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(57) ABSTRACT
According to the present invention, there is discussed an

(73) Assignee: LG DISPLAY CO., LTD., Seoul (KR) organic light-emitting diode display device. More particu-
larly, the present invention relates to an organic light-emitting
diode display device for minimizing power consumption in a
(21) Appl. No.: 13/875,547 standby mode in which no images are displayed but not in a
normal mode in which typical images are displayed, and a
. ) driving circuit and method thereof. An organic light-emitting
(22) Filed: May 2, 2013 diode according to an embodiment of the present invention
(30) Foreien Application Prioritv Data may control a drain-source voltage (V) of the drive transis-
s ApP ¥ tor provided in the pixel, thereby having an effect of capable
May2,2012  (KR) 10-2012-0046490 of minimizing power consumption when in a standby mode.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY, CIRCUIT AND METHOD FOR
DRIVING THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0046490, filed on May 2, 2012,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light-
emitting diode, and more particularly, to an organic light-
emitting diode display device for minimizing power con-
sumption in astandby mode in which no images are displayed
but not in a normal mode in which typical images are dis-
plaved, and a driving circuit and method thereof.

[0004] 2. Description of the Related Art

[0005] Flatpanel display devices for replacing the existing
cathode ray tube display devices may include liquid crystal
displays, field emission displays, plasma display panels,
organic light-emitting diode (OLED) displays, and the like.
[0006] Of them, the organic light-emitting diode may have
high brightness and low operation voltage characteristics, and
have a high contrast ratio because of being operated as a self
luminous type display that spontaneously emits light, and
allow the implementation of a ultra-thin display. Further-
more, the organic light-emitting diode has advantages such as
facilitating the implementation of moving images using a
response time of several microseconds (us), having no limi-
tation in viewing angle, having stability even at low tempera-
tures.

[0007] The organic light-emitting diode having such char-
acteristics can be largely divided into a passive matrix type
and an active matrix type, and in the passive matrix type, a
device may be configured with a matrix form in which the
gate and data lines are crossed with each other. Accordingly,
for the passive matrix type, the gate lines are sequentially
driven as time passes to drive each pixel, and thus instanta-
neous brightness as much as average brightness multiplied by
the number of lines may be required to display the average
brightness.

[0008] However, the active matrix type has a structure in
which thin-film transistors, which are switching devices for
turning on or off a pixel, are located for each sub-pixel. Here,
a first electrode connected to the thin-film transistor may be
turned on or off in the unit of sub-pixel, and a second elec-
trode facing the first electrode may become a common elec-
trode.

[0009] Further, in the active matrix type, a voltage applied
to the pixel may be charged at a storage capacitance (CST),
and applied until the next frame signal is applied and thus
continuously driven for one frame regardless of the number of
gate lines. Accordingly, the same brightness can be obtained
even if a low current is applied, thereby having an advantage
of providing low power consumption and large screen sized
display, and thus in recent years, active matrix type organic
light-emitting diodes have been widely used.

[0010] On the other hand, the operation mode of the display
device may include a normal mode in which typical images
are displayed and a standby mode in which all power sources
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other than the input stage for receiving an input signal are cut
off by a viewer’s remote control manipulation.

[0011] Ofthem, when driven in astandby mode, in case that
the entire screen is displayed with a simple black screen, a
wall surface provided with the display device may be covered
with huge black color, and thus it may not only deteriorate the
surrounding environment from a visual point of view but also
may be not preferable from an aesthetic point of view.
[0012] Accordingly, in order to overcome the foregoing
disadvantages and implementing an interior function, a
method of implementing a predetermined image such as an
electronic picture frame to be repeated for a long period of
time has been proposed, but it consumes the same power as in
a normal mode and thus has a limit in which there is no
advantage in reducing power consumption.

[0013] In order to overcome such a limit, a method of
displaying a low brightness single pattern other than a simple
black screen when in a standby mode has been proposed, but
it is difficult to expect a large reduction effect on power
consumption compared to that of a normal mode.

[0014] As an example, in case of the foregoing active
matrix type organic light-emitting diode, a power of about 70
watts may be consumed when implementing a full white
single pattern with 100 nits on a 55-inch display. When it is
converted into a power consumption amount in a low bright-
ness single pattern in a standby mode, a minimum power
consumption of 7 watts may be generated even if it is a visible
brightness of 10 nits for viewers.

