EP 3 460 786 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
27.03.2019 Bulletin 2019/13

(21) Application number: 18196456.0

(22) Date of filing: 25.09.2018

(11) EP 3 460 786 A1

EUROPEAN PATENT APPLICATION

(51) IntCl.:
GO09G 3/3225(2016.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 25.09.2017 US 201762562499 P
30.10.2017 KR 20170142738

(71) Applicant: LG Electronics Inc.
Yeongdeungpo-gu
Seoul 07336 (KR)

(72) Inventor: HWANGBO, Hanseok
06772 Seoul (KR)

(74) Representative: Katérle, Axel
Wuesthoff & Wuesthoff
Patentanwilte PartG mbB
SchweigerstraBe 2
81541 Miinchen (DE)

(54)

(57)  An organic light emitting diode display appara-
tus includes a display panel, a discharge circuit config-
ured to discharge a voltage if the display panel is driven
for more than a predetermined time and the supply of
power to the display panel is interrupted, and a processor

ORGANIC LIGHT EMITTING DIODE DISPLAY DEVICE

configured to, ifthe power is supplied, determine whether
a cooling time required for afterimage compensation of
the display panel is satisfied, and if the cooling time is
satisfied, perform the afterimage compensation of the
display panel.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 460 786 A1 2

Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
119 and 365 to Korean Patent Application No.
10-2017-0142738, filed on October 30, 2017 in the Ko-
rean Intellectual Property Office, the disclosure of which
is incorporated herein by reference.

BACKGROUND

[0002] The present disclosure relates to an organic
light emitting diode (OLED) display apparatus, and more
particularly, to an OLED display apparatus capable of
measuring an off time of a display panel evenif the supply
of power is interrupted.

[0003] Recently, various types of display apparatuses
have appeared. Among them, an organic light emitting
diode (OLED) display apparatus is widely used. Since
the OLED display apparatus is a self-luminous appara-
tus, the OLED display apparatus has lower power con-
sumption and can be made thinner than a liquid crystal
display (LCD) requiring a backlight. In addition, the OLED
display apparatus has a wide viewing angle and a fast
response time.

[0004] Ageneral OLED display apparatus includes red
(R), green (G), and blue (B) sub-pixels as one unit pixel
and display one image having various colors through the
three sub-pixels.

[0005] In the case of the OLED display apparatus, if a
fixed image (for example, an advertisement image of a
store) is displayed for a long time, the corresponding light
emitting devices also emit light continuously. If a current
continuously flows through a specific light emitting device
for a long time, the corresponding light emitting device
may be overloaded and thus the lifespan of the corre-
sponding light emitting device may be shortened.
[0006] As a result, the color representation capability
of the corresponding light emitting device is degraded.
Thus, if an image on a screen is changed, there occurs
a burn-in phenomenon in which a screen is not displayed
clearly as if an afterimage of a previous image remains
or a screen is stained.

[0007] An afterimage compensation method is used
for solving the problem that an afterimage of a previous
image remains on a screen.

[0008] The afterimage compensation method com-
pensates for brightness reduced by deterioration of pix-
els, and requires a cooling time which is a time for turning
off a display panel for a predetermined time. If a cooling
time is not ensured for a sufficient time, the temperature
of the display panel increases, and thus a voltage is ex-
cessively sensed. Thus, the accuracy of afterimage com-
pensation may be reduced.

[0009] If AC power is off, the processor of the OLED
display apparatus cannot measure the cooling time.
Thus, if AC power is turned on after the AC power is
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turned off, the screen may be turned off so as to secure
the cooling time of the display panel.

[0010] Inthis case, a user cannot use the display panel
for a predetermined time because the screen is turned
off. In particular, in a case where the display panel must
be immediately used for promotion, just like TVs dis-
played in stores, store users may suffer great inconven-
ience because the screen is turned off so as to secure
the cooling time.

[0011] Meanwhile, a battery and a real time check
(RTC) circuit have been used for measuring the cooling
time. However, the configuration of the battery and the
RTC circuit is expensive, and the use of the battery is
not permanent.

SUMMARY

[0012] Embodiments provide an organic light emitting
diode (OLED) display apparatus capable of measuring
a cooling time of a display panel even if the supply of
power is interrupted.

[0013] Embodiments provides an OLED display appa-
ratus capable of measuring a cooling time of a display
panel by using a switch element and a capacitor, even if
the supply of power is interrupted, without expensive bat-
tery or RTC circuit.

[0014] In one embodiment, an OLED display appara-
tus includes: a display panel; a discharge circuit config-
ured to discharge a voltage if the display panel is driven
for more than a predetermined time and the supply of
power to the display panel is interrupted; and a processor
configured to, ifthe power is supplied, determine whether
a cooling time required for afterimage compensation of
the display panel is satisfied, and if the cooling time is
satisfied, perform the afterimage compensation of the
display panel.

[0015] According to various embodiments of the
present disclosure, if the supply of power is interrupted,
the cooling time of the display panel can be measured.
Thus, it is unnecessary to turn off the screen so as to
secure the cooling time in a state in which the power is
on. Therefore, the afterimage compensation can be
quickly performed.

[0016] According to various embodiments of the
present disclosure, if the supply of power is interrupted,
the cooling time of the display panel can be measured
by using an inexpensive discharge circuit, thereby
achieving cost reduction.

[0017] The details of one or more embodiments are
set forth in the accompanying drawings and the descrip-
tion below. Other features will be apparent from the de-
scription and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a block diagram illustrating a configuration
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of an OLED display apparatus according to an em-
bodiment of the present disclosure.

Fig. 2 is a block diagram for describing a configura-
tion of a discharge circuit according to an embodi-
ment of the present disclosure.

Fig. 3 is a circuit diagram for describing an actual
circuit configuration of the discharge circuit accord-
ing to an embodiment of the present disclosure.
Fig. 4 is a graph showing a change in an output volt-
age of a second switch according to a voltage dis-
charge of a capacitor, according to an embodiment
of the present disclosure.

Fig. 5 is a flowchart of a method of operating an
OLED display apparatus, according to an embodi-
ment of the present disclosure.

Figs. 6 and 7 are circuit diagrams for describing a
configuration of a discharge circuit according to an-
other embodiment of the present disclosure.

Fig. 8 is a diagram for describing a waveform of an
output voltage of a discharge circuit according to a
discharge of a capacitor, according to an embodi-
ment of the present disclosure.

Fig. 9 is a flowchart of a method of operating an
OLED display apparatus, according to another em-
bodiment of the present disclosure.

FIG. 10 is a graph for describing a process of per-
forming afterimage compensation of a display panel,
according to an embodiment of the present disclo-
sure.

