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TIMING CONTROLLER, ORGANIC
LIGHT-EMITTING DIODE (OLED) DISPLAY
HAVING THE SAME AND METHOD FOR
DRIVING THE OLED DISPLAY

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] This application claims priority under 35 USC §119
to Korean Patent Application No. 10-2014-0136447. filed on
Oct. 10, 2014 in the Korean Intellectual Property Office
(KIPO), the contents of which are incorporated herein in its
entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Thedescribed technology generally relates to a tim-
ing controller, an organic light-emitting diode (OLED) dis-
play having the same, and a method for driving the OLED
display.

[0004] 2. Description of the Related Technology

[0005] Flat panel displays (FPDs) are widely used in elec-
tronic devices because they arerelatively lightweight and thin
compared to cathode-ray tube (CRT) displays. Examples of
FPDs include liquid crystal displays (I.CDs), field emission
displays (FEDs), plasma display panel (PDP) displays, and
OLED displays. OLED displays have been spotlighted as
next-generation displays because they have favorable charac-
teristics such as wide viewing angles, rapid response speeds,
thin profiles, low power consumption, etc.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0006] Some inventive aspects are a timing controller, an
OLED display having the timing controller, and a method of
driving an OLED display that can prevent a user from recog-
nizing an image defect although an input data is provided in
an abnormal timing.

[0007] Another aspect is a timing controller that can
include a fail mode determining unit configured to receive an
input signal, and to determine whether an OLED display
operates in a fail mode based on the input signal, a fail mode
generating unit configured to store a fail signal to be output in
the fail mode, and to output a multiplexed signal by selec-
tively outputting the input signal or the fail signal based on
whether the OLED display operates in the fail mode, and a fail
mode control unit configured to receive the multiplexed sig-
nal from the fail mode generating unit, to store the multi-
plexed signal received from the fail mode generating unit, and
to selectively output the multiplexed signal received in a
current frame or the multiplexed signal stored in a previous
frame based on whether the OLED display operates in the fail
mode.

[0008] In example embodiments, the input signal includes
input data and a data enable input signal and the fail mode
determining unit activates a fail enable signal when the data
enable signal is abnormally provided.

[0009] Inexample embodiments, the fail mode control unit
includes a memory configured to store the multiplexed signal
provided from the fail mode generating unit and a memory
control unit configured to generate a mask signal by delaying
the fail enable signal for one frame and to control the memory
to output the multiplexed signal based on the mask signal.
[0010] In example embodiments, the memory control unit
controls the memory to output the multiplexed signal stored
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in the current frame during an inactive period of the mask
signal and to output the multiplexed signal stored in the
previous frame during an active period of the mask signal.
[0011] In example embodiments, the memory control unit
deactivates the mask signal when an active period of the mask
signal is longer than a predetermined time.

[0012] In example embodiments, the fail mode generating
unit includes a fail signal storing unit configured to store the
fail signal that includes fail data and a data enable fail signal,
a first multiplexer configured to selectively output the input
data or the fail data based on the fail enable signal, and a
second multiplexer configured to selectively output the data
enable input signal or the data enable fail signal based on the
fail enable signal.

[0013] In example embodiments, the fail mode generating
unit includes a fail signal storing unit configured to store the
fail signal that includes fail data and a data enable fail signal,
a first multiplexer configured to selectively output the input
data or the fail data based on the fail enable signal, and a
second multiplexer configured to selectively output the data
enable input signal or the data enable fail signal based on the
fail enable signal.

[0014] In example embodiments, the first multiplexer out-
puts the fail data during an active period of the fail enable
signal and outputs the input data during an inactive period of
the fail enable signal.

[0015] In example embodiments, the second multiplexer
outputs the data enable fail signal during an active period of
the fail enable signal and outputs the data enable input signal
during an inactive period of the fail enable signal.

[0016] Another aspect is an OLED display that can include
a display panel including a plurality of pixels, a scan driver
configured to provide a scan signal to the plurality of pixels,
adata driver configured to provide a data signal to the plural-
ity of pixels, and a timing controller configured to control the
scan driver and the data driver. The timing controller can
determine whether the OLED display operates in a fail mode
based on an input signal, output a multiplexed signal accord-
ing to whether the OLED display operates in the fail mode,
and selectively output the multiplexed signal received in a
current frame or the multiplexed signal stored in a previous
frame based on whether the OLED display operates in the fail
mode.

[0017] In example embodiments, the timing controller
includes a fail mode determining unit configured to receive
the input signal and to determine whether the OLED display
operates in the fail mode based on the input signal, a fail mode
generating unit configured to store a fail signal to be output in
the fail mode and to output the multiplexed signal by selec-
tively outputting the input signal or the fail signal based on
whether the OLED display operates in the fail mode, and a fail
mode control unit configured to receive the multiplexed sig-
nal from the fail mode generating unit, to store the multi-
plexed signal received from the fail mode generating unit, and
to selectively output the multiplexed signal received in the
current frame or the multiplexed signal stored in the previous
frame based on whether the OLED display operates in the fail
mode.

[0018] In example embodiments, the input signal includes
input data and a data enable input signal, and the fail mode
determining unit activates a fail enable signal when the data
enable input signal is abnormally provided.

[0019] Inexample embodiments, the fail mode control unit
includes a memory configured to store the multiplexed signal
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provided from the fail mode generating unit, and a memory
control unit configured to generate a mask signal by delaying
the fail enable signal for one frame and to control the memory
to output the multiplexed signal based on the mask signal.
[0020] In example embodiments, the memory control unit
controls the memory to output the multiplexed signal stored
in the current frame during an inactive period of the mask
signal and to output the multiplexed signal stored in the
previous frame during an active period of the mask signal.
[0021] In example embodiments, the memory control unit
deactivates the mask signal when an active period of the mask
signal is longer than a predetermined time.