SUMMARY OF THE INVENTION

[0015] An object of the present invention is to provide an
organic light-emitting diode display device for minimizing
power consumption in a standby mode of an active matrix
type organic light-emitting diode, and a driving circuit and
method thereof

[0016] In order to accomplish the foregoing object, an
organic light-emitting diode display device according to a
preferred embodiment of the present invention may include a
display panel formed with pixels connected to at least a first
and a second line; a timing controller comprising a mode
selector configured to output a selection signal defining a first
and a second drive mode; a power unit configured to supply a
first and a second voltage; and a data driving unit configured
to output the first voltage and data voltage to the first and the
second line, respectively, when in the first drive mode, and
output the second voltage and first voltage to the first and the
second line, respectively, when in the second drive mode.
[0017] The second drive mode may be a standby mode in
which the pixels display a low gradation single pattern of 1 to
10 nits.

[0018] The pixel may include a light-emitting diode, an
anode of which is connected to a first node, and a cathode of
which is grounded; a switching transistor, a gate terminal of
which is connected to a third line, a drain terminal of which is
connected to the second line, and a source terminal of which
is connected to a second node; a drive transistor, a gate ter-
minal of which is connected to the second node, a drain
terminal of which is connected to the first line, and a source
terminal of which is connected to the first node; and a capaci-
tor, both terminals of which are connected to the first and the
second node, respectively.

[0019] The second voltage may be determined within a
linear region according to a change of drain-source voltage
(Vps) of the drive transistor.
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[0020] The data driving unit may include an image signal
control circuit configured to sort and convert an image signal
supplied from the timing controller into the data voltage; and
an output control circuit configured to selectively output at
least two of the data voltage, first voltage and second voltage
through the first and the second line in response to the selec-
tion signal.

[0021] The output control circuit may include a first switch
configured to output either one of the data voltage and second
voltage in response to the selection signal, a second-first
switch configured to output a voltage outputted from the first
switch to either one of the first and the second line in response
to the selection signal; and a second-second switch config-
ured to output the first voltage to the remaining one of the first
and the second line.

[0022] The first voltage may be determined to be equal to or
greater than 15V and equal to or less than 20V,

[0023] The first voltage may be a power voltage (ELVDD).
[0024] Inorder to accomplish the foregoing object, there is
provided a driving circuit of an organic light-emitting diode
display device according to a preferred embodiment of the
present invention having a plurality of pixels provided with at
least one drive transistor in which a light-emitting diode, a
first line and a second line are electrically connected to a
source terminal, a gate terminal and a drain terminal thereof,
respectively, and the driving circuit may include a first switch
configured to output either one ofa data voltage and a standby
power voltage in response to a selection signal defining a
drive mode; a second-first switch configured to output a volt-
age outputted from the first switch to either one of the first and
the second line; and a second-second switch configured to
output a power voltage to the remaining one of the first and the
second line.

[0025] The first switch may output the data voltage when in
a first drive mode, and output the standby power voltage when
in a second drive mode.

[0026] The second-first and the second-second switch may
output the data voltage and power voltage to the first and the
second line, respectively, when in the first drive mode, and
output the power voltage and standby power voltage to the
first and the second line when in the second drive mode.
[0027] The standby power voltage maybe determined
within a linear region according to a change of drain-source
voltage (Vps) of the drive transistor.

[0028] In order to accomplish the foregoing object, a driv-
ing method of an organic light-emitting diode display device
according to a preferred embodiment of the present invention
may include outputting a power voltage and a data voltage to
a first and a second line, respectively, formed on a display
panel when in a first drive mode; and outputting a standby
power voltage and a power voltage to the first and the second
line, respectively, when in a second drive mode.

[0029] The second drive mode may be a standby mode in
which the display panel displays a low gradation single pat-
tern of 1 to 10 nits.

[0030] Said outputting a power voltage and a data voltage to
a first and a second line, respectively, formed on a display
panel when in a first drive mode may include selecting a data
voltage between the power voltage and data voltage in
response to the selection signal; applying the data voltage to
the first line between the first and the second line in response
to the selection signal; and applying the power voltage to the
second line.
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[0031] Said outputting a power voltage and a standby
power voltage to the first and the second line, respectively,
formed onthe display panel when ina second drive mode may
include selecting a power voltage between the power voltage
and data voltage in response to the selection signal; applying
the power voltage to the first line between the first and the
second line in response to the selection signal; and applying
the standby power voltage to the second line.

[0032] The standby power voltage may be determined
within a linear region according to a change of drain-source
voltage (V) of the drive transistor, a gate terminal and a
drain terminal of which are electrically connected to a first
and a second line, respectively.