Figs. 11Ato 12 show test results for describing prob-
lems that may occur if afterimage compensation is
performed if a cooling time of a display panel is not
satisfied.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0019] Examples of various embodiments are illustrat-
ed in the accompanying drawings and described further
below. The suffixes "module" and "unit" for components
used in the description below are assigned or mixed in
consideration of easiness in writing the specification and
do not have distinctive meanings or roles by themselves.
[0020] A display apparatus according to an embodi-
ment of the present disclosure is, for example, an intel-
ligent display apparatus in which a computer support
function is added to a broadcast reception function. An
Internet function or the like is added to the display appa-
ratus that fundamentally has the broadcast reception
function. Accordingly, the display apparatus may include
an easy-to-use interface, such as a writing input device,
a touch screen, or a spatial remote control device. With
the support of a wired or wireless Internet function, the
display apparatus device may connectto the Internet and
computers and perform functions such as e-mail, web
browsing, banking, or games. In order to perform such
various functions, standardized general-purpose OS
may be used.

[0021] Accordingly, since various applications are
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freely added or deleted on a general purpose OS kernel,
a display apparatus described herein may perform vari-
ous user-friendly functions.

[0022] Fig. 1 is a block diagram illustrating a configu-
ration of an organic light emitting diode (OLED) display
apparatus according to an embodiment of the present
disclosure.

[0023] ReferringtoFig. 1, the OLED display apparatus
100 according to an embodiment of the present disclo-
sure may include a power supply unit 110, a discharge
circuit 130, a display panel 150, a memory 170, and a
processor 190.

[0024] The power supply unit 110 may supply DC pow-
er or AC power to the OLED display apparatus 100.
[0025] If AC power is supplied to the OLED display
apparatus 100 and DC power is not supplied thereto, the
display panel 150 is in a standby state. From the view-
point of the practical use, this may be a case where a
user turns off the power of the display panel 150 through
a remote controller and does not unplug an outlet.
[0026] If AC power is not supplied to the OLED display
apparatus 100, the display panel 150 is in an off state.
From the viewpoint of the practical use, this may be a
case where a user unplugs an outlet.

[0027] The discharge circuit 130 may measure a cool-
ing time necessary for afterimage compensation of the
display panel 150.

[0028] If the supply of power is interrupted, the dis-
charge circuit 130 may measure a discharge voltage
amount of a capacitor.

[0029] The processor 190 may determine whether the
cooling time during which the display panel 150 can be
sufficiently cooled is secured by using the measured dis-
charge voltage amount.

[0030] The display panel 150 may display an image.
[0031] The display panel 150 may be an OLED panel.
[0032] The display panel 150 may include a plurality
of sub-pixels (SP). The plurality of sub-pixels may be
formed in pixel regions defined by a plurality of gate lines
and a plurality of data lines intersecting with one another.
[0033] A plurality of driving power lines are formed on
the display panel 150. The plurality of driving power lines
are formed in parallel to the plurality of data lines and
supply driving power.

[0034] Each of the plurality of sub-pixels may be one
of a red sub-pixel, a green sub-pixel, a blue sub-pixel,
and a white sub-pixel.

[0035] One unit pixel which displays one image may
include a red sub-pixel, a green sub-pixel, a blue sub-
pixel, and a white sub-pixel adjacent to one another, or
may include a red sub-pixel, a green sub-pixel, and a
blue sub-pixel.

[0036] Each of the plurality of sub-pixels may include
an OLED and a pixel circuit.

[0037] The OLED is connected between the pixel cir-
cuit and a second driving power line and emits predeter-
mined color light by emitting light in proportion to a data
current amount supplied from the pixel circuit.
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[0038] To this end, the OLED includes an anode elec-
trode (or a pixel electrode) connected to the pixel circuit,
a cathode electrode (or a reflection electrode) connected
to the second driving power line, and a light emitting cell
formed between the anode electrode and the cathode
electrode to emit light of one of red, green, blue, and
white colors.

[0039] The light emitting cell may be formed to have a
structure of hole transport layer/organic emission lay-
er/electron transport layer or a structure of hole injection
layer/hole transport layer/organic emission layer/elec-
tron transport layer/electron injection layer. In addition,
the light-emitting cell may furtherinclude a functional lay-
er for improving the luminescent efficiency and/or
lifespan of the organic emission layer.

[0040] The pixel circuit supplies the OLED with a data
current corresponding to a data voltage supplied from a
data driver to a data line in response to a gate signal of
a gate-on voltage level supplied from a gate driver to a
gate line.

[0041] Atthistime, the datavoltage has a voltage value
in which deterioration characteristics of the OLED are
compensated. To this end, the pixel circuit includes a
switching transistor, a driving transistor, and at least one
capacitor, which are formed on a substrate by a thin film
transistor forming process. The switching transistor and
the driving transistor may be a-Si TFT, poly-Si TFT, oxide
TFT, organic TFT, or the like.

[0042] The switching transistor may supply a gate elec-
trode of the driving transistor with the data voltage sup-
plied to the data line according to the gate signal of the
gate-on voltage level supplied to the gate line.

[0043] Since the driving transistor is turned on accord-
ing to a gate-source voltage including the data voltage
supplied from the switching transistor, it is possible to
control a current amount flowing from a driving voltage
line (PL1) to the OLED.

[0044] The memory 170 may store the cooling time of
the display panel 150. Although described below, the
cooling time may be the time during which the display
panel 150 must be turned off for afterimage compensa-
tion of the display panel 150.

[0045] The processor 190 may control an overall op-
eration of the OLED display apparatus 100.

[0046] The processor 190 may include a timing con-
troller. However, this is merely an example, and the timing
controller may be present as a separate element from
the processor.

[0047] Thetiming controller may control driving timings
of the gate driver and the data driver based on a timing
synchronization signal input from an external system
main body (not shown) or a graphic card (not shown).
[0048] The timing controller may generate a gate con-
trol signal and a data control signal based on a timing
synchronization signal such as a vertical synchronization
signal, a horizontal synchronization signal, a data enable
signal, a dot clock, or the like.

[0049] Thetiming controller may controlthe driving tim-
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ing of the gate driver through the gate control signal, and
may control the driving timing of the data driver through
the data control signal so as to be synchronized there-
with.

[0050] The processor 190 may measure the use time
of the display panel 150. If the measured use time ex-
ceeds a predetermined time, the processor 190 may au-
tomatically perform an afterimage compensation algo-
rithm for preventing pixel deterioration of the display pan-
el 150.

[0051] In one embodiment, the predetermined time
may be 2,000 hours for household use, and 600 hours
for a store, but this is merely an example.