[0022] In example embodiments, the fail mode generating
unit includes a fail signal storing unit configured to store the
fail signal that includes fail data and a data enable fail signal,
a first multiplexer configured to selectively output the input
data or the fail data based on the fail enable signal, and a
second multiplexer configured to selectively output the data
enable input signal or the data enable fail signal based on the
fail enable signal.

[0023] In example embodiments, the first multiplexer out-
puts the fail data during an active period of the fail enable
signal and outputs the input signal during an inactive period
of the fail enable signal.

[0024] In example embodiments, the second multiplexer
outputs the data enable fail signal during an active period of
the fail enable signal and outputs the data enable input signal
during an inactive period of the fail enable signal.

[0025] Another aspect is a method for driving an OLED
display that includes a step of receiving an input signal that
includes input data and a data enable input signal, a step of
generating a fail enable signal that is activated based on the
data enable input signal when the OLED display operates in
a fail mode, a step of generating a multiplexed signal by
selectively outputting the input signal or a fail signal to be
output in the fail mode based on the fail enable signal, a step
of generating a mask signal by delaying the fail enable signal
for one frame, and a step of outputting the multiplexed signal
received in a current frame during an inactive period of the
mask signal or the multiplexed signal stored in a previous
frame during an active period of the mask signal.

[0026] In example embodiments, the multiplexed signal is
generated by outputting the input data during an inactive
period of the fail enable signal and outputting the fail data
during an active period of the fail enable signal.

[0027] In example embodiments, the mask signal is deac-
tivated when the mask signal has the active period after a
predetermined time.

[0028] Another aspect is a timing controller for an organic
light-emitting diode (OLED) display, comprising a failure
mode determiner configured to receive an input signal and
determine whether the OLED display is in a failure mode
based at least in part on the input signal, a failure mode
generator configured to 1) store a fail signal, ii) output the fail
signal in the failure mode, and iii) selectively output a multi-
plexed signal including one of the input signal or the fail
signal based at least in part on whether the OLED display is in
the failure mode, and a failure mode controller configured to
1) receive the multiplexed signal from the failure mode gen-
erator, ii) store the multiplexed signal, and iii) selectively
output the multiplexed signal of a current frame or the mul-
tiplexed signal of a previous frame based at least in part on
whether the OLED display is in the failure mode.
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[0029] 1In the above timing controller, the input signal
includes input data and a data enable input signal, wherein the
failure mode determiner is configured to activate a fail enable
signal when the data enable signal is determined abnormal.
[0030] Intheabove timing controller, the failure mode con-
troller includes a memory configured to store the multiplexed
signal. In the above timing controller, the failure mode con-
troller also includes a memory controller configured to 1)
delay the fail enable signal for one frame so as to generate a
mask signal and ii) control the memory to output the multi-
plexed signal based at least in part on the mask signal.
[0031] In the above timing controller, the mask signal
includes an active period and an inactive period, wherein the
memory controller is further configured to control the
memory to i) output the multiplexed signal of the current
frame during the inactive period and ii) output the multi-
plexed signal of the previous frame during the active period.
[0032] In the above timing controller, the mask signal has
an active period and an inactive period, wherein the memory
controller is further configured to deactivate the mask signal
when the active period is longer than a predetermined amount
of time.

[0033] Inthe abovetiming controller, the failure mode gen-
erator includes a fail signal memory configured to store the
fail signal including fail data and a data enable fail signal, a
first multiplexer configured to selectively output the input
data or the fail data based at least in part on the fail enable
signal, and a second multiplexer configured to selectively
output the data enable input signal or the data enable fail
signal based at least in part on the fail enable signal.

[0034] Inthe above timing controller, the fail enable signal
includes an active period and an inactive period, and wherein
the first multiplexer is further configured to 1) output the fail
data during the active period and ii) output the input data
during the inactive period.

[0035] The timing controller of claim 6, wherein the fail
enable signal includes an active period and an inactive period,
wherein the second multiplexer is further configured to i)
output the data enable fail signal during the active period and
ii) output the data enable input signal during the inactive
period of the fail enable signal.

[0036] Another aspect is an organic light-emitting diode
(OLED) display comprising a display panel including a plu-
rality of pixels, a scan driver configured to provide a scan
signal to the pixels, a data driver configured to provide a data
signal to the pixels, and a timing controller. The timing con-
troller is configured to i) control the scan driver and the data
driver, ii) determine whether the OLED display is in a failure
mode based at least in part on an input signal, iii) output a
multiplexed signal based at least in part on whether the OLED
display is in the failure mode, and iv) selectively output the
multiplexed signal of a current frame or the multiplexed sig-
nal of a previous frame based at least in part on whether the
OLED display is in the failure mode.

[0037] Intheabove display, the timing controller includes a
failure mode determiner configured to receive the input signal
and determine whether the OLED display is in the failure
mode based at least in part on the input signal. In the above
display, the timing controller also includes a failure mode
generator configured to 1) store a fail signal, i1) output the fail
signal in the failure mode, and iii) selectively output a multi-
plexed signal include one of the input signal or the fail signal
based at least in part on whether the OLED display is in the
failure mode. In the above display, the timing controller fur-
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ther includes a failure mode controller configured to i) receive
the multiplexed signal from the failure mode generator, ii)
store the multiplexed signal, and iii) selectively output the
multiplexed signal of the current frame or the multiplexed
signal of the previous frame based at least in part on whether
the OLED display is in the failure mode.

