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(57) ABSTRACT

A pixel and an organic light-emitting diode (OLED) display
having the same are disclosed. In one aspect, a pixel includes
an OLED including an anode and a cathode and configured to
emit light corresponding to data signals applied during first
and second frame periods. Each of the first and second frame
periods includes a first discharge period and a light-emitting
period subsequent to the first discharge period. The pixel also
includes a pixel circuit configured to control light emission of
the OLED, apply a first voltage to the anode during the light-
emitting period, apply a second voltage to the cathode, the
second voltage having a voltage level less than that of the first
voltage, and apply a third voltage to the anode so as to dis-
charge the anode during the first discharge period. The second
voltage has different voltage levels during the first and second
frame periods.
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PIXEL AND ORGANIC LIGHT-EMITTING
DIODE (OLED) DISPLAY HAVING THE SAME

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. §119 of Korean Patent Application
No. 10-2014-0040394, filed on Apr. 4, 2014, the contents of
which are hereby incorporated by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to a
pixel and an organic light-emitting diode (OLED) display
having the same.

[0004] 2. Description of the Related Technology

[0005] Each pixel in an OLED display includes an OLED
and a pixel circuit that controls the OLED. The pixel circuit
typically includes a switching transistor, a driving transistor,
and a storage capacitor.

[0006] The OLED includes an anode, a cathode, and an
organic light-emitting layer formed between the anode and
the cathode. The OLED emits light when a voltage greater
than a threshold voltage of the organic light-emitting layer is
applied to between the anode and the cathode.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] One inventive aspect is a pixel capable of substan-
tially uniformly displaying a black brightness.

[0008] Another aspect is an organic light-emitting diode
(OLED) display having the pixel.

[0009] Another aspect is a pixel that emits a light corre-
sponding to data signals provided during first and second
frame periods. Each of the first and second frame periods
includes a light emitting period and a first discharge period
prior to the light emitting period. The pixel includes an
organic light emitting diode and a pixel circuit to control the
light emission of the organic light emitting diode.

[0010] The organic light emitting diode includes an anode
applied with a first voltage during the light emitting period
and a cathode applied with a second voltage having a voltage
level lower than the first voltage. The second voltage has
different voltage levels during the first and second frame
periods. The anode of the organic light emitting diode is
discharged by a third voltage having a constant electric poten-
tial difference against the second voltage during the first
discharge period.

[0011] The pixel circuit includes a driving transistor that
includes an input electrode applied with a first voltage during
the light emitting period, an output electrode, and a control
electrode connected to a first node, a switching transistor that
includes an input electrode applied with the data signals, an
output electrode connected to the input electrode of the driv-
ing transistor, and a control electrode applied with a scan
signal activated in a scan period prior to the first discharge
period, a storage capacitor connected between the first node
and a second node applied with the first voltage, a first control
transistor that includes an input electrode connected to the
output electrode of the driving transistor, an output electrode
connected to the first node, and a control electrode applied
with the scan signal, a second control transistor that includes
an input electrode connected to the output electrode of the
driving transistor, an output electrode connected to the anode
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of the organic light emitting diode, and a control electrode
applied with a light emitting control signal activated in the
light emitting period, and a first discharge transistor that
includes an input electrode applied with the third voltage, an
output electrode connected to the anode of the organic light
emitting diode, and a control electrode applied with a first
discharge control signal activated in the first discharge period,
and applies the third voltage to the anode of the organic light
emitting diode during the first discharge period.

[0012] Thepixel circuit further includes a second discharge
transistor that includes an input electrode applied with a
fourth voltage having a voltage level lower than the data
signals, an output electrode connected to the first node, and a
control electrode applied with a second discharge control
signal activated in a second discharge period prior to the scan
period. The second discharge transistor applies the fourth
voltage to the first node during the second discharge period.
[0013] The pixel circuit further includes a third control
transistor that includes an input electrode connected to the
second node, an output electrode connected to the input elec-
trode of the driving transistor, and a control electrode applied
with the light emitting control signal.

[0014] Theelectric potential difference between the second
voltage and the third voltage is smaller than a light emitting
threshold voltage of the organic light emitting diode.

[0015] Another aspect is an organic light emitting display
device including a scan driver, a data driver, pixels, and a
discharge voltage generator. Fach pixel can be substantially
the same as the above-mentioned pixel. The scan driver out-
puts scan signals and light emitting control signals during first
and second frame periods. The data driver outputs data sig-
nals during the first and second frame periods. The discharge
voltage generator applies a third voltage having a constant
electric potential difference against the second voltage to the
pixels during the first and second frame periods.

[0016] Among the pixels, the anode of the organic light
emitting diode of a first pixel connected to an i-th scan line of
the scan lines, a light emitting line corresponding to the i-th
scan line, and a j-th data line of the data lines is discharged by
athird voltage during a first discharge period prior to the light
emitting period of the first and second frame periods.

[0017] The first discharge control signal can be the scan
signal applied to the scan line formed after the i-th scan line.
The second discharge control signal can be the scan signal
applied to the scan line formed before the i-th scan line.
[0018] The discharge voltage generator includes a first dis-
charge voltage generator to generate the third voltage. The
first discharge voltage generator includes a differential ampli-
fier configured to include an inverting input terminal applied
with a reference voltage, a non-inverting input terminal
applied with the second voltage, and an output terminal that
outputs a voltage difference between the reference voltage
and the second voltage as the third voltage.

[0019] The discharge voltage generator further includes a
second discharge voltage generator to generate the fourth
voltage. The second discharge voltage generator further
includes a voltage dividing circuit including a plurality of
resistors connected in series between the first voltage and the
second voltage to output the fourth voltage divided by the
resistors.

[0020] Among the pixels, a second pixel different from the
first pixel includes an organic light emitting diode emitting a
light having a different color from that of the organic light
emitting diode of the first pixel. During the first frame period,
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a cathode of the organic light emitting diode of the second
pixel receives the second voltage having the voltage level
different from the voltage level of the second voltage applied
to the cathode of the organic light emitting diode of the first
pixel.

[0021] During the first frame period, an anode of the
organic light emitting diode of the second pixel is discharged
by the third voltage having the voltage level different from the
voltage level of the third voltage used to discharge the anode
of the organic light emitting diode of the first pixel during the
first frame period.

[0022] According to the above, the cathode of the organic
light emitting diode receives the second voltage having the
different voltage levels in different frame periods. The volt-
age level of the second voltage is determined depending on
the pixel or the operation mode of the organic light emitting
display device.

[0023] The anode of the organic light emitting diode is
discharged to the voltage having the constant electric poten-
tial difference against the second voltage before the organic
light emitting diode emits the light. Then, the organic light
emitting diode emits the light in response to the data signal.
The organic light emitting diode displays the brightness cor-
responding to the gray-scale value of the data signal. For
instance, the organic light emitting diode can uniformly dis-
play the black brightness. The organic light emitting diode
can display low gray-scales, each having a predetermined
brightness difference against the black brightness.

