the
first_first insulation layer 122. The first gate pattern layer
may include a first gate electrode GE1_1, a color accuracy
enhancement gate electrode GEa_1, brightness boosting
gate electrode GEb_1, and a signal line such as a scan line.
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[0115] The first_second insulation layer 124 may be dis-
posed on the first_first insulation layer 122 on which the first
gate pattern layer is disposed.

[0116] The second gate pattern layer may be disposed on
the first_second insulation layer 124. The second gate pat-
tern layer may include a first upper gate electrode GE1_2, an
upper color accuracy enhancement gate electrode GEa_2, an
upper brightness boosting gate electrode GEb_2, and a
signal line such as a second scan line. Here, the first upper
gate electrode GE1_2 and the first gate electrode GE1_1
may form a capacitor.

[0117] The second insulation layer 130 may be disposed
on the first insulation layer 120 on which the second gate
pattern layer is disposed.

[0118] The first source drain pattern layer may include the
first source electrode SE1, the first drain electrode DE1, the
color accuracy enhancement source electrode SEa, the color
accuracy enhancement drain electrode DEa, the brightness
boosting source electrode SEb, the brightness boosting drain
electrode DED, and a signal wiring such as a data line.
[0119] The third insulating layer 140 may be disposed on
the second insulating layer 130 on which the first source
drain pattern layer is disposed.

[0120] The second source drain pattern layer may be
disposed on the second insulating layer 130. The second
source drain pattern layer may include a contact pad CP. The
contact pad CP may be electrically connected to the first
transistor T1 through a contact hole formed through the third
insulating layer 140.

[0121] The fourth insulating layer 150 may be disposed on
the third insulating layer 140 on which the second source
drain pattern layer is disposed.

[0122] For the light emitting structure of the organic light
emitting diode, the first electrode 210 may be disposed on
the third insulating layer 140. The pixel defining layer PDL
may be disposed on the fourth insulating layer 150 on which
the first electrode 210 is disposed. The light emitting layer
220 may be disposed on the first electrode 210 exposed
through an opening of the PDL. The second electrode 230
may be disposed on the pixel defining layer PDL and the
light emitting layer 220.

[0123] The thin film encapsulation layer TFE may be
disposed on the second electrode 230.

[0124] FIG. 7 illustrates a graph showing dispersion of a
driving current according to change of a second power
supply voltage and brightness in a normal mode and a color
accuracy mode.

[0125] Referring to FIG. 7, the x-axis of the graph repre-
sents Vds (drain-source voltage) of a driving transistor, and
the y-axis represents Ids (drain current) of the driving
transistor. The four curves shown in the graph in the normal
mode and the color accuracy mode represent curves for Vg
(gate voltage) change.

[0126] In the normal mode (line SG), as Vds increases
(absolute value of ELVSS increases, brightness increases),
the degree of increase of Ids increases, and thus dispersion
of Ton current value per pixel increases. (2.4% at ELVSS-8.3
V (600 nit), 7% at 800 nit, 20% at 1350 nit).

[0127] On the other hand, in the color accuracy mode
(dotted line DQG), the degree of increase of Ids with Vds
increases 1s less, and the dispersion of the Ion current value
per pixel is less. (0.6% at ELVSS-8.3 V (600 nit), 2% at 800
nit, 8% at 1350 nit).
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[0128] Thatis, it may be seen that the color accuracy mode
(DG of the graph) has a smaller drain conductance (slope)
relative to the normal mode (SG of the graph). Therefore, the
deviation in display quality due to the dispersion of the
driving transistor characteristics for each pixel may be
reduced.

[0129] FIG. 8 illustrates a graph comparing drive current
values in the normal mode and the high brightness mode.
[0130] Referring to FIG. 8, the x-axis of the graph repre-
sents Vg (gate voltage) of a driving transistor, and the y-axis
represents Id (drain current) of the driving transistor.
[0131] It may be seen that the Id gradient according to Vg
is larger in the high brightness mode (double LDD in the
graph) than that of the normal mode (single LDD in the
graph). That is, a large driving current is outputted for the
same gate voltage, such that the brightness may be
increased.

[0132] According to an example embodiment, a pixel of
the display apparatus may include a color accuracy enhance-
ment transistor Ta that applies a data signal or a first power
supply voltage as a back bias voltage of the first transistor in
response to a color accuracy enhancement signal. Accord-
ingly, the color accuracy of the image displayed by the
display apparatus may be improved.

[0133] In addition, the pixel of the display apparatus may
include a brightness boosting transistor that applies a gate
voltage of the first transistor as the back bias voltage to the
first transistor in response to a brightness boosting signal.
Accordingly, the brightness of the image displayed by the
display apparatus may be increased.

[0134] According to an example embodiment, it may be
possible to improve the display quality in the color accuracy
mode and increase the brightness in the high brightness
mode, and the color accuracy mode and the high brightness
mode may be selected by user’s choice or automatically
selected according to surrounding environment.

[0135] By way of summation and review, an organic light
emitting display apparatus may include a pixel having an
organic light emitting diode (OLED). The OLED may emit
light having a wavelength that depends on an organic
material included in the OLED. For example, the OLED
may include an organic material corresponding to one of a
red color light, a green color light, and a blue color light. The
organic light emitting display device may display an image
using mixed light emitted by the organic materials.

[0136] According to an example embodiment, display
quality of the organic light emitting display apparatus may
be changed to improve the display quality of the organic
light emitting display apparatus.

[0137] As described above, embodiments relate to a dis-
play apparatus capable of changing mode.