[0038] In the above display, the input signal includes input
data and a data enable input signal, wherein the failure mode
determiner is configured to activate a fail enable signal when
the data enable input signal is determined abnormal.

[0039] In the above display, the failure mode controller
includes amemory configured to store the multiplexed signal.
In the above display, the failure mode controller also includes
a memory controller configured to i) delay the fail enable
signal for one frame so as to generate a mask signal and 1i)
control the memory to output the multiplexed signal based at
least in part on the mask signal.

[0040] In the above display, the mask signal includes an
active period and an inactive period, wherein the memory
controller is configured to control the memory to 1) output the
multiplexed signal of the current frame during the inactive
period and ii) output the multiplexed signal of the previous
frame during the active period.

[0041] In the above display, the mask signal has an active
period and an inactive period, wherein the memory controller
is further configured to deactivate the mask signal when the
active period is longer than a predetermined amount of time.

[0042] In the above display, the failure mode generator
includes a fail signal memory configured to store the fail
signal including fail data and a data enable fail signal, a first
multiplexer configured to selectively output the input data or
the fail data based at least in part on the fail enable signal, and
a second multiplexer configured to selectively output the data
enable input signal or the data enable fail signal based at least
in part on the fail enable signal.

[0043] In the above display, the fail enable signal includes
an active period and an inactive period, wherein the first
multiplexer is further configured to 1) output the fail data
during the active period and ii) output the input signal during
the inactive period.

[0044] In the above display, the fail enable signal includes
an active period and an inactive period, wherein the second
multiplexer is further configured to 1) output the data enable
fail signal during the active period and ii) output the data
enable input signal during the inactive period of the fail
enable signal.

[0045] Another aspect is a method for driving an organic
light-emitting diode (OLED) display, the method comprising
receiving an input signal that includes input data and a data
enable input signal, generating a fail enable signal to be
activated based at least in part on the data enable input signal
when the OLED display is in a fail mode, selectively output-
ting a multiplexed signal including one of the input signal or
a fail signal, to be output in the fail mode, based at least in part
on the fail enable signal, delaying the fail enable signal for
one frame, and outputting the multiplexed signal of a current
frame during an inactive period or the multiplexed signal of a
previous frame during an active period of the mask signal.
[0046] In the above method, the fail enable signal includes
an active period and an inactive period, wherein the selec-
tively outputting includes outputting the input data during the
inactive period of the fail enable signal and outputting the fail
data during the active period of the fail enable signal.
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[0047] 1In the above method, the mask signal includes an
active period and an inactive period, wherein the mask signal
is deactivated when the mask signal has the active period after
a predetermined amount of time.

[0048] According to at least one of the disclosed embodi-
ments, a timing controller, an OLED display having the same,
and a method for driving the OLED display can prevent a user
from recognizing an image defect by outputting an image that
was displayed in a previous frame when an input data is
provided in an abnormal timing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIG. 1is a block diagram illustrating a timing con-
troller according to example embodiments.

[0050] FIG. 2 is a timing diagram illustrating an example
for describing an operation of the timing controller of FIG. 1.
[0051] FIG. 3 is a block diagram illustrating a fail mode
generating unit included in the timing controller of FIG. 1.
[0052] FIG. 4 is a block diagram illustrating a fail mode
control unit included in the timing controller of FIG. 1.
[0053] FIG. 5 is a block diagram illustrating an OLED
display according to example embodiments.

[0054] FIG. 6 is a block diagram illustrating an electronic
device that includes the OLED display of FIG. 5.

[0055] FIG. 7 is a diagram illustrating an example of the
electronic device of FIG. 6 that is implemented as a smart-
phone.

[0056] FIG. 8 is a flowchart illustrating a method for driv-
ing an OLED display according to example embodiments.
[0057] FIG. 9 is a timing diagram illustrating an example
for describing the method for driving the OLED display of the
FIG. 8.

[0058] FIG. 10 is a timing diagram illustrating another
example for describing the method for driving the OLED
display of the FIG. 8.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0059] An OLED display can operate in a failure mode in
which it displays a predetermined image when corrupt input
data is received. A user can recognize an image defect in the
form of, for example, display flicker even after returning to a
normal mode.

[0060] Hereinafter, the described technology will be
explained in detail with reference to the accompanying draw-
ings. In this disclosure, the term “substantially” includes the
meanings of completely, almost completely or to any signifi-
cant degree under some applications and in accordance with
those skilled in the art. Moreover, “formed on” can also mean
“formed over.” The term “connected” can include an electri-
cal connection.

[0061] Referringto FIG. 1, atiming controller 100 includes
a failure mode determining unit or failure mode determiner
120, a failure mode generating unit or failure mode generator
140, and a failure mode control unit or failure mode controller
160.

