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PIXEL AND AN ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2016-0033993,
filed on Mar. 22, 2016 in the Korean Intellectual Property
Office, the disclosure of which is incorporated by reference
herein in its entirety.

TECHNICAL FIELD

[0002] Exemplary embodiments of the inventive concept
relate to a pixel and an organic light-emitting display appa-
ratus.

DISCUSSION OF RELATED ART

[0003] An organic light-emitting display apparatus
includes a light-emitting device, for example, an organic
light-emitting diode, the luminance of which varies accord-
ing to current. A pixel in the organic light-emitting display
apparatus includes the organic light-emitting diode, a driv-
ing transistor that controls the amount of current supplied to
the organic light-emitting diode according to a voltage
between a gate terminal and a source terminal, and a
switching transistor that applies a data voltage, for control-
ling a luminance of the organic light-emitting diode, to the
driving transistor.

[0004] Driving transistors may have different threshold
voltages due to manufacturing errors, and thus, even when
the same data voltage is applied, the amounts of current
output from the driving transistors may be different accord-
ing to the different threshold voltages. Additionally, the
amount of current to be output from a driving transistor
during a current frame period may vary according to the
amount of current output during a previous frame period.
Furthermore, when an organic light-emitting diode emits
light during a previous frame period, the organic light-
emitting diode may slightly emit light during a current frame
period even if a full black image is to be displayed.
[0005]  As such, the pixel may further include a plurality of
transistors in addition to the driving transistor and the
switching transistor. Thus, additional control lines for con-
trolling the additional transistors may be required. When
transistors are added to the pixel, the area of the pixel is
increased, which makes it difficult to increase resolution.
However, when a distance between eyes of a user and a
display apparatus is relatively small (e.g., in a head-mounted
display apparatus), the resolution of the display apparatus
has to be high to display a natural image.

SUMMARY

[0006] According to an exemplary embodiment of the
inventive concept, a pixel is connected to a scan line that
applies a scan signal, a data line that applies a data signal,
a control line that applies a control signal, and first and
second power lines. The pixel includes first through third
nodes, a storage capacitor connected between the first power
line and the first node, a first transistor configured to control
current flowing from the second node to the third node in
response to a voltage of the first node. a second transistor
configured to apply the data signal to the second node in
response to the scan signal, a third transistor configured to
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connect the first node to the third node in response to the
scan signal, a fourth transistor configured to connect the first
power line to the second node in response to the control
signal, and an organic light-emitting diode connected
between the third node and the second power line. One
frame period includes an initialization period, a scan period,
and an emission period. A level of a voltage applied to the
second power line in the initialization petiod is higher than
the level of the voltage applied to the second power line in
the emission period.

[0007] The voltage applied to the second power line may
have a first level during the initialization period, a second
level during the scan period, and a third level during the
emission period. The second level is lower than the first
level, and the third level is lower than the second level.
[0008] A voltage applied to the first power line may have
a fourth level during the initialization period and a fifth
level, which is higher than the fourth level, during the
emission period.

[0009] The voltage applied to the first power line may
have the fifth level during the scan period.

[0010] A difference between the first level and the third
level may be greater than a difference between the fifth level
and the fourth level.

[0011] The second level may be substantially the same as
the fifth level and the third level may be substantially the
same as the fourth level.

[0012] The control signal, as a voltage having a sixth
level, may be applied to the fourth transistor during the scan
period to turn off the fourth transistor, and the control signal,
as a voltage having a seventh level, may be applied to the
fourth transistor during the emission period to turn on the
fourth transistor.

[0013] The sixth level may be substantially the same as the
first level.
[0014] The control signal, as the voltage having the sev-

enth level, may be applied to the fourth transistor during the
initialization period to turn on the fourth transistor.

[0015] According to an exemplary embodiment of the
inventive concept, a pixel includes a storage capacitor, first
through fourth transistors, and an organic light-emitting
diode. The storage capacitor is connected between a first
power line and a first node. The first transistor includes a
gate terminal connected to the first node and is connected
between second and third nodes. The second transistor
includes a gate terminal connected to a scan line and is
connected between a data line and the second node. The
third transistor includes a gate terminal connected to the
scan line and is connected between the first and third nodes.
The fourth transistor includes a gate terminal connected to a
control line and is connected between the first power line
and the second node. The organic light-emitting diode is
connected between the third node and a second power line.
One frame period includes an initialization period, a scan
period, and an emission period. A potential difference
between the second power line and the first power line
during the initialization period is greater than a potential
difference between the first power line and the second power
line during the emission period.

[0016] During the emission period, a first driving voltage
may be applied to the first power line, and a second driving
voltage, which is less than the first driving voltage, may be
applied to the second power line, and during the initializa-
tion period, the second driving voltage may be applied to the
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first power line, and a gate-off voltage, which is greater than
the first driving voltage, may be applied to the second power
line.

[0017] During the scan period the first driving voltage may
be applied to the first and second power lines.

[0018] A gate-off voltage may be applied to the control
line during the scan period and a gate-on voltage may be
applied to the control line during the initialization period and
the emission period.

[0019] According to an exemplary embodiment of the
inventive concept, an organic light-emitting display appa-
ratus configured to be driven during a frame period includ-
ing an initialization period, a scan period, and an emission
period includes a display unit including pixels, a voltage
generator, and a control driver. The voltage generator is
configured to generate a first driving voltage, a second
driving voltage that is less than the first driving voltage, a
first gate voltage that is greater than the first driving voltage,
and a second gate voltage that is less than the first gate
voltage. The control driver is configured to drive first and
second power lines and a control line connected to the pixels
by using the first and second driving voltages and the first
and second gate voltages. The control driver applies the first
gate voltage to the second power line during the initializa-
tion period.