[0138] Embodiments may provide a display apparatus
capable of switching between color accuracy mode and high
brightness mode.

[0139] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
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cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.

What is claimed is:

1. A display apparatus, comprising:

a plurality of pixels, each of the pixels including:

an organic light emitting diode;

a first transistor providing a driving current to operate the
organic light emitting diode;

a second transistor including a gate electrode that receives
a first scan signal, a first electrode that receives a data
signal, and a second electrode electrically connected to
the first electrode of the first transistor;

a storage capacitor including a first electrode receiving a
first power voltage and a second electrode electrically
connected to the gate electrode of the first transistor;
and

a color accuracy enhancement transistor that applies a first
back bias voltage to the first transistor in response to a
color accuracy enhancement signal.

2. The display apparatus as claimed in claim 1, wherein
the color accuracy enhancement transistor includes a gate
electrode, a first electrode, and a second electrode, and the
first electrode receives the data signal or the first power
voltage.

3. The display apparatus as claimed in claim 2, wherein
the gate electrode of the color accuracy enhancement tran-
sistor receives the color accuracy enhancement signal, the
first electrode of the color accuracy enhancement transistor
is electrically connected to the first transistor, and the second
electrode of the color accuracy enhancement transistor is
electrically connected to a back bias electrode of the first
transistor.

4. The display apparatus as claimed in claim 3, wherein
the first electrode of the color accuracy enhancement tran-
sistor is electrically connected to the first power voltage.

5. The display apparatus as claimed in claim 3, wherein
the first electrode of the color accuracy enhancement tran-
sistor is electrically connected to the first electrode of the
first transistor.

6. The display apparatus as claimed in claim 3, wherein
each of the pixels further includes a brightness boosting
transistor that applies a second back bias voltage to the first
transistor in response to a brightness boosting signal.

7. The display apparatus as claimed in claim 6, wherein
the brightness boosting transistor includes a gate electrode,
a first electrode, and a second electrode, and the first
electrode receives a gate voltage of the first transistor.

8. The display apparatus as claimed in claim 7, wherein
the gate electrode of the brightness boosting transistor
receives the brightness boosting signal, the first electrode of
the brightness boosting transistor is electrically connected to
the first transistor, and the second electrode of the brightness
boosting transistor is electrically connected to the back bias
electrode of the first transistor.

9. The display apparatus as claimed in claim 8, wherein
the first electrode of the first brightness boosting transistor is
electrically connected to the gate electrode of the first
transistor.

10. The display apparatus as claimed in claim 9, wherein
the first electrode of the first brightness boosting transistor is
electrically connected to the second electrode of the second
transistor and the second electrode of the storage capacitor.
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11. The display apparatus as claimed in claim 6, wherein:

when the color accuracy enhancement transistor is turned
on by the color-accuracy-enhancement signal, the
brightness boosting transistor is turned off by the
brightness-boosting signal, and

when the brightness boosting transistor is turned on by the
brightness-boosting signal, the color accuracy enhance-
ment transistor is turned off by the color-accuracy-
enhancement signal.

12. A display apparatus, comprising:

a plurality of pixels, each of the pixels including:

an organic light emitting diode;

a first transistor providing a driving current to operate the
organic light emitting diode;

asecond transistor including a gate electrode that receives
a first scan signal, a first electrode that receives a data

signal, and a second electrode electrically connected to
the first electrode of the first transistor; and

a brightness boosting transistor that applies a second back
bias voltage to the first transistor in response to a
brightness boosting signal.

13. The display apparatus as claimed in claim 12, wherein
the brightness boosting transistor includes a gate electrode
that receives the brightness boosting signal, a first electrode
electrically connected to the first transistor, and a second
electrode electrically connected to a back bias electrode of
the first transistor.

14. The display apparatus as claimed in claim 12, wherein
the first electrode of the brightness boosting transistor
receives a gate voltage of the first transistor.

15. The display apparatus as claimed in claim 12, wherein
each of the pixels further includes a color accuracy enhance-
ment transistor that applies a first back bias voltage to the
first transistor in response to a color accuracy enhancement
signal.
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16. A display apparatus, comprising:

a base substrate;

a back bias electrode on the base substrate;

a first transistor including a first active pattern overlap-
ping the back bias electrode and a first gate electrode
overlapping the first active pattern;

a first electrode electrically connected to the first transis-
tor,

a second electrode facing the first electrode;

a light emitting layer disposed between the first electrode
and the second electrode;

a color accuracy enhancement transistor electrically con-
nected to the back bias electrode; and

a brightness boosting transistor electrically connected to
the back bias electrode.

17. The display apparatus as claimed in claim 16, wherein
the back bias electrode is electrically connected to a drain
electrode of the color accuracy enhancement transistor and
a drain electrode of the brightness boosting transistor.

18. The display apparatus as claimed in claim 16, further
comprising a buffer layer disposed between the back bias
electrode and the first transistor.

19. The display apparatus as claimed in claim 16, further
comprising a mode selector that provides the color accuracy
enhancement signal to a gate electrode of the color accuracy
enhancement transistor, and provides a brightness boosting
signal to a gate electrode of the brightness boosting transis-
tor.

20. The display apparatus as claimed in claim 19,
wherein:

the brightness boosting signal has an off voltage that turns
off the brightness boosting transistor when the color
accuracy enhancement signal has an on voltage that
turns on the color accuracy enhancement transistor, and

the color accuracy enhancement signal has an off voltage
that turns off the color accuracy enhancement transistor
when the brightness boosting signal has an on voltage
to turn on the brightness boosting transistor.
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