[0062] The failure mode determining unit 120 can receive
an input signal IS from an external system and determine
whetheran OLED display is operating in a failure mode based
on the input signal IS. Referring to FIG. 2, the input signal IS
includes input data DATA_I and a data enable input signal
DE_I. The input data DATA_I can be provided substantially
simultaneously with the data enable input signal DE_I. The
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data enable input signal DE_I can include an active period PA
and an inactive period PI in one frame. Pulses having a pre-
determined cycle can be provided during the active period PA
of the data enable input signal DE_I and, in some embodi-
ments, the pulses are not provided during the inactive period
PI of the data enable input signal DE_I. The input data
DATA_I can be provided during the active period PA of the
data enable input signal DE_I. The data enable input signal
DE_I can be abnormally provided because of an external
factor such as a static electricity. The failure mode determin-
ing unit 120 can activate the fail enable signal EN_F when the
data enable input signal DE_I is abnormally input. For
example, the failure mode determining unit 120 activates the
fail enable signal EN_F when the data enable input signal
DE_Iis delayed longer than a predetermined amount of time.
For example, the fail enable signal EN_F is activated when a
data enable input signal DE_I of an (N+2)th frame is not
provided after a data input signal DE_I of an (N+1)th frame is
provided even though the predetermined amount of time
passes as illustrated in FIG. 2. The failure mode determining
unit 120 can deactivate the fail enable signal EN_F when the
data enable input signal DE_I is normally provided. When a
data enable input signal DE_I of an (N+3)th frame provided
after the data enable input signal DE_I of the (N+2)th frame
is normally provided, the fail enable signal EN_F can be
deactivated as illustrated in FIG. 2. The failure mode deter-
mining unit 120 can provide the fail enable signal EN_Fto the
failure mode generating unit 140 and the failure mode control
unit 160.

[0063] The failure mode generating unit 140 can store a fail
signal FS that will be output in the failure mode and can
output a multiplexed signal CS by selectively outputting the
input signal IS or the fail signal FS based on whether the
OLED display is operating in the failure mode. Referring to
FIG. 3, the failure mode generating unit 140 includes a fail
signal storing unit 142, a first multiplexer 144, and a second
multiplexer 146. The fail signal storing unit 142 can store the
fail signal FS that will be output in the failure mode. The fail
signal FS can be a data signal that displays a predetermined
image. For example, the fail signal FS is a data signal that
displays a black color image or a mixed color image on the
display panel while the OLED display is operating in the
failure mode. Referring to FIG. 2, the fail signal FS includes
a fail data DATA_F and a data enable fail signal DE_F. The
fail data DATA_F can be output in synchronized or substan-
tially simultaneously (hereinafter to be referred to as “sub-
stantially simultaneously”) with the data enable fail signal
DE_F. The first multiplexer 144 can generate a multiplexed
data DATA_C by selectively outputting the input data
DATA I or the fail data DATA_F based on the fail enable
signal EN_F provided from the failure mode determining unit
120. For example, the first multiplexer 144 generates the
multiplexed data DATA_C by outputting the input data
DATA_I during an inactive period of the fail enable signal
EN_F and outputting the fail data DATA_F during an active
period of the fail enable signal EN_F. The second multiplexer
146 can generate a data enable multiplexed signal DE_C by
selectively outputting the data enable input signal DE_Ior the
data enable fail signal DE_F based on the fail enable signal
EN_F provided from the failure mode determining unit 120.
For example, the second multiplexer 146 generates the data
enable multiplexed signal DE_C by outputting the data
enable input signal DE_I during the inactive period of the fail
enable signal EN_F and outpuiting the data enable fail signal
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DE_F during the active period of the fail enable signal EN_F.
The multiplexed data DATA_C generated in the first multi-
plexer 144 and the data enable multiplexed signal DE_C
generated in the second multiplexer 146 can be provided to
the failure mode control unit 160 as the multiplexed signal
CS.

[0064] The failure mode control unit 160 can receive the
multiplexed signal from the failure mode generating unit 140,
store the multiplexed signal CS received from the failure
mode generating unit 140, and selectively output the multi-
plexed signal CS received in a current frame or the multi-
plexed signal stored in a previous frame based on whether the
OLED display is operating in the failure mode. Referring to
FIG. 4, the failure mode control unit 160 includes a memory
162 and a memory control unit 164. The memory 162 can
store the multiplexed data DATA _C provided from the failure
mode generating unit 140 per frame and output the multi-
plexed data DATA_C as an output data DATA_O in response
to a control signal CTL provided from the memory control
unit 164. Here, the output data DATA_O can be output
delayed for one frame. The memory control unit 164 can
control the multiplexed data DATA_C stored in the memory
162 based on the fail enable signal EN_F provided from the
failure mode determining unit 120 and the data enable mul-
tiplexed signal DE_C provided from the failure mode gener-
ating unit 140. For example, the memory control unit 164
generates a mask signal MS by delaying the fail enable signal
EN_F provided from the failure mode determining unit 120
for one frame. The mask signal MS can be activated and
delayed for one frame more than the fail enable signal EN_F
as illustrated in FIG. 2. The mask signal MS can be deacti-
vated substantially simultaneously with the data enable mul-
tiplexed signal DE_C. The memory control unit 164 can
control the memory 162 to output the multiplexed data
DATA_C stored in the current frame during an inactive period
of the mask signal MS and to output the multiplexed data
DATA_C stored in the previous frame during an active period
of the mask signal MS. The memory control unit 164 can
prevent a user from recognizing an image defect by output-
ting the multiplexed data DATA_C stored in the previous
frame during the active period of the mask signal MS. How-
ever, when a channel of an OLED display that is implemented
as atelevision device is changed or when an input source of an
OLED display that is implemented as a monitor of a computer
device is changed, the fail image based on the fail signal FS
should be displayed on a display panel. In this case, the
memory control unit 164 can measure a time of an active
period of the mask signal MS. When the active period of the
mask signal MS is longer than a predetermined time, the
memory control unit 164 can deactivate the mask signal MS.
Thus, the fail image based on the fail signal FS can be dis-
played on the display panel by outputting the multiplexed
data DATA_C received in the current frame. The memory
control unit 164 can control the memory 162 in various meth-
ods. For example, the memory 162 includes a plurality of data
storing blocks, and the memory control unit 164 reads or
writes data that is stored in the data storing block using an
address pointer. In this case, the memory control unit 164 can
increase the address pointer during the inactive period of the
mask signal MS and can maintain the address pointer during
the active period of the mask signal MS. The memory control
unit 164 can output the data enable multiplexed signal DE_C
provided from the failure mode generating unit 140 as the
data enable output signal DE_O. The output data DATA_O of
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the memory 162 can be output substantially simultaneously
with the data enable output signal DE_O as the output signal
OS.