[0033] An organic light-emitting diode display device
according to a preferred embodiment of the present invention,
and a driving circuit and method thereof may control a drain-
source voltage (V,5) of the drive transistor provided in the
pixel, thereby having an effect of capable of minimizing
power consumption when in a standby mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0035] In the drawings:

[0036] FIG. 11is a view illustrating the entire structure of a
display device to which an organic light-emitting diode
according to an embodiment of the present invention is
applied,

[0037] FIG. 2 is a view illustrating the structure of a data
driving unit in an organic light-emitting diode display device
according to an embodiment of the present invention;
[0038] FIG. 3 isa view illustrating the structure of a driving
circuit of an organic light-emitting diode according to an
embodiment of the present invention and one pixel connected
thereto;

[0039] FIG. 4 is a view for explaining a driving method of
an organic light-emitting diode display device according to an
embodiment of the present invention when in a normal mode;
and

[0040] FIG. 5 is a view for explaining a driving method of
an organic light-emitting diode display device according to an
embodiment of the present invention when in a standby mode.

DETAILED DESCRIPTION OF THE INVENTION

[0041] Hereinafter, an organic light-emitting diode, a driv-
ing circuit and method thereof according to a preferred
embodiment of'the present invention will be described below
with reference to the accompanying drawings.

[0042] An organic light-emitting diode according to an
embodiment of the present invention may be operated in a
normal mode in which typical images are displayed and a
standby mode in which only minimum power is applied to
each constituent element including an input stage for receiv-
ing an input signal by a viewer’s remote control manipula-
tion.

[0043] FIG. 11is a view illustrating the entire structure of a
display device to which an organic light-emitting diode
according to an embodiment of the present invention is
applied.
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[0044] As illustrated in the drawing, an organic light-emit-
ting diode display device according to the present invention
may include a display panel 100 configured to implement an
image, a timing controller 110 configured to receive various
signals from an external system to generate a control signal
and sort and convert an image signal, a gate driving unit 120
configured to generate a gate driving voltage (VG) and a data
driving unit 130 configured to generate a data voltage
(VDATA) according to the control of the timing controller
110, and a power unit 140 configured to supply a power
voltage and other driving voltages.

[0045] A plurality of gate lines (GLs) and a plurality of data
lines (DLs) are formed on the display panel 100 in a matrix
form. The gate lines (GLs) are connected to the gate driving
unit 120, and the data lines (DLs) are connected to the data
driving unit 130, and a pixel (PXL) is defined at each cross
position of the lines.

[0046] Furthermore, the pixel (PXL) is connected to a
power supply line (PL) connected to an output stage of the
data driving unit 130. Though not shown in the drawing, each
pixel (PXL) is also connected to a line (not shown) for sup-
plying the ground voltage (ELVSS).

[0047] Each pixel (PXL) may include at least one or more
thin film transistors (TFTs), organic light-emitting diodes
(OLEDs), and capacitors.

[0048] According to such a structure, on the display panel
100, a thin film transistor is conducted in response to a signal
received at each line, and a data voltage (VDATA) according
to gradation is applied to each pixel, and a current correspond-
ing to the data voltage (VDATA) flows through the organic
light-emitting diode (OLED), thereby implementing an
image.

[0049] The timing controller 110 receives data (RGB) for
an image to be displayed, a horizontal synchronization signal
(H), a vertical synchronization signal (V) and a clock signal
(CLK) for controlling each driving unit from an external
system including a plurality of video chips, video controller
and CPU, and the like.

[0050] The timing controller 110 generates various control
signals for driving the gate driving unit 120 and data driving
unit 130 which will be described later to supply them to each
driving unit 120, 130 in response to the timing signals sup-
plied from the external system.

[0051] The gate driving unit 120 supplies a gate driving
voltage (VG) to a plurality of pixels (PXLs) arranged on the
display panel 100 in response to a gate control signal (GCS)
received from the timing controller 110. The output stage of
the gate driving unit 120 is connected to the gate line (GL) of
the display panel 100, and outputs the gate driving voltage
(VG) through this to sequentially turn on a switching transis-
tor provided at the pixel (PXL) for each horizontal period
(1H), thereby allowing the data voltage (VDATA) outputted
from the data driving unit 130 to the display panel 100 to be
applied to each pixel (PXL).

[0052] The data driving unit 130 sorts image data (RGB)
received in response to the data control signal (DCS) received
from the timing controller 110, and selects a reference voltage
corresponding to the image data to convert it into a data
voltage in an analog form. The data voltage is latched for each
one horizontal period (1H), and supplied to the display panel
100 through all the data lines (DLs) at the same time.