[0024] The anodes of the organic light emitting diodes,
which display different colors, receive the second voltages
having different voltage levels. The anodes of the organic
light emitting diodes are discharged by voltages each having
the electric potential difference against the corresponding
second voltage.

[0025] Another aspect is a pixel for an organic light-emit-
ting diode (OLED) display, comprising an OLED and a pixel
circuit. The OLED includes an anode and a cathode and is
configured to emit light corresponding to data signals applied
during first and second frame periods, wherein each of the
first and second frame periods includes a first discharge
period and a light-emitting period subsequent to the first
discharge period. The pixel circuit is configured to i) control
light emission of the OLED, ii) apply a first voltage to the
anode during the light-emitting period, iii) apply a second
voltage to the cathode, the second voltage having a voltage
level less than that of the first voltage, wherein the second
voltage has different voltage levels during the first and second
frame periods, and iv) apply a third voltage to the anode so as
to discharge the anode during the first discharge period,
wherein the difference between the second and third voltages
is substantially constant during the first discharge period.
[0026] In the above pixel, the pixel circuit comprises a
driving transistor, a switching transistor, a storage capacitor,
afirst control transistor, a second control transistor, and a first
discharge transistor. In the above pixel, the driving transistor
includes an input electrode configured to receive a first volt-
age during the light emitting period, an output electrode, and
acontrol electrode electrically connected to a first node. In the
above pixel, the switching transistor includes an input elec-
trode configured to receive the data signals, an output elec-
trode electrically connected to the input electrode of the driv-
ing transistor, and a control electrode configured to receive a
scan signal comprising an active voltage level in a scan period
preceding the first discharge period. In the above pixel, the
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storage capacitor is electrically connected between the first
node and a second node applied with the first voltage. In the
above pixel, the first control transistor includes i) an input
electrode electrically connected to the output electrode of the
driving transistor, ii) an output electrode electrically con-
nected to the first node, and iii) a control electrode configured
to receive the scan signal. In the above pixel, the second
control transistor includes 1) an input electrode electrically
connected to the output electrode of the driving transistor, ii)
an output electrode electrically connected to the anode of the
OLED, and iii) a control electrode configured to receive a
light-emitting control signal comprising an active voltage
level in the light emitting period. In the above pixel, the first
discharge transistor include 1) an input electrode configured
to receive the third voltage, ii) an output electrode electrically
connected to the anode of the OLED, and iii) a control elec-
trode configured to receive a first discharge control signal
comprising an active voltage level in the first discharge
period, wherein the first discharge transistor is configured to
apply the third voltage to the anode of the OLED during the
first discharge period.

[0027] In the above pixel, the pixel circuit further com-
prises a second discharge transistor including i) an input
electrode configured to receive a fourth voltage having a
voltage level lower than that of the data signals, ii) an output
electrode electrically connected to the first node, and iii) a
control electrode configured to receive a second discharge
control signal comprising an active voltage level in a second
discharge period preceding the scan period, wherein the sec-
ond discharge transistor is configured to apply the fourth
voltage to the first node during the second discharge period.
[0028] In the above pixel, the pixel circuit further com-
prises a third control transistor including i) an input electrode
electrically connected to the second node, 1i) an output elec-
trode electrically connected to the input electrode of the driv-
ing transistor, and iii) a control electrode configured to
receive the light-emitting control signal.

[0029] In the above pixel, the second voltage comprises a
voltage level in a range of about -4 volts to about -2 volts.
[0030] In the above pixel, the difference between the sec-
ond voltage and the third voltage is less than a light-emitting
threshold voltage of the OLED.

[0031] Another aspect is OLED display comprising a plu-
rality of scan lines, a plurality of light-emitting lines, a scan
driver configured to sequentially respectively apply a plural-
ity of scan signals to the scan lines during first and second
frame periods and respectively apply a plurality of light-
emitting control signals to the light-emitting lines, a plurality
of data lines crossing the scan lines and the light-emitting
lines, a data driver configured to respectively apply a plurality
of data signals to the data lines during the first and second
frame periods, wherein the data lines cross the scan lines so as
to be insulated therefrom. The OLED display further com-
prises a plurality of pixels including a first pixel electrically
connected to an i-th scan line of the scan lines, a light-emitting
line corresponding to the i-th scan line, and a j-th data line of
the data lines. Each pixel includes an OLED and a pixel
circuit. The OLED includes an anode configured to receive a
first voltage during a light-emitting period of the first and
second frame periods and a cathode configured to receive a
second voltage having a voltage level lower than that of the
first voltage, wherein the first and second voltages have dif-
ferent voltage levels during the first and second frame peri-
ods. The pixel circuit is configured to control light emission of
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the OLED. The OLED display further comprises a discharge
voltage generator configured to apply a third voltage to the
pixels during the first and second frame periods, wherein the
difference between the second and third voltages is substan-
tially constant, wherein a corresponding pixel circuit is con-
figured to apply a third voltage so as to discharge the anode
during a first discharge period preceding the light-emitting
period of the first and second frame periods.

[0032] In the above OLED display, the pixel circuit of the
first pixel comprises a driving transistor, a switching transis-
tor, a storage capacitor, first and second control transistors,
and a first discharge transistor. In the above OLED display,
the driving transistor includes i) an input electrode configured
to receive the first voltage, ii) an output electrode, and iii) a
control electrode electrically connected to a first node. In the
above OLED display, the switching transistor includes 1) an
input electrode configured to receive the data signal applied to
the j-th data line, 11) an output electrode electrically connected
to the input electrode of the driving transistor, and iii) a
control electrode configured to receive a scan signal applied
to the i-th scan line and comprising an active voltage level in
a scan period preceding the first discharge period. In the
above OLED display, the storage capacitor in electrically
connected between the first node and a second node applied
with the first voltage. In the above OLED display, the first
control transistor includes 1) an input electrode electrically
connected to the output electrode of the driving transistor, ii)
an output electrode electrically connected to the first node,
and iii) a control electrode configured to receive the scan
signal applied to the i-th scan line. In the above OLED dis-
play, the second control transistor includes 1) an input elec-
trode electrically connected to the output electrode of the
driving transistor, ii) an output electrode electrically con-
nected to the anode of the OLED, and iii) a control electrode
configured to receive a light-emitting control signal compris-
ing an active voltage level in the light-emitting period and
apply the light-emitting control signal to the light-emitting
line corresponding to the i-th scan line. In the above OLED
display, the first discharge transistor includes 1) an input elec-
trode configured to receive the third voltage, ii) an output
electrode electrically connected to the anode of the OLED,
and 1ii) a control electrode configured to receive a first dis-
charge control signal comprising an active voltage level in the
first discharge period, wherein the first discharge transistor is
configured to apply the third voltage to the anode of the
OLED during the first discharge period.

[0033] Inthe above OLED display, the first discharge con-
trol signal comprises the scan signal applied to the scan line
immediately subsequent to the i-th scan line.