[0020] Each of the pixels may include a storage capacitor,
first through fourth transistors, and an organic light-emitting
diode. The storage capacitor is connected between the first
power line and a first node. The first transistor includes a
gate terminal connected to the first node and is connected
between second and third nodes. The second transistor
includes a gate terminal connected to a scan line and is
connected between a data line and the second node. The
third transistor includes a gate terminal connected to the
scan line and is connected between the first and third nodes.
The fourth transistor includes a gate terminal connected to
the control line and is connected between the first power line
and the second node. The organic light-emitting diode is
connected between the third node and the second power line.
[0021] The control driver may apply the second driving
voltage to the first power line during the initialization period.
[0022] The control driver may apply the first driving
voltage to the first power line and the second power line
during the scan period.

[0023] The control driver may apply the first driving
voltage to the first power line and may apply the second
driving voltage to the second power line during the emission
period.

[0024] The control driver may apply the second gate
voltage to the control line during the initialization period and
the emission period, and may apply the first gate voltage to
the control line during the scan period.

[0025] The pixels may sequentially receive data signals
during the scan period, may substantially simultaneously
emit light when the emission period starts, and may sub-
stantially simultaneously stop light emission when the ini-
tialization period starts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other features of the inventive
concept will become apparent and more readily appreciated
by describing in detail exemplary embodiments thereof with
reference to the accompanying drawings.
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[0027] FIG. 1 is a block diagram of an organic light-
emitting display apparatus according to an exemplary
embodiment of the inventive concept.

[0028] FIG. 2 is a circuit diagram of a pixel included in the
organic light-emitting display apparatus of FIG. 1 according
to an exemplary embodiment of the inventive concept.
[0029] FIG. 3 is a timing diagram during one frame period
for driving the pixel of FIG. 2 according to an exemplary
embodiment of the inventive concept.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0030] Exemplary embodiments of the inventive concept
will be described more fully hereinafter with reference to the
accompanying drawings. Like reference numerals may refer
to like elements throughout this application.

[0031] It will be understood that although the terms “first”,
“second”, etc. may be used herein to describe various
components, these components should not be limited by
these terms. These components are only used to distinguish
one component from another. As used herein, the singular
forms “a”, “an”, and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
Throughout the specification, it will be understood that
when an element is referred to as being “connected” to
another element, it may be “directly connected” to the other
element or “electrically connected” to the other element with
intervening elements therebetween. It will be further under-
stood that when a part “includes™ or “comprises” an element,
unless otherwise defined, the part may further include other
elements.

[0032] Exemplary embodiments of the inventive concept
provide a pixel suitable for a display apparatus having a high
resolution and an organic light-emitting display apparatus
including the pixel.

[0033] FIG. 1 is a block diagram of an organic light-
emitting display apparatus according to an exemplary
embodiment of the inventive concept.

[0034] Referring to FIG. 1, an organic light-emitting dis-
play apparatus 100 includes a display unit 110, a scan driver
120, a data driver 130, a timing controller 140, a voltage
generator 150, and a control driver 160.

[0035] The display unit 110 includes pixels PX. Although
only one pixel PX is shown in FIG. 1 for illustrative
purposes, the pixels PX may be arranged, for example, in a
matrix.

[0036] The pixels PX are connected to scan lines SL.1
through SLn and data lines DL1 through DLm. The scan
lines SL.1 through SLn apply scan signals S1 through Sn,
respectively, that are output from the scan driver 120 to the
pixels PX in the same row. The data lines DL1 through DL.m
apply data signals D1 through Dm, respectively, that are
output from the data driver 130 to the pixels PX in the same
column. Each of the pixels PX is connected to a scan line SL,
among the scan lines SL.1 through SLn, located in the same
row and a data line DL, among the data lines DL1 through
DLm, located in the same column.

[0037] The pixels PX are commonly connected to a con-
trol line CL and first and second power lines PL1 and PL2.
The control line CL and the first and second power lines PL1
and PL2 are driven by the control driver 160.

[0038] The control line CLL may include a plurality of
sub-control lines connected to the pixels PX arranged in the
matrix. The plurality of sub-control lines may extend in a
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row direction in parallel with the scan lines SL1 through
SLn. Since the sub-control lines apply a control signal EM
to the pixels PX with substantially the same timing whereas
the scan lines SL1 through SLn apply scan signals of
different timings, all of the sub-control lines are electrically
connected. In this regard, the sub-control lines are referred
to as one control line CL.

[0039] The first power line PL1 may include a plurality of
sub-power lines connected to the pixels PX arranged in the
matrix. The sub-power lines may extend in a column direc-
tion in parallel with the data lines DL1 through DLm. All of
the sub-power lines are electrically connected and voltage
levels of the sub-power lines change with substantially the
same timing. In this regard, the sub-power lines are referred
to as one first power line PL1. A voltage applied to the first
power line PL1 may change during one frame period and is
referred to as a first power voltage PS1.

[0040] The second power line PL2 may be commonly
connected to organic light-emitting diodes of the pixels PX
as a common electrode. A voltage applied to the second
power line PL2 may change for one frame period and is
referred to as a second power voltage PS2.

[0041] Each pixel PX includes an organic light-emitting
diode and a driving transistor that controls the amount of
current flowing through the organic light-emitting diode
based on a voltage level of a data signal D that is received.
The data signal D is applied from the data driver 130 through
the data line DL. The organic light-emitting diode emits
light at a luminance corresponding to a voltage level of the
data signal D. The pixel PX may correspond to a part of a
pixel, for example, a sub-pixel, which may display a full
color image.

[0042] The pixel PX will be explained below in more
detail with reference to FIGS. 2 and 3.

