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DRIVING VOLTAGE SUPPLY CIRCUIT,
DISPLAY PANEL, AND DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2018-0101922, filed on Aug. 29,
2018, which is hereby incorporated by reference in its
entirety.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to a display device,
and more particularly, to a drive voltage supply circuit, a
display panel, and a display device.

Description of the Background

[0003] With the advancement of information-oriented
societies, requirements for display devices displaying an
image have increased in various types, and various display
devices such as a liquid crystal display device and an organic
light emitting display device have been widely utilized.
[0004] An organic light emitting display device out of
such display devices has a high response speed and is
excellent in contrast range, luminous efliciency, luminance,
and viewing angle because it employs an organic light
emitting diode that voluntarily emits light.

[0005] Such an organic light emitting display device
includes an organic light emitting diode that is disposed in
each of a plurality of subpixels arranged in a display panel
and can control luminance exhibited by the subpixels and
display an image by causing the organic light emitting
diodes to emit light by controlling a current flowing in the
organic light emitting diodes.

[0006] Here, the organic light emitting diode included in
each subpixel can deteriorate with the elapse of time and
luminance which is to be exhibited by each subpixel may not
be displayed due to the deterioration. There is also a problem
in that image quality decreases due to deterioration devia-
tions of the organic light emitting diodes included in the
subpixels.

SUMMARY

[0007] The present disclosure provides a display panel and
a display device that can sense deterioration of an organic
light emitting diode which is disposed in each subpixel of
the display panel and perform compensation based on the
sensed deterioration.

[0008] The present disclosure provides a deterioration
sensing method that can improve accuracy of deterioration
sensing of organic light emitting diodes and a drive voltage
supply circuit, a display panel, and a display device that can
enable such deterioration sensing.

[0009] The present disclosure provides measures for pre-
venting damage of a drive voltage supply circuit that can
improve accuracy of deterioration sensing and enabling the
drive voltage supply circuit to operate normally in a display
driving period and a deterioration sensing period.

[0010] According to an aspect of the present disclosure,
there is provided a display device including: a display panel
in which a plurality of gate lines, a plurality of data lines, and
a plurality of subpixels are arranged; a gate driving circuit
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that drives the plurality of gate lines; a data driving circuit
that drives the plurality of data lines; a drive voltage supply
circuit that supplies a drive voltage to the display panel; and
a controller that controls the gate driving circuit, the data
driving circuit, and the drive voltage supply circuit.

[0011] In this display device, each of the plurality of
subpixels includes an organic light emitting diode, a driving
transistor that drives the organic light emitting diode, a
switching transistor that is electrically connected between a
gate node of the driving transistor and the corresponding
data line, and a sensing transistor that is electrically con-
nected between a source node or a drain node of the driving
transistor and a reference voltage line,

[0012] The drive voltage supply circuit supplies a first
drive voltage to the display panel in a display driving period,
supplies a second drive voltage lower than the first drive
voltage to the display panel in a deterioration sensing period,
and discharges the first drive voltage supplied to the display
panel between the display driving period and the deteriora-
tion sensing period.

[0013] According to another aspect of the present disclo-
sure, there is provided a display panel including: a plurality
of gate lines; a plurality of data lines; a plurality of subpixels
that are defined in areas in which the gate lines and the data
lines intersect each other; and at least one drive voltage line.
Each of the plurality of subpixels includes an organic light
emitting diode, a driving transistor that drives the organic
light emitting diode, a switching transistor that is electrically
connected between a gate node of the driving transistor and
the corresponding data line, and a sensing transistor that is
electrically connected between a source node or a drain node
of the driving transistor and a reference voltage line.
[0014] In this display panel, the at least one drive voltage
line is supplied with a first drive voltage in a display driving
period, is supplied with a second drive voltage lower than
the first drive voltage in a deterioration sensing period, and
slowly discharges the first drive voltage between the display
driving period and the deterioration sensing period.

[0015] According to another aspect of the present disclo-
sure, there is provided a drive voltage supply circuit includ-
ing: a drive voltage output terminal that is electrically
connected to a drive voltage line; a first drive voltage output
circuit that is electrically connected between the drive
voltage output terminal and an external power supply and
outputs a first drive voltage to the drive voltage output
terminal in a display driving period; a second drive voltage
output circuit that is electrically connected to the drive
voltage output terminal and outputs a second drive voltage
lower than the first drive voltage to the drive voltage output
terminal in a deterioration sensing period; and a discharge
circuit that is electrically connected between the drive
voltage output terminal and a ground and discharges the first
drive voltage supplied to the drive voltage line between the
display driving period and the deterioration sensing period.
[0016] According to the aspects of the present disclosure,
it is possible to measure deterioration of an organic light
emitting diode and to perform compensation based on the
measured deterioration by sensing a variation in a quantity
of electric charge which is charged depending on a current
flowing in the organic light emitting diode in each subpixel
in a deterioration sensing period.

[0017] According to the aspects of the present disclosure,
it is possible to enable accuracy sensing of deterioration of
an organic light emitting diode on the basis of a variation in
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a quantity of electric charge charged in the organic light
emitting diode by decreasing a drive voltage which is
supplied to a display panel in a deterioration sensing period
of the organic light emitting diode.

[0018] According to the aspects of the present disclosure,
it is possible to prevent damage of the drive voltage supply
circuit and to supply drive voltages required for display
driving and deterioration sensing by controlling a discharge
speed of a drive voltage supplied to the display panel in the
display driving period and the deterioration sensing period.
[0019] Itis also possible to enable the drive voltage supply
circuit to stably supply a drive voltage by maintaining the
discharge circuit of the drive voltage supply circuit in the
OFF state in a period in which a drive voltage for display
driving is supplied.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of the disclosure,
illustrate aspects of the disclosure and together with the
description serve to explain the principle of the disclosure.
[0021] In the drawings:

[0022] FIG. 1 is a diagram schematically illustrating a
configuration of a display device according to the present
disclosure;

[0023] FIG. 2 is a diagram illustrating an example of a
circuit structure of a subpixel in the display device according
to the present disclosure;

[0024] FIG. 3 is a diagram illustrating an example of a
system that senses deterioration of a subpixel in the display
device according to the present disclosure;

[0025] FIG. 4 is a diagram illustrating an example of
deterioration sensing timings of the subpixel illustrated in
FIG. 3;

[0026] FIGS. 5 to 7 are diagrams illustrating examples of
the process of sensing deterioration of the subpixel illus-
trated in FIG. 3;

[0027] FIG. 8 is a diagram illustrating an example of a
quantity of electric charge which is charged in an organic
light emitting diode in the process of sensing deterioration
before and after deterioration of the subpixel illustrated in
FIG. 3;

[0028] FIG. 9 is a diagram illustrating an example of a
drive voltage supply circuit in the display device according
to the present disclosure;

[0029] FIG. 10 is a diagram illustrating an example of a
structure of the drive voltage supply circuit illustrated in
FIG. 9,

[0030] FIG. 11 is a diagram illustrating an example of
operation timings of the drive voltage supply circuit illus-
trated in FIG. 10;

[0031] FIGS. 12 to 14 are diagrams illustrating examples
of the process of operation of the drive voltage supply circuit
illustrated in FIG. 10;

[0032] FIG. 15 is a diagram illustrating another example
of the structure of the drive voltage supply circuit illustrated
in FIG. 9;

[0033] FIG. 16 is a diagram illustrating an example of a
discharge waveform of a drive voltage supplied to the
display panel in the process of discharge of the drive voltage
supply circuit illustrated in FIG. 15; and

[0034] FIG. 17 is a diagram illustrating an example of a
voltage state of a gate node of a transistor included in a
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discharge circuit when supply of a drive voltage for display
driving is started by the drive voltage supply circuit illus-
trated in FIG. 15.