[0065] As described above, the timing controller 100
according to example embodiments generates the mask sig-
nal MS according to the data enable fail signal EN_F and
outputs the multiplexed data DATA_C stored in the previous
frame during an active period of the mask signal MS when the
input signal IS is abnormally provided. Thus, the timing
controller 100 can prevent the user from recognizing the
image defect by outputting the input signal IS stored in the
previous frame, not the fail signal FS, although the OLED
display is operating in the failure mode because of the abnor-
mal input signal IS.

[0066] FIG. 5 is a block diagram illustrating an OLED
display according to example embodiments.

[0067] Referring to FIG. 5, an OLED display 200 includes
a display panel 210, a scan driver 220, a data driver 230, and
a timing controller 240. The timing controller 240 of FIG. 5
can correspond to the timing controller 100 of FIG. 1.

[0068] A plurality of pixels can be formed on the display
panel 210. The pixels can be formed in an intersection region
of a plurality of data lines DL.m and a plurality of scan lines
SLn. In some embodiments, each of the pixels includes a
pixel circuit, a driving transistor, and an organic light-emit-
ting diode (OLED). In this case, the pixel circuit can control
a current flowing through the OLED based on a data signal,
where the data signal is provided via the data line DLm in
response to the scan signal, where the scan signal is provided
via the scan line SLn. The OLED can emit light based on the
current.

[0069] The scan driver 220 can provide a scan signal to the
pixels via the scan lines SLn. The data driver 230 can provide
a data signal to the pixels via the data lines DLm according to
the scan signal.

[0070] The timing controller 240 can determine whether
the OLED display is operating in a failure mode based on the
input signal, generate a multiplexed signal according to
whether the OLED is operating in the failure mode, and
output a multiplexed signal stored in a previous frame when
the OLED display is operating in the failure mode. Further,
the timing controller 240 can include a control signal gener-
ating unit or control signal generator. The control signal gen-
erating unit can generate a scan control signal CTL1 that
controls the scan driver 220 based on the data enable output
signal and a data control signal CTL2 that controls the data
driver 230 based on the data enable output signal.

[0071] FIG. 6 is a block diagram illustrating an electronic
device that includes the OLED display of FIG. S and FIG. 7 is
a diagram illustrating an example of the electronic device of
FIG. 6 implemented as a smartphone.

[0072] Referring to FIGS. 6 and 7, the electronic device 300
can include a processor 310, a memory device or memory
320, a storage device 330, an input/output (I/O) device 340, a
power supply 350, and a display device 360. Here, the display
device 360 can correspond to the display device 200 of FIG.
5. In addition, the electronic device 300 can further include a
plurality of ports for communicating with video cards, sound
cards, memory cards, universal serial bus (USB) devices,
other electronic devices, etc. Although it is illustrated in FIG.
7 that the electronic device 300 is implemented as a smart-
phone 400, a kind of the electronic device 300 is not limited
thereto.
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[0073] The processor 310 can perform various computing
functions. The processor 310 can be a microprocessor, a
central processing unit (CPU), etc. The processor 310 can be
coupled to other components via an address bus, a control
bus, a data bus, etc. Further, the processor 310 can be coupled
to an extended bus such as peripheral component interconnect
(PCT) bus. The memory device 320 can store data for opera-
tions of the electronic device 300. The memory device 320
can include at least one non-volatile memory device such as
an erasable programmable read-only memory (EPROM)
device, an electrically erasable programmable read-only
memory (EEPROM) device, a flash memory device, a phase
change random access memory (PRAM) device, a resistance
random access memory (RRAM) device, a nano floating gate
memory (NFGM) device, a polymer random access memory
(PoRAM) device, a magnetic random access memory
(MRAM) device, a ferroelectric random access memory
(FRAM) device, etc., and/or at least one volatile memory
device such as a dynamic random access memory (DRAM)
device, a static random access memory (SRAM) device, a
mobile DRAM device, etc. The storage device 330 can
include a solid state drive (SSD) device, a hard disk drive
(HDD) device, a CD-ROM device, etc.

[0074] The /O device 340 can be an input device such as a
keyboard, akeypad, a touchpad, a touch-screen, a mouse, etc.,
and an output device such as a printer, a speaker, etc. In some
embodiments, the display device 360 is included in the I/O
device 340. The power supply 350 can provide power for
operations of the electronic device 300. The display device
360 can communicate with other components via the buses or
other communication links.

[0075] FIG. 8 is a flowchart illustrating a method for driv-
ing an OLED display according to example embodiments.
[0076] In some embodiments, the FIG. 8 procedure is
implemented in a conventional programming language, such
as C or C++ or another suitable programming language. The
program can be stored on a computer accessible storage
medium of the OLED display 200, for example, a memory
(not shown) of the OLED display 200 or the timing controller
240. In certain embodiments, the storage medium includes a
random access memory (RAM), hard disks, floppy disks,
digital video devices, compact discs, video discs, and/or other
optical storage mediums, etc. The program can be stored in
the processor. The processor can have a configuration based
on, forexample, i) an advanced RISC machine (ARM) micro-
controller and ii) Intel Corporation’s microprocessors (e.g.,
the Pentium family microprocessors). In certain embodi-
ments, the processor is implemented with a variety of com-
puter platforms using a single chip or multichip microproces-
sors, digital signal processors, embedded microprocessors,
microcontrollers, etc. In another embodiment, the processor
is implemented with a wide range of operating systems such
as Unix, Linux, Microsoft DOS, Microsoft Windows 8/7/
Vista/2000/9x/ME/XP, Macintosh OS, OS X, OS/2, Android,
108 and the like. In another embodiment, at least part of the
procedure can be implemented with embedded software.
Depending on the embodiment, additional states can be
added, others removed, or the order of the states changed in
FIG. 8.