[0043] The voltage generator 150 may generate voltages
needed to operate the scan driver 120 and the control driver
160. For example, the voltage generator 150 may generate a
first driving voltage ELVDD and a second driving voltage
ELVSS. The first driving voltage ELVDD is a voltage
applied to the first power line PL1 and the second driving
voltage ELVSS is a voltage applied to the second power line
PL2. A level of the second driving voltage ELVSS may be
lower than a level of the first driving voltage ELVDD.
[0044] Additionally, the voltage generator 150 may gen-
erate a first gate voltage VGH and a second gate voltage
VGL for controlling a transistor of the pixel PX. When the
first gate voltage VGH is applied to a gate of the transistor,
the transistor may be turned off and when the second gate
voltage VGL is applied to the gate of the transistor, the
transistor may be turned on. In this regard, the first gate
voltage VGH may be referred to as a gate-off voltage and the
second gate voltage VGL may be referred to as a gate-on
voltage. A level of the first gate voltage VGH may be higher
than a level of the second gate voltage VGL.

[0045] Furthermore, a level of the first gate voltage VGH
may be higher than a level of the first driving voltage
ELVDD. A level of the second gate voltage VGL may be
lower than a level of the second driving voltage ELVSS. For
example, the first driving voltage ELVDD may be about 4.6
V and the second driving voltage ELVSS may be about -4
V. The first gate voltage VGH may be about 7 V and the
second gate voltage VGL may be about -8 V. These are
merely examples and the inventive concept is not limited
thereto.
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[0046] The voltage generator 150 may generate voltages
having different levels in addition to the above-described
four voltages and may apply these voltages to the control
driver 160. Additionally, the voltage generator 150 may
generate gamma reference voltages and may apply the
gamma reference voltages to the data driver 130.

[0047] The timing controller 140 may control the display
unit 110 by controlling operation timings of the scan driver
120, the data driver 130, and the control driver 160. The
pixels PX of the display unit 110 may display an image
corresponding to image data RGB of one frame by receiving
the data signal D every frame period and emitting light at a
luminance corresponding to the received data signal D.

[0048] According to an exemplary embodiment of the
inventive concept, one frame period may include an initial-
ization period, a scan period, and an emission period. During
the initialization period, driving transistors of the pixels PX
are initialized to remove their hysteresis characteristics.
During the scan period, scan signals S1 through Sn are
sequentially applied to the pixels PX of the display unit 110
and the data signals D1 through Dm are received in syn-
chronization with the scan signals S1 through Sn. During the
emission period, the pixels PX of the display unit 110 emit
light. According to an exemplary embodiment of the inven-
tive concept, all of the pixels PX in the display unit 110 may
simultaneously emit light. According to an exemplary
embodiment of the inventive concept, when the display umt
110 is divided into a plurality of areas, for example, an area
for displaying a left-eye image and an area for displaying a
right-eye image, the pixels PX in each of the plurality of
areas may simultaneously emit light.

[0049] The timing controller 140 receives a vertical syn-
chronization signal Vsync, a horizontal synchronization
signal Hsync, a data enable signal DE, a clock signal CLK,
and image data RGB from the outside (e.g., from a host).
The timing controller 140 may control operation timings of
the scan driver 120, the data driver 130, and the control
driver 160 by using timing signals such as the vertical
synchronization signal Vsync, the horizontal synchroniza-
tion signal Hsyne, the data enable signal DE, the clock signal
CLK, and the image data RGB. The timing controller 140
may determine a frame period by counting the data enable
signal DE of one horizontal scan period. In this case, the
vertical synchronization signal Vsync and the horizontal
synchronization signal Hsync applied may be omitted. The
image data RGB includes luminance information of the
pixels PX. A luminance has a predetermined number of gray
values, for example, 1024 (=2'°), 256 (=2%), or 64 (=2°) gray
values.

[0050] The timing controller 140 may generate control
signals including a first gate timing control signal GDC1 for
controlling an operation timing of the scan driver 120, a data
timing control signal DDC for controlling an operation
timing of the data driver 130, and a second gate timing
control signal GDC2 for controlling an operation timing of
the control driver 160.

[0051] The first gate timing control signal GDC1 may
include a gate start pulse GSP, a gate shift clock GSC, and
a gate output enable signal GOE. The gate start pulse GSP
is applied to the scan driver 120 that generates a first scan
signal at a starting point of the scan period. The gate shift
clock GSC is a clock signal, commonly input to the scan
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driver 120, for shifting the gate start pulse GSP. The gate
output enable signal GOE is used to control an output of the
scan driver 120.

[0052] The data timing control signal DDC may include a
source start pulse SSP, a source sampling clock SSC, and a
source output enable signal SOE. The source start pulse SSP
is used to control a data sampling starting point of the data
driver 130 and is applied to the data driver 130 at the starting
point of the scan period. The source sampling clock SSC is
a clock signal for controlling a data sampling operation in
the data driver 130 based on a rising or falling edge. The
source output enable signal SOE is used to control an output
of the data driver 130. The source start pulse SSP applied to
the data driver 130 may be omitted in a data transmission
method according to an exemplary embodiment of the
inventive concept.

[0053] The second gate timing control signal GDC2 is
applied to the control driver 160 to distinguish between the
initialization period, the scan period, and the emission
period in each frame period.

[0054] The scan driver 120 sequentially generates the scan
signals S1 through Sn, in response to the first gate timing
control signal GDC1 provided from the timing controller
140, by using the first and second gate voltages VGH and
VGL provided from the voltage generator 150. The scan
driver 120 applies the scan signals S1 through Sn to the
pixels PX of the display unit 110 through the scan lines SL.1
through SLn, respectively. The scan driver 120 may apply
the first gate voltage VGH to the scan lines S1 through Sn
during the initialization period and the emission period. The
scan driver 120 may apply the second gate voltage VGL to
only selected scan lines during the scan period.

[0055] The data driver 130 samples and latches the data
signal RGB, which is a digital signal provided from the
timing controller 140, in response to the data timing control
signal DDC provided from the timing controller 140, and
converts the sampled and latched data signal into data of a
parallel data system. When the sampled and latched data
signal is converted into the data of the parallel data system,
the data driver 130 converts the data signal RGB into a
gamma reference voltage and converts the gamma reference
voltage into an analog data signal. The data driver 130
applies the data signals D1 through Dm to the pixels PX
included in the display unit 110 through the data lines DL.1
through DLm, respectively. The pixels PX receive the data
signals D1 through Dm in response to the scan signals S1
through Sn.