DETAILED DESCRIPTION

[0035] Hereinafter, some aspects of the present disclosure
will be described in details with reference to the accompa-
nying drawings. In describing the disclosure with reference
to the accompanying drawings, the same elements will be
referred to by the same reference numerals or signs regard-
less of the drawing numbers. When it is determined that
detailed description of known configurations or functions
involved in the disclosure makes the gist of the disclosure
obscure, the detailed description thereof will not be made.
[0036] Terms such as first, second, A, B, (a), and (b) can
be used to describe elements of the disclosure. These terms
are merely used to distinguish one element from another
element and the essence, order, sequence, number, or the like
of the elements is not limited to the terms. If it is mentioned
that an element is “linked,” “coupled,” or “connected” to
another element, it should be understood that the element
can be directly coupled or connected to another element or
still another element may be “interposed” therebetween or
the elements may be “linked,” “coupled,” or “connected” to
each other with still another element interposed therebe-
tween.

[0037] FIG. 1 is a diagram schematically illustrating a
configuration of a display device 100 according to aspects of
the present disclosure.

[0038] Referring to FIG. 1, the display device 100 accord-
ing to the aspects of the disclosure includes a display panel
110 in which a plurality of subpixels SP are arranged and a
gate driving circuit 120, a data driving circuit 130, and a
controller 140 that are used to drive the display panel 110.
[0039] In the display panel 110, a plurality of gate lines
GL and a plurality of data lines DL are arranged and
subpixels SP are arranged at areas in which the gate lines GL
and the data lines DL intersect each other.

[0040] The gate driving circuit 120 is controlled by the
controller 140 and serves to sequentially output a scan signal
to the plurality of gate lines GL arranged in the display panel
110 and to control driving timings of the plurality of
subpixels SP.

[0041] The gate driving circuit 120 includes one or more
gate driver integrated circuits GDIC and may be disposed on
only one side or both sides of the display panel 110 depend-
ing on a driving system thereof. Alternatively, the gate
driving circuit 120 may be incorporated in a bezel area of the
display panel 110 in the form of gate in panel (GIP).
[0042] The data driving circuit 130 receives image data
from the controller 140 and converts the image data into a
data voltage of an analog type. Then, the data driving circuit
130 outputs the data voltage to the data lines DL at the
timing at which a scan signal is supplied via the gate lines
GL such that the subpixels SP express brightness based on
the image data.

[0043] The data driving circuit 130 includes one or more
source driver integrated circuits SDIC.

[0044] The controller 140 supplies various control signals
to the gate driving circuit 120 and the data driving circuit
130 and controls the gate driving circuit 120 and the data
driving circuit 130.

[0045] The controller 140 causes the gate driving circuit
120 to output a scan signal at a timing which is realized in
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each frame and serves to convert image data received from
the outside into a data signal format which is used in the data
driving circuit 130 and to output the converted image data to
the data driving circuit 130.

[0046] The controller 140 receives various timing signals
including a vertical synchronization signal VCYNC, a hori-
zontal synchronization signal HSYNC, an input data enable
signal DE, and a clock signal CLK from the outside (for
example, a host system).

[0047] The controller 140 generates various control sig-
nals using various timing signals received from the outside
and outputs the generated control signals to the gate driving
circuit 120 and the data driving circuit 130.

[0048] For example, the controller 140 outputs various
gate control signals including a gate start pulse GSP, a gate
shift clock GSC, and a gate output enable signal GOE in
order to control the gate driving circuit 120.

[0049] Here, the gate start pulse GSP controls an operation
start timing of one or more gate driver integrated circuits
GDIC of the gate drive circuit 120. The gate shift clock GSC
is a clock signal which is input commonly to the one or more
gate driver integrated circuits GDIC and controls a shift
timing of a scan signal. The gate output enable signal GOE
designates timing information of the one or more gate driver
integrated circuits GDIC.

[0050] The controller 140 outputs various data control
signals DCS including a source start pulse SSP, a source
sampling clock SSC, and a source output enable signal SOE
in order to control the data drive circuit 130.

[0051] Here, the source start pulse SSP controls a data
sampling start timing of one or more source driver integrated
circuits of the data drive circuit 130. The source sampling
clock SSC is a clock signal for controlling sampling timings
of data in the one or more source driver integrated circuits.
The source output enable signal SOE controls an output
timing of the data drive circuit 130.

[0052] The display device 100 may further include a
power supply management integrated circuit that supplies
various voltages or currents to the display panel 110, the gate
drive circuit 120, the data drive circuit 130, and the like or
controls various voltage or currents to be supplied.

[0053] Each sub pixel SP is defined by intersection of one
gate line GL and one data line DL and a light emitting
element may be disposed each subpixel SP.

[0054] For example, the display device 100 includes a
light emitting element such as a light emitting diode LED or
an organic light emitting diode OLED in each subpixel and
can display an image by controlling a current flowing in the
light emitting element depending on a data voltage.

[0055] FIG. 2 is a diagram illustrating an example of a
circuit structure of a subpixel SP in the display device 100
according to the aspects of the disclosure.

[0056] Referring to FIG. 2, each subpixel SP disposed in
the display device 100 according to the aspects of the
disclosure includes one or more transistors and capacitors
and an organic light emitting diode OLED can be disposed
as a light emitting diode.

[0057] For example, each subpixel SP includes a driving
transistor DRT, a switching transistor SWT, a sensing tran-
sistor SENT, a storage capacitor Cstg, and an organic light
emitting diode OLED.

[0058] The driving transistor DRT includes a first node
N1, a second node N2, and a third node N3.
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[0059] The first node N1 of the driving transistor DRT is
supplied with a data voltage Vdata via a data line DL when
the switching transistor SWT is turned on and may be a gate
node.

[0060] The second node N2 of the driving transistor DRT
is electrically connected to an anode electrode of the organic
light emitting diode OLED and may be a source node or a
drain node.

[0061] The third node N3 of the driving transistor DRT is
electrically connected to a drive voltage line DVL supplied
with a drive voltage EVDD and may be drain node or a
source node.

[0062] Here, a first drive voltage EVDDI required for
display driving can be supplied to the drive voltage line
DVL in a display driving period. For example, the first drive
voltage EVDDI1 may be 27 V.

[0063] The switching transistor SWT is electrically con-
nected between the first node N1 of the driving transistor
DRT and the data line DL and operates in response to a scan
signal supplied to the gate line GL. The switching transistor
SWT controls the voltage of the gate node of the driving
transistor DRT by applying a data voltage Vdata supplied via
the data line DL to the gate node of the driving transistor
DRT.

[0064] The sensing transistor SENT is electrically con-
nected between the second node N2 of the driving transistor
DRT and a reference voltage line RVL and operates in
response to a scan signal supplied via the gate line GL. The
sensing transistor SENT causes a reference voltage Vref
supplied via the reference voltage line RVL to be supplied to
the second node N2 of the driving transistor DRT.

[0065] That is, a current for driving the organic light
emitting diode OLED can be supplied by controlling the
voltage of the first node N1 and the voltage of the second
node N2 of the driving transistor DRT by controlling the
switching transistor SWT and the sensing transistor SENT.
[0066] The switching transistor SWT and the sensing
transistor SENT may be connected to the same gate line GL
or may be connected to different gate lines GL. FIG. 2
illustrates an example of a structure in which the switching
transistor SWT and the sensing transistor SENT are con-
nected to the same gate line GL. An aperture ratio of the
subpixel SP can be improved by controlling the switching
transistor SWT and the sensing transistor SENT via one gate
line GL.

[0067] The transistors disposed in the subpixel SP are of
n-type. In some cases, each subpixel SP may include p-type
transistors.

[0068] The storage capacitor Cstg is electrically connected
between the first node N1 and the second node N2 of the
driving transistor DRT and holds a data voltage Vdata during
one frame.

[0069] The storage capacitor Cstg may be connected
between the first node N1 and the third node N3 of the
driving transistor DRT depending on the type of the driving
transistor DRT.

[0070] An anode electrode of the organic light emitting
diode OLED can be electrically connected to the second
node N2 of the driving transistor DRT. A base voltage EVSS
can be supplied to a cathode electrode of the organic light
emitting diode OLED.

[0071] The organic light emitting diode OLED emits light
depending on a current which is supplied by operation of the
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driving transistor DRT and allows the subpixel SP to express
brightness corresponding to image data.