[0077] Referring to FIG. 8, the method for driving an
OLEDdisplay includes receiving an input signal that includes
input data and a data enable input signal (S100), generating a
fail enable signal that is activated based on the data enable
input signal when the OLED display is operating in a failure
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mode (S120), and outputting a multiplexed signal by selec-
tively outputting the input signal or a fail signal output in the
failure mode based on the fail enable signal (S140). The
method for driving the OLED display also includes generat-
ing a mask signal by delaying the fail enable signal for one
frame (8160) and outputting the multiplexed signal received
in a current frame during an inactive period of the mask signal
or the multiplexed signal stored in a previous frame during an
active period of the mask signal (S180).

[0078] For example, the method for driving the OLED dis-
play of FIG. 8 can include receiving the input signal that
includes the input data and the data enable input signal
(8100). The data enable input signal can include an active
period and an inactive period. In some embodiments, pulses
having a predetermined cycle can be provided during the
active period of the data enable input signal and the pulses are
not provided during the inactive period of the data enable
input signal. The input data can be provided during the active
period of the data enable input signal. The data enable signal
can be abnormally provided because of an external factor
such as a static electricity.

[0079] The method for driving the OLED display of FIG. 8
can include generating the fail enable signal that is activated
based on the data enable input signal when the OLED display
is operating in a failure mode (S120). The fail enable signal
can be activated when the data enable signal is delayed longer
than a predetermined amount of time. Further, the fail enable
signal can be deactivated when the data enable input signal is
normally provided.

[0080] The method for driving the OLED display of FIG. 8
can include generating the multiplexed signal by selectively
outputting the input signal or a fail signal to be output in the
failure mode based on the fail enable signal (S140). The fail
data can be a data signal that outputs a predetermined image.
The fail data can be output substantially simultaneously with
the data enable fail signal. The fail data and the data enable
fail signal can be stored in a fail signal storing unit. A fail
signal can include the fail data and the data enable fail signal.
For example, the fail signal includes a data signal that dis-
plays a black color image or a mixed color image on the
display panel while the OLED display is operating in the
failure mode. A multiplexed data can be generated by output-
ting the input data during an inactive period of the fail enable
signal and by outputting the fail data during an active period
of the fail enable signal. Further, a data enable multiplexed
signal can be generated by outputting the data enable input
signal during the inactive period of the fail enable signal and
by outputting the data enable fail signal during the active
period of the fail enable signal.

[0081] The method for driving the OLED display of FIG. 8
can include generating the mask signal by delaying the fail
enable signal for one frame (S160). The mask signal can be
activated and delayed for one frame more than the fail enable
signal. The mask signal can be deactivated substantially
simultaneously with the data enable multiplexed signal.
When the active period of the mask signal is longer than a
predetermined time, the mask signal can be deactivated.
[0082] The method for driving the OLED display of FIG. 8
can include outputting the multiplexed signal received in a
current frame during the inactive period of the mask signal or
multiplexed signal stored in the previous frame during the
active period of the mask signal (5180). The multiplexed data
received in the current frame can be output during the inactive
period of the mask signal. The multiplexed data stored in the
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previous frame can be output during the active period of the
mask signal. A user can be prevented from recognizing an
image defect by outputting the multiplexed data stored in the
previous frame during the active period of the mask signal.
However, when a channel of an OLED display that is imple-
mented as a television device is changed or when an input
source of an OLED display that is implemented as a monitor
of a computer device is changed. the fail image based on the
fail signal should be displayed on a display panel. When the
active period of the mask signal is longer than a predeter-
mined time, the mask signal can be deactivated. Thus, the
image based on the fail signal can be displayed on the display
panel by outputting the multiplexed data received in the cur-
rent signal.

[0083] The output data that is generated by controlling an
output of the multiplexed signal based on the mask signal can
be output substantially simultaneously with the data enable
output signal. Here, a data enable multiplexed signal can be
output as the data enable output signal. The output data can be
generated and delayed for one frame. As described above, the
method for driving the OLED display can prevent the user
from recognizing the image defect by outputting the input
signal of the previous frame, not the fail signal, although the
OLED display is operating in the failure mode because of the
abnormal input signal.

[0084] FIG. 9 is a timing diagram illustrating an example
for describing the method for driving the OLED display of the
FIG. 8.