[0056] The control driver 160 drives the first and second
power lines PL1 and PL2 and the control line CL, in
response to the second gate timing control signal GDC2
provided from the timing controller 140, by using voltages
having different levels provided from the voltage generator
150. For example, the first and second power lines PL1 and
PL2 and the control line CL may be driven by using the first
and second driving voltages ELVDD and ELVSS and the
first and second gate voltages VGH and VGL provided from
the voltage generator 150. The control driver 160 may
receive from the voltage generator 150 a voltage having a
level different from those of the first and second driving
voltages ELVDD and ELVSS and the first and second gate
voltages VGH and VGL.

[0057] The control driver 160 may apply the second
driving voltage ELVSS to the first power line PL1 during the
initialization period. The control driver 160 may apply the
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first driving voltage ELVDD to the first power line PL1
during the scan period. The control driver 160 may apply the
first driving voltage ELVDD to the first power line PL1
during the emission period. The control driver 160 may
apply the first gate voltage VGH to the second power line
PL2 during the initialization period. The control driver 160
may apply the first driving voltage ELVDD to the second
power line PL2 during the scan period. The control driver
160 may apply the second driving voltage ELVSS to the
second power line PL2 during the emission period. How-
ever, the inventive concept is not limited thereto, and the
control driver 160 may apply voltages having different
levels to the first and second power lines PL.1 and PL2 in
response to the second gate timing control signal GDC2.
[0058] The control driver 160 may apply the second gate
voltage VGL to the control line CL during the initialization
period. The control driver 160 may apply the first gate
voltage VGH to the control line CL during the scan period.
The control driver 160 may apply the second gate voltage
VGL to the control line CL during the emission period.
[0059] FIG. 2 isa circuit diagram of a pixel included in the
organic light-emitting display apparatus of FIG. 1 according
to an exemplary embodiment of the inventive concept.
[0060] Referring to FIG. 2, a pixel PXij includes an
organic light-emitting diode OLED, first through fourth
transistors M1 through M4, and a storage capacitor Cst. The
pixel PXij includes first through third nodes N1 through N3.
The pixel PXij is connected to a scan line SLi among the
scan lines SL1 through SLn and receives a scan signal Si
through the scan line SLi from the scan driver 120. The pixel
PXij is connected to a data line DI among the data lines
DL1 through DLm and receives a data signal Dj through the
data line DL from the data driver 130. The pixel PXjj is
connected to the control line CL and the first and second
power lines PL1 and PL2, and receives the control signal
EM and the first and second power voltages PS1 and PS2
from the control driver 160. Although the first through fourth
transistors M1 through M4 are illustrated as p-type metal-
oxide-semiconductor field-effect transistors, the inventive
concept is not limited thereto and transistors having a
different conductivity type may be used.

[0061] The storage capacitor Cst is connected between the
first power line PL1 and the first node N1.

[0062] The first transistor M1 includes a gate terminal
connected to the first node N1 and is connected between the
second node N2 and the third node N3. For example, the first
transistor M1 may include a source terminal connected to
the second node N2 and a drain terminal connected to the
third node N3. The first transistor M1 may control current
flowing from the second node N2 to the third node N3 in
response to a voltage of the first node N1. The current is
supplied to the organic light-emitting diode OLED during
the emission period and the organic light-emitting diode
OLED emits light at a luminance corresponding to the
amount of the current. The first transistor M1 may be
referred to as a driving transistor.

[0063] The second transistor M2 includes a gate terminal
connected to the scan line SLi and is connected between the
data line DIj and the second node N2. For example, the
second transistor M2 may include a source terminal con-
nected to the data line DLj and a drain terminal connected
to the second node N2. The second transistor M2 may apply
the data signal Dj, received through the data line DL}, to the
second node N2 in response to the scan signal Si received
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through the scan line SLi. The second transistor M2 may
apply the data signal Dj to the second node N2 when the scan
signal Si has the second gate voltage VGL during the scan
period. The second transistor M2 may be referred to as a
scan transistor.

[0064] The third transistor M3 includes a gate terminal
connected to the scan line SLi and is connected between the
first node N1 and the third node N3. For example, the third
transistor M3 may include a source terminal connected to
the third node N3 and a drain terminal connected to the first
node N1. The third transistor M3 may connect the first node
N1 and the third node N3 in response to the scan signal Si
received through the scan line SLi. Since the first node N1
and the third node N3 are connected to a gate terminal and
a drain terminal, respectively, of the first transistor M1, the
first transistor M1 is diode-connected when the first node N1
and the third node N3 are connected to each other. The third
transistor M3 may connect the third node N3 and the first
node N1 when the scan signal Si has the second gate voltage
VGL during the scan period. Since the first transistor M1 is
diode-connected, a voltage obtained by subtracting a thresh-
old voltage IVthl from a voltage Vdj of the data signal Dj
(e.g., Vdj-IVthl) is applied to the first node N1. The third
transistor M3 may be referred to as a threshold voltage
compensation transistor.

[0065] The fourth transistor M4 includes a gate terminal
connected to the control line CL and is connected between
the first power line PL1 and the second node N2. For
example, the fourth transistor M4 may include a source
terminal connected to the first power line PL1 and a drain
terminal connected to the second node N2. The fourth
transistor M4 may connect the first power line PLL1 and the
second node N2 in response to the control signal EM
received through the control line CL. The fourth transistor
M4 may connect the first power line PL1 and the second
node N2 when the control signal EM has the second gate
voltage VGL during the initialization period and the emis-
sion period. The fourth transistor M4 may be referred to as
a connection transistor.