[0072] Here, the organic light emitting diode OLED can
deteriorate with the elapse of time. The organic light emit-
ting diode OLED may not express luminance corresponding
to a data voltage Vdata which is supplied to the subpixel Sp
due to the deterioration. Luminance unevenness may occur
due to a difference in deterioration between the organic light
emitting diodes OLED included in the subpixels SP.
[0073] In the aspects of the disclosure, it is possible to
prevent luminance unevenness due to a deterioration differ-
ence and to allow the organic light emitting diodes OLED to
express luminance corresponding to the data voltage Vdata
by sensing deterioration of the organic light emitting diodes
OLED disposed in the subpixels SP and perform compen-
sation based on the deterioration.

[0074] FIG. 3 is a diagram illustrating an example of a
system that senses deterioration of a subpixel SP in the
display device 100 according to the aspects of the disclosure.
[0075] Referring to FIG. 3, the display device 100 accord-
ing to the aspects of the disclosure can cause a current to
flow in the organic light emitting diodes OLED by supplying
a sensing data voltage Vsdata to the subpixels SP in a
deterioration sensing period. Deterioration of each organic
light emitting diode OLED can be measured by detecting a
variation in a quantity of electric charge charged in a
parasitic capacitor Coled of the organic light emitting diode
OLED.

[0076] Deterioration sensing can be performed in a period
different from the display driving period. Deterioration
sensing can be performed, for example, before the display
device 100 is turned on to start display driving or after the
display device 100 is turned off. Alternatively, deterioration
sensing may be performed in a horizontal blank period or a
vertical blank period or deterioration sensing may be pet-
formed in response to an input by a user.

[0077] Deterioration sensing can be performed, for
example, by a sensing circuit 131 which is included in the
data driving circuit 130.

[0078] Specifically, the data driving circuit 130 supplies a
sensing data voltage Vsdata via the data lines DL in the
deterioration sensing period and supplies a sensing reference
voltage Vpre via the reference voltage line RVL. Accord-
ingly, since a voltage difference is generated between the
first node N1 and the second node N2 of the driving
transistor DRT, a current can be supplied to the organic light
emitting diode OLED and the parasitic capacitor Coled of
the organic light emitting diode OLED can be charged with
electric charge.

[0079] Here, a second drive voltage EVDD2 lower than
the first drive voltage EVDD1, which is supplied via the
drive voltage line DVL in the display driving period, in the
deterioration sensing period can be supplied.

[0080] The second drive voltage EVDD2 may be, for
example, 10 V. By supplying the second drive voltage
EVDD2 lower than the first drive voltage EVDDI in the
deterioration sensing period, the voltage of the anode elec-
trode of the organic light emitting diode OLED can be kept
constant regardless of deterioration of the organic light
emitting diode OLED.

[0081] That is, by measuring a variation in a quantity of
electric charge charged depending on a current flowing in
the organic light emitting diode OLED in a state in which the
voltage of the anode electrode of the organic light emitting
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diode OLED is fixed, it is possible to accurately sense a
degree of deterioration of the organic light emitting diode
OLED.

[0082] The sensing circuit 131 senses a quantity of electric
charge charged in the parasitic capacitor Voled of the organic
light emitting diode OLED and outputs a sensing voltage
Vsen corresponding to the sensed quantity of electric charge.
The output sensing voltage Vsen can be transmitted to the
controller 140, and the controller 140 determines a degree of
deterioration of the organic light emitting diode OLED from
the sensing voltage Vsen. By supplying a data voltage
Vdata, which has been compensated for due to deterioration,
to the corresponding subpixel Sp, the subpixel SP can
express luminance corresponding to the data voltage Vdata
and it is possible to prevent luminance unevenness due to a
difference in deterioration.

[0083] The sensing circuit 131 can have various structures
and can be constituted by, for example, a feedback capacitor
Ctb. The sensing circuit 131 can include a first switch SW1
for initializing the feedback capacitor Cfb and a second
switch SW2 for sampling the sensing voltage Vsen.

[0084] In the amplifier, the sensing reference voltage Vpre
is supplied to a (+) input terminal and a (=) input terminal
is connected to the reference voltage line RVL. The feedback
capacitor Cfb can be electrically connected between the (-)
input terminal and an output terminal of the amplifier.

[0085] Accordingly, electric charge charged in the para-
sitic capacitor Coled of the organic light emitting diode
OLED is charged in the feedback capacitor Cfb and a
variation in the quantity of electric charge charged in the
parasitic capacitor Coled of the organic light emitting diode
OLED due to deterioration of the organic light emitting
diode OLED can be sensed.

[0086] Here, since the amplifier outputs a value in the (-)
direction as the quantity of electric charge charged in the
feedback capacitor Cfb increases, the sensing voltage Vsen
which is higher than the sensing voltage Vsen before dete-
rioration can be output when the quantity of electric charge
charged in the parasitic capacitor Coled of the organic light
emitting diode OLED decreases due to deterioration of the
organic light emitting diode OLED.

[0087] FIG. 4 is a diagram illustrating an example of
deterioration sensing timings of the subpixel SP illustrated in
FIG. 3.

[0088] Referring to FIG. 4, the deterioration sensing
period includes an initialization period Initial, a boosting
period Boosting, a sensing period Sensing, and a recovery
period Recovery.

[0089] The initialization period Initial is a period in which
a voltage for sensing deterioration of the organic light
emitting diode OLED is charged, a scan signal with a high
level is supplied to the gate line, and the first switch SW1
and the second switch SW2 of the sensing circuit 131 are
kept in the turned-on state.

[0090] A sensing data voltage Vsdata is supplied to the
data line DL, and the sensing reference voltage Vpre is
supplied to the reference voltage line RVL. Accordingly, the
first node N1 of the driving transistor DRT is supplied with
the sensing data voltage Vsdata and the second node N2 of
the driving transistor DRT is supplied with the sensing
reference voltage Vpre.
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[0091] Here, the drive voltage EVDD supplied to the drive
voltage line DVL can be the second drive voltage EVDD2
which is lower than the first drive voltage EVDD1 supplied
in the display driving period.

[0092] By lowering the level of the drive voltage EVDD
supplied in the deterioration sensing period and keeping the
voltage level of the anode electrode of the organic light
emitting diode OLED, that is, the second node N2 of the
driving transistor DRT, constant, a quantity of electric
charge charged in the parasitic capacitor Coled of the driving
transistor DRT can be accurately sensed.

[0093] The boosting period Boosting is a period in which
the parasitic capacitor Coled is charged with electric charge
by causing a current to flow in the organic light emitting
diode OLED when application of a voltage for deterioration
sensing is completed.

[0094] Inthe boosting period Boosting, a signal with a low
level 1s supplied to the gate line GL. The first switch SW1
and the second switch SW2 of the sensing circuit 131 is kept
in the turned-on state, and the first switch SW1 can be turned
off before the sensing period Sensing is started.

[0095] When a scan signal with a low level is supplied to
the gate line GL, the switching transistor SWT and the
sensing transistor SENT are turned off and thus the first node
N1 and the second node N2 of the driving transistor DRT
becomes a floating state. Accordingly, the voltages of the
first node N1 and the second node N2 increase gradually.
[0096] A current flows into the organic light emitting
diode OLED and the parasitic capacitor Coled of the organic
light emitting diode OLED is charged with electric charge.
[0097] Here, since the level of the drive voltage EVDD
has been lowered to the second drive voltage EVDD2, the
voltage of the second node N2 of the driving transistor DRT
becomes constant and the parasitic capacitor Coled of the
organic light emitting diode OLED can be charged in a state
in which the voltage of the anode electrode of the organic
light emitting diode OLED is constant.

[0098] Since the quantity of electric charge charged in the
parasitic capacitor Coled can decrease as deterioration of the
organic light emitting diode OLED processes, it is possible
to detect a variation in the quantity of electric charge and to
sense deterioration of the organic light emitting diode
OLED.

[0099] The sensing period Sensing is a period in which
electric charge charged in the parasitic capacitor Coled is
detected after the parasitic capacitor Coled of the organic
light emitting diode OLED is charged.

[0100] In the sensing period Sensing, a scan signal with a
high level is supplied to the gate line and the first switch
SW1 of the sensing circuit 131 is kept in the turned-off state.
The second switch SW2 is kept in the turned-on state.
[0101] Since a voltage with such a level to turn off the
driving transistor DRT is supplied via the data line DL and
the sensing transistor SENT is turned on, the feedback
capacitor Cfb of the sensing circuit 131 is charged with the
electric charge charged in the parasitic capacitor Coled of
the organic light emitting diode OLED via the reference
voltage line RVL.