[0085] Referring to FIG. 9, an input signal IS includes a
data enable input signal DE_I and input data DATA_I. When
the data enable input signal DE_I is abnormally input, a fail
enable signal EN_F can be activated. As illustrated in FIG. 9,
when the data enable input signal DE_I of an (N+1)th frame
and the data enable input signal DE_I of an (N+3)th frame is
delayed, the fail enable signal EN_F is activated. The acti-
vated fail enable signal EN_F can be deactivated when the
data enable input signal DE_I is normally input. A multi-
plexed signal CS can be generated based on a fail enable
signal EN_F. The multiplexed signal CS can be generated by
outputting different signals during an active period of the fail
enable signal EN_F and an inactive period of the fail enable
signal EN_F. For example, the OLED display includes a fail
signal storing unit that stores a fail signal FS. The OLED
display can display a predetermined image based on the fail
signal FS when the OLED display is operating in a failure
mode. The fail signal FS can include a fail data DATA_F and
a data enable fail signal DE_F. The data enable multiplexed
signal DE_C can be generated by outputting the data enable
input signal DE_I during the inactive period of the fail enable
signal EN_F and outputting the data enable fail signal DE_F
during the active period of the fail enable signal EN_F. Fur-
ther, the multiplexed data DATA_C can be generated by out-
putting the input data DATA_I during the inactive period of
the fail enable signal EN_F and by outputting the fail data
DATA_F during the active period of the fail enable signal
EN_F. A mask signal MS can be generated by delaying the
fail enable signal EN_F for one frame. The data enable mul-
tiplexed signal DE_C can be output as a data enable output
signal DE_O. The output data DATA_O can be generated
based on the mask signal MS. The output data DATA_O can
be generated by outputting the multiplexed data DATA_C
received in a current frame during the inactive period of the
mask signal MS and by outputting the multiplexed data
DATA_C stored in the previous frame during the active period
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of the mask signal MS. The output data DATA_O can be
output substantially simultaneously with the data enable out-
putsignal DE_O as an output signal OS. As described above,
the user can be prevented from recognizing the image defect
by outputting the multiplexed data DATA_C stored in the
previous frame during the active period of the mask signals
MS.

[0086] FIG. 10 is a timing diagram illustrating another
example for describing the method for driving the OLED
display of the FIG. 8.

[0087] Referring to FIG. 10, an input signal IS includes a
data enable input signal DE_I and an input data DATA_I.
When the data enable input signal DE_I is abnormally input,
a fail enable signal EN_F can be activated. In case that a data
enable input signal DE_I of an (N+1)th frame is delayed, the
fail enable signal EN_F can be activated. When a channel of
an OLED display that is implemented as a television device is
changed or when an input source of an OLED display that is
implemented as a monitor of a computer device is changed,
the fail enable signal EN_F can maintain an active state as
illustrated in FIG. 10. A multiplexed signal CS can be genet-
ated based on the fail enable signal EN_F. The multiplexed
signal CS can be generated by outputting different signals
during an active period of the fail enable signal EN_F and an
inactive period of the fail enable signal EN_F. For example,
the OLED display includes a fail signal storing unit that stores
a fail signal FS. The OLED display can output a predeter-
mined image based on the fail signal FS when the OLED
display is operating in a failure mode. A data enable multi-
plexed signal DE_C can be generated by outputting the data
enable input signal DE_I during an inactive period of the fail
enable signal EN_F and by outputting the data enable fail
signal DE_F during an active period of the fail enable signal
EN_F. Further, multiplexed data DATA_C can be generated
by outputting the input data DATA_I during the inactive
period of the fail enable signal EN_F and by outputting the
fail data DATA_F during the active period of the fail enable
signal EN_F. A mask signal MS can be generated by delaying
the fail enable signal EN_F for one frame. However, when the
fail enable signal EN_F maintains the active state for a pre-
determined time, the mask signal MS can be deactivated after
the predetermined time. The data enable multiplexed signal
DE_C can be output as the data enable output signal DE_O.
The output data DATA_O can be generated based on the mask
signal MS. The output data DATA_O can be generated by
outputting the multiplexed signal DATA_C received in a cur-
rent frame during the inactive period of the mask signal MS
and by outputting the multiplexed data DATA_C stored in the
previous frame during the active period of the mask signal.
Here, an image generated by the fail signal FS can be dis-
played on the display panel by inactivating the mask signal
after the predetermined time although the fail enable signal
EN_F still maintain the active state. For example, when a
channel of the OLED display that is implemented as a tele-
vision device is changed or when an input source of the
OLED display that is implemented as a computer device is
changed, the image generated by the fail signal FS is dis-
played on the display panel by inactivating the mask signal
MS after the predetermined time. As described above, when
the input signal IS is abnormally input for more than the
predetermined time, the image generated by the fail signal FS,
not the input signal IS, is displayed on the display panel by
inactivating the mask signal MS after the predetermined time.
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[0088] The described technology can be applied to an elec-
tronic device having a display device. For example, the
described technology is applied to computer monitors, laptop
computers, digital cameras, cellular phones, smartphones,
smart pads, televisions, personal digital assistants (PDAs),
portable multimedia players (PMPs), MP3 players, naviga-
tion systems, game consoles, video phones, etc.

[0089] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the inventive technology. Accordingly, all such modifications
are intended to be included within the scope of the inventive
concept as defined in the claims. Therefore, it is to be under-
stood that the foregoing is illustrative of various example
embodiments and is not to be construed as limited to the
specific example embodiments disclosed, and that modifica-
tions to the disclosed example embodiments, as well as other
example embodiments, are intended to be included within the
scope of the appended claims.

What is claimed is:

1. A timing controller for an organic light-emitting diode
(OLED) display, comprising:

a failure mode determiner configured to receive an input
signal and determine whether the OLED display is in a
failure mode based at least in part on the input signal;

a failure mode generator configured to 1) store a fail signal,
il) output the fail signal in the failure mode, and iii)
selectively output a multiplexed signal including one of
the input signal or the fail signal based at least in part on
whether the OLED display is in the failure mode; and

a failure mode controller configured to i) receive the mul-
tiplexed signal from the failure mode generator, ii) store
the multiplexed signal, and iii) selectively output the
multiplexed signal of a current frame or the multiplexed
signal of a previous frame based at least in part on
whether the OLED display is in the failure mode.