[0053] Furthermore, the data driving unit 130 applies dif-
ferent levels of voltages to the data line (DL) and power
supply line (PL) when the display panel 100 is driven in a
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normal mode or standby mode according to the control of the
mode selector 150 which will be described later, and an
output control circuit (not shown) for this is incorporated
therein.

[0054] The power unit 140 performs the role of supplying a
driving voltage and a reference voltage to the gate and data
driving units 120, 130. The driving voltage may include a gate
high voltage (VGH) and a gate low voltage (VGL) of the gate
driving voltage (VG), a power voltage (ELVDD) and a ground
voltage (ELVSS) of the organic light-emitting diode (OLED),
and the like. In particular, the power unit 150 of this invention
may further include a standby power voltage (VSB) for
reducing a current (I,,) flowing through the light-emitting
diode, which substitutes the power voltage (ELVDD) on the
pixel (PXL) in a standby mode.

[0055] The mode selector 150 controls the driving unit to
determine a current drive mode of the display device, and
display a screen corresponding to the image data according to
atypical driving method when in a normal mode, and display
arbitrary monochrome gradation other than black gradation
which consumes the minimum power to be distinguished
from that of the normal mode when in a standby mode.
[0056] The mode selector 150 is in a disable state in a
normal mode, and the timing controller 110 controls the gate
driving unit 120 according to the timing signals supplied from
the external system to generate a gate driving voltage and
enable the pixel on the display panel 100 while at the same
time sorting and converting the image signal into a data volt-
age to supply it to the pixel. Accordingly, the display panel
100 implements an image.

[0057] At this time, the data driving unit 130 applies the
data voltage (VDATA) to the data line (DL), and applies the
power voltage (ELVDD) to the power supply line. Further-
more, a standby mode is a state in which the timing controller
110 is unable to receive any one of the timing signals from the
external system, and the mode selector 150 may determine
the drive mode of the display device according to a signal
receiving state of the timing controller 110.

[0058] Accordingly, the mode selector 150 determines a
current drive mode of the display device, and then outputs a
high level of gate high voltage (VGH) from all the gate line
(GL) to the gate driving unit 120 in case of a standby mode,
thereby controlling all the pixels (PXLs) to be in an enable
state.

[0059] Furthermore, the mode selector 150 applies a selec-
tion signal (SEL) for a standby mode operation to the data
driving unit 130. The selection signal (SEL) is a signal for
controlling signals outputted to the data line (DL) and power
supply line (PL) when in a standby mode included in the data
driving unit 130.

[0060] When the selection signal (SEL) s applied, the driv-
ing unit 130 applies the power voltage (ELVDD) to the data
lines (DLs) connected to all the pixels (PXLs) to display
monochrome gradation. Furthermore, at the same time, the
standby power voltage (VSB) is applied to the power supply
line (PL). It does not apply a typical power voltage (ELVDD)
but applies the standby power voltage (VSB) at a voltage
lower than that of the typical power voltage (ELVDD) to a
drain terminal of the drive transistor controlling a current
(Ipg) flowing through the organic light-emitting diode
(OLED) of the pixel (PXL) to control the drain-source volt-
age, thereby displaying a low gradation image other than
black gradation even with power driving lower than the
related art in a standby mode.
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[0061] FIG. 2 is a view illustrating the structure of a data
driving unit in an organic light-emitting diode display device
according to an embodiment of the present invention.

[0062] Asillustrated in the drawing, the data driving unit of
in an organic light-emitting diode display device according to
the present invention may include an image signal processing
circuit 132 for sorting and converting image signals and an
output control circuit 135 for controlling an output voltage to
the display panel 100 according to the drive mode.

[0063] The image signal processing circuit 132 receives
image signals (RGB) in a digital waveform and a data control
signal (DCS) from the timing controller, and outputs a data
voltage (VDATA) in an analog waveform. Here, the data
voltage (VDATA) is a voltage for controlling a drain-source
current of the drive transistor provided in the pixel, and sup-
plied to the output control circuit 135 embedded in the data
driving unit 130.

[0064] The output control circuit 135 receives the power
voltage (ELVDD) and standby power voltage (VSB) from the
power unit. Furthermore, the output control circuit 135 deter-
mines a drive mode in response to a selection signal (SEL)
outputted from the mode selector of the timing controller, and
selectively outputs the data voltage (VDATA) received from
the image signal processing circuit 132, and the power volt-
age (ELVDD) and standby power voltage (VSB) to the dis-
play panel 100 in a corresponding manner.