[0102] The amplifier of the sensing circuit 131 outputs a
value in the (=) direction as the quantity of electric charge
charged in the feedback capacitor Cfb increases. Accord-
ingly, when the quantity of electric charge charged in the
parasitic capacitor Coled decreases due to deterioration of
the organic light emitting diode OLED, the amplifier outputs
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a sensing voltage Vsen which is higher than that before
deterioration due to the decrease in the quantity of electric
charge charged in the feedback capacitor Ctb.

[0103] The recovery period Recovery is a predetermined
period before the deterioration sensing period has ended and
before display driving is started and is a period in which
voltages supplied to the voltage lines are reset for display
driving after deterioration sensing has been performed.
[0104] FIGS. 5 to 7 are diagrams illustrating examples of
the process of sensing deterioration of the subpixel illus-
trated in FIG. 3 and illustrating states of the subpixel SP and
the sensing circuit 131 at the timings illustrated in FIG. 4.
[0105] Referring to FIG. 5, the switching transistor SWT
and the sensing transistor SENT are turned on in the
initialization period Initial.

[0106] When the switching transistor SWT is turned on,
the sensing data voltage Vsdata is supplied to the first node
N1 of the driving transistor DRT. The sensing data voltage
Vsdata may be, for example, 14 V.

[0107] When the sensing transistor SENT is turned on, the
sensing reference voltage Vpre is supplied to the second
node N2 of the driving transistor DRT. The sensing reference
voltage Vpre may be, for example, 4 V.

[0108] The second drive voltage EVDD2 lower than the
first drive voltage EVDDI1 which is supplied in the display
driving period is supplied to the drive voltage line DVL. The
second drive voltage EVDD2 may be, for example, 10 V.
[0109] Here, the first switch SW1 of the sensing circuit
131 is kept in the turned-on state to initialize the feedback
capacitor Cfb.

[0110] Referring to FIG. 6, the switching transistor SWT
and the sensing transistor SENT are turned off in the
boosting period Boosting.

[0111] Since the switching transistor SWT and the sensing
transistor SENT are turned off, the voltages of the first node
N1 and the second node N2 of the driving transistor DRT
increases gradually. Then, the driving transistor DRT is
turned on and a current flows in the organic light emitting
diode OLED.

[0112] Here, since the second drive voltage EVDD2 is
supplied to the third node N3 of the driving transistor DRT,
the operating voltage of the organic light emitting diode
OLED, that is, the voltage of the second node N2 of the
driving transistor DRT, is kept at a constant level regardless
of deterioration of the organic light emitting diode OLED.
[0113] When a current flows in the organic light emitting
diode OLED, the parasitic capacitor Coled of the organic
light emitting diode OLED is charged.

[0114] Referring to FIG. 7, the switching transistor SWT
and the sensing transistor SENT are turned on in the sensing
period Sensing. Then, a voltage with such a level to turn off
the driving transistor DRT is supplied to the data line DL.
For example, the voltage may be 0.5 V.

[0115] Accordingly, the driving transistor DRT is in the
turned-off state in the sensing period Sensing. Since the first
switch SW1 of the sensing circuit 131 is in the turned-off
state, the feedback capacitor Cfb of the sensing circuit 131
can be charged with the electric charge charged in the
parasitic capacitor Coled of the organic light emitting diode
OLED via the reference voltage line RVL.

[0116] The amplifier of the sensing circuit 131 outputs a
sensing voltage Vsen corresponding to the quantity of elec-
tric charge charged in the feedback capacitor Cfb and can
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sense deterioration of the organic light emitting diode OLED
using the value of the output sensing voltage Vsen.

[0117] FIG. 8 is a diagram illustrating an example of a
quantity of electric charge which is charged in an organic
light emitting diode OLED in the process of sensing dete-
rioration before and after deterioration of the subpixel
illustrated in FIG. 3.

[0118] Referring to FIG. 8, as deterioration of the organic
light emitting diode OLED progresses, a current flowing
therein can decrease depending on the voltage supplied to
the organic light emitting diode OLED. The quantity of
electric charge charged in the parasitic capacitor Coled of
the organic light emitting diode OLED can decrease due to
the decrease of the current.

[0119] When deterioration of the organic light emitting
diode OLED progresses, the operating voltage of the organic
light emitting diode OLED can increase. When the operating
voltage of the organic light emitting diode OLED increases,
the quantity of electric charge charged in the parasitic
capacitor Coled of the organic light emitting diode OLED
can increase.

[0120] That is, the quantity of electric charge charged can
increase depending on the current flowing in the organic
light emitting diode OLED with application of a voltage
thereto and thus it may be difficult to accurately sensing
deterioration of the organic light emitting diode OLED.

[0121] However, according to the aspects of the disclo-
sure, since deterioration of the organic light emitting diode
OLED is sensed in a state in which the second drive voltage
EVDD2 with a lowered voltage level is supplied to the drive
voltage line DVL in the deterioration sensing period, a
current can flow in the organic light emitting diode OLED
in a state in which the operating voltage of the organic light
emitting diode OLED is kept constant.

[0122] Accordingly, since the quantity of electric charge
charged in the parasitic capacitor Coled of the organic light
emitting diode OLED decreases as deterioration of the
organic light emitting diode OLED progresses, it is possible
to accurately sense a degree of deterioration of the organic
light emitting diode OLED using the variation of the quan-
tity of electric charge charged in the parasitic capacitor
Coled of the organic light emitting diode OLED.

[0123] In this way, the aspects of the disclosure provides
a circuit that can accurate sense deterioration of an organic
light emitting diode OLED and control the drive voltages
EVDD supplied in the deterioration sensing period and the
display driving period.

[0124] FIG. 9 is a diagram illustrating an example of the
configuration of a drive voltage supply circuit 150 in the
display device 100 according to the aspects of the disclosure.

[0125] Referring to FIG. 9, the drive voltage supply circuit
150 according to the aspects of the disclosure includes a first
drive voltage output circuit 151 that outputs the first drive
voltage EVDDI for display driving and a second drive
voltage output circuit 152 that outputs the second drive
voltage EVDD?2 for deterioration sensing. The drive voltage
supply circuit 150 can further include a discharge circuit 153
that discharges the first drive voltage EVDD1 supplied to the
display panel 110 between the display driving period and the
deterioration sensing period.

[0126] The drive voltage supply circuit 150 can operate in
accordance with a control signal output from the controller
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140. For example, the drive voltage supply circuit 150 can
be disposed in the form of a module on a control printed
circuit board.

[0127] The first drive voltage output circuit 151 is sup-
plied with source voltage from a power supply circuit 200
which is located outside the drive voltage supply circuit 150
and outputs the first drive voltage EVDDI1 required for
display driving. The first drive voltage output circuit 151 can
operate in accordance with a control signal output from the
controller 140 and supply the first drive voltage EVDD1 to
the display panel 110 in the display driving period.

[0128] The second drive voltage output circuit 152 outputs
the second drive voltage EVDD2 required for deterioration
sensing. The second drive voltage EVDD2 may be a voltage
lower than the first drive voltage EVDDI. The second drive
voltage output circuit 152 includes a regulator (for example,
LDO) that lowers the voltage level of the source voltage
input from the outside and serves to lower the voltage level
input from the outside and to output the second drive voltage
EVDD2 required for deterioration sensing.

[0129] The second drive voltage output circuit 152 can
operates in accordance with a control signal output from the
controller 140 and supply the second drive voltage EVDD2
to the display panel 110 in the deterioration sensing period.
[0130] The discharge circuit 153 discharges the first drive
voltage EVDDI1 supplied to the display panel 110 between
the display driving period and the deterioration sensing
period.

[0131] That is, since the first drive voltage EVDD1 with a
high level is to be supplied to the display panel 110 in the
display driving period and the second drive voltage EVDD2
with a low level is to be supplied in the deterioration sensing
period, the discharge circuit 153 discharges the first drive
voltage EVDDI supplied to the display panel 110 between
the display driving period and the deterioration sensing
period.