2. The timing controller of claim 1, wherein the input signal

includes input data and a data enable input signal, and
wherein the failure mode determiner is configured to acti-
vate a fail enable signal when the data enable signal is
determined abnormal.

3. The timing controller of claim 2, wherein the failure
mode controller includes:

a memory configured to store the multiplexed signal; and

a memory controller configured to i) delay the fail enable
signal for one frame so as to generate a mask signal and
i) control the memory to output the multiplexed signal
based at least in part on the mask signal.

4. The timing controller of claim 3, wherein the mask
signal includes an active period and an inactive period, and
wherein the memory controller is further configured to con-
trol the memory to i) output the multiplexed signal of the
current frame during the inactive period and ii) output the
multiplexed signal of the previous frame during the active
period.

5. The timing controller of claim 3, wherein the mask
signal has an active period and an inactive period, and
wherein the memory controller is further configured to deac-
tivate the mask signal when the active period is longer than a
predetermined amount of time.
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6. The timing controller of claim 2, wherein the failure
mode generator includes:

a fail signal memory configured to store the fail signal

including fail data and a data enable fail signal;

afirst multiplexer configured to selectively output the input
data or the fail data based at least in part on the fail enable
signal; and

a second multiplexer configured to selectively output the
data enable input signal or the data enable fail signal
based at least in part on the fail enable signal.

7. The timing controller of claim 6, wherein the fail enable
signal includes an active period and an inactive period, and
wherein the first multiplexer is further configured to i) output
the fail data during the active period and ii) output the input
data during the inactive period.

8. The timing controller of claim 6, wherein the fail enable
signal includes an active period and an inactive period, and
wherein the second multiplexer is further configured to i)
output the data enable fail signal during the active period and
ii) output the data enable input signal during the inactive
period of the fail enable signal.

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

a display panel including a plurality of pixels;

a scan driver configured to provide a scan signal to the

pixels;

a data driver configured to provide a data signal to the
pixels; and

a timing controller configured to i) control the scan driver
and the data driver, ii) determine whether the OLED
display is in a failure mode based at least in part on an
input signal, 1ii) output a multiplexed signal based at
least in part on whether the OLED display is in the
failure mode, and iv) selectively output the multiplexed
signal of a current frame or the multiplexed signal of a
previous frame based at least in part on whether the
OLED display is in the failure mode.

10. The display of claim 9, wherein the timing controller

includes:

a failure mode determiner configured to receive the input
signal and determine whether the OLED display is in the
failure mode based at least in part on the input signal;

a failure mode generator configured to 1) store a fail signal,
ii) output the fail signal in the failure mode, and iii)
selectively output a multiplexed signal include one of
the input signal or the fail signal based at least in part on
whether the OLED display is in the failure mode: and

a failure mode controller configured to i) receive the mul-
tiplexed signal from the failure mode generator, ii) store
the multiplexed signal, and iii) selectively output the
multiplexed signal of the current frame or the multi-
plexed signal of the previous frame based at least in part
on whether the OLED display is in the failure mode.

11. The display of claim 10, wherein the input signal
includes input data and a data enable input signal, and

wherein the failure mode determiner is configured to acti-
vate a fail enable signal when the data enable input
signal is determined abnormal.

12. The display of claim 11, wherein the failure mode
controller includes:
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a memory configured to store the multiplexed signal; and

a memory controller configured to 1) delay the fail enable
signal for one frame so as to generate a mask signal and
il) control the memory to output the multiplexed signal
based at least in part on the mask signal.

13. The display of claim 12, wherein the mask signal
includes an active period and an inactive period, and wherein
the memory controller is configured to control the memory to
1) output the multiplexed signal of the current frame during
the inactive period and ii) output the multiplexed signal of the
previous frame during the active period.

14. The display of claim 12, wherein the mask signal has an
active period and an inactive period, and wherein the memory
controller is further configured to deactivate the mask signal
when the active period is longer than a predetermined amount
of time.

15. The display of claim 12, wherein the failure mode
generator includes:

a fail signal memory configured to store the fail signal

including fail data and a data enable fail signal;

a first multiplexer configured to selectively output the input
data or the fail data based at least in part on the fail enable
signal; and

a second multiplexer configured to selectively output the
data enable input signal or the data enable fail signal
based at least in part on the fail enable signal.

16. The display of claim 15, wherein the fail enable signal
includes an active period and an inactive period, and wherein
the first multiplexer is further configured to 1) output the fail
data during the active period and ii) output the input signal
during the inactive period.

17. The display of claim 15, wherein the fail enable signal
includes an active period and an inactive period, and wherein
the second multiplexer is further configured to 1) output the
data enable fail signal during the active period and ii) output
the data enable input signal during the inactive period of the
fail enable signal.

18. A method for driving an organic light-emitting diode
(OLED) display, the method comprising:

receiving an input signal that includes input data and a data
enable input signal;

generating a fail enable signal to be activated based at least
in part on the data enable input signal when the OLED
display is in a fail mode;

selectively outputting a multiplexed signal including one
of the input signal or a fail signal, to be output in the fail
mode, based at least in part on the fail enable signal,

delaying the fail enable signal for one frame; and

outputting the multiplexed signal of a current frame during
an inactive period or the multiplexed signal ofa previous
frame during an active period of the mask signal.

19. The method of claim 18, wherein the fail enable signal
includes an active period and an inactive period, and wherein
the selectively outputting includes outputting the input data
during the inactive period of the fail enable signal and out-
putting the fail data during the active period of the fail enable
signal.

20. The method of claim 18, wherein the mask signal
includes an active period and an inactive period, and wherein
the mask signal is deactivated when the mask signal has the
active period after a predetermined amount of time.
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