[0034] In the above OLED display, the pixel circuit of the
first pixel further comprises a second discharge transistor
including 1) an input electrode configured to receive a fourth
voltage having a voltage level less than that of the data signal
applied to the j-th data line, ii) an output electrode electrically
connected to the first node, and iii) a control electrode con-
figured to receive a second discharge control signal compris-
ing an active voltage level in a second discharge period prior
to the scan period, wherein the second discharge transistor is
configured to apply the fourth voltage to the first node during
the second discharge period.

[0035] In the above OLED display, the second discharge
control signal comprises the scan signal applied to the scan
line immediately preceding the i-th scan line. In the above
OLED display, the pixel circuit of the first pixel further com-
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prises a third control transistor including i) an input electrode
electrically connected to the second node, ii) an output elec-
trode electrically connected to the input electrode of the driv-
ing transistor, and iii) a control electrode configured to
receive the light-emitting control signal applied to the light-
emitting line corresponding to the i-th scan line.

[0036] In the above OLED display, the discharge voltage
generator is configured to output the fourth voltage.

[0037] In the above OLED display, the discharge voltage
generator comprises a first discharge voltage generator con-
figured to generate the third voltage and comprising a differ-
ential amplifier including 1) an inverting input terminal con-
figured to receive a reference voltage, ii) a non-inverting input
terminal configured to receive the second voltage, and iii) an
output terminal configured to output a voltage difference
between the reference voltage and the second voltage as the
third voltage.

[0038] In the above OLED display, the discharge voltage
generator further comprises a second discharge voltage gen-
erator configured to generate the fourth voltage and compris-
ing a voltage dividing circuit including a plurality of resistors
electrically connected in series between the first voltage and
the second voltage so as to output the fourth voltage divided
by the resistors.

[0039] Intheabove OLED display, the second voltage com-
prises a voltage level in a range of about -4 volts to about -2
volts.

[0040] In the above OLED display, the difference between
the second voltage and the third voltage is less than a light-
emitting threshold voltage of the OLED of the first pixel.
[0041] Intheabove OLED display, asecond pixel, different
from the first pixel among the pixels, comprises an OLED
configured to emit light having a color different from that of
the OLED of'the first pixel, wherein a cathode of the OLED of
the second pixel 1s configured to receive a second voltage
having the voltage level different from the voltage level of the
second voltage applied to the cathode of the OLED of the first
pixel during the first frame period.

[0042] 1In the above OLED display, the pixel circuit of the
second pixel is configured to apply a third voltage of the
second pixel to an anode of the OLED so as to discharge the
anode, wherein the third voltage of the second pixel is differ-
ent from the third voltage of the first pixel.

[0043] Another aspect is an OLED display comprising a
plurality of scan lines, a plurality of light-emitting lines, a
scan driver configured to sequentially respectively apply a
plurality of scan signals to the scan lines and respectively
apply a plurality of light-emitting control signals to the light-
emitting lines, a plurality of data lines crossing the scan lines
and the light-emitting lines, a data driver configured to
respectively apply a plurality of data signals to the data lines,
a plurality of pixels, and a discharge voltage generator. Each
pixel includes an OLED and a pixel circuit. The OLED
includes an anode configured to receive a first voltage during
a light-emitting period and a cathode configured to receive a
second voltage having a voltage level lower than that of the
first voltage. The pixel circuit is configured to control light
emission of the OLED. The discharge voltage generator is
configured to output a third voltage, wherein the difference
between the second and third voltages is substantially con-
stant, and wherein the pixel circuit is further configured to
apply the third voltage to the anode so as to discharge the
anodes during a first discharge period preceding the light-
emitting period.
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[0044] According to at least one embodiment, the OLEDs
can uniformly display the black brightness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG.1isablock diagram showing an OLED display
according to an exemplary embodiment.

[0046] FIG.2is a circuit diagram showing a first discharge
voltage according to an exemplary embodiment.

[0047] FIG. 3A is a circuit diagram showing a second dis-
charge voltage according to an exemplary embodiment.
[0048] FIG. 3B is a voltage level diagram showing voltages
according to an exemplary embodiment.

[0049] FIG. 3C is a voltage level diagram showing voltages
according to an exemplary embodiment.

[0050] FIG. 4 is an equivalent circuit diagram showing a
pixel according to an exemplary embodiment.

[0051] FIG. 5is a waveform diagram showing driving sig-
nals required to drive the pixels shown in FIG. 4.

[0052] FIGS. 6A and 6B show an operation of the pixel and
waveforms of the driving signals during a first period.
[0053] FIGS.7A and 7B show an operation of the pixel and
waveforms of the driving signals during a second period.
[0054] FIGS. 8A and 8B show an operation of the pixel and
waveforms of the driving signals during a third period. and
[0055] FIGS.9A and 9B show an operation of the pixel and
waveforms of the driving signals during a fourth period.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0056] It will be understood that when an element or layer
1s referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers can be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0057] It will be understood that, although the terms first,
second, etc. can be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the described tech-
nology.

[0058] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, can be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and

Oct. 8, 2015

below. The device can be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0059] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the described technology. As used herein, the
singular forms, “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “includes”
and/or “including”, when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

[0060] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which the described technology belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein. In this
disclosure, the term “substantially” includes the meanings of
completely, almost completely or to any significant degree
under some applications and in accordance with those skilled
in the art. Moreover, “formed on” can also mean ‘“formed
over.” The term “connected” can include an electrical con-
nection.

[0061] Hereinafter, the described technology will be
explained in detail with reference to the accompanying draw-
ings.

[0062] FIG. 1isa block diagram showing an organic light-
emitting diode (OLED) display according to an exemplary
embodiment. FIG. 2 is a circuit diagram showing a first dis-
charge voltage according to an exemplary embodiment. FIG.
3A is a circuit diagram showing a second discharge voltage
according to an exemplary embodiment. FIG. 3B is a voltage
level diagram showing voltages according to an exemplary
embodiment. FIG. 3C is a voltage level diagram showing
voltages according to an exemplary embodiment.

[0063] Referring to FIG. 1, the OLED display includes a
timing controller 100, a scan driver 200, a data driver 300, a
driving voltage generator 400, a discharge voltage generator
500, and a display panel DP.

[0064] The timing controller 100 can receive input image
signals (not shown) and convert a data format of the input
image signals to a data format appropriate to an interface
between the data driver 300 and the timing controller 100 to
generate image data RGB. The timing controller 100 can
output the image data RGB and various control signals DCS,
SCS, and VCS.

[0065] Thescandriver 200 canreceive a scan control signal
SCS from the timing controller 100. The scan control signal
SCS can include a vertical start signal that starts an operation
of the scan driver 200 and a clock signal that determines an
output timing of signals. The scan driver 200 can generate a
plurality of scan signals and sequentially apply the scan sig-
nals to a plurality of scan lines SL1 to SLn described later. In
addition, the scan driver 200 can generate a plurality of light-
emitting control signals in response to the scan control signal
SCS and apply the light-emitting control signals to a plurality
of light-emitting lines EL1 to ELn described later.
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[0066] In FIG. 1, the scan signals and the light-emitting
control signals are output from one scan driver 200, but the
number of the scan driver 200 should not be limited to one.
According to embodiments, the scan signals and the light-
emitting control signals can be output from plural scan driv-
ers. In addition, a driving circuit that generates the scan sig-
nals and a driving circuit that generates the light-emitting
control signals can be separately formed.