[0132] When the discharge circuit 153 discharges the first
drive voltage EVDD1 supplied to the display panel 110
before performing deterioration sensing, the second drive
voltage EVDD?2 required for deterioration sensing can be
stably supplied to the display panel 110 in the deterioration
sensing period.

[0133] FIG. 10 is a diagram illustrating an example of the
structure of the drive voltage supply circuit 150 illustrated in
FIG. 9.

[0134] Referring to FIG. 10, the drive voltage supply
circuit 150 includes a first drive voltage output circuit 151
that outputs the first drive voltage EVDDI to a drive voltage
output terminal EVDD_Out and a second drive voltage
output circuit 152 that outputs the second drive voltage
EVDD2 to the drive voltage output terminal EVDD_Out.
The drive voltage supply circuit 150 further includes a
discharge circuit 153 that is electrically connected to the
drive voltage output terminal EVDD_Out and discharges the
first drive voltage EVDDI supplied to the display panel 110.

[0135] The first drive voltage output circuit 151 may
include, for example, a first transistor T1 that is controlled
by a first control signal CS1 which is output from the
controller 140 and a second transistor T2 that controls the
output of the first drive voltage EVDDI. The first drive
voltage output circuit 151 may further include a first resistor
R1 that is electrically connected between gate nodes of the
first transistor T1 and the second transistor T2 and a second
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resistor R2 that is electrically connected between an input
terminal of the first drive voltage EVDDI and the gate node
of the second transistor T2.

[0136] The first transistor T1 is turned off in accordance
with the first control signal CS1 output from the controller
140. When the first control signal CS1 with a high level is
supplied, the first transistor T1 is turned on to allow a ground
voltage to be supplied to the gate node of the second
transistor T2. Here, the first control signal CS1 is also
referred to as a “display control signal.”

[0137] The second transistor T2 is electrically connected
between the input terminal of the first drive voltage EVDDI1
and the drive voltage output terminal EVDD_Out.

[0138] When the first transistor R1 is turned on and the
ground voltage is supplied to the gate node of the second
transistor T2, the second transistor T2 is turned on by
voltage division based on the second resistor R2 and the first
drive voltage EVDD1 is output to the drive voltage output
terminal EVDD_Out.

[0139] Here, the first transistor T1 is an n-type transistor
and the second transistor T2 is a p-type transistor, but the
transistors may be of other types in some cases.

[0140] Inthisway, the first drive voltage output circuit 151
can receive the first control signal CS1 with a high level
from the controller 140 and supply the first drive voltage
EVDDI1 to the display panel 110 in the display driving
period and

[0141] In a period other than the display driving period,
the first drive voltage output circuit 151 can receive the first
control signal CS1 with a low level from the controller 140,
and turn off the first transistor 11 and the second transistor
T2 such that the first drive voltage EVDDI is not output to
the drive voltage output terminal EVDD_Out.

[0142] The second drive voltage output circuit 152 may
include, for example, a third transistor T3 that operates in
accordance with a second control signal CS2 which is output
from the controller 140 and a fourth transistor T4 that
controls the output of the second drive voltage EVDD2. The
second drive voltage output circuit 152 may further include
a third resistor R3 that is electrically connected between gate
nodes of the third transistor T3 and the fourth transistor T4
and a fourth resistor R4 that is electrically connected
between an input terminal of the second drive voltage
EVDD2 and the gate node of the fourth transistor T4.
[0143] The third transistor T3 is turned off by a third
control signal CS3 output from the controller 140 and is
turned on by the third control signal CS3 with a high level
to allow the ground voltage to be supplied to the gate node
of the fourth transistor T4. Here, the second control signal
CS2 is also referred to as a “sensing control signal.”
[0144] The fourth transistor T4 is electrically connected
between the input terminal of the second drive voltage
EVDD2 and the drive voltage output terminal EVDD_Out.
When the third transistor T3 is turned on and the ground
voltage is supplied to the gate node of the fourth transistor
T4, the fourth transistor T4 is turned on by voltage division
based on the fourth resistor R4 to allow the second drive
voltage EVDD2 to be output to the drive voltage output
terminal EVDD_Out.

[0145] Here, the third transistor T3 is an n-type transistor
and the fourth transistor T4 is a p-type transistor, but the
transistors may be of other types in some cases.

[0146] A first diode D1 can be connected between the
second drive voltage output circuit 152 and the drive voltage
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output terminal EVDD_Out. The first diode D1 can prevent
a current from flowing to the second drive voltage output
circuit 152 in which the voltage level is relatively low.
[0147] The second drive voltage output circuit 152
receives the second control signal CS2 with a high level
from the controller 140 and outputs the second drive voltage
EVDD2 to the drive voltage output terminal EVDD_Out to
enable accurate sensing of deterioration of the organic light
emitting diode OLED disposed in each subpixel SP in the
deterioration sensing period. In a period other than the
deterioration sensing period, the second drive voltage output
circuit 152 receives the second control signal CS2 with a low
level such that the second drive voltage EVDD2 is not
output therefrom.

[0148] The discharge circuit 153 may include a fifth
transistor T5 that is electrically connected between the drive
voltage output terminal EVDD_Out and the ground and
operates in accordance with a third control signal CS3 which
is output from the controller 140. The discharge circuit 153
may further include a fifth resistor R5 that is connected to a
gate node of the fifth transistor T5.

[0149] Since the gate node of the fifth transistor T5 is
electrically connected to the ground, the fifth transistor T5 is
kept in the turned-off state in the display driving period or
the deterioration sensing period and allows the drive voltage
EVDD to be stably output to the drive voltage output
terminal EVDD_Out.

[0150] When the fifth transistor T5 receives the third
control signal CS3 with a high level output from the con-
troller 140 in a period between the display driving period
and the deterioration sensing period, the fifth transistor T5 is
turned on to discharge the first drive voltage EVDDI sup-
plied to the display panel 110.

[0151] The third control signal CS3 is also referred to as
a “discharge control signal” and the fifth transistor T5 is also
referred to as a “discharge control transistor.”

[0152] Accordingly, the fifth transistor T5 of the discharge
circuit 153 is turned on in a period between the display
driving period and the deterioration sensing period to dis-
charge the first drive voltage EVDD1 supplied to the display
panel 110 such that the second drive voltage EVDD2 for
deterioration sensing can be supplied.

[0153] In a period other than the period for discharge, the
fifth transistor T5 is kept in the turned-off state such that the
first drive voltage EVDDI1 or the second drive voltage
EVDD2 can be stably supplied to the display panel 110.
[0154] FIG. 11 is a diagram illustrating an example of an
operation timing of the drive voltage supply circuit 150
illustrated in FIG. 10.

[0155] Referring to FIG. 11, the first control signal CS1
with a high level, the second control signal CS2 with a low
level, and the third control signal CS3 with a low level can
be supplied to the drive voltage supply circuit 150 in the
display driving period.

[0156] Accordingly, the first drive voltage output circuit
151 can operate in accordance with the first control signal
CS1 to supply the first drive voltage EVDDI required for
display driving to the display panel 110.

[0157] Inthe discharge period between the display driving
period and the deterioration sensing period, the discharge
circuit 153 can operate to discharge the first drive voltage
EVDDI1 supplied to the display panel 110.

[0158] For example, the discharge period may include
three time sections. In time section (1), the first control
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signal CS1 with a low level is input to the first drive voltage
output circuit 151. Accordingly, the first drive voltage output
circuit 151 stops outputting of the first drive voltage EVDDI1
and the drive voltage line DVL of the display panel 110 may
be in a floating state.

[0159] In time section (2), the third control signal CS3
with a high level is input to the discharge circuit 153. Then,
the first drive voltage output circuit 151 and the second drive
voltage output circuit 152 receive the first control signal CS1
and the second control signal CS2 with a low level. In time
section (2), since the fifth transistor T5 of the discharge
circuit 153 is in the turned-on state, the first drive voltage
EVDD1 supplied to the display panel 110 is discharged.
[0160] In time section (3), all of the first control signal
CS1, the second control signal CS2, and the third control
signal CS3 are input at a low level. By setting a predeter-
mined time section after the first drive voltage EVDDI has
been discharged and before the second drive voltage
EVDD2 is supplied, it is possible to stabilize the voltage
state of the drive voltage line DVL before deterioration
sensing is performed.