[0052] The processor 190 performs an operation for
compensating for an afterimage generated in the display
panel 150 at regular periods, so as to prevent deteriora-
tion of pixels constituting the display panel 150.

[0053] In order for accurate afterimage compensation,
the display panel 150 needs to be sufficiently cooled.
[0054] That is, before the afterimage compensation,
the display panel 150 needs to secure the cooling time
during which the operation must be turned off.

[0055] If the supply of AC power to the OLED display
apparatus 100 is maintained and the supply of DC power
is interrupted, the processor 190 is in an enabled state,
and thus, itis possible to measure the cooling time during
which the display panel 150 is turned off.

[0056] Inoneembodiment, the processor 190 may use
atimer to measure the time during which the display pan-
el 150 has been turned off and determine whether the
measured time satisfies the cooling time.

[0057] Inanotherembodiment, if the supply of AC pow-
er is maintained and the supply of DC power is interrupt-
ed, the processor 190 may measure the cooling time of
the display panel 150 by using the discharge circuit 130,
which will be described below.

[0058] Meanwhile, even if the supply of AC power is
interrupted, the processor 190 may check the cooling
time of the display panel 150 by using the discharge cir-
cuit 130.

[0059] The processor 190 may measure the cooling
time of the display panel 150 by checking the discharge
amount of the capacitor which is measured by the dis-
charge circuit 130.

[0060] The specific operation of the processor 190 will
be described below in more detail.

[0061] Fig. 2is a block diagram for describing the con-
figuration of the discharge circuit according to an embod-
iment of the present disclosure, and Fig. 3 is a circuit
diagram for describing the actual circuit configuration of
the discharge circuit according to an embodiment of the
present disclosure.

[0062] The discharge circuit 130 has been described
as being present as a separate element from the proc-
essor 190, butis not limited thereto. The discharge circuit
130 may be included in the configuration of the processor
190.

[0063] The discharge circuit 130 may be included in
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the processor 190 in the form of System On Chip (SOC),
or may be configured separately from the processor 190,
whichisinthe SOC form, and connected to the processor
190.

[0064] Referring to Figs. 2 and 3, the discharge circuit
130 may include a DC power supply unit 131, adischarge
control terminal 132, a first switch 133, a capacitor 134,
asecond switch 135, and adischarge check terminal 136.
[0065] In Figs. 2 and 3, the discharge control terminal
132 and the discharge check terminal 136 are described
as being included in the discharge circuit 130, but this is
merely an example. The discharge control terminal 132
and the discharge check terminal 136 may be included
in the processor 190.

[0066] Hereinafter, it is assumed that the case where
the supply of power to the display panel 150 is interrupted
includes both the case where the supply of AC power to
the display panel 150 is interrupted and the case where
the supply of DC power to the display panel 150 is inter-
rupted.

[0067] The processor 190 may determine whether the
cooling time necessary for cooling the display panel 150
is secured, during a period of time during which the supply
of power to the display panel 150 through the discharge
circuit 130 is turned off (interrupted).

[0068] If the power is supplied to the processor 190,
the processor 190 may determine whether the display
panel 150 has satisfied the cooling time during a period
of time during which the supply of power to the display
panel 150 is interrupted, based on the signal output from
the discharge circuit 130.

[0069] The processor 190 determines the cooling time
if the power is supplied to the processor 190, because
the processor 190 is not enabled if the power is not sup-
plied to the processor 190, and thus, the processor 190
cannot determine whether the display panel 150 has sat-
isfied the cooling time.

[0070] The DC power supply unit 131 may supply DC
power to the discharge circuit 130. In particular, the DC
power supply unit 131 may supply DC power to the first
switch 133 or the second switch 135.

[0071] The DC power supply unit 131 may include the
discharge circuit 130 as shown in Fig. 2, but this is merely
an example. The DC power supply unit 131 may be
present as a separate element from the discharge circuit
130.

[0072] The discharge control terminal 132 may apply,
to the first switch 133, a signal capable of determining
whether the capacitor 134 is charged or discharged un-
der the control of the processor 190.

[0073] The discharge control terminal 132 may be a
general port input/output (GPIO) output terminal.
[0074] The discharge control terminal 132 may deter-
mine whether to apply a high signal for turning on the
first switch 133 according to whether the power is sup-
plied to the display panel 150.

[0075] Ifthe poweris supplied to the display panel 150,
the discharge control terminal 132 may apply the high
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signal for turning on the first switch 133 to the first switch
133.

[0076] If the power is not supplied to the display panel
150, the discharge control terminal 132 may not apply
the high signal to the first switch 133. Thatis, if the power
is not supplied to the display panel 150, a voltage for
driving the first switch 133 is not applied, and thus the
first switch 133 may be turned off.

[0077] This seems as if a low signal for turning off the
first switch 133 is applied to the first switch 133.

[0078] The first switch 133 may be a bipolar junction
transistor (BJT). The reason why the BJT is used as the
first switch 133 is that the use of a field effect transistor
(FET) may cause an unintended discharge operation be-
cause of parasitic diode components between a source
terminal and a drain terminal.

[0079] Thefirst switch 133 may be turned on according
to the high signal received from the discharge control
terminal 132. As the first switch 133 is turned on, a DC
voltage transferred from the DC power supply unit 131
may be applied to the capacitor 134.

[0080] Accordingly, the capacitor 134 may be charged
with voltage.
[0081] If the supply of power to the display panel 150

is interrupted, the first switch 133 may be turned off. As
the first switch 133 is turned off, the voltage charged in
the capacitor 134 may be discharged.

[0082] The capacitor 134 may be charged or dis-
charged according to the on or off operation of the first
switch 133.

[0083] If the supply of power is interrupted, the capac-
itor 134 may have a capacity to measure the time that is
the same as the predetermined cooling time of the display
panel 150 or exceeds the cooling time thereof.

[0084] In Figs. 2 and 3, it has been assumed that one
capacitor 134 is used, but embodiments of the present
disclosure are not limited thereto. The capacitor 134 may
be configured by a plurality of capacitors.

[0085] The second switch 135 may be turned on ac-
cording to the discharge of the capacitor 134. That is, the
voltage discharged from the capacitor 134 is applied to
a gate terminal of the second switch 135, and thus the
second switch 135 may be turned on.

[0086] While the voltage is charged to the capacitor
134, no voltage is applied to the gate terminal of the sec-
ond switch 135, and thus the second switch 135 may be
turned off.

[0087] The second switch 135 may be turned off if the
voltage charged in the capacitor 134 is completely dis-
charged.

[0088] The discharge check terminal 136 may output
a discharge uncompleted signal or a discharge complet-
ed signal based on a voltage at a reference point K1
connected to the second switch 135 and the power supply
unit 131. The reference point K1 is a reference point for
determining whether the voltage of the capacitor 134 has
been completely discharged.