[0067] The data driver 300 can the data control signal DCS
and the image data RGB from the timing controller 100. The
data driver 300 can convert the image data RGB to data
signals and apply the data signals to a plurality of data lines
DL1 to DLm described later. The data signals can be analog
signals corresponding to gray-scale values of the image data
RGB.

[0068] The driving voltage generator 400 can receive a
power voltage Vin from a power supply (not shown). The
driving voltage generator 400 can convert the power voltage
Vin to a first voltage ELVDD and a second voltage ELVSS
having a voltage level lower than that of the first voltage
ELVDD.

[0069] The driving voltage generator 400 can include a
DC-DC converter. The driving voltage generator 400 can
include a boosting converter that boosts up the power voltage
Vinso as to generate the first voltage ELVDD. In addition, the
driving voltage generator 400 can include a buck converter
that falls down the power voltage Vin so as to generate the
second voltage ELVSS.

[0070] The driving voltage generator 400 can receive the
driving voltage control signal VCS from the timing controller
100. The driving voltage generator 400 can generate the first
voltage ELVDD having a predetermined voltage level in
response to the driving voltage control signal VCS.

[0071] The driving voltage generator 400 can generate the
second voltage ELVSS having a predetermined voltage range
in response to the driving voltage control signal VCS. The
second voltage ELVSS can have a negative voltage within a
range of about -4 volts to about -2 volts. The driving voltage
generator 400 can selectively generate the second voltage
ELVSS having about -4 volts, about =3 volts, or about -2
volts in response to the driving voltage control signal VCS.
[0072] As described later with reference to FIGS. 3B and
3C, the driving voltage generator 400 can generate the second
voltage ELVSS having different voltage levels in accordance
with frame periods. In addition, the driving voltage generator
400 can generate second voltages ELVSS having different
voltage levels from each other in the predetermined voltage
range. For instance, the driving voltage generator 400 can
generate at least two second voltages among the second volt-
age ELVSS at about -4 volts, the second voltage ELVSS at
about -3 volts, and the second voltage ELVSS at about -2
volts. In this case, the driving voltage generator 400 includes
a plurality of buck converters.

[0073] In addition, the driving voltage generator 400 can
generate various reference voltages required to drive the dis-
play device. For instance, the driving voltage generator 400
can generate a reference voltage needed to drive the display
panel DP and a reference voltage needed to drive the dis-
charge voltage generator 500.

[0074] Thedischarge voltage generator 500 can receive the
first voltage ELVDD and the second voltage ELVSS from the
driving voltage generator 400. The discharge voltage genera-
tor 500 can generate a third voltage Vi2 and a fourth voltage
Vil using the first and second voltages ELVDD and ELVSS.
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The third and fourth voltages Vi2 and Vil can be discharge
voltages different from each other. The discharge voltage
generator 500 can generate a plurality of third voltages Vi2
and a plurality of fourth voltages Vil using the first and
second voltages ELVDD and ELVSS.

[0075] The third voltage Vi2 can have a voltage level lower
than that of the data signal. For instance, the third voltage Vi2
can have the voltage level lower than the data signal at a
highest gray-scale value. The fourth voltage Vil can have an
electric potential difference with respect to the second voltage
BELVSS. For example, when the second voltage ELVSS has
the voltage level of about -4 volts to about -2 volts, the fourth
voltage Vil can have the voltage level of about -3 volts to
about -1 volts.

[0076] Referring to FIG. 1 again, the display panel DP
includes the scan lines SL.1 to SLn, the light-emitting lines
EL1 to ELn, the data lines DL1 to DLm, and the pixels PX.
The scan lines SL1 to SLn extend in a first direction DR1 and
are arranged in a second direction DR2 crossing the first
direction DR1. Each of the light-emitting lines EL1 to ELn is
arranged substantially parallel to a corresponding one of the
scan lines SL1 to SLn. The data lines DL1 to DLm are
insulated from the scan lines SL1 to SLn while crossing the
scan lines SL1 to SLn.

[0077] Each of the pixels PX is connected to a correspond-
ing scan line of the scan lines SL.1 to SLn, a corresponding
one of the light-emitting lines EL1 to ELn, and a correspond-
ing one of the datalines DL1 to DLm. Although briefly shown
in FIG. 1, each of the pixels PX can be connected to several
scan lines of the scan lines SL.1 to SLn. This will be described
later with reference to FIGS. 4 and 5.

[0078] Each of the pixels PX includes an OLED (not
shown) and a pixel circuit (not shown) that controls light
emission of the OLED. The pixel circuit includes a plurality
of thin film transistors (TFTs) and a capacitor. The pixels PX
includes red pixels representing the color red, green pixels
representing the color green, and blue pixels representing the
color blue. The OLEDs of the red, green, and blue pixels can
include different organic light-emitting layers formed of dif-
ferent materials.

[0079] The scan lines SL1 to SLn, the light-emitting lines
EL1 to ELn, the data lines DL1 to DLm, and the pixels PX are
formed on a base substrate (not shown) through several pho-
tolithographic processes and several deposition processes. A
sealing layer (not shown) can be further formed on the base
substrate to substantially protect the pixels PX.

[0080] The display panel DP receives the first and second
voltages ELVDD and ELVSS. The first voltage ELVDD is
applied to the pixels PX through a first voltage line PL.1. The
second voltage ELVSS is applied to the pixels PX through
electrodes (not shown) or power source lines (not shown),
which are formed on the display panel DP.

[0081] In some embodiments, the pixels PX are applied
with the second voltage ELVSS having the substantially con-
stant voltage level. In addition, the pixels PX can be applied
with the second voltages ELVSS having different voltage
levels from each other in accordance with the colors repre-
sented therethrough. For instance, the red, green, and blue
pixels receive the second voltages ELVSS having different
voltage levels.

[0082] Asshownin FIG. 2, the discharge voltage generator
500 includes a first discharge voltage generator or a voltage
divider 500-1 to generate the third voltage Vi2. The first
discharge voltage generator 500-1 includes a voltage dividing
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circuit that receives the first and second voltages ELVDD and
ELVSS and generates the third voltage Vi2 divided from the
first and second voltages ELVDD and ELVSS. The first dis-
charge voltage generator 500-1 can include a plurality of
voltage dividing circuits, each generating the third voltage
Vi2.

[0083] The voltage dividing circuit includes a plurality of
resistors electrically connected in series between the first
voltage ELVDD and the second voltage ELVSS. As shown in
FIG. 2, the voltage dividing circuit includes a first resistor R1
and a second resistor R2, which are electrically connected in
series between the first voltage ELVDD and the second volt-
age BELVSS. The first resistor R1 is connected to the first
voltage ELVDD and the second resistor R2 is electrically
connected to the second voltage ELVSS. The third voltage
Vi2 is output from a node NV between the first and second
resistors R1 and R2. The voltage level of the third voltage Vi2
is determined depending on a resistance ratio of the first and
second resistors R1 and R2.