[0065] When in a normal mode, the output control circuit
135 having a such structure supplies the data voltage
(VDATA) to the display panel 100 through the data line (DL),
and supplies the power voltage (ELVDD) to the display panel
100 through the power supply line (PL).

[0066] Furthermore, when in an abnormal mode, the output
control circuit 135 supplies the power voltage (ELVDD) other
than the data voltage (VDATA) to the display panel 100
through the data line (DL), and supplies the standby power
voltage (VSB) other than the power voltage (ELVDD) to the
display panel 100 through the power supply line (PL).
[0067] Here, the power voltage (ELVDD) is determined as
a voltage level of 15-20 V, and the standby power voltage
(VSB) is a signal at a voltage level of 3.2 V.

[0068] Accordingly, a voltage of 15 to 20V is applied to the
gate terminal of the plurality of drive transistors provided in
the display panel 100, and 3.2 V is applied to the drain
terminal thereof in an abnormal mode.

[0069] It is because fixing a voltage of the gate terminal
(V5 to thelevel of the power voltage (ELVDD) and reducing
a voltage applied to the drain terminal (V) is beneficial to
reduction of power consumption, compared to applying the
power voltage (ELVDD) to the drain terminal (V) of the
driving thin film transistor and reducing the voltage (V)
applied to the gate terminal thereof to display arbitrary low
brightness gradation.

[0070] In other words, according to the present invention, a
drain-source voltage (V¢ of the drive transistor may be
controlled to implement a screen in a standby mode, not by
controlling a gate-source voltage (V ;) of the drive transistor
to implement arbitrary low brightness gradation in a standby
mode.

[0071] Hereinafter, the structure of a driving circuit in an
organic light-emitting diode according to an embodiment of
the present invention will be described below through an
equivalent circuit of one pixel and an output control circuit
connected thereto.
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[0072] FIG. 2 is a view illustrating the structure of a data
driving unit provided in an organic light-emitting diode dis-
play device according to an embodiment of the present inven-
tion.

[0073] As illustrated in the drawing, the data driving unit
130 of this invention may include an image signal processing
circuit 132 for sorting and converting image signals (RGB)
supplied from the timing controller into a form that can be
processed by the display panel 100 and an output control
circuit 135 for supplying the converted image signals,
namely, data voltage (VDATA), to the display panel 100 for
each frame in an appropriate manner, and selectively output-
ting the data voltage and a voltage for driving according to the
drive mode of the display device.

[0074] The image signal processing circuit 132 may
include a plurality of shift registers, latches, digital-analog
converters (DACs) and buffers, and the like, and sorts and
converts the supplied image signals (RGB) in an analog
waveform into a data voltage (VDATA) in a digital waveform
according to the data control signal (DCS) supplied from the
timing controller.

[0075] The output control circuit 135 receives a data volt-
age (VDATA) from the image signal processing circuit 132 to
selectively apply it to the display panel 100 according to the
drive mode of the display device. In particular, the output
control circuit 135 receives a power voltage (ELVDD) and a
standby power voltage (VSB) from the power unit, and
applies at least two of the supplied voltages to the display
panel 100 according to the selection signal outputted from the
mode selector of the timing controller.

[0076] Specifically, in a normal mode, the output control
circuit 135 applies a data voltage as it is supplied by the image
signal processing circuit 132 to the data line (DL) connected
to the display panel 100, and applies the power voltage
(ELVDD) to the power supply line (PL), thereby controlling
the pixel provided in the display panel 100 in a same marner
as the typical driving.

[0077] On the contrary, in a standby mode, the output con-
trol circuit 135 applies the power voltage (ELVDD) to the
data line (DL), and applies the standby power voltage (VSB)
to the power supply line (PL). It is to control a drain-source
current of the drive transistor provided in each pixel of the
display panel 100 by a voltage applied to the drain terminal
thereof, and thus the drain-source current can be controlled by
a low level voltage when the power voltage (ELVDD) is
applied to the gate terminal thereof and the standby power
voltage (VSB) is applied to the drain terminal thereof, thereby
reducing power consumption.

[0078] Hereinafter, the structure of an organic light-emit-
ting diode driving circuit according to the present invention
will be described through an equivalent circuit of one pixel
and an output control circuit connected thereto provided in
the display panel with reference to the drawing.

[0079] FIG. 3 is a view illustrating the structure of a driving
circuit of an organic light-emitting diode according to an
embodiment of the present invention and one pixel connected
thereto.