[0066] The organic light-emitting diode OLED may be
connected between the third node N3 and the second power
line PL2. The organic light-emitting diode OLED may
include an anode connected to the third node N3 and a
cathode connected to the second power line PL2.

[0067] FIG. 3 is a timing diagram during one frame period
for driving the pixel of FIG. 2 according to an exemplary
embodiment of the inventive concept.

[0068] Referring to FIG. 3, the first and second power
voltages PS1 and PS2, the control signal EM, the first
through nth scan signals S1 through Sn, and the data signal
Dj are illustrated. One frame period includes an initialization
period T1, a scan period T2, and an emission period T3.
[0069] Referring to FIGS. 2 and 3, the control driver 160
of FIG. 1 applies the first and second power voltages PS1
and PS2 to the first and second power lines PL1 and PL2,
respectively. Additionally, the control driver 160 outputs the
control signal EM to the control line CL. The scan driver 120
outputs the first through nth scan signals S1 through Sn to
the first through nth scan lines SL1 through SLn, respec-
tively. The data driver 130 outputs the data signal Dj to the
data line DL;j.

[0070] The control driver 160 may output to the second
power line PL2 a voltage having a first level Va during the
initialization period T1, a voltage having a second level Vb,
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which is lower than the first level Va, during the scan period
T2, and a voltage having a third level Ve, which is lower
than the second level Vb, during the emission period T3. In
other words, the second power voltage PS2 may have one of
these three levels. Accordingly, the control driver 160 may
output to the second power line PL2 a voltage having a
highest level (e.g., the first level Va) during the initialization
period T1 and a voltage having a lowest level (e.g., the third
level Vc) during the emission period.

[0071] The control driver 160 may output to the first
power line PL1 a voltage having a fourth level Vd during the
initialization period T1 and a voltage having a fifth level Ve,
which is higher than the fourth level Vd, during the emission
period T3. Additionally, the control driver 160 may output
the voltage having the fifth level Ve during the scan period
T2. In other words, the first power voltage PS1 may have
either a fourth level Vd or a fifth level Ve. As shown in FIG.
3, a difference between the first level Va and the third level
Ve may be greater than a difference between the fifth level
Ve and the fourth level Vd. Additionally, the second level Vb
may be substantially the same as the fifth level Ve, and the
third level Vc may be substantially the same as the fourth
level Vd. For example, the voltage having the second level
Vb and the voltage having the fifth level Ve may be the first
driving voltage ELVDD, and the voltage having the third
level Ve and the voltage having the fourth level Vd may be
the second driving voltage ELVSS.

[0072] The control driver 160 may output the control
signal EM as a voltage having a sixth level to the control line
CL during the scan period T2, and may output the control
signal EM as a voltage having a seventh level to the control
line CL during the emission period T3. For example, the
voltage having the sixth level may be the first gate voltage
VGH and the voltage having the seventh level may be the
second gate voltage VGL. The voltage having the sixth level
may be substantially the same as the voltage having the first
level Va. In other words, the control driver 160 may output
the first gate voltage VGH to the second power line P12
during the initialization period T1. As shown in FIG. 3, a
level of the first gate voltage VGH may be higher than the
second level Vb, for example, a level of the first driving
voltage ELVDD. Additionally, the control driver 160 may
output the control signal EM as the voltage having the
seventh level (e.g., the second gate voltage VGL) to the
control line CL during the initialization period T1.

[0073] According to an exemplary embodiment of the
inventive concept, the control driver 160 may output the
second driving voltage ELVSS to the first power line PL1,
may output the first gate voltage VGH to the second power
line PL.2, and may output the second gate voltage VGL to the
control line CL during the initialization period T1. The
control driver 160 may output the first driving voltage
ELVDD to the first power line PL1, may output the first
driving voltage ELVDD to the second power line P12, and
may output the first gate voltage VGH to the control line CL
during the scan period T2. The control driver 160 may
output the first driving voltage ELVDD to the first power
line PL1, may output the first driving voltage ELVDD to the
second power line P12, and may output the second gate
voltage VGL to the control line CL during the emission
period T3.

[0074] The scan driver 120 may output the first gate
voltage VGH to the scan lines SL1 through SLn during the
initialization period T1 and the emission period T3. The scan
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driver 120 may output the second gate voltage VGL to the
scan lines SL1 through SLn during the scan period T2
according to a predetermined order, for example, sequen-
tially. The data driver 130 may output the data signal Dj,
corresponding to the image data RGB received from the
timing controller 140, during the scan period T2.

[0075] An operation of the pixel PX during one frame
period including the initialization period T1, the scan period
T2, and the emission period T3 will be explained below. For
convenience of description, it is assumed that a voltage
having the first level Va is the first gate voltage VGH, a
voltage having the second level Vb and a voltage having the
fifth level Ve are the first driving voltage ELVDD, and a
voltage having the third level Vc and a voltage having the
fourth level Vd are the second driving voltage ELVSS.
Additionally, it is assumed that, for example, the first driving
voltage ELVDD is about 4.6 V, the second driving voltage
ELVSS is about —4 V, the first gate voltage VGH is about 7
V, and the second gate voltage VGL is about -8 V.

[0076] During the emission period T3, the first driving
voltage ELVDD is applied to the first power line PL1 and the
second driving voltage ELVSS is applied to the second
power line PL2. In this case, it is assumed that a voltage of
the first node N1 (e.g., a voltage of the gate terminal of the
first transistor M1 (hereinafter referred to as the driving
transistor M1)) ranges from about 1 V to about 4 V accord-
ing to a data voltage of a period frame. When the voltage of
the first node N1 is about 1 V, the organic light-emitting
diode OLED emits light at a preset maximum luminance,
and when a voltage of the first node N1 is about 4 V, the
organic light-emitting diode OLED does not emit light. It is
assumed that a voltage of the third node N3 (e.g., a voltage
of the anode of the organic light-emitting diode OLED) is a
voltage of ELVSS+Voled (e.g., -4 V+Voled), which is
obtained by adding the second driving voltage ELVSS to the
voltage Voled of the organic light-emitting diode OLED
when it emits light. It is assumed that when the organic
light-emitting diode OLED does not emit light, the voltage
of the third node N3 is about -4.6 V.