[0161] In this way, when discharge of the first drive
voltage EVDDI supplied to the display panel 110 has been
completed in the discharge period, the second control signal
CS2 with a high level is input to the second drive voltage
output circuit 152 in the deterioration sensing period. The
second drive voltage output circuit 152 operates in accor-
dance with the second control signal CS2 and the second
drive voltage EVDD?2 is supplied to the display panel 110.
[0162] Accordingly, by performing deterioration sensing
in a state in which the second drive voltage EVDD2 with a
level lower than that of the first drive voltage EVDDI is
supplied, it is possible to accurately sense a degree of
deterioration of an organic light emitting diode OLED.
[0163] By discharging the first drive voltage EVDDI1
supplied to the display panel 110 between the display
driving period and the deterioration sensing period, it is
possible to stably supply the second drive voltage EVDD2
in the deterioration sensing period.

[0164] FIGS. 12 to 14 are diagrams illustrating examples
of the process of operation of the drive voltage supply circuit
150 illustrated in FIG. 10.

[0165] Referring to FIG. 12, the first control signal CS1
with a high level, the second control signal CS2 with a low
level, and the third control signal CS3 with a low level are
input to the drive voltage supply circuit 150 in the display
driving period.

[0166] Accordingly, the first transistor T1 and the second
transistor T2 of the first drive voltage output circuit 151 are
turned on, and the first drive voltage EVDDI is output to the
drive voltage output terminal EVDD_Out and is supplied to
the display panel 110.

[0167] The third transistor T3 and the fourth transistor T4
of the second drive voltage output circuit 152 are kept in the
turned-off state. The fifth transistor T5 of the discharge
circuit 153 are also kept in the turned-off state and the first
drive voltage EVDDI can be stably supplied to the display
panel 110 in the display driving period.

[0168] Referring to FIG. 13, the third control signal CS3
with a high level, the first control signal CS1 with a low
level, and the second control signal CS2 with a low level are
input to the drive voltage supply circuit 150 in the discharge
period between the display driving period and the deterio-
ration sensing period.
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[0169] Accordingly, the first transistor T1 and the second
transistor T2 of the first drive voltage output circuit 151 are
turned off, and thus the first drive voltage EVDD1 is not
output. The third transistor T3 and the fourth transistor T4 of
the second drive voltage output circuit 152 are turned off,
and thus the second drive voltage EVDD2 is not output.
[0170] Since the fifth transistor T5 of the discharge circuit
153 is turned on and the drive voltage output terminal
EVDD_Out is electrically connected to the ground, the first
drive voltage EVDDI supplied to the display panel 110 is
discharged.

[0171] This process of discharge can be performed
through steps of stopping the output of the first drive voltage
EVDDI1, discharging the first drive voltage EVDDI1 of the
display panel 110, and stabilizing the drive voltage line DVL
as described above.

[0172] Referring to FIG. 14, the second control signal CS2
with a high level, the first control signal CS1 with a low
level, and the third control signal C3 with a low level are
input to the drive voltage supply circuit 150 in the deterio-
ration sensing period.

[0173] Accordingly, the first transistor T1 and the second
transistor T2 of the first drive voltage output circuit 151 are
kept in the turned-off state and the first drive voltage
EVDD1 is not output. The fifth transistor T5 of the discharge
circuit 153 is turned off and thus the voltage of the drive
voltage output terminal EVDD_Out is not discharged to the
ground.

[0174] Here, since the third transistor T3 and the fourth
transistor T4 of the second drive voltage output circuit 152
are turned on, the second drive voltage EVDD?2 is supplied
to the drive voltage line DVL of the display panel 110.
[0175] Since the second drive voltage EVDD2 lower than
the first drive voltage EVDDI required for display driving is
supplied to the drive voltage line DVL of the display panel
110, the operating voltage of the organic light emitting diode
OLED can be kept constant to sense deterioration.

[0176] In this way, the drive voltage supply circuit 150
according to the aspects of the disclosure enables stable
display driving and accurate deterioration sensing by sup-
plying drive voltages with different levels in the display
driving period and the deterioration sensing period.

[0177] By discharging the first drive voltage EVDDI1
supplied to the display panel 110 between the display
driving period and the deterioration sensing period, the
second drive voltage EVDD2 can be stably supplied in the
deterioration sensing period.

[0178] The second drive voltage EVDD2 required for
deterioration sensing can be stably supplied through this
process of discharge, but since a voltage of a high level such
as the first drive voltage EVDDI1 is discharged, circuit
elements of the discharge circuit 153 may be damaged in the
process of discharge.

[0179] The aspects of the disclosure provide the drive
voltage supply circuit 150 that can discharge the first drive
voltage EVDD1 supplied to the display panel 110 using the
discharge circuit 153, prevent damage of the discharge
circuit 153 by controlling a discharge speed, and stably
supply the first drive voltage EVDDI and the second drive
voltage EVDD2.

[0180] FIG. 15 is a diagram illustrating another example
of the structure of the drive voltage supply circuit 150
illustrated in FIG. 9.
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[0181] Referring to FIG. 15, the drive voltage supply
circuit 150 according to the aspects of the disclosure may
include a first drive voltage output circuit 151, a second
drive voltage output circuit 152, and a discharge circuit 153.
[0182] The first drive voltage output circuit 151 is elec-
trically connected between an input terminal of a first drive
voltage EVDDI1 which is supplied from an external power
supply and a drive voltage output terminal EVDD_Out and
can operate in accordance with a first control signal CS1
which is output from the controller 140.

[0183] The first drive voltage output circuit 151 includes
a first transistor T1 that is turned on or off in accordance with
the first control signal CS1 and a second transistor T2 that
controls outputting of the first drive voltage EVDDI. The
first drive voltage output circuit 151 further includes a first
resistor R1 that is connected between gate nodes of the first
transistor T1 and the second transistor T2 and a second
resistor R2 that is connected between the input terminal of
the first drive voltage EVDDI and the gate node of the
second transistor T2.

[0184] When the first control signal CS1 with a high level
is input to the first drive voltage output circuit 151 from the
controller 140, the first transistor T1 is turned on and the
ground voltage is supplied to the gate node of the second
transistor T2. Then, the second transistor T2 is turned on and
the first drive voltage EVDDI is output to the drive voltage
output terminal EVDD_Out.

[0185] Accordingly, the first drive voltage output circuit
151 can supply the first drive voltage EVDDI to the display
panel 110 in the display driving period.

[0186] The second drive voltage output circuit 152 is
electrically connected between the input terminal of the
second drive voltage EVDD2 and the drive voltage output
terminal EVDD_Out and can operate in accordance with a
second control signal CS2 which is output from the con-
troller 140.

[0187] The second drive voltage output circuit 152
includes a third transistor T3 that is turned on or off in
accordance with the second control signal CS2 and a fourth
transistor T4 that controls outputting of the second drive
voltage EVDD?2. The second drive voltage output circuit 152
further includes a third resistor R3 that is connected between
gate nodes of the third transistor T3 and the fourth transistor
T4 and a fourth resistor R4 that is connected between the
input terminal of the second drive voltage EVDD and the
gate node of the fourth transistor T4.

[0188] The second drive voltage EVDD2 input to the
second drive voltage output circuit 152 can be supplied from
a power supply which is provided separately from a power
supply that supplies the first drive voltage EVDDI1. Alter-
natively, the second drive voltage EVDD2 may be a voltage
which is generated by lowering a level of a voltage input
from the power supply that supplies the first drive voltage
EVDDI1.

[0189] When the second control signal CS2 with a high
level is input to the second drive voltage output circuit 152
from the controller 140, the third transistor T3 is turned on
and the ground voltage is supplied to the gate node of the
fourth transistor T4 to turn on the fourth transistor T4. When
the fourth transistor T4 is turned on, the second drive voltage
EVDD2 is output to the drive voltage output terminal
EVDD_Out.

[0190] A first diode D1 is disposed between the second
drive voltage output circuit 152 and the drive voltage output
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terminal EVDD_Out to prevent a current from flowing to the
second drive voltage output circuit 152 with a relatively low
voltage level.