[0080] As illustrated in the drawing, for one pixel (PXL) in
the organic light-emitting diode device according to the
present invention, an anode contact type pixel driving circuit
in which the drive transistor is connected to an anode of the
light-emitting diode is implemented with an N-type transistor

(N-TFT).
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[0081] As illustrated in the drawing, one pixel (PXL) may
include a light-emitting diode (D1) an anode of which is
connected to a first node (N1) and a cathode of which is
grounded, a capacitor (C1) both terminals of which are con-
nected to the first and the second node (N1, N2), respectively,
a switching transistor (STFT) a gate terminal of which is
connected to a gate line, a drain terminal of which is con-
nected to a data line, and a source terminal of which is con-
nected to a second node (N2), and a drive transistor (DTFT) a
gate terminal of which is connected to the second node (N2),
a drain terminal of which is connected to the power supply
line (PL), and a source terminal of which is connected to the
first node (N1).

[0082] According to such a structure, the first node (N1) is
connected between a source terminal of the switching tran-
sistor (STFT) and a gate terminal of the drive transistor
(DTFT), and the second node (N2) is connected between an
anode terminal of the light-emitting diode (D1) and a source
terminal of the drive transistor (DTFT).

[0083] Furthermore, the output control circuit 135 of the
data driving unit connected to each pixel (PXL) may include
a first voltage selection stage 1351 and a second voltage
selection stage 1352. The first voltage selection stage 1351 is
comprised of at least one first switch (SW1), and has a struc-
ture of selectively outputting either one of the two inputs. The
first switch (SW1) outputs either one of the data voltage
(VDATA) and standby power voltage (VSB) to the second
voltage selection stage 1352 in response to the selection sig-
nal (SEL).

[0084] The second voltage selection stage 1352 is com-
prised of at least two switches, such as a second-first and a
second-second switch (SW2-1, SW2-2), and has a structure
of outputting each one input to either one of the two output
terminals. The second-first switch (SW2-1) outputs an output
of the first voltage selection stage 1351 to either one of the
data line (DL) and power supply line (PL), respectively, in
response to the selection signal (SEL). Furthermore, the sec-
ond-second switch (SW2-2) outputs the power voltage
(ELVDD)to either one of the data line (DL) and power supply
line (PL).

[0085] Here, the output terminals of the second-first switch
(SW2-1) and second-second switch (SW2-2) share the same
line, and select either one of the data line (DL) and power
supply line (PL) and output their voltages such that their
outputs are not overlapped with each other.

[0086] The foregoing configuration has astructure in which
the data voltage (VDATA) is applied to a gate terminal of the
drive transistor (DTFT) in a normal mode, thereby control-
ling a drain-source current of the drive transistor (DTFT) to
display the gradation of an image through a current (I55)
amount flowing through the light-emitting diode (DI).

[0087] Furthermore, in an abnormal mode, the power volt-
age (ELVDD) is applied to a gate terminal of the drive tran-
sistor (DTFT) to maintain a turn-on state, and applies prede-
termined level of standby power to a drain terminal of the
drive transistor (DTFT) to control a drain-source voltage
(Vps)- Consequently, according to the foregoing structure, a
current (I,¢) flowing through the light-emitting diode (D1)
may be operated to have aminimum brightness within a linear
region according to a change of drain-source voltage (V ¢) of
the drive transistor (DTFT), thereby implementing low power
single pattern low gradation.
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[0088] Hereinafter, a driving method of an organic light-
emitting diode display device according to the present inven-
tion in each drive mode will be described according to the
foregoing structure.

[0089] FIG. 4 is a view for explaining a driving method of
an organic light-emitting diode display device according to an
embodiment of the present invention when in a normal mode.
[0090] As illustrated in the drawing, when in a normal
mode, the mode selector embedded in the timing controller of
the organic light-emitting diode display device according to
the present invention outputs a selection signal {SEL(n)}, and
itis applied to each switch provided in the first and the second
voltage selection stage 1351, 1352 of the output control cir-
cuit 135.

[0091] Here, the sorted and converted data voltage
(VDATA) from the image signal control circuit and the
standby power voltage (VSB) from the power unit are sup-
plied to the first switch (SW1) of the first voltage selection
stage 1351.

[0092] Furthermore, a voltage selected through the first
switch (SW1) is supplied to the second-first switch (SW2-1)
of the second voltage selection stage 1352, and the power
voltage (ELVDD) is supplied to the second-second switch
(SW2-2).

[0093] Accordingly, when the selection signal {SEL(n)} is
applied when in a normal mode, the first switch (SW1) out-
puts the data voltage (VDATA ) to the second voltage selection
stage 1352. Next, the second-first switch (SW2-1) outputs the
data voltage (VDATA) received in response to the selection
signal {SEL(n)} to the data line (DL). At the same time, the
second-second switch (SW2-2) outputs the power voltage
(ELVDD) to the power supply line (PL).

