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FIG. 1
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY AND OPERATION METHOD
THEREOF

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2017-0115224, filed on
Sep. 8, 2017 in the Republic of Korea, which is hereby
incorporated by reference as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to an organic light-
emitting diode (OLED) display and an operation method
thereof and, particularly, to an OLED display and an opera-
tion method thereof capable of preventing malfunctions
caused by the effect of external noise on an extended cable
when a display panel is separated from a set part by a
predetermined distance or longer.

Discussion of the Related Art

[0003] An organic light-emitting diode display device is a
display device having an organic light-emitting diode
(OLED) which is a spontaneous light-emitting element
included in a pixel. The OLED display device has lower
power consumption than a liquid crystal display that
requires a backlight, and can be manufactured thinner than
the liquid crystal display. In addition, the OLED display
device has advantages of a wide viewing angle and a high
response speed. Process technology for the OLED display
device has been developed to reach a large-screen mass
production level and thus is extending the market while
competing with liquid crystal displays.

[0004] An OLED display 1 according to a related art is
configured, as shown in part (A) of FIG. 1. In another
example, as shown in part (B) of FIG. 1, a display device
having a display module 30 and a set part 10 which are
separated from each other has recently been developed.
Distinguished from display devices in which the display
module includes a control circuit such as the OLED display
1, the set part 10 (instead of the display module 30) as shown
in part (B) of FIG. 1 includes a control circuit and thus the
thickness of the display module 30 can be reduced. A cable
including a default cable 21 and an extended cable 22
connected thereto is used, as shown in part (B) of FIG. 1, as
necessary.

[0005] In such a display device, the influence of external
noise on the cable 20 can cause failures in communication
between the set part 10 and the display module 30. When
communications between the set part 10 and the display
module 30 are disconnected due to external noise, encoding
and decoding operations conforming to the high-bandwidth
digital content protection (HDCP) standard are performed
for protection of content between the set part 10 and the
display module 30. Here, when external noise is consistently
generated, communications cannot be resumed.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is to provide an
OLED display and an operation method thereof, which are
capable of removing the influence of external noise on
communication operations performed between a set part and
a display module of the OLED display.
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[0007] Another object of the present invention is to pre-
vent malfunctions that can be generated due to a relatively
long cable in a display device in which a display module is
separated from a set part.

[0008] Yet another object of the present invention is to
shorten a time in which a user feels uncomfortable by
consistently monitoring a communication state between the
display module and the set part.

[0009] To accomplish the objects, an OLED display
according to the present invention includes a display mod-
ule, and a timing controller embedded in a set part separated
from the display module by a predetermined distance and
configured to control a reset signal for cancelling a safety
mode to be transmitted to the display module in order to
prevent the safety mode from being abnormally maintained
due to the influence of external noise on a cable used to
connect the display module and the set part when the safety
mode for displaying a black screen is executed.

[0010] In the OLED display according to an example of
the present invention, the timing controller can receive a
pulse signal periodically generated by the display module
and, when the pulse signal is not received from the display
module for a set time, transmit a first reset signal to the
display module.

[0011] In the OLED display according to an example of
the present invention, the timing controller can receive
information on the level of a voltage applied to OLEDs of
the display module as a logic signal and, when the voltage
applied to the OLED:s is a normal voltage (“H”), perform a
normal operation.

[0012] In the OLED display according to an example of
the present invention, the timing controller and the display
module can perform encoding and decoding operations
conforming to the high-bandwidth digital content protection
(HDCP) standard for content protection when the safety
mode is executed.

[0013] In the OLED display according to an example of
the present invention, the timing controller can wait to
receive a safety mode cancellation signal according to
completion of the HDCP encoding and decoding operations
from the display module and transmit a reset signal to the
display module when a standby time has elapsed.

[0014] An operation method of an OLED display accord-
ing to an example of the present invention includes receiving
a pulse signal periodically generated by a display module;
transmitting a first reset signal to the display module when
the pulse signal is not received from the display module for
a set time; receiving information on the level of a voltage
applied to OLEDs of the display module as a logic signal
and, when the voltage is a normal voltage (“H”), performing
a normal operation; receiving a safety mode cancellation
signal from the display module executing a safety mode for
displaying a black screen according to the first reset signal;
and transmitting a second reset signal to the display module
when a time taken to receive the safety mode cancellation
signal exceeds a set time due to the influence of external
noise.