[0084] In some embodiments, the first discharge voltage
generator 500-1 can be omitted. In this case, the third voltage
Vi2 can be generated by the buck converter of the driving
voltage generator 400.

[0085] Referring to FIG. 3A, the discharge voltage genera-
tor 500 includes a second discharge voltage generator 500-2
that generates the fourth voltage Vil. The second discharge
voltage generator 500-2 includes a differential amplifier AMP
to output a voltage difference between the reference voltage
Vref provided from the driving voltage generator 400 and the
second voltage ELVSS as the fourth voltage Vil.

[0086] As shown in FIG. 3A, the differential amplifier
AMP includes an inverting input terminal that receives the
reference voltage Vref, a non-inverting input terminal that
receives the second voltage ELVSS, and an output terminal
that outputs the fourth voltage Vil. The reference voltage Vref
is electrically connected to the inverting input terminal
through a first resistor R10. A second resistor R20 is electri-
cally connected between the inverting input terminal and the
output terminal. The second voltage ELVSS is electrically
connected to the non-inverting input terminal through a third
resistor R30. A fourth resistor R40 is electrically connected
between the inverting input terminal and a ground terminal.

[0087] The differential amplifier AMP outputs the voltage
difference between the reference voltage Vref and the second
voltage. The voltage difference is substantially proportional
to the resistance ratio of the first and second resistors R10 and
R20. That is, the voltage level of the fourth voltage Vil can be
controlled by adjusting the resistance ratio of the first and
second resistors R10 and R20.

[0088] Although not shown separately, the second dis-
charge voltage generator 500-2 can further include a voltage
follower to apply the reference voltage Vrefto the differential
amplifier AMP. The voltage follower can provide a stable
reference voltage Vref. The differential amplifier can directly
receive the reference voltage Vref from the driving voltage
generator 400 or receive a buffered reference voltage Vref
through the voltage follower.

[0089] The differential amplifier can generate the fourth
voltage Vil having different voltage levels in accordance with
the frame periods. On the basis of the second voltage ELVSS
varied in accordance with the frame periods, the differential
amplifier AMP can generate the fourth voltage Vil having a
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substantially constant electric potential difference with
respect to the second voltage ELVSS regardless of the frame
periods.

[0090] Referring to FIG. 3B, the second discharge voltage
generator 500-2 generates the fourth voltage Vil based on the
second voltage ELVSS provided in a k-th and a (k+1)th frame
period Fk and Fk+1. The voltage level of the fourth voltage
Vil of the k-th frame period Fk is lower than that of the k-th
frame period Fk. The fourth voltage Vil is based on the
second voltage ELVSS, which has a voltage level in the (k+1)
th frame Fk+1 lower than that of the k-th frame period Fk.
FIG. 3B shows two consecutive frame periods Fk and Fk+1,
but the differential amplifier can generate the fourth voltage
Vil having different voltage levels in non-consecutive frame
periods.

[0091] The second discharge voltage generator 500-2 can
generate a plurality of fourth voltages Vil having different
voltage levels from each other. To this end, the second dis-
charge voltage generator 500-2 can include a plurality of
differential amplifiers to generate the fourth voltages Vil
having different voltage level.

[0092] Referring to FIG. 3C, the second discharge voltage
generator 500-2 generates three fourth voltages Vil. Each of
the fourth voltages Vil has a voltage difference from a corre-
sponding second voltage ELVSS during the k-th frame period
Fk. When the voltage levels of the second voltages ELVSS are
changed in the frame periods, the voltage levels of the fourth
voltages Vil can be changed according to the voltage levels of
the second voltages ELVSS.

[0093] The display panel DP receives the third and fourth
voltages Vi2 and Vil. The third voltage Vi2 is applied to the
pixels PX through a second voltage line PL.2. The fourth
voltage Vil is applied to the pixels PX through a third voltage
line PL3. The display panel DP receives the fourth voltages
Vil having the different voltage levels in accordance with the
frame periods.

[0094] Insomeembodiments, the pixels PX is applied with
the fourth voltages Vil having the different voltage levels
from each other according to the colors represented there-
through. In this case, the third voltage line PL3 includes a
voltage line to apply one of the fourth voltages Vil to the red
pixels, a voltage line to apply another one of the fourth volt-
ages Vil to the green pixels, and the other one of the fourth
voltages Vil to the blue pixels.

[0095] FIG. 4 is an equivalent circuit diagram showing a
pixel according to an exemplary embodiment. FIG. 5 is a
waveform diagram showing driving signals that drive the
pixels shown in FIG. 4.

[0096] FIG. 4 shows the equivalent circuit diagram of a
pixel PXij connected to an i-th scan line (not shown) of the
scan lines SL1 to SLn, an i-th light-emitting line (not shown)
of the light-emitting lines EL1 to ELn, and a j-th data line (not
shown) of the data lines DL1 to DLm (refer to FIG. 1). Each
of the pixels PX shown in FIG. 1 has the equivalent circuit
shown in FIG. 4.

[0097] The pixel PXjj includes the OLED ED and the pixel
circuit CP that controls the OLED ED. In some embodiments,
the pixel circuit CP includes seven transistors T1 to T7 and
one capacitor Cst. In addition, each of the seven transistors T1
to T7 1s a p-type transistor, but it should not be limited thereto
or thereby.

[0098] Referring to FIG. 4, the pixel circuit CP includes a
first transistor T1 connected between a node N2 (hereinafter,
referred to as a second node) applied with the first voltage
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ELVDD and an anode of the OLED ED. The pixel circuit CP
also includes a second transistor T2 connected between the
j-th data line and the first transistor T1, a third transistor T3
connected between the first node N1 and an output electrode
of the first transistor T1, and a fourth transistor T4 connected
between the first transistor T1 and the anode of the OLED ED.
In addition, the pixel circuit CP includes a fifth transistor T5
connected between the second node N2 and the first transistor
T1, a sixth transistor Té connected between the first node N1
and a third node N3 applied with the third voltage Vi2 (refer
to FIG. 1), a seventh transistor T7 connected between the
anode of the OLED ED and a fourth node N4 applied with the
fourth voltage Vil (refer to FIG. 1), and a storage capacitor
Cst connected between the first node N1 and the second node
N2.

[0099] The second node N2 is connected to the first voltage
line PL1 (refer to FIG. 1) and an input electrode of the fifth
transistor TS. The third node N3 is connected to the second
voltage line PL2 (refer to FIG. 2) and an input electrode of the
sixth transistor T6. The fourth node N4 is connected to the
third voltage line PL3 (refer to FIG. 1) and an input electrode
of the seventh transistor T7.

[0100] The first transistor T1 includes an input electrode
applied with the first voltage ELVDD through the fifth tran-
sistor T5, a control electrode connected to the first node N1,
and an output electrode connected to the first node N1. The
output electrode of the first transistor T1 can apply the first
voltage ELVDD to the OLED ED through the fourth transis-
tor T4.

[0101] The first transistor T1 can control a driving current
provided to the OLED ED in response to a voltage of the first
node N1. The first transistor T1 can be referred to as a driving
transistor.