[0089] Referring to Fig. 3, the reference point K1 may
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be a point at which one end of the discharge check ter-
minal 136, the drain terminal of the second switch (FET)
135, and one end of a third resistor R3 are met.

[0090] The discharge check terminal 136 may detect
the on/off state of the second switch 135 based on the
measured voltage.

[0091] If the voltage measured at the reference point
K1 is afirst voltage or lower, the discharge check terminal
136 may determine that the second switch 135 is in a
turned-on state, and output a discharge-uncompleted
signal indicating that the voltage of the capacitor 134 has
not been completely discharged. It will be understood
throughout that in alternate embodiments, the discharge
check terminal may only output a discharge-completed
signal when the voltage of the capacitor has been com-
pletely discharged, and no discharge-uncompleted sig-
nal is output.

[0092] The first voltage may be a maximum voltage
satisfying an output condition of the discharge-uncom-
pleted signal.

[0093] The first voltage may be 0.67 V, but is merely
an example.

[0094] If the voltage measured at the reference point
K1 is a second voltage or higher, the discharge check
terminal 136 may determine that the second switch 135
is in a turned-off state, and output a discharge-completed
signal indicating that the voltage of the capacitor 134 has
been completely discharged.

[0095] The second voltage may be a minimum voltage
satisfying an output condition of the discharge-completed
signal.

[0096] The second voltage may be 2.7 V, but is merely
an example.

[0097] If the second switch 135 is turned on, the dis-
charge check terminal 136 may recognize that the volt-
age of the capacitor 134 has not been completely dis-
charged, and output a discharge-uncompleted signal. In
alternate embodiments, the discharge check terminal
may only output a discharge-completed signal when the
voltage of the capacitor has been completely discharged,
and no discharge-uncompleted signal is output.

[0098] In addition, if the second switch 135 is turned
off, the discharge check terminal 136 may recognize that
the voltage of the capacitor 134 has been completely
discharged, and output a discharge-completed signal.
[0099] If the discharge-completed signal is output
through the discharge check terminal 136, the processor
190 may determine that the cooling time of the display
panel 150 is satisfied.

[0100] Ifthe cooling time is satisfied, the processor 190
may perform an afterimage compensation algorithm. To
this end, the processor 190 may include an afterimage
compensation circuit.

[0101] The afterimage compensation circuit may be a
circuit for compensating for the deterioration of the pixels
of the display panel 150.

[0102] The afterimage compensation circuit may in-
clude a current sensor for measuring a current flowing
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through the OLED constituting the pixel.

[0103] The afterimage compensation circuit may de-
tect the deterioration degree of the pixel by using a dif-
ference between an existing current value and a changed
current value with respect to the same voltage.

[0104] The afterimage compensation circuit may ac-
quire a current amount, of which a current value is re-
duced with respect to an existing current value. The af-
terimage compensation circuit may compensate for the
deterioration of the pixel by applying the reduced current
amount to the OLED.

[0105] The cooling time necessary for the afterimage
compensation of the display panel 150 may be 55 min-
utes, but this is merely an example. The cooling time may
be changed according to the size of the display panel
150 and the model of the display panel 150.

[0106] The reason why the cooling time of a predeter-
mined time is secured before the afterimage compensa-
tion is that, if the afterimage compensation is performed
in a state in which the display panel 150 is not sufficiently
cooled, the temperature of the display panel 150 is high
and an excessive voltage is sensed, and thus the after-
image compensation is not accurately performed.
[0107] If the discharge-uncompleted signal is output
through the discharge check terminal 136, or if the dis-
charge-completed signal has not yet been output, the
processor 190 may determine that the cooling time of the
display panel 150 is not satisfied. Inthis case, if AC power
is supplied, the processor 190 may output a notification
indicating that the cooling time is not satisfied through
the display panel 150.

[0108] Then, the processor 190 may perform an oper-
ation for securing the cooling time of the display panel
150. The operation for securing the cooling time of the
display panel 150 may be an operation of turning off a
screen of the display panel 150.

[0109] If the cooling time of the display panel 150 is
secured, the processor 190 may perform the afterimage
compensation algorithm.

[0110] Next, the actual circuit configuration of the dis-
charge circuit 130 according to an embodiment of the
presentdisclosure will be described with reference to Fig.
3.

[0111] One end of the discharge control terminal 132
is connected to one end of a first resistor R1. The other
end of the discharge control terminal 132 is connected
to the processor 190.

[0112] The other end of the first resistor R1 is connect-
ed to a base terminal B of a first switch (BJT) 133.
[0113] A collector terminal C of the first switch 133 is
connected to one end of a second resistor R2.

[0114] An emitter terminal E of the first switch 133 is
connected to one end of a capacitor 134.

[0115] One end of the capacitor 134 is connected to a
gate terminal of the second switch (FET) 135.

[0116] The other end of the capacitor 134 is grounded.
[0117] A source terminal S of the second switch 135
is grounded, and a drain terminal D of the second switch
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135 is connected to one end of the discharge check ter-
minal 136 and one end of a third resistor R3.

[0118] The other end of the discharge check terminal
136 is connected to the processor 190.

[0119] The other end of the third resistor R3 is con-
nected to the other end of the second resistor R2 and
the DC power supply unit 131

[0120] The reference point K1 may be a point at which
one end of the discharge check terminal 136, the drain
terminal of the second switch (FET) 135, and one end of
the third resistor R3 are met.

[0121] Fig. 4 is a graph showing a change in the output
voltage of the second switch according to the voltage
discharge of the capacitor, according to an embodiment
of the present disclosure.

[0122] Hereinafter, the description of Fig. 4 is given
based on the description provided with reference to Figs.
2 and 3.

[0123] In the graph of Fig. 4, a horizontal axis repre-
sents a time and a vertical axis represents a voltage val-
ue.

[0124] A first waveform 410 is a waveform showing a
change in a voltage discharged from the capacitor 134.
That is, the first waveform 410 is a waveform showing a
change in a voltage across the capacitor 134.

[0125] A secondwaveform 430 is a waveform showing
a change in a voltage output from the reference point K1
of Fig. 3.

[0126] As can be seen from the first waveform 410, as
the voltage charged in the capacitor 134 is discharged,
the voltage across the capacitor 134 is reduced.

[0127] Accordingly, the discharged voltage is applied
to the gate terminal G of the second switch 135, and thus
the voltage measured at the reference point K1 may in-
crease (see the second waveform).

[0128] As a result, the voltage measured at the refer-
ence point K1 may be a voltage that increases as the
capacitor 134 is discharged.