[0094] Furthermore, when a high level of gate driving volt-
age (VG) is applied to the gate line according to the driving of
the display device, the switching transistor (STFT) of the
pixel (PXL) is conducted and thus a voltage subtracting a
threshold voltage (V) of the switching transistor (STFT)
from the data voltage (VDATA) of the data line (DL1) is
applied to the second node (N2). Furthermore, a voltage
according to the second node (N2) is charged to the capacitor
(CD.

[0095] At the same time, the second-second switch (SW2-
2) outputs the power voltage (ELVDD) to the power supply
line (PL) in response to the selection signal {SEL(n)}.
Accordingly, the drive transistor (DTFT) is conducted to flow
a light-emitting diode current (I), and the light-emitting
diode (D1) displays gradation corresponding to a gate-source
voltage (V 5).

[0096] Hereinafter, a driving method of an organic light-
emitting diode display device according to an embodiment of
the present invention in a standby mode will be described
below.

[0097] FIG. 5 is a view for explaining a driving method of
an organic light-emitting diode display device according to an
embodiment of the present invention when in a standby mode.
[0098] As illustrated in the drawing, when in a standby
mode, the mode selector embedded in the timing controller of
the organic light-emitting diode display device according to
the present invention outputs a selection signal {SEL(n)}. Itis
applied to each switch provided in the first and the second
voltage selection stage 1351, 1352 of the output control cir-
cuit 135.
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[0099] Here, each voltage applied to the first and the second
voltage selection stage 1351, 1352 is the same as that of the
foregoing normal mode.

[0100] Accordingly, when the selection signal {SEL(n)} is
applied as a standby mode, the first switch (SW1) outputs the
standby power voltage (VSB) to the second voltage selection
stage 1352. Next, the second-first switch (SW2-1) outputs the
standby power voltage (VSB) received in response to the
selection signal {SEL(n)} to the power supply line (PL). At
the same time, the second-second switch (SW2-2) outputs the
power voltage (ELVDD) to the data line (DL).

[0101] Furthermore, when a high level of gate driving volt-
age (VG) is applied to the gate line according to the driving of
the display device, the switching transistor (STFT) of the
pixel (PXL) is conducted and thus a voltage subtracting a
threshold voltage (V ;) of the switching transistor (STFT)
from the power voltage (ELVDD) of the data line (DL1) is
applied to the second node (N2). As a result, a voltage accord-
ing to the second node (N2) is charged to the capacitor (C1).
[0102] At the same time, the second-second switch (SW2-
2) outputs the standby power voltage (VSB) to the power
supply line (PL) in response to the selection signal {SEL(n)}.
Accordingly, the drive transistor (DTFT) is conducted to flow
a current (I,,5) through the light-emitting diode.

[0103] At this time, the power voltage (ELVDD)is 15-20'V,
and the standby power voltage (VSB) has a voltage level of
3.2V, and when driving a low gradation signal pattern for the
standby mode, power consumption of about 1.2 W is gener-
ated in case of brightness of 10 nits. As a result, when driven
at the same low gradation, it can be driven with low power
consumption compared to a case that the drain-source voltage
(V) of the drive transistor (DTFT) is fixed to be equal to or
greater than 20 V, and the gate-source voltage (V) is con-
trolled at less than 2.4 V.

[0104] Although the preferred embodiments of the present
invention have been described in detail, it should be under-
stood by those skilled in the art that various modifications and
other equivalent embodiments thereof can be made.

What is claimed is:

1. An organic light-emitting diode display device, compris-

ing:

a display panel formed with pixels connected to at least a
first and a second line;

a timing controller comprising a mode selector configured
to output a selection signal defining a first and a second
drive mode;

a power unit configured to supply a first and a second
voltage; and

adata driving unit configured to output the first voltage and
data voltage to the first and the second line, respectively,
when in the first drive mode, and output the second
voltage and first voltage to the first and the second line,
respectively, when in the second drive mode.

2. The organic light-emitting diode display device of claim

1, wherein the second drive mode is a standby mode in which
the pixels display a low gradation single pattern of 1 to 10 nits.