[0015] In the operation method of an OLED display
according to an example of the present invention, the time
set for execution of the safety mode can be set within a range
of 5 to 10 seconds.

[0016] In the operation method of an OLED display
according to an example of the present invention, the display
module performs encoding and decoding operations con-
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forming to the HDCP standard through communication with
a set part for content protection when the safety mode is
executed.

[0017] The OLED display according to the embodiment(s)
of the present invention has the following advantages.

[0018] First, it is possible to prevent malfunctions that can
be generated due to a relatively long cable in a display
device in which a display module is separated from a set
part.

[0019] Second, it is possible to remove the influence of
external noise during a communication between a set part
and a display module.

[0020] Third, it is possible to shorten a time in which a
user feels uncomfortable by consistently monitoring a com-
munication state between the display module and the set
part.

[0021] These and other objects of the present application
will become more readily apparent from the detailed
description given hereinafter. However, it should be under-
stood that the detailed description and specific examples,
while indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes and
modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a diagram illustrating an OLED display
(part (A)) and a display having a display module and a set
part which are separated from each other (part (B)) accord-
ing to a related art.

[0023] FIG. 2 is a circuit diagram for describing a pixel
structure of an OLED display according to an embodiment
of the present invention.

[0024] FIG. 3 is a diagram illustrating a configuration and
an operation state for communication between a display
module and a set part of the OLED display according to an
embodiment of the present invention.

[0025] FIG. 4is a table showing BDP detection and safety
mode entry conditions in the OLED display according to an
embodiment of the present invention.

[0026] FIG. 5 is a diagram illustrating BDP detectable
regions and signal processing when a BDP is detected in the
OLED display according to an embodiment of the present
invention.

[0027] FIG. 6 is a flowchart illustrating a process of an
operation method of the OLED display according to an
embodiment of the present invention.

[0028] FIG. 7 is a flowchart illustrating an operation of a
timing controller according to HDCP authentication in the
operation method of the OLED display according to an
embodiment of the present invention.

[0029] FIG. 8 is a flowchart illustrating an operation of the
timing controller to monitor a pulse signal provided from a
display module in the operation method of the OLED
display according to an embodiment of the present inven-
tion.

[0030] FIG. 9 is a flowchart illustrating an operation of the
timing controller in a safety mode state according to an
embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0031] Specific structural and functional descriptions with
respect to embodiments of the present invention disclosed
below are for the purpose of explaining the embodiments of
the present invention, and the present invention can be
embodied in various forms and is not limited to the embodi-
ments described below.

[0032] The present invention can be modified in various
ways and embodied in many alternate forms. Accordingly,
while the embodiments are susceptible to various modifica-
tions and alternative forms, specific embodiments thereof
are shown by way of example in the drawings and will
herein be described in detail. It should be understood,
however, that there is no intent to limit the embodiments to
the particular forms disclosed, but on the contrary, the
embodiments are to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the disclo-
sure.

[0033] Although terms such as, for example, “first” and
“second” can be used to describe various elements, the
elements should not be limited by these terms. These terms
are merely used to distinguish the same or similar elements
from each other. For example, a first element can be called
a second component and, similarly, the second element can
be called the first element without departing from the scope
of the present invention.

[0034] When an element is “coupled” or “connected” to
another element, it should be understood that a third element
can be present between the two elements although the
element can be directly coupled or connected to the other
element. When an element is “directly coupled” or “directly
connected” to another element, it should be understood that
no element is present between the two elements. Other
representations describing relationships between compo-
nents, that is, “between”, “directly between” or “adjacent to”
and “directly adjacent to” should be understood in the same
manner.

[0035] The terms used in the specification are for the
purpose of describing specific embodiments and are not
intended to limit the present invention. The singular forms
are intended to include the plural forms as well unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises” or “includes” when used in
this specification, specify the presence of stated features,
regions, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, regions, integers, steps, operations,
elements, components, and/or groups thereof.