[0077] When the initialization period T1 starts, the second
driving voltage ELVSS is applied to the first power line PL1
and the first gate voltage VGH is applied to the second
power line PL2. Since a reverse voltage is applied to the
organic light-emitting diode OLED, light emission is
stopped. Since the voltage of the first power line PL1
changes by about -8.6 V and the storage capacitor Cst
maintains a voltage between the first power line PL1 and the
first node N1, the voltage of the first node N1 drops to about
-7.6 Vto -4.6 V. Since the voltage of the second power line
PL2 rises by about 11 V and the organic light-emitting diode
OLED functions as a capacitor that maintains a voltage at
both ends, the voltage of the third node N3 rises to about (7
V+Voled) to 6.4 V. Since the voltage of the third node N3 is
greater than the voltage of the second node N2, the driving
transistor M1 is controlled by the voltage between the third
node N3 and the first node N1. Since the voltage of the first
node N1 is significantly less than the voltage of the third
node N3, the driving transistor M1 is fully turned on.
Accordingly, the driving transistor M1 is initialized irre-
spective of how much current is output during the emission
period T3 of a previous frame. Hysteresis characteristics of
the driving transistor M1 may be removed or reduced.
[0078] Since the driving transistor M1 is turned on, the
voltage of the third node N3 drops to about -4 V to (-4.6
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V+IVthl) according to the voltage of the first node N1. When
the voltage of the first node N1 is small enough, for example,
-7.6 V, the voltage applied to the first power line PL1
through the fourth transistor M4 (e.g., the second driving
voltage ELVSS) is applied to the third node N3. When the
voltage of the first node N1 is about —4.6 V, the voltage of
the third node N3 drops until the driving transistor M1 is
turned off, (e.g., until the voltage between the third node N3
and the first node N1 is less than the threshold voltage |Vthl
of the driving transistor M1). In other words, the voltage of
the third node N3 drops to about —4.6 V+IVthl. Since the
voltage of the third node N3 is less than the voltage of the
second power line PL2 (e.g., the first gate voltage VGH), the
organic light-emitting diode OLED completely stops light
emission. In other words, the anode of the organic light-
emitting diode OLED is initialized. Accordingly, a case
where the organic light-emitting diode OLED slightly emits
light when the data signal Dj corresponding to a full black
image is received may be prevented.

[0079] When the scan period T2 starts, the first driving
voltage ELVDD is applied to the first power line PL1 and the
second power line PL2. Since there is no potential difference
between the first power line PL1 and the second power line
PL2, current does not flow through the organic light-emit-
ting diode OLED and the organic light-emitting diode
OLED maintains a non-emission state. The second and third
transistors M2 and M3 are turned on and the fourth transistor
M4 is turned off.

[0080] Since the voltage of the first power line PL1 rises
by about 8.6 V and the storage capacitor Cst maintains a
voltage between the first power line PL1 and the first node
N1, the voltage of the first node N1 rises to about 1 V to 4
V. Since the voltage of the second power line PL2 changes
by about -2.4 V and the organic light-emitting diode OLED
functions as a capacitor that maintains a voltage at both
ends, the voltage of the third node N3 drops to about (-7
V+IVthl) to -6.4 V. However, as the third transistor M3 is
turned on, the first node N1 and the third node N3 are
connected to each other to have substantially the same
potential. A charge stored in the storage capacitor Cst and a
charge stored in the organic light-emitting diode OLED are
shared, and thus, voltages of the first node N1 and the third
node N3 change to about -2.7 V to -1.2 V. However, these
values are only examples and may vary according to a ratio
of a capacitance of the storage capacitor Cst to a capacitance
of the organic light-emitting diode OLED.

[0081] The third transistor M3 is turmned on, and the
driving transistor M1 is diode-connected. The data signal Dj
is applied to the second node N2 through the second
transistor M2, and due to the driving transistor M1 that is
diode-connected, the voltage of the first node N1 becomes a
voltage obtained by subtracting the threshold voltage [Vthl
of the driving transistor M1 from a voltage Vdata of the data
signal Dj (e.g, Vdata-IVthl). The voltage Vdata-IVthl
ranges from about 1 V to 4 V and is referred to as a
compensation voltage. As described below in detail, the
driving transistor M1 outputs, to the organic light-emitting
diode OLED, a current having a magnitude corresponding to
a square of a value ELVDD-Vdata (e.g., (ELVDD-Vdata)
2). The value ELVDD-Vdata is obtained by subtracting the
threshold voltage [Vthl from a source-gate voltage ELVDD-
Vdata+|Vthl during the emission period T3. In other words,
current that is determined irrespective of the threshold
voltage |Vthl of the driving transistor M1 may be output.
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Accordingly, a reduction in image quality due to non-
uniformity of the threshold voltage [Vthl of the driving
transistor M1 may be prevented.

[0082] Voltages of the first node N1 and the third node N3
after charge sharing should be less than the compensation
voltage Vdata—IVthl. Otherwise, the voltage Vdata of the
data signal Dj may not pass through the driving transistor
M1 that is diode-connected, and a voltage irrespective of the
voltage Vdata of the data signal Dj may be stored in the
storage capacitor Cst. According to an exemplary embodi-
ment of the inventive concept, since a level of the voltage
applied to the second power line PL.2 during the scan period
T2 is lower than a level of the voltage applied to the second
power line PL2 during the initialization period T1, the
voltage of the third node N3 at a start point of the initial-
ization period T1 may be less than the voltage of the third
node N3 at an end point of the scan period T2. Accordingly,
a case where voltages of the first node N1 and the third node
N3, after charge sharing, are greater than the compensation
voltage Vdata-IVthl may be prevented.