[0129] If the voltage measured at the reference point
K1 is a second voltage A, the processor 190 may deter-
mine that the cooling time of the display panel 150 is
satisfied.

[0130] Thatis, ifthe voltage measured at the reference
point K1 is the second voltage A, the discharge check
terminal 136 may determine that the second switch 135
is turned off, and output the discharge-completed signal.
[0131] More specifically, if the voltage measured at the
reference point K1 is the second voltage A or higher, the
discharge check terminal 136 may determine that the
second switch 135 is turned off, and output the discharge-
completed signal.

[0132] Theprocessor 190 may determine thatthe cool-
ing time of the display panel 150 is satisfied through the
discharge-completed signal.

[0133] The processor 190 may drive the afterimage
compensation algorithm according to the discharge-
completed signal output from the discharge check termi-
nal 136.
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[0134] In one embodiment, if the voltage measured at
the reference point K1 is the first voltage B or lower, the
discharge check terminal 136 may determine that the
second switch 135is turned on, and output the discharge-
uncompleted signal. In alternate embodiments, the dis-
charge check terminal may only output a discharge-com-
pleted signal when the voltage of the capacitor has been
completely discharged, and no discharge-uncompleted
signal is output.

[0135] If the discharge-uncompleted signal is detect-
ed, or if no discharge-completed signal has been detect-
ed, the processor 190 may determine that the cooling
time of the display panel 150 is not satisfied, and turn off
the screen so as to satisfy the cooling time of the display
panel 150.

[0136] Then, if the cooling time of the display panel
150 is secured, the processor 190 may drive the after-
image compensation circuit.

[0137] Next, the process of performing the afterimage
compensation algorithm according to whether the cool-
ing time of the display panel 150 is satisfied will be de-
scribed with reference to the flowchart.

[0138] Fig. 5 is a flowchart of a method of operating
the OLED display apparatus, according to an embodi-
ment of the present disclosure.

[0139] Hereinafter, the method of operating the OLED
display apparatus will be described with reference to
Figs. 1 to 4.

[0140] First,if AC poweris supplied to the display panel
150, the processor 190 turns on the first switch 133
(S501), and the voltage transferred from the DC power
supply unit 131 is charged to the capacitor 134 as the
first switch 133 is turned on (S503).

[0141] Then, if the supply of AC power is interrupted,
the first switch 133 is also turned off (S505).

[0142] Accordingly, the voltage charged in the capac-
itor 134 is discharged (S507).

[0143] The discharge voltage of the capacitor 134 is
applied to the second switch 135 (S509). If the supply of
AC power is supplied, the processor 190 detects a signal
output from the discharge check terminal 136 (S511).
[0144] The processor 190 may determine whether the
signal output from the discharge check terminal 136 is a
discharge-completed signal (S513).

[0145] If the discharge check terminal 136 outputs the
discharge-completed signal, the processor 190 may per-
form the afterimage compensation algorithm (S515).
That is, the discharge-completed signal may be a trigger
signal for driving the afterimage compensation algorithm
to the display panel 150.

[0146] If the discharge check terminal 136 outputs the
discharge-uncompleted signal, or in other embodiment
if the discharge completed signal has not yet been output,
the processor 190 turns off the screen of the display panel
150 so as to secure the cooling time of the display panel
150 (S517).

[0147] That is, the discharge-uncompleted signal, or
in other embodiments the lack of discharge-completed
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signal, may be a signal for securing the cooling time of
the display panel 150.

[0148] Inoneembodiment, the processor 190 may out-
put a notification indicating that the operation for securing
the cooling time of the display panel 150 is being per-
formed.

[0149] If the cooling time of the display panel 150 is
secured (S519), the processor 190 may perform the af-
terimage compensation algorithm (S515).

[0150] Next, a configuration of a discharge circuit ac-
cording to another embodiment of the present disclosure
will be described.

[0151] Figs. 6 and 7 are circuit diagrams for describing
a configuration of a discharge circuit according to another
embodiment of the present disclosure.

[0152] In particular, Fig. 6 is a circuit diagram of a dis-
charge circuit 600 for reducing an unknown period of the
voltage measured at the reference point K1 described
with reference to Fig. 4, and Fig. 7 is a circuit diagram of
a discharge circuit 700 for removing an unknown period
of the voltage measured at the reference point K1.
[0153] Referring to Fig. 6, the discharge circuit 600
may include a DC power supply unit 131, a discharge
control terminal 132, a first switch 133, a capacitor 134,
a second switch 135, a third switch 137, and a discharge
check terminal 136.

[0154] The DC power supply unit 131, the discharge
control terminal 132, the first switch 133, the capacitor
134, and the second switch 135 are substantially the
same as those of Figs. 2 and 3.

[0155] The discharge circuit 600 of Fig. 6 may further
include the third switch 137, in addition to the discharge
circuit 130 of Figs. 2 and 3.

[0156] The third switch 137 may be a FET.

[0157] A gate terminal G of the third switch 137 is con-
nected to a drain terminal of the second switch 135 and
one end of the third resistor R3.

[0158] A source terminal S of the third switch 137 is
grounded

[0159] Adrainterminal D of the third switch 137 is con-
nected to one of the discharge check terminal 136 and
one end of a fourth resistor R4. The other end of the
fourth resistor R4 is connected to one end of a third re-
sistor R3.

[0160] A reference point K2 may be a point at which
one end of the fourth resistor R4, one end of the discharge
check terminal 136, and the drain terminal of the third
switch 137 are met.

[0161] The third switch 137 may be a switch used for
reducing an unknown period.

[0162] This will be described below with reference to
Fig. 4.

[0163] Referring to Fig. 4, if the voltage measured at
the reference point K1 is a second voltage A or higher,
the processor 190 may read the discharge-completed (or
high) signal of the discharge check terminal 136 and
check that the cooling time of the display panel 150 is
satisfied.
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[0164] In addition, if the voltage measured at the ref-
erence point K1 is the first voltage B or lower, the proc-
essor 190 may read the discharge-uncompleted (or low)
signal of the discharge check terminal 136.

[0165] That is, the processor 190 may recognize only
acase where the voltage measured at the reference point
K1 is the first voltage B or lower and a case where the
voltage measured at the reference point K1 is the second
voltage A or higher. In other words, the processor 190
cannot check the voltage of the reference point K1 which
exceeds the first voltage B and is lower than the second
voltage A.

[0166] Since the discharge check terminal 136 cannot
check the voltage that is lower than the second voltage
A and exceeds the first voltage B, the period between
the first voltage B and the second voltage A may be re-
ferred to as an unknown period t1.