[0102] Thesecond transistor T2 includes an input electrode
connected to the j-th data line, a control electrode connected
to the i-th scan line, and an output electrode connected to the
input electrode of the first transistor T1. The second transistor
T2 1s turned on in response to the scan signal GSi applied to
the i-th scan line and applies the data signal DSi applied to the
j-th dataline to the first node N1. The second transistor T2 can
be referred to as a switching transistor.

[0103] The third transistor T3 includes an input electrode
connected to the output electrode of the first transistor T1, a
control electrode connected to the i-th scan line, and an output
electrode connected to the first node N1. The third transistor
T3 is turned on in response to the scan signal GSi applied to
the i-th scan line. The third transistor T3 can be referred to as
a first control transistor.

[0104] When the second and third transistors T2 and T3 are
turned on, the first transistor T1 is connected between the
second and third transistors T2 and T3 as a diode. Accord-
ingly, the second transistor T2 is connected to the first node
N1 through the first and third transistors T1 (acting as a diode)
and T3.

[0105] The fourth transistor T4 includes an input electrode
connected to the output electrode of the first transistor T1, a
control electrode connected to the i-th light-emitting line, and
an output electrode connected to the anode of the OLED ED.
[0106] The fourth transistor T4 is turned on or off in
response to the light-emitting control signal ESi received
from the i-th light-emitting line. A current path is formed or
between the second node N2 and the OLED ED depending on
an operation of the fourth transistor T4. The fourth transistor
T4 can be referred to as a second control transistor.
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[0107] The fifth transistor T5 includes an input electrode
connected to the second node N2, a control electrode con-
nected to the i-th light-emitting line, and an output electrode
connected to the input electrode of the first transistor T1. The
fifth transistor T5 can be referred to as a third control transis-
tor.

[0108] The fifth transistor T5 is turned on or off in response
to the light-emitting control signal ESi received from the i-th
light-emitting line. current path is formed between the second
node N2 and the OLED ED depending on an operation of the
fifth transistor T5. In some embodiments, the fifth transistor
T5 is omitted, and in this case, the input electrode of the first
transistor T1 is directly connected to the second node N2.
[0109] The sixth transistor T6 includes an input electrode
applied with the third voltage Vi2, a control electrode applied
with a first discharge control signal GSi-1, and an output
electrode connected to the anode of the OLED ED. The sixth
transistor T6 is turned on in response to the first discharge
control signal GSi-1 and applies the third voltage Vi2 to the
first node N1.

[0110] The first node N1 can be initialized to the first volt-
age Vi2. The sixth transistor T6 can be referred to as a second
discharge transistor. In embodiments, the sixth transistor T6
is omitted.

[0111] The seventh transistor T7 includes an input elec-
trode applied with the fourth voltage Vil, a control electrode
applied with a second discharge control signal GSi+1, and an
output electrode connected to theanode of the OLED ED. The
seventh transistor T7 is turned on in response to the second
discharge control signal GSi+1 and applies the fourth voltage
Vil to the anode of the OLED ED.

[0112] The anode of the OLED ED can be initialized to the
fourth voltage Vil. The seventh transistor T7 can be referred
to as a first discharge transistor.

[0113] The storage capacitor Cst is connected between the
first node N1 and the second node N2. The storage capacitor
Cst can be charged with a voltage corresponding to the dif-
ference between the first voltage ELVDD and the voltage
applied to the first node N1.

[0114] Referring to FIG. 5, the display device displays an
image every frame period Fk-1, Fk, and Fk+1. Each of the
pixels PX shown in FIG. 1 receives the data signal corre-
sponding to the image every frame period Fk-1, Fk, and
Fk+1. Every frame can include first and second discharge
periods, a scanning period, and a light-emitting period.
[0115] FIG. 5 shows the frame periods Fk-1, Fk, and Fk+1
of the pixel PXij shown in FIG. 4. Hereinafter, the driving
signals used to drive the pixels PX in the k-th frame period Fk
will be described in detail. The k-th frame period Fk includes
consecutive first, second, third, and fourth periods 1H, 2H,
3H, and 4H, but it should not be limited thereto or thereby.
That is, the k-th frame period Fk can further include other
periods in addition to the first to fourth periods 1H 4H.
[0116] The first discharge control signal GSi-1 can turn on
the transistors in the first period 1H. In some embodiments,
the signals can activate or turn on the corresponding transis-
tors when they are at a low level below the threshold voltage.
The low level of the signals shown in FIG. 5 can be a turn-on
voltage of the transistor to which a corresponding signal of
the signals is applied.

[0117] The first node N1 is initialized to the third voltage
Vi2 by the first discharge control signal GSi-1 activated in the
first period 1H. That is, the first discharge control signal
GSi-1 has an active voltage level (e.g. low voltage level) in
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the first period 1H. The first period 1H corresponds to the
second discharge period. The first discharge control signal
GSi-1 has a non-active voltage level (e.g. high voltage level)
in the other periods 2H to 4H.

[0118] The first discharge control signal GSi-1 can be the
scan signal applied to the (i-1)th scan line among the scan
lines SL1 to SLn (refer to FIG. 1).

[0119] The scan signal GSi activates in the second period
2H. The second transistor T2 is turned on by the activated
scan signal GSi applied in the second period 2H. The data
signal DSi applied to the j-th data line is applied to the first
node N1. The second period 2H corresponds to a scanning
period.

[0120] The anode of the OLED ED is initialized to the
fourth voltage Vil by the second discharge control signal
GSi+1 activated in the third period 3H following the second
period 2H. The third period 3H corresponds to the first dis-
charge period different from the second discharge period of
the first period 1H.

[0121] The second discharge control signal GSi+1 can be
the scan signal applied to the (i+1)th scan line among the scan
lines SL.1 to SLn.

[0122] Thecurrent pathis formed between the second node
N2 and the OLED ED by the light-emitting control signal ESi
turning on the transistors T4 and TS in the fourth period 4H
following the third period 3H. Therefore, the OLED ED emits
the light during the fourth period 4H. The fourth period 4H
corresponds to a light-emitting period.

[0123] The light-emitting control signal ESi turns off the
transistors T4 and T5 during the second and third periods 2H
and 3H. That is, the light-emitting control signal ESi has a
high level during the second and third periods 2H and 3H. The
light-emitting control signal ES1 has the high level before the
first discharge control signal GSi-1 has thelow level. Insome
embodiments, the light-emitting control signal ESi has the
high level during the first period 1H.

[0124] The operation of the pixel PXij will be described in
detail with reference to FIGS. 6A, 6B, 7A, 7B, 8A, 8B, 9A,
and 9B. FIGS. 6A and 6B show the operation of the pixel and
waveforms of the driving signals during the first period.
FIGS. 7A and 7B show the operation of the pixel and wave-
forms of the driving signals during the second period. FIGS.
8A and 8B show the operation of the pixel and waveforms of
the driving signals during the third period. FIGS. 9A and 9B
show the operation of the pixel and waveforms of the driving
signals during the fourth period.