[0191] In this way, the second drive voltage output circuit
152 can be supplied with the second control signal CS2 and
output the second drive voltage EVDD2 in the deterioration
sensing period, thereby enabling deterioration sensing in a
state in which the second drive voltage EVDD2 is supplied
to the display panel 110.

[0192] The discharge circuit 153 is connected to the drive
voltage output terminal EVDD_Out and can operate in
accordance with a third control signal CS3 which is input
from the controller 140.

[0193] The discharge circuit 153 can include a fifth tran-
sistor T5 that is electrically connected between the drive
voltage output terminal EVDD_Out and the ground and a
fifth resistor R5 that is connected to a gate node of the fifth
transistor T5.

[0194] The discharge circuit 153 can further include a first
capacitor C1 that is electrically connected between the drive
voltage output terminal EVDD_Out and the gate node of the
fifth transistor T5. The discharge circuit 153 can further
include a second capacitor C2 that is electrically connected
between the gate node of the fifth transistor TS and the
ground.

[0195] The discharge circuit 153 is supplied with the third
control signal CS3 with a high level output from the con-
troller 140 between the display driving period and the
deterioration sensing period.

[0196] When the third control signal CS3 with a high level
is supplied, the fifth transistor T5 is turned on and the first
drive voltage EVDDI supplied to the display panel 110 can
be discharged to the ground.

[0197] Here, since the first capacitor C1 is disposed
between the drive voltage output terminal EVDD_Out and
the gate node of the fifth transistor T5, it is possible to
control a discharge speed of the first drive voltage EVDDI1
which is discharged by the discharge circuit 153.

[0198] That is, by disposing the first capacitor C1 having
constant capacitance, it is possible to control the discharge
speed of the first drive voltage EVDD1 which is discharged
by the discharge circuit 153 on the basis of the discharge
speed of the first capacitor C1.

[0199] For example, when circuit elements included in the
discharge circuit 153 are as follows, the discharge speed of
the first capacitor C1 can be calculated as follows.

Discharge

CS3(V) RS (kQ) ClL@F) EVDDL(V) Vth(V) time (ms)
3.3 10 47 27 1 0.552
22 10 47 27 2.5 1.586

[0200] When the high-level voltage of the third control

signal CS3 is 3.3 V, resistance of the fifth resistor R5 is 10
kQ, capacitance of the first capacitor C1 is 4.7 nF, and a
threshold voltage of the fifth transistor TS is 1 V, a discharge
time of the first capacitor C1 can be calculated as 4.7 nFx27
V/{(3.3 V-1 V)/10 kQ}=0.552 ms. Alternatively, when the
threshold voltage of the fifth transistor T5 is 2.5 V, the
discharge time of the first capacitor C1 can be calculated as
4.7 nFx27 VI{(3.3 V-2.5 V)/10 10 kQ}=1.586 ms.

[0201] In this way, by connecting the fifth resistor R5
having constant resistance to the gate node of the fifth
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transistor T5 and disposing the first capacitor C1 having
constant capacitance between the drive voltage output tet-
minal EVDD_Out and the gate node of the fifth transistor
connected to the ground, it is possible to calculate the
discharge speed of the first capacitor C1.

[0202] A current which flows in the process of discharge
of the first drive voltage EVDD1 supplied to the display
panel 110 can be calculated as follows on the basis of the
discharge speed of the first capacitor C1.

Discharge
time (ms) EVDD Cap. (uF) EVDDL (V) Current (A)
0.552 200 27 9.79
1.586 200 27 3.40
[0203] When the discharge time of the first capacitor C1 is

0.552 ms and drive voltage capacitance of the display panel
110 is 200 pF, the current flowing in the process of discharge
can be calculated as 200 pFx27 V/0.552 ms=9.79 A. Alter-
natively, when the discharge time of the first capacitor C1 is
1.586 ms, the current flowing in the process of discharge can
be calculated as 200 uFx27 V/1.586 ms=3.40 A.

[0204] That is, the current flowing in the process of
discharge decreases as the discharge time of the first capaci-
tor C1 increases. By decreasing the current flowing in the
process of discharge, it is possible to prevent the fifth
transistor TS from being damaged in the process of dis-
charge.

[0205] In this way, in the aspects of the disclosure, it is
possible to prevent circuit elements included in the dis-
charge circuit 153 from being damaged and to discharge the
first drive voltage EVDD1 by adjusting the discharge time of
the first drive voltage EVDD1 supplied to the display panel
110 to control the current flowing in the process of discharge
between the display driving period and the deterioration
sensing period. Accordingly, it is possible to effectively
discharge the first drive voltage EVDD1 and to stably supply
the second drive voltage EVDD?2 in the deterioration sensing
period.

[0206] FIG. 16 is a diagram illustrating an example of a
discharge waveform of the first drive voltage EVDDI sup-
plied to the display panel 110 in the process of discharge in
the drive voltage supply circuit 150 illustrated in FIG. 15.
[0207] Referring to FIG. 16, the third control signal CS3
with a high level is supplied to the discharge circuit 153 of
the drive voltage supply circuit 150 in a period between the
display driving period and the deterioration sensing period.
Accordingly, the voltage of the gate node of the fifth
transistor TS increases and the first drive voltage EVDDI1
supplied to the display panel 110 is discharged by the
discharge circuit 153.

[0208] Here, since the fifth resistor RS having constant
resistance and the first capacitor C1 having constant capaci-
tance are disposed in the discharge circuit 153, the discharge
time can be controlled such that the current flowing in the
process of discharge does not increase fast.

[0209] Accordingly, the voltage of the drive voltage out-
put terminal EVDD_Out, that is, the first drive voltage
EVDD1 supplied to the display panel 110, is gradually
discharged and discharge can be stably performed without
damage of circuit elements included in the discharge circuit
153.
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[0210] On the other hand, the current flowing in the
process of discharge can be controlled by disposing the first
capacitor C1, but the voltage of the gate node of the fifth
transistor T5 can increase due to coupling by the first
capacitor C1 at a time point at which supply of the first drive
voltage EVDDI for display driving is started.

[0211] According to the aspects of the disclosure, since the
second capacitor C2 having capacitance greater than that of
the first capacitor C1 is disposed between the gate node of
the fifth transistor T5 and the ground, it is possible to prevent
the voltage of the gate node of the fifth transistor T5 from
increasing at the time point at which the first drive voltage
EVDD1 is supplied.

[0212] FIG. 17 is a diagram illustrating an example of a
voltage state of the gate node of the discharge control
transistor TS included in the discharge circuit 153 when
supply of the first drive voltage EVDDI for display driving
is started by the drive voltage supply circuit 150 illustrated
in FIG. 15.

[0213] Referring to FIG. 17, the first drive voltage output
circuit 151 of the drive voltage supply circuit 150 outputs the
first drive voltage EVDDI1 at a time point at which the
display device 100 is turned on and starts display driving or
at a time point at which display driving is started after a
deterioration sensing period.

[0214] When the first drive voltage output circuit 151
outputs the first drive voltage EVDD1, the voltage level of
the drive voltage output terminal EVDD_Out increases.
[0215] Here, since the first capacitor C1 is disposed
between the drive voltage output terminal EVDD_Out and
the gate node of the fifth transistor T5, the voltage of the gate
node of the fifth transistor T5 can increase due to coupling
to the drive voltage output terminal EVDD_Out.

[0216] In this case, the fifth transistor T5 is turned on and
the discharge circuit 153 can operate to discharge the first
drive voltage EVDDI.

[0217] However, since the second capacitor C2 having
capacitance greater than that of the first capacitor C1 is
disposed between the gate node of the fifth transistor T5 and
the ground, the voltage of the gate node of the fifth transistor
T5 can be prevented from increasing even in the period in
which the voltage of the drive voltage output terminal
EVDD_Out increases.

[0218] That is, by connecting the second capacitor C2
having greater capacitance between the gate node of the fifth
transistor T5 and the ground, it is possible to keep the
voltage of the gate node of the fifth transistor T5 constant
and to prevent the fifth transistor T5 from being turned on at
the time point at which the first drive voltage EVDDI1 is
supplied.

[0219] According to the aspects of the disclosure, by
supplying the second drive voltage EVDD2 lower than the
first drive voltage EVDDI required for display driving in the
deterioration sensing period of each organic light emitting
diode OLED, it is possible to keep the operating voltage of
the organic light emitting diode OLED constant and to
accurately sense deterioration of the organic light emitting
diode OLED.