[0167] If the unknown period t1 is long, the time for
determining the cooling time of the display panel 150 may
not be accurately grasped. Due to this, the afterimage
compensation operation of the display panel 150 may
not be smoothly performed.

[0168] Ifthe unknown period t1 canbe reduced, wheth-
er the cooling time is satisfied may be more accurately
grasped.

[0169] The discharge circuit 600 of Fig. 6 is capable of
reducing the unknown period through the third switch
137.

[0170] The third switch 137 may invert the voltage at
the reference point K1 and output the inverted voltage.
[0171] The waveform of the voltage at the reference
point K2 will be described with reference to Fig. 8.
[0172] Fig. 8 is a diagram for describing a waveform
of an output voltage of a discharge circuit according to a
discharge of a capacitor, according to an embodiment of
the present disclosure.

[0173] Referring to Fig. 8, a first waveform 410 is a
waveform showing a change in a voltage discharged from
the capacitor 134. That is, the first waveform 410 is a
waveform showing a change in a voltage across the ca-
pacitor 134.

[0174] A third waveform 810 is a waveform showing a
change in the voltage measured at the reference point
K2 of Fig. 6.

[0175] Referringto Fig. 8, the voltage measured at the
reference point K2 is inverted while passing through the
third switch 137.

[0176] In this case, if the voltage measured at the ref-
erence point K2 is the first voltage B or lower, the dis-
charge check terminal 136 may detect the discharge-
completed signal.

[0177] If the voltage measured at the reference point
K2 exceeds the second voltage A, the discharge check
terminal 136 may detect the discharge-uncompleted sig-
nal.

[0178] In addition, if a FET is used as the third switch
137, the time to reach the first voltage B from the second
voltage A may be reduced through a high speed switching
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operation.

[0179] The unknown period in which the voltage meas-
ured at the reference point K2 reaches the first voltage
B from the second voltage A is remarkably reduced by
t2, as compared with the unknown period t1.

[0180] Next, Fig. 7 is described.

[0181] In particular, a circuit of Fig. 7 may be a dis-
charge circuit 700 for removing an unknown period.
[0182] Referring to Fig. 7, the discharge circuit 700
may include a DC power supply unit 131, a discharge
control terminal 132, a first switch 133, a capacitor 134,
a second switch 135, a diode pair 138, a first capacitor
139, a reset IC circuit 140, a second capacitor 141, and
a discharge check terminal 136.

[0183] The DC power supply unit 131, the discharge
control terminal 132, the first switch 133, the capacitor
134, and the second switch 135 are substantially the
same as those of Figs. 2 and 3.

[0184] The diode pair 138 may include a first diode
138a and a second diode 138b.

[0185] One end of the first diode 138a is connected to
one end of a third resistor R3 and a drain terminal of the
second switch 135. One end of the first diode 138a is
connected to one end of the first capacitor 139 and one
end of the reset IC circuit 140.

[0186] One end of the second diode 138b is connected
to one end of a fifth resistor R5 and one end of a sixth
resistor R6. The other end of the second diode 138b is
connected to one end of the first capacitor 139 and one
end of the reset IC circuit 140.

[0187] The other end of the fifth resistor R5 is connect-
ed to the other end of the third resistor R3, and the other
end of the sixth resistor R6 is grounded.

[0188] The other end of the first capacitor 139 is
grounded.

[0189] The other end of the reset IC circuit 140 is con-
nected to one end of the discharge check terminal 136,
one end of the second capacitor 141, and one end of a
seventh resistor R7. The other end of the second capac-
itor 141 is grounded.

[0190] The other end of the seventh resistor R7 is con-
nected to the DC power supply unit 131.

[0191] The diode pair 138 serves to satisfy a minimum
voltage for driving the reset IC circuit 140.

[0192] Thefirstcapacitor 139 may remove a noise from
a voltage output by the diode pair 138.

[0193] The second capacitor 141 may remove a noise
from a voltage output from the reset IC circuit 140.
[0194] If the voltage measured at the reference point
K3 exceeds a predetermined voltage, the reset IC circuit
140 may output the discharge-completed signal to the
discharge check terminal 136.

[0195] The reference point K3 may be a point at which
the other end of the reset IC circuit 140, one end of the
discharge check terminal 136, one end of the second
capacitor 141, and one end of the seventh resistor R7
are met.

[0196] If the voltage measured at the reference point
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K3 is lower than the predetermined voltage, the reset IC
circuit 140 may output the discharge-uncompleted signal
to the discharge check terminal 136. In alternate embod-
iments, the reset IC circuit may only output a discharge-
completed signal when the voltage of the capacitor has
been completely discharged, and no discharge-uncom-
pleted signal is output.

[0197] That s, the reset IC circuit 140 may output the
discharge-completed signal if the voltage measured at
the reference point K3 exceeds the predetermined volt-
age, and in some embodiments may output the dis-
charge-uncompleted signal if the voltage measured at
the reference point K3 is lower than the predetermined
voltage.

[0198] If the voltage measured at the reference point
K3 is equal to the predetermined voltage, the reset IC
circuit 140 may output the discharge-completed signal
or in some embodiments the discharge-uncompleted sig-
nal.

[0199] Thatis, even if the voltage measured at the ref-
erence point K3 is equal to the predetermined voltage,
the reset IC circuit 140 may output the discharge-com-
pleted signal or in some embodiments the discharge-un-
completed signal so as to prevent the occurrence of the
unknown period.

[0200] Referring to Fig. 8, a fourth waveform 830
shows a waveform of the voltage measured at the refer-
ence point K3 if the reset IC circuit 140 is included in the
discharge circuit 700.

[0201] It can be seen from the fourth waveform 830
that no unknown period is present in the process of
changing the first voltage B to the second voltage A. This
is because, due to the presence of the reset IC circuit
140, it is designed to output only the discharge-complet-
ed signal orin some embodiments the discharge-uncom-
pleted signal.

[0202] Inthe case of using the reset IC circuit 140, the
unknown period is not present, and thus the cooling time
of the display panel 140 may be more accurately meas-
ured. Therefore, the afterimage compensation of the dis-
play panel 140 may be stably performed.

[0203] Next, a method of operating an OLED display
apparatus, according to another embodiment of the
present disclosure, will be described with reference to
Fig. 9.

[0204] In particular, Fig. 9 is a flowchart of a method
of preventing the afterimage compensation algorithm
from being driven, even though the cooling time of the
display panel 150 is not satisfied, in a case where the
FET or the capacitor is burnt or cracked.

[0205] The embodiment of Fig. 9 is described on the
assumption of the discharge circuit 700 described with
reference to Fig. 7, but is a scenario that is applicable to
both of Fig. 3 and 6.