[0125] Referring to FIGS. 6 A to 9B, a cathode of the OLED
ED of the pixel PXij receives the second voltage ELVSS. The
second voltage ELVSS has a voltage level selected from a
predetermined voltage range in accordance with a mode of
the display device. The voltage level of the second voltage
ELVSS can be changed to correspond to the frame periods
and/or in accordance with the color of the light emitted from
the OLED ED.

[0126] Referring to FIGS. 6A and 6B, the first discharge
control signal GSi-1 that has the low level in the first period
1H is applied to the sixth transistor T6. Thus, the third voltage
Vi2is applied to the first node N1. The third voltage Vi2 is low
enough to initialize the first node N1. That is, the third voltage
Vi2 is set to have a voltage level lower than that of the data
signal at the highest gray-scale value by about the threshold
voltage of the first transistor T1 or more.

[0127] Accordingly, the first transistor T1 is turned on dur-
ing the first period 1H, and the first transistor T1 is diode-
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connected between the second and third transistors T2 and T3
during the second period 2H following the first period 1H.

[0128] Referring to FIGS. 7A and 7B, the scan signal GSi
that has the low level in the second period 2H is applied to the
i-th scan line. Therefore, the second and third transistors T2
and T3 are turned on, and the first transistor T1 is diode-
connected by the third transistor T3.

[0129] During the second period 2H, the data signal is
applied to the j-th data line. The data signal is applied to the
first node N1 through the second transistor T2, the first tran-
sistor T1, and the third transistor T3. In this case, because the
first transistor T1 is diode-connected, a voltage difference
between the data signal and the threshold voltage of the
transistor T1 is applied to the first node N1. The voltage
applied to the first node N1 during the second period 2H is
charged in the storage capacitor Cst.

[0130] Then, referring to FIGS. 8A and 8B, the second
discharge control signal GSi+1 that has the low level in the
third period 3H is applied to the control electrode of the
seventh transistor T7. Accordingly, the seventh transistor T7
is turned on and the fourth voltage Vil is applied to the OLED
ED. The anode of the OLED ED is initialized to the fourth
voltage Vil.

[0131] As described with reference to FIGS. 3A to 3C, the
voltage level of the fourth voltage Vil can be determined by
the selected voltage level of the second voltage ELVSS. In
this case, the difference in electric potential between the
fourth voltage Vil and the second voltage ELVSS is smaller
than the threshold voltage of the OLED ED. Therefore,
although the fourth voltage Vil is applied to the anode of the
OLED ED, the OLED ED does not emit light. The pixel PXij
displays a substantially uniform black brightness or image
during the third period 3H regardless of the second voltage
BELVSS.

[0132] Referring to FIGS. 9A and 9B, the light-emitting
control signal ESi that has the low level in the fourth period
4H is applied to the i-th light-emitting line. Thus, the fourth
and fifth transistors T4 and T5 are turned on. The current path
is formed between the first voltage ELVDD and the second
voltage ELVSS through the fifth transistor T5, the first tran-
sistor T1, the fourth transistor T4, and the OLED ED.

[0133] The driving current flowing through the OLED ED
is controlled by the electric potential of the first node N1. The
operation of the first transistor T1 is controlled by the data
signal applied to the first node N1 during the second period
2H.

[0134] The OLED ED initialized by the fourth voltage Vil
during the third period 3H emits light having the brightness
corresponding to the data signal during the fourth period 4H.
For instance, the OLED ED can substantially uniformly dis-
play the black brightness.

[0135] The pixel PXij applied with the data signal at a
lowest gray-scale value can provide substantially the same
brightness during the fourth period 4H as the brightness dur-
ing the third period 3H. The pixel PXij can substantially
uniformly display the black brightness regardless ofthe volt-
age level of the second voltage ELVSS. The pixel PXij can
display low gray-scale values, each having a predetermined
level of black brightness.

[0136] The OLEDs, which emit light having different col-
ors, are kept turned off by the voltage difference between
fourth voltage Vil and the second voltage ELVSS being less



US 2015/0287362 Al

than the threshold voltage of the OLED. Thus, the OLEDs can
uniformly display the black brightness regardless of their
kind.

[0137] Although the inventive technology has been
described, it is understood that the present invention should
not be limited to these exemplary embodiments but various
changes and modifications can be made by one ordinary
skilled in the art within the spirit and scope of the present
invention as hereinafter claimed.

What is claimed is:

1. A pixel for an organic light-emitting diode (OLED)

display, comprising:

an OLED including an anode and a cathode and configured
to emit light corresponding to data signals applied dur-
ing first and second frame periods, wherein each of the
first and second frame periods includes a first discharge
period and a light-emitting period subsequent to the first
discharge period; and

a pixel circuit configured to 1) control light emission of the
OLED, ii) apply a first voltage to the anode during the
light-emitting period, iii) apply a second voltage to the
cathode, the second voltage having a voltage level less
than that of the first voltage, wherein the second voltage
has different voltage levels during the first and second
frame periods, and iv) apply a third voltage to the anode
so as to discharge the anode during the first discharge
period, wherein the difference between the second and
third voltages is substantially constant during the first
discharge petiod.

2. The pixel of claim 1, wherein the pixel circuit comprises:

adriving transistor including an input electrode configured
to receive a first voltage during the light emitting period,
an output electrode, and a control electrode electrically
connected to a first node;

a switching transistor including an input electrode config-
ured to receive the data signals, an output electrode
electrically connected to the input electrode of the driv-
ing transistor, and a control electrode configured to
receive a scan signal comprising an active voltage level
in a scan period preceding the first discharge period;

a storage capacitor electrically connected between the first
node and a second node applied with the first voltage;

a first control transistor including i) an input electrode
electrically connected to the output electrode of the driv-
ing transistor, ii) an output electrode electrically con-
nected to the first node, and iii) a control electrode con-
figured to receive the scan signal;

a second control transistor including 1) an input electrode
electrically connected to the output electrode of the driv-
ing transistor, i) an output electrode electrically con-
nected to the anode of the OLED, and iii) a control
electrode configured to receive a light-emitting control
signal comprising an active voltage level in the light
emitting period; and