[0083] When the emission period T3 starts, the first driv-
ing voltage ELVDD is continuously applied to the first
power line PL1 and the second driving voltage ELVSS is
applied to the second power line PL2. Since the voltage of
the first power line PL1 does not change, the voltage of the
first node N1 is continuously maintained at the compensa-
tion voltage Vdata—IVthl. In other words, the voltage of the
first node N1 is maintained in a range from about 1 V to 4
V, similar to as described above. Since the voltage of the
second power line PL.2 changes by about -8.6 V and the
organic light-emitting diode OLED functions as a capacitor
that maintains a voltage at both ends, the voltage of the third
node N3 drops to about -7.6 V to 4.6 V. When the voltage
of the first node N1 is about 1 V, the voltage of the third node
N3 drops to about -7.6 V, and when the voltage of the first
node N1 is about 4 V, the voltage of the third node N3 drops
to about -4.6 V. Since the organic light-emitting diode
OLED should not emit light when the voltage of the first
node N1 is about 4 V, as described above, and a voltage of
the anode of the organic light-emitting diode OLED is less
than a voltage of the cathode, the organic light-emitting
diode OLED does not emit light. Accordingly, a case where
the organic light-emitting diode OLED slightly emits light
when the data signal Dj corresponding to a full black image
is received may be prevented.

[0084] When the voltage of the first node N1 is less than
about 4 V, the driving transistor M1 outputs current having
a magnitude proportional to (ELVDD-Vdata)®> to the
organic light-emitting diode OLED, as described above. As
the organic light-emitting diode OLED starts light emission,
the voltage of the third node N3 becomes a voltage ELVSS+
Voled, e.g., -4 V+Voled, which is obtained by adding the
voltage Voled of the organic light-emitting diode OLED to
the second driving voltage ELVSS, as described above.
[0085] Accordingly, the pixel PX according to an exem-
plary embodiment of the inventive concept may operate for
one frame period including the initialization period T1, the
scan period T2, and the emission period T3. Since states of
a start point and an end point of the one frame period are the
same, the pixel PX may continuously operate. The pixel PX
may include only 4 transistors, may remove hysteresis
characteristics by initializing the driving transistor M1, may
compensate for the threshold voltage Vth of the driving
transistor M1, and may allow the organic light-emitting

Sep. 28,2017

diode OLED to completely stop light emission. Accordingly,
since the organic light-emitting display apparatus 100
including the pixel PX may be manufactured to have a high
resolution greater than or equal to 1000 ppi, the organic
light-emitting display apparatus 100 may display an image
having higher quality. In particular, the organic light-emit-
ting display apparatus 100 may be efficiently used in a
display apparatus (e.g., a head-mounted display apparatus)
where eyes of a user and a screen are very close to each
other. In other words, the organic light-emitting display
apparatus 100 may be realized as a head-mounted display
apparatus.

[0086] According to exemplary embodiments of the
inventive concept, as described above, a pixel includes only
three switching transistors in addition to a driving transistor,
and is connected to only one control line in addition to a scan
line and a data line. Accordingly. an area of the pixel may be
reduced and a resolution of an organic light-emitting display
apparatus including the pixel may be increased. Addition-
ally, the pixel may reduce negative effects of non-uniformity
of a threshold voltage of the driving transistor, remove
hysteresis characteristics of the driving transistor, and pre-
vent an organic light-emitting diode from slightly emitting
light when displaying a black image. Accordingly, the
organic light-emitting display apparatus according to exem-
plary embodiments of the inventive concept may display an
image having high quality and a high resolution.

[0087] While the inventive concept has been described
with reference to exemplary embodiments thereof; it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made thereto without
departing from the spirit and scope of the inventive concept
as defined by the following claims.

What is claimed is:

1. A pixel connected to a scan line configured to apply a
scan signal, a data line configured to apply a data signal, a
control line configured to apply a control signal, and first and
second power lines, the pixel comprising:

first through third nodes;

a storage capacitor connected between the first power line
and the first node;

a first transistor configured to control current flowing
from the second node to the third node in response to
a voltage of the first node;

a second transistor configured to apply the data signal to
the second node in response to the scan signal;

a third transistor configured to connect the first node to the
third node in response to the scan signal;

a fourth transistor configured to connect the first power
line to the second node in response to the control signal;
and

an organic light-emitting diode connected between the
third node and the second power line,

wherein one frame period comprises an initialization
period, a scan period, and an emission period, and

alevel of a voltage applied to the second power line in the
initialization period is higher than the level of the
voltage applied to the second power line in the emis-
sion period.

2. The pixel of claim 1, wherein the voltage applied to the
second power line has a first level during the initialization
period, a second level during the scan period, and a third
level during the emission period,
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the second level is lower than the first level, and

the third level is lower than the second level.

3. The pixel of claim 2, wherein a voltage applied to the
first power line has a fourth level during the initialization
period and a fifth level, which is higher than the fourth level,
during the emission period.

4. The pixel of claim 3, wherein the voltage applied to the
first power line has the fifth level during the scan period.

5. The pixel of claim 3, wherein a difference between the
first level and the third level is greater than a difference
between the fifth level and the fourth level.

6. The pixel of claim 3, wherein the second level is
substantially the same as the fifth level and the third level is
substantially the same as the fourth level.

7. The pixel of claim 3, wherein the control signal, as a
voltage having a sixth level, is applied to the fourth tran-
sistor during the scan period to turn off the fourth transistor,
and

the control signal, as a voltage having a seventh level, is
applied to the fourth transistor during the emission
period to turn on the fourth transistor.

8. The pixel of claim 7, wherein the sixth level is

substantially the same as the first level.