[0206] The power supply unit 110 supplies AC power
to the display panel 150 (S901).

[0207] The processor 190 determines whether the dis-
charge completed signal has been received (S903).
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[0208] In one embodiment, if the discharge-completed
signal is output through the discharge check terminal
136, the processor 190 may determine that the voltage
discharge of the capacitor 134 has been completed.
[0209] In one embodiment, if the discharge-uncom-
pleted signal is output through the discharge check ter-
minal 136, or in some embodiments if the discharge com-
pleted signal has not yet been output, the processor 190
may determine that the voltage discharge of the capacitor
134 has not been completed.

[0210] If it is determined that the voltage discharge of
the capacitor 134 has been completed, the processor
190 recharges the voltage of the capacitor (S905), and
determines whether the discharge completed signal has
been received (S907).

[0211] If itis determined that the discharge completed
signal has been received, the processor 190 determines
that the discharge circuit 700 malfunctions, and performs
step 903 again, without performing the afterimage com-
pensation algorithm (S907).

[0212] That is, if the voltage of the capacitor 134 is
recharged, the discharge check terminal 136 must not
output the discharge-completed signal.

[0213] If the discharge-completed signal is detected
through the discharge check terminal 136, the processor
190 may determine that the discharge circuit 700 mal-
functions and do not perform the afterimage compensa-
tion of the display panel 150.

[0214] If it is determined that the voltage discharge of
the capacitor has not been completed, the processor 190
performs the afterimage compensation algorithm (S909).
[0215] The processor 190 may perform operations
S905 to S909 more than a predetermined number of
times. This is done for securing the reliability of the op-
eration of the discharge circuit.

[0216] The processor 190 turns off the screen of the
display panel 150 during the execution of the afterimage
compensation algorithm (S911).

[0217] After the afterimage compensation algorithm
has been completed, the processor 190 may turn on the
screen of the display panel 150.

[0218] FIG. 10 is a graph for describing the process of
performing the afterimage compensation of the display
panel, according to an embodiment of the present dis-
closure.

[0219] The sequence for compensating for the after-
image of the display panel 150 is shown in Fig. 10.
[0220] It is assumed in Fig. 10 that the use time nec-
essary for the afterimage compensation of the display
panel 150 is satisfied.

[0221] The graph of Fig. 10 is divided into a plurality
of periods. The plurality of periods may include a pre-
compensation activation period H1, an Off-RS compen-
sation period H2, a cooling time period H3, an afterimage
compensation period H4, and a post-compensation ac-
tivation period H5.

[0222] The pre-compensation activation period H1 and
the post-compensation activation period H5 may be pe-
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riods in which AC power is supplied to the display panel
150 and thus the image is driven on the display panel 150.
[0223] The Off-RS compensation period H2 may be a
period in which the compensation for the voltage of the
display panel 150 is performed without regard to the tem-
perature of the display panel 150 (that is, the cooling time
is not needed).

[0224] The Off-RS compensation period H2 may be a
period of a standby state in which AC power is supplied,
but DC power is not supplied.

[0225] The cooling time period H3 may be a period that
turns off the screen of the display panel 150 before the
afterimage compensation.

[0226] The afterimage compensation period H4 is a
period that compensates for the deterioration of pixels
constituting the display panel 150 after the cooling time
period H3.

[0227] If the afterimage compensation is performed in
a state in which the cooling time of the display panel 150
is not satisfied, a pixel deterioration compensation rate
may be reduced.

[0228] This will be described with reference to the ac-
companying drawings.

[0229] Figs. 11ato 12 show test results for describing
problems that may occur if the afterimage compensation
is performed if the cooling time of the display panel is not
satisfied.

[0230] In particular, Figs. 11a to 12 show a change in
a gain value of afterimage compensation according to a
change in the cooling time of the display panel 150, after
the image driving is finished, if an ambient temperature
of the display panel 150 is 25+ C.

[0231] Inorderto properly perform the afterimage com-
pensation of the display panel 150, the gain value must
maintain a predetermined value or more.

[0232] Figs.11ato 11fshow achange in an afterimage
gain value according to a pixel with respect to each of a
plurality of image scanning lines.

[0233] Each test was performed in a case where the
afterimage compensation was performed immediately
after the display panel 150 finished the image driving, in
a case where the afterimage compensation was per-
formed after 2 minutes, in a case where the afterimage
compensation was performed after 6 minutes, in a case
where the afterimage compensation was performed after
20 minutes, and in a case where the afterimage compen-
sation was performed after 60 minutes. Itis assumed that
the cooling time of the display panel 150 necessary for
the afterimage compensation is 60 minutes.

[0234] Inthis case, itis assumed that the waveform on
which the afterimage compensation is performed satis-
fies the cooling time after 60 minutes from the finish of
the image driving.

[0235] Fig. 11a is a waveform diagram showing a
change in an afterimage compensation value according
to a pixel, which was measured at a 2100th image scan-
ning line.

[0236] Fig. 11b is a waveform diagram showing a
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change in an afterimage compensation value according
to a pixel, which was measured at a 1950th image scan-
ning line.

[0237] Fig. 11c is a waveform diagram showing a
change in an afterimage compensation value according
to a pixel, which was measured at a 1580th image scan-
ning line.

[0238] Fig. 11d is a waveform diagram showing a
change in an afterimage compensation value according
to a pixel, which was measured at a 1220th image scan-
ning line.

[0239] Fig. 11e is a waveform diagram showing a
change in an afterimage compensation value according
to a pixel, which was measured at a 1000th image scan-
ning line.

[0240] Fig. 11f is a waveform diagram showing a
change in an afterimage compensation value according
to a pixel, which was measured at a 500th image scan-
ning line.

[0241] Referring to Figs. 11a to 11f, itis confirmed that
the gain value of the afterimage compensation is rapidly
reduced so that the afterimage compensation is rapidly
performed immediately after the image driving s finished.
That is, if the cooling time is short as compared with the
coolingtime of the display panel 150, the afterimage com-
pensation gain value becomes small, thus causing the
problem that reduces the compensation rate of the pixel.
[0242] Referring to Figs. 11a and 11c, immediately af-
ter the image driving (it is assumed to be 1 second), it
can be seen from the waveform of performing the after-
image compensation that the afterimage compensation
gain value is erroneously measured. This is caused by
local heat generation. If the afterimage compensation
gain value is erroneously measured, it is highly likely that
the afterimage compensation is inaccurately performed.
[0243] Fig. 12 is an enlarged view of a portion 1150 of
the graph of Fig. 11e.

[0244] Referring to Fig. 12, first to fifth gain waveforms
1201 to 1209 are shown on the 1000th image scanning
line.