[0220] By providing the drive voltage supply circuit 150
that supplies the first drive voltage EVDDI in the display
driving period, supplies the second drive voltage EVDD?2 in
the deterioration sensing period, and discharges the first
drive voltage EVDDI1 supplied to the display panel 110
between the display driving period and the deterioration
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sensing period, it is possible to stably supply the drive
voltages EVDD required for display driving and deteriora-
tion sensing.

[0221] By disposing the resistor having constant resis-
tance and the capacitor having constant capacitance in the
discharge circuit 153 of the drive voltage supply circuit 150
and controlling the discharge time of the first drive voltage
EVDDL1, it is possible to prevent circuit elements from being
damaged due to a fast increase of a current in the process of
discharge and to stably supply the drive voltage EVDD.
[0222] The above description merely exemplifies the tech-
nical idea of the present disclosure, and various modifica-
tions and changes can be made by those skilled in the art
without departing from the essential features of the disclo-
sure. The aspects disclosed in the disclosure are not for
restricting the technical idea of the disclosure but for
explaining the technical idea of the disclosure. Accordingly,
the technical scope of the disclosure is not limited by the
aspects. The scope of the disclosure is defined by the
appended claims, and all the technical ideas within a range
equivalent thereto should be construed as belonging to the
scope of the disclosure.

What is claimed is:

1. A display device comprising:

a display panel in which a plurality of gate lines, a
plurality of data lines, and a plurality of subpixels are
arranged;

a gate driving circuit that drives the plurality of gate lines;

a data driving circuit that drives the plurality of data lines;

a drive voltage supply circuit that supplies a drive voltage
to the display panel; and

a controller that controls the gate driving circuit, the data
driving circuit, and the drive voltage supply circuit,

wherein each of the plurality of subpixels includes an
organic light emitting diode, a driving transistor that
drives the organic light emitting diode, a switching
transistor that is electrically connected between a gate
node of the driving transistor and a corresponding data
line, and a sensing transistor that is electrically con-
nected between a source node or a drain node of the
driving transistor and a reference voltage line, and

wherein the drive voltage supply circuit supplies a first
drive voltage to the display panel during a display
driving period, supplies a second drive voltage lower
than the first drive voltage to the display panel during
a deterioration sensing period, and discharges the first
drive voltage supplied to the display panel between the
display driving period and the deterioration sensing
period.

2. The display device according to claim 1, wherein the

drive voltage supply circuit comprises:

a drive voltage output terminal that is electrically con-
nected to a drive voltage line disposed in the display
panel:

a first drive voltage output circuit that is electrically
connected between the drive voltage output terminal
and an external power supply and outputting the first
drive voltage to the drive voltage output terminal;

a second drive voltage output circuit that is electrically
connected to the drive voltage output terminal and
outputting the second drive voltage to the drive voltage
output terminal; and

a discharge circuit that is electrically connected between
the drive voltage output terminal and a ground.
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3. The display device according to claim 2, wherein the
discharge circuit comprises:

a discharge control transistor that is electrically connected
between the drive voltage output terminal and the
ground and operating in accordance with a discharge
control signal which is output from the controller;

a discharge speed control resistor that is electrically
connected to a gate node of the discharge control
transistor; and

a first capacitor that is electrically connected between the
drive voltage output terminal and the gate node of the
discharge control transistor.

4. The display device according to claim 3, wherein the
discharge circuit further comprises a second capacitor that is
electrically connected between the gate node of the dis-
charge control transistor and the ground and having a
capacitance greater than that of the first capacitor.

5. The display device according to claim 3, wherein the
gate node of the discharge control transistor is electrically
connected to the ground.

6. The display device according to claim 2, wherein the
drive voltage supply circuit further comprises a second drive
voltage generating circuit that is electrically connected
between the external power supply and the second drive
voltage output circuit and generating the second drive volt-
age based on a voltage supplied from the external power
supply.

7. The display device according to claim 2, wherein the
drive voltage supply circuit further includes a diode that is
electrically connected between the second drive voltage
output circuit and the drive voltage output terminal.

8. The display device according to claim 1, wherein the
controller outputs a display control signal for outputting the
first drive voltage to the drive voltage supply circuit during
the display driving period, and outputs a sensing control
signal for outputting the second drive voltage to the drive
voltage supply circuit during the deterioration sensing
period.

9. The display device according to claim 8, wherein the
controller outputs a discharge control signal for discharging
the first drive voltage to the drive voltage supply circuit
during at least a portion of a period between the display
driving period and the deterioration sensing period.

10. The display device according to claim 8, wherein the
controller has a preset time interval between the period in
which the controller outputs the discharge control signal and
the period in which the controller outputs the sensing control
signal.

11. The display device according to claim 1, wherein the
data driving circuit supplies a sensing data voltage to at least
some subpixels of the plurality of subpixels via the data lines
in the deterioration sensing period and senses quantities of
electric charge charged in the organic light emitting diodes
disposed in the subpixels to which the sensing data voltage
is supplied.

12. A display panel comprising:

a plurality of gate lines;

a plurality of data lines;

a plurality of subpixels that are defined in areas in which
the gate lines and the data lines intersect each other,
each of the plurality of subpixels comprising an organic
light emitting diode, a driving transistor that drives the
organic light emitting diode, a switching transistor that
is electrically connected between a gate node of the
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driving transistor and the corresponding data line, and
a sensing transistor that is electrically connected
between a source node or a drain node of the driving
transistor and a reference voltage line; and

at least one drive voltage line supplied with a first drive
voltage in a display driving period, and supplied with
a second drive voltage lower than the first drive voltage
during a deterioration sensing period, and discharges
the first drive voltage between the display driving
period and the deterioration sensing period.

13. A drive voltage supply circuit comprising:

a drive voltage output terminal that is electrically con-
nected to a drive voltage line;

a first drive voltage output circuit that is electrically
connected between the drive voltage output terminal
and an external power supply and outputs a first drive
voltage to the drive voltage output terminal during a
display driving period,

a second drive voltage output circuit that is electrically
connected to the drive voltage output terminal and
outputs a second drive voltage lower than the first drive
voltage to the drive voltage output terminal during a
deterioration sensing period; and

a discharge circuit that is electrically connected between
the drive voltage output terminal and a ground and
discharges the first drive voltage supplied to the drive
voltage line between the display driving period and the
deterioration sensing period.

14. The drive voltage supply circuit according to claim 13,

wherein the discharge circuit comprises:

a discharge control transistor that is electrically connected
between the drive voltage output terminal and the
ground;

a discharge speed control resistor that is electrically
connected to a gate node of the discharge control
transistor; and

a first capacitor that is electrically connected between the
drive voltage output terminal and the gate node of the
discharge control transistor.

12
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15. The drive voltage supply circuit according to claim 14,
wherein the discharge circuit further comprises a second
capacitor that is electrically connected between the gate
node of the discharge control transistor and the ground and
having a capacitance greater than that of the first capacitor.

16. The drive voltage supply circuit according to claim 14,
wherein the gate node of the discharge control transistor is
electrically connected to the ground.

17. The drive voltage supply circuit according to claim 13,
further comprising a second drive voltage generating circuit
that is electrically connected between the external power
supply and the second drive voltage output circuit and
generates the second drive voltage based on a voltage
supplied from the external power supply.

18. The drive voltage supply circuit according to claim 13,
further comprising a diode that is electrically connected
between the second drive voltage output circuit and the drive
voltage output terminal.

19. The display device according to claim 13, wherein the
discharge circuit comprises:

a discharge control transistor that is electrically connected
between the drive voltage output terminal and the
ground and operating in accordance with a discharge
control signal which is output from the controller;

a discharge speed control resistor that is electrically
connected to a gate node of the discharge control
transistor; and

a first capacitor that is electrically connected between the
drive voltage output terminal and the gate node of the
discharge control transistor.

20. The display device according to claim 19, wherein the
discharge circuit further comprises a second capacitor that is
electrically connected between the gate node of the dis-
charge control transistor and the ground and having a
capacitance greater than that of the first capacitor.
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