9. The pixel of claim 7, wherein the control signal, as the
voltage having the seventh level, is applied to the fourth
transistor during the initialization period to turn on the
fourth transistor.

10. A pixel comprising:

a storage capacitor connected between a first power line

and a first node;

a first transistor comprising a gate terminal connected to
the first node, wherein the first transistor is connected
between second and third nodes;

a second transistor comprising a gate terminal connected
to a scan line, wherein the second transistor is con-
nected between a data line and the second node;

a third transistor comprising a gate terminal connected to
the scan line, wherein the third transistor is connected
between the first and third nodes;

a fourth transistor comprising a gate terminal connected to
a control line, wherein the fourth transistor is connected
between the first power line and the second node; and

an organic light-emitting diode connected between the
third node and a second power line,

wherein one frame period comprises an initialization
period, a scan period, and an emission period, and

a potential difference between the second power line and
the first power line during the initialization period is
greater than a potential difference between the first
power line and the second power line during the
emission period.

11. The pixel of claim 10, wherein during the emission
period, a first driving voltage is applied to the first power
line, and a second driving voltage, which is less than the first
driving voltage, is applied to the second power line, and

during the initialization period, the second driving voltage
is applied to the first power line, and a gate-off voltage,
which is greater than the first driving voltage, is applied
to the second power line.

12. The pixel of claim 10, wherein during the scan period,
the first driving voltage is applied to the first and second
power lines.
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13. The pixel of claim 10, wherein a gate-off voltage is
applied to the control line during the scan period, and a
gate-on voltage is applied to the control line during the
initialization period and the emission period.

14. An organic light-emitting display apparatus config-
ured to be driven during a frame period comprising an
initialization period, a scan period, and an emission period,
the organic light-emitting display apparatus comprising:

a display unit comprising pixels;

a voltage generator configured to generate a first driving
voltage, a second driving voltage that is less than the
first driving voltage, a first gate voltage that is greater
than the first driving voltage, and a second gate voltage
that is less than the first gate voltage; and

a control driver configured to drive first and second power
lines and a control line connected to the pixels by using
the first and second driving voltages and the first and
second gate voltages,

wherein the control driver applies the first gate voltage to
the second power line during the initialization period.

15. The organic light-emitting display apparatus of claim
14, wherein each of the pixels comprises:

a storage capacitor connected between the first power line

and a first node;

a first transistor comprising a gate terminal connected to
the first node, wherein the first transistor is connected
between second and third nodes;

a second transistor comprising a gate terminal connected
to a scan line, wherein the second transistor is con-
nected between a data line and the second node;

a third transistor comprising a gate terminal connected to
the scan line, wherein the third transistor is connected
between the first and third nodes;

a fourth transistor comprising a gate terminal connected to
the control line, wherein the fourth transistor is con-
nected between the first power line and the second
node; and

an organic light-emitting diode connected between the
third node and the second power line.

16. The organic light-emitting display apparatus of claim
14, wherein the control driver applies the second driving
voltage to the first power line during the initialization period.

17. The organic light-emitting display apparatus of claim
14, wherein the control driver applies the first driving
voltage to the first power line and the second power line
during the scan period.

18. The organic light-emitting display apparatus of claim
14, wherein the control driver applies the first driving
voltage to the first power line and applies the second driving
voltage to the second power line during the emission period.

19. The organic light-emitting display apparatus of claim
14, wherein the control driver applies the second gate
voltage to the control line during the initialization period and
the emission period, and applies the first gate voltage to the
control line during the scan period.

20. The organic light-emitting display apparatus of claim
14, wherein the pixels sequentially receive data signals
during the scan period, substantially simultaneously emit
light when the emission period starts, and substantially
simultaneously stop light emission when the initialization
period starts.



THMBW(EF)

[R50 i (% RIAR) A (i)
[RIZ A

KHA

IPC%5

CPCH%E=

L 5ER
HAh A TF 30k
ShEpEELE

E)

BENBINEAKETRKE

US20170278459A1

US15/464723

=ELREHRAFLID

JEON JIN

JEON, JIN

G09G3/3258 G09G3/3291 G09G3/3266

patsnap

Fr (N4 2017-09-28
g H 2017-03-21

G09G3/3258 G09G3/3266 G09G2300/043 G09G2310/08 G09G2300/0809 G09G3/3291 GO9G3/3233
G09G2300/0819 G09G2300/0842 G09G2300/0866 G09G2310/0245 G09G2330/028

1020160033993 2016-03-22 KR

US10504435

Espacenet USPTO

GREOEEREE —BREANE-—FTRIZANFRERE , F—RK

g REENBETE - TRNBEERHINE-TQRBE=T

KEVE

W, ECRAEREENNANNETRABESME T RREREE
B ECREERRENANTRARGSERE-—TRANE=FI , &
MBAEREEN BN TE - LREAME-T IUMEEE —LRENE
T REFESHEREF =T ANE _BREZENBEILKX =R
Eo BRI BRBREMEE B HLNBENEFRKTERIENE
HREEMEE - B H LN BENBEF,

100

GoC2
| 10 s
RGB TMNG | RGB, DDC -
Vsyne, Hsyne, jﬂNTROLLER I_"-( DATA DRIVER
DE, OLK
enct L1 |- D12 T oum
D1 ceelom
- , ” MRS 160
§1 81
9 . o LT
@ 80 i o
st
-
Sl s . PS2 ,PL2| conTaoL
ORVER| oyl oNTeo
a’" EM L
S, Sla PL2

O E1vop, ELvss
VeHaL

LoveHveL |

VOLTAGE GENERATCR


https://share-analytics.zhihuiya.com/view/e16ab8b4-e227-4c4b-9308-c4be2cfc51fe
https://worldwide.espacenet.com/patent/search/family/059897340/publication/US2017278459A1?q=US2017278459A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170278459%22.PGNR.&OS=DN/20170278459&RS=DN/20170278459