[0245] The first gain waveform 1201 is a waveform
showing a change in the afterimage compensation gain
value according to a pixel, if the afterimage compensation
is performed, immediately after the image driving (after
1 second) on the display panel 150.

[0246] The second gain waveform 1203 is a waveform
showing a change in the afterimage compensation gain
value according to a pixel, if the afterimage compensation
is performed, after 2 minutes from the finish of the image
driving on the display panel 150.

[0247] The third gain waveform 1205 is a waveform
showing a change in the afterimage compensation gain
value according to a pixel, if the afterimage compensation
is performed, after 6 minutes from the finish of the image
driving on the display panel 150.

[0248] The fourth gain waveform 1207 is a waveform
showing a change in the afterimage compensation gain
value according to a pixel, if the afterimage compensation
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is performed, after 20 minutes from the finish of the image
driving on the display panel 150.

[0249] The fifth gain waveform 1209 is a waveform
showing a change in the afterimage compensation gain
value according to a pixel, if the afterimage compensation
is performed, after 60 minutes from the finish of the image
driving on the display panel 150.

[0250] Inthe first to fifth gain waveforms 1201 to 1209,
the afterimage compensation gain values corresponding
to the 1790th pixel are compared.

[0251] The afterimage compensation gain value is
0.42 in the case of the fifth gain waveform 1209, 0.39 in
the case of the fourth gain waveform 1207, 0.31 the case
of the third gain waveform 1205, 0.26 the case of the
second gain waveform 1203, and 0.18 the case of the
first gain waveform 1201.

[0252] As the cooling time is shorter as compared with
the cooling time of 60 minutes, the afterimage compen-
sation gain value is reduced.

[0253] As the afterimage compensation gain value is
reduced, it is highly likely that the timing controller will
inaccurately recognize the deterioration of the pixel, thus
causing the problem that reduces the compensation rate.
[0254] According to an embodiment, the above-de-
scribed method may also be embodied as processor-
readable codes on a program-recorded medium. Exam-
ples of the processor-readable medium may include a
ROM, aRAM, a CD-ROM, a magnetic tape, a floppy disk,
and an optical data storage device.

[0255] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope
of the principles of this disclosure. More particularly, var-
ious variations and modifications are possible in the com-
ponent parts and/or arrangements of the subject combi-
nation arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to
variations and modifications in the component parts
and/or arrangements, alternative uses will also be ap-
parent to those skilled in the art.

Claims

1. An organic light emitting diode display apparatus
comprising:

a display panel;

a discharge circuit configured to discharge a
voltage if the display panel is driven for more
than a predetermined time and the supply of
power to the display panel is interrupted; and
a processor configured to:

if the power is supplied, determine whether
a cooling time required for afterimage com-
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pensation of the display panel is satisfied,
based on the discharged voltage, and

if the cooling time is satisfied, perform the
afterimage compensation of the display
panel.

2. The organic light emitting diode display apparatus

according to claim 1, wherein the discharge circuit
comprises:

a capacitor;

a first switch configured to be turned on or off
according to whether the power is supplied to
the display panel; and

a second switch configured to be turned on or
offaccording to whether the capacitor is charged
or discharged, and

the processor determines whether the cooling
time is satisfied according to a turned-on or
turned-off state of the second switch.

3. The organic light emitting diode display apparatus

according to claim 2, wherein the discharge circuit
further comprises:

adischarge control terminal configured to deter-
mine whether to apply a high signal for turning
on the first switch according to whether the pow-
er is supplied to the display panel; and

a discharge check terminal configured to output
a discharge-completed signal or a discharge-
uncompleted signal according to the turned-on
or turned-off state of the second switch.

The organic light emitting diode display apparatus
according to claim 3, wherein the discharge check
terminal measures a voltage at afirst reference point
that meets one end of the second switch, determines
that the second switch is turned on if the voltage
measured at the first reference pointis a first voltage
or lower, and outputs the discharge-uncompleted
signal, and

the discharge check terminal determines that the
second switch is turned off if the voltage measured
at the first reference point is a second voltage or
higher, and outputs the discharge-completed signal.

The organic light emitting diode display apparatus
according to claim 4, wherein the processor performs
the afterimage compensation if the discharge-com-
pleted signal is detected through the discharge
check terminal, and

the processor does not perform the afterimage com-
pensation if the discharge-uncompleted signal is de-
tected.

The organic light emitting diode display apparatus
according to claim 5, wherein, if the discharge-un-
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completed signal is detected, the processor outputs
a notification indicating that the cooling time of the
display panel is not secured.

The organic light emitting diode display apparatus
accordingto claim 6, wherein the processor performs
the afterimage compensation if the cooling time is
satisfied.

The organic light emitting diode display apparatus
according to claim 2, wherein the first switch is a
bipolar junction transistor, and the second switch is
a field effect transistor.

The organic light emitting diode display apparatus
accordingto claim 4, further comprising a third switch
configured to reduce an unknown period of the volt-
age measured at the first reference point,
wherein the unknown period is a period taken for the
first voltage to reach the second voltage.

The organic light emitting diode display apparatus
according to claim 9, wherein the third switch is a
field effect transistor.

The organic light emitting diode display apparatus
according to claim 4, wherein the discharge circuit
further comprises a reset IC circuit disposed be-
tween the second switch and the discharge check
terminal and configured to remove an unknown pe-
riod taken for the first voltage to reach the second
voltage, and

the reset IC circuit outputs the discharge-completed
signal if a predetermined voltage or more is input,
and outputs the discharge-uncompleted signal if a
voltage less than the predetermined voltage is input.

The organic light emitting diode display apparatus
according to claim 3, wherein the process recharges
a voltage of the capacitor if the discharge-completed
signal is detected, and determines that the discharge
circuit malfunctions if the discharge-completed sig-
nal indicating that the discharge of the voltage of the
capacitor has been completed is redetected, and
does not perform the afterimage compensation.

The organic light emitting diode display apparatus
according to claim 12, wherein the processor re-
charges the voltage of the capacitor, and performs
the afterimage compensation if the discharge-un-
completed signal indicating that the discharge of the
voltage of the capacitor has not been completed is
detected.

The organic light emitting diode display apparatus
according to claim 3, wherein the discharge control
terminal is a general port input/output (GPIO) output
terminal, and the discharge check terminalis a GPIO
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input terminal.

The organic light emitting diode display apparatus
according to claim 1, further comprising an afterim-
age compensation circuit configured to perform the
afterimage compensation,

wherein the afterimage compensation circuit meas-
ures a reduced amount of a current flowing through
a pixel constituting the display panel, and compen-
sates for the reduced amount of the current for the
pixel.
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