a first discharge transistor including i) an input electrode
configured to receive the third voltage, ii) an output
electrode electrically connected to the anode of the
OLED, and iii) a control electrode configured to receive
a first discharge control signal comprising an active volt-
age level in the first discharge period, wherein the first
discharge transistor is configured to apply the third volt-
age to the anode of the OLED during the first discharge
period.
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3. The pixel of claim 2, wherein the pixel circuit further
comprises a second discharge transistor including 1) an input
electrode configured to receive a fourth voltage having a
voltage level lower than that of the data signals, ii) an output
electrode electrically connected to the first node, and iii) a
control electrode configured to receive a second discharge
control signal comprising an active voltage level in a second
discharge period preceding the scan period, wherein the sec-
ond discharge transistor is configured to apply the fourth
voltage to the first node during the second discharge period.
4. The pixel of claim 3, wherein the pixel circuit further
comprises a third control transistor including 1) an input elec-
trode electrically connected to the second node, ii) an output
electrode electrically connected to the input electrode of the
driving transistor, and iii) a control electrode configured to
receive the light-emitting control signal.
5. The pixel of claim 1, wherein the second voltage com-
prises a voltage level in a range of about -4 volts to about -2
volts.
6. The pixel of claim 1, wherein the difference between the
second voltage and the third voltage is less than a light-
emitting threshold voltage of the OLED.
7. An organic light-emitting diode (OLED) display com-
prising:
a plurality of scan lines;
a plurality of light-emitting lines;
a scan driver configured to sequentially respectively apply
a plurality of scan signals to the scan lines during first
and second frame periods and respectively apply a plu-
rality of light-emitting control signals to the light-emit-
ting lines;
a plurality of data lines crossing the scan lines and the
light-emitting lines;
a data driver configured to respectively apply a plurality of
data signals to the data lines during the first and second
frame periods, wherein the data lines cross the scan lines
so as to be insulated therefrom;
a plurality of pixels including a first pixel electrically con-
nected to an i-th scan line of the scan lines, a light-
emitting line corresponding to the i-th scan line, and a
j-th data line of the data lines, each pixel including:
an OLED including an anode configured to receive a first
voltage during a light-emitting period of the first and
second frame periods and a cathode configured to
receive a second voltage having a voltage level lower
than that of the first voltage, wherein the first and
second voltages have different voltage levels during
the first and second frame periods; and

apixel circuit configured to control light emission of the
OLED; and

a discharge voltage generator configured to apply a third
voltage to the pixels during the first and second frame
periods, wherein the difference between the second and
third voltages is substantially constant, and wherein a
corresponding pixel circuit is configured to apply a third
voltage so as to discharge the anode during a first dis-
charge period preceding the light-emitting period of the
first and second frame periods.

8. The OLED display of claim 7, wherein the pixel circuit

of the first pixel comprises:

a driving transistor including i) an input electrode config-
ured to receive the first voltage, i1) an output electrode,
and iii) a control electrode electrically connected to a
first node;
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a switching transistor including i) an input electrode con-
figured to receive the data signal applied to the j-th data
line, ii) an output electrode electrically connected to the
input electrode of the driving transistor, and iii) a control
electrode configured to receive a scan signal applied to
the i-th scan line and comprising an active voltage level
in a scan period preceding the first discharge period;

a storage capacitor electrically connected between the first
node and a second node applied with the first voltage;

a first control transistor including i) an input electrode
electrically connected to the output electrode of the driv-
ing transistor, i) an output electrode electrically con-
nected to the first node, and iii) a control electrode con-
figured to receive the scan signal applied to the i-th scan
line;

a second control transistor including 1) an input electrode
electrically connected to the output electrode of the driv-
ing transistor, i) an output electrode electrically con-
nected to the anode of the OLED, and iii) a control
electrode configured to receive a light-emitting control
signal comprising an active voltage level in the light-
emitting period and apply the light-emitting control sig-
nal to the light-emitting line corresponding to the i-th
scan line; and

a first discharge transistor including i) an input electrode
configured to receive the third voltage, ii) an output
electrode electrically connected to the anode of the
OLED, and iii) a control electrode configured to receive
a first discharge control signal comprising an active volt-
age level in the first discharge period, wherein the first
discharge transistor is configured to apply the third volt-
age to the anode of the OLED during the first discharge
period.

9. The OLED display of claim 8, wherein the first discharge
control signal comprises the scan signal applied to the scan
line immediately subsequent to the i-th scan line.

10. The OLED display of claim 8, wherein the pixel circuit
of the first pixel further comprises a second discharge tran-
sistor including 1) an input electrode configured to receive a
fourth voltage having a voltage level less than that of the data
signal applied to the j-th data line, 1i) an output electrode
electrically connected to the first node, and iii) a control
electrode configured to receive a second discharge control
signal comprising an active voltage level in a second dis-
charge period prior to the scan period, wherein the second
discharge transistor is configured to apply the fourth voltage
to the first node during the second discharge period.

11. The OLED display of claim 10, wherein the second
discharge control signal comprises the scan signal applied to
the scan line immediately preceding the i-th scan line.

12. The OLED display of claim 10, wherein the pixel
circuit of the first pixel further comprises a third control
transistor including i) an input electrode electrically con-
nected to the second node, ii) an output electrode electrically
connected to the input electrode of the driving transistor, and
ii1) a control electrode configured to receive the light-emitting
control signal applied to the light-emitting line corresponding
to the i-th scan line.

13. The OLED display of claim 10, wherein the discharge
voltage generator is configured to output the fourth voltage.

14. The OLED display of claim 13, wherein the discharge
voltage generator comprises a first discharge voltage genera-
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tor configured to generate the third voltage and comprising a
differential amplifier including 1) an inverting input terminal
configured to receive a reference voltage, ii) a non-inverting
input terminal configured to receive the second voltage, and
iil) an output terminal configured to output a voltage differ-
ence between the reference voltage and the second voltage as
the third voltage.

15. The OLED display of claim 14, wherein the discharge
voltage generator further comprises a second discharge volt-
age generator configured to generate the fourth voltage and
comprising a voltage dividing circuit including a plurality of
resistors electrically connected in series between the first
voltage and the second voltage so as to output the fourth
voltage divided by the resistors.

16. The OLED display of claim 7, wherein the second
voltage comprises a voltage level in a range of about -4 volts
to about -2 volts.

17. The OLED display of claim 7, wherein the difference
between the second voltage and the third voltage is less than
a light-emitting threshold voltage of the OLED of the first
pixel.

18. The OLED display of claim 7, wherein a second pixel,
different from the first pixel among the pixels, comprises an
OLED configured to emit light having a color different from
that of the OLED of the first pixel, wherein a cathode of the
OLED of the second pixel is configured to receive a second
voltage having the voltage level different from the voltage
level of the second voltage applied to the cathode of the
OLED of the first pixel during the first frame period.

19. The OLED display of claim 18, wherein the pixel
circuit of the second pixel is configured to apply a third
voltage of the second pixel to an anode of the OLED so as to
discharge the anode, and wherein the third voltage of the
second pixel is different from the third voltage of the first
pixel.

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

a plurality of scan lines;

a plurality of light-emitting lines;

a scan driver configured to sequentially respectively apply

a plurality of scan signals to the scan lines and respec-
tively apply a plurality of light-emitting control signals
to the light-emitting lines;

a plurality of data lines crossing the scan lines and the

light-emitting lines;

a data driver configured to respectively apply a plurality of

data signals to the data lines;

a plurality of pixels, each pixel including:

an OLED including an anode configured to receive a first
voltage during a light-emitting period and a cathode
configured to receive a second voltage having a volt-
age level lower than that of the first voltage; and
apixel circuit configured to control light emission of the
OLED; and
a discharge voltage generator configured to output a third
voltage, wherein the difference between the second and
third voltages is substantially constant, and wherein the
pixel circuit is further configured to apply the third volt-
age to the anode so as to discharge the anodes during a
first discharge period preceding the light-emitting
period.
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