3. The organic light-emitting diode display device of claim

1, wherein the pixel comprises:

alight-emitting diode, an anode of which is connected to a
first node, and a cathode of which is grounded,

a switching transistor, a gate terminal of which is con-
nected to a third line, a drain terminal of which is con-
nected to the second line, and a source terminal of which
1s connected to a second node;
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a drive transistor, a gate terminal of which is connected to
the second node, a drain terminal of which is connected
to the first line, and a source terminal of which is con-
nected to the first node; and

a capacitor, both terminals of which are connected to the
first and the second node, respectively.

4. The organic light-emitting diode display device of claim

3, wherein the second voltage is determined within a linear
region according to a change of drain-source voltage (V) of
the drive transistor.

5. The organic light-emitting diode display device of claim
3, wherein the data driving unit comprises:

an image signal control circuit configured to sort and con-
vert an image signal supplied from the timing controller
into the data voltage; and

an output control circuit configured to selectively output at
least two of the data voltage, first voltage and second
voltage through the first and the second line in response
to the selection signal.

6. The organic light-emitting diode display device of claim

5, wherein the output control circuit comprises:

a first switch configured to output either one of the data
voltage and second voltage in response to the selection
signal;

a second-first switch configured to output a voltage output-
ted from the first switch to either one of the first and the
second line in response to the selection signal; and

a second-second switch configured to output the first volt-
age to the remaining one of the first and the second line.

7. The organic light-emitting diode display device of claim
1, wherein the first voltage is determined to be equal to or
greater than 15V and equal to or less than 20 V.

8. The organic light-emitting diode display device of claim
1, wherein the first voltage is a power voltage (ELVDD).

9. The organic light-emitting diode display device of claim
7, wherein the first voltage is a power voltage (ELVDD).

10. A driving circuit of an organic light-emitting diode
display device having a plurality of pixels provided with at
least one drive transistor in which a light-emitting diode, a
first line and a second line are electrically connected to a
source terminal, a gate terminal and a drain terminal thereof,
respectively, the driving circuit comprising:

a first switch configured to output either one of a data
voltage and a standby power voltage in response to a
selection signal defining a drive mode;

a second-first switch configured to output a voltage output-
ted from the first switch to either one of the first and the
second line; and

a second-second switch configured to output a power volt-
age to the remaining one of the first and the second line.

11. The driving circuit of claim 10, wherein the first switch
outputs the data voltage when in a first drive mode, and
outputs the standby power voltage when in a second drive
mode.

12. The driving circuit of claim 10, wherein the second-first
and the second-second switch output the data voltage and
power voltage to the first and the second line, respectively,
when in the first drive mode, and output the power voltage and
standby power voltage to the first and the second line when in
the second drive mode.

13. The driving circuit of claim 10, wherein the standby
power voltage is determined within a linear region according
to a change of drain-source voltage (V ,,5) of the drive tran-
sistor.



US 2013/0293600 A1

14. A driving method of an organic light-emitting diode
display device, the driving method comprising:

outputting a power voltage and a data voltage to a first and

a second line, respectively, formed on a display panel
when in a first drive mode; and

outputting a standby power voltage and a power voltage to

the first and the second line, respectively, when in a
second drive mode.

15. The driving method of claim 14, wherein the second
drive mode is a standby mode in which the display panel
displays a low gradation single pattern of 1 to 10 nits.

16. The driving method of claim 14, wherein said output-
ting a power voltage and a data voltage to a first and a second
line, respectively, formed on a display panel when in a first
drive mode comprises:

selecting a data voltage between the power voltage and data

voltage in response to the selection signal,

applying the data voltage to the first line between the first

and the second line in response to the selection signal;
and

applying the power voltage to the second line.

17. The driving method of claim 14, wherein said output-
ting a power voltage and a standby power voltage to the first
and the second line, respectively, formed on the display panel
when in a second drive mode comprises:
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selecting a power voltage between the power voltage and
data voltage in response to the selection signal;

applying the power voltage to the first line between the first
and the second line in response to the selection signal;
and

applying the standby power voltage to the second line.

18. The driving method of claim 14, wherein the standby
power voltage is determined within a linear region according
to a change of drain-source voltage (V) of the drive tran-
sistor, a gate terminal and a drain terminal of which are
electrically connected to a first and a second line, respec-
tively.

19. The driving method of claim 16, wherein the standby
power voltage is determined within a linear region according
to a change of drain-source voltage (V) of the drive tran-
sistor, a gate terminal and a drain terminal of which are
electrically connected to a first and a second line, respec-
tively.

20. The driving method of claim 17, wherein the standby
power voltage is determined within a linear region according
to a change of drain-source voltage (V) of the drive tran-
sistor, a gate terminal and a drain terminal of which are
electrically connected to a first and a second line, respec-
tively.
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