[0036] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which example embodiments pertain. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and should not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

[0037] Meanwhile, when a certain embodiment can be
realized in a different manner, a function or an operation
specified in a specific block can be executed in an order
different from that specified in a flowchart. For example, two
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consecutive blocks can be simultaneously executed or can
be executed in reverse depending on the related function or
operation.

[0038] Hereinafter, preferred embodiments of the present
invention will be described with reference to the attached
drawings.

[0039] FIG. 2 is a circuit diagram for describing a pixel
structure of an OLED display according to an embodiment
of the present invention. All the components of the OLED
display according to all embodiments of the present inven-
tion are operatively coupled and configured.

[0040] Referring to FIG. 2, each pixel of a display panel
includes a first switching Thin Film Transistor (TFT) ST1,
a second switching TFT ST2, a driving TFT DT, a capacitor
Cst and an OLED.

[0041] The first switching TFT ST1 is switched by a scan
signal scan (or gate signal) applied to a gate line GL to
provide a data voltage Vdata applied to a data line DL to the
driving TFT DT.

[0042] The driving TFT DT is switched by the data
voltage Vdata supplied from the first switching TFT ST 1 to
control a data current Toled which flows from a first driving
power VDD provided to a power line PL to the OLED.
[0043] The capacitor Cst is connected between the gate
and the source of the driving TFT DT to store the data
voltage Vdata supplied to the gate of the driving TFT DT
and turns on the driving TFT DT using the stored voltage.
[0044] Each pixel includes a sensing signal line SL formed
in the same direction as the gate line GL. The second
switching TFT ST2 is switched by a sense signal sense
applied to the sensing signal line SL to provide the data
current loled supplied to the OLED to an analog-to-digital
converter ADC of a drive IC.

[0045] The OLED is electrically connected between the
source of the driving TFT DT and cathode power VSS and
emits light according to the data current loled supplied from
the driving TFT DT.

[0046] Each pixel of the OLED display displays a prede-
termined image by controlling the magnitude of the data
current loled flowing from the first driving power VDD to
the OLED using switching of the driving TFT DT according
to the data voltage Vdata to cause the OLED to emit light.
[0047] FIG. 3 is a diagram illustrating a configuration and
an operation state for communication between a display
module and a set part of the OLED display according to the
embodiment of the present invention. As shown in FIG. 3,
the OLED display includes a set part 100 including a
serializer/deserializer (serdes) transceiver 110 and a timing
controller (indicated by “T-con” in some drawings) 120, and
a display module 300 including a serializer/deserializer
(serdes) transceiver 310.

[0048] The timing controller 120 is embedded in the set
part 100 separated from the display module 300 by a
predetermined distance and controls a reset signal for can-
celling a safety mode to be transmitted to the display module
300 in order to prevent the safety mode from being abnor-
mally maintained due to the influence of external noise on a
cable which connects the display module 300 and the set part
100 when the safety mode for displaying a black screen is
executed.

[0049] The serdes transmitter 110 of the set part 100 can
check whether the display module 300 performs a normal
operation through data communication 12C with the serdes
transceiver 310 of the display module 300. The serdes
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transceiver 110 of the set part 100 periodically outputs a
pulse “A” through a terminal GPIO_1 in order to transfer a
status signal indicating that the normal operation is being
performed. This signal is referred to as a “heart beat pulse”.
The timing controller 120 receives the pulse “A” periodi-
cally output from the serdes transceiver 110 through a
terminal GPIO_9.

[0050] If the pulse is not received from the serdes trans-
mitter 110 for a set time period (e.g., “three seconds™) the
timing controller 120 transmits a first reset signal “B” to the
serdes transceiver 110 and the serdes transceiver 310 of the
display module 300 through a terminal GPIO_11. The first
reset signal “B” can be output having a predetermined pulse
width. For example, the first reset signal “B” can be output
having a pulse width of about 5 ms. The first reset signal “B”
is transferred to power reset terminals PORES N of the
serdes transceiver 110 of the set part 100 and the serdes
transceiver 310 of the display module 300. When a negative
signal is applied to the power reset terminals PORES_N, the
serdes transceiver 110 and the serdes transceiver 310 are
reset and re-driven.

[0051] In addition, the timing controller 120 receives
information on the level of a voltage applied to OLEDs of
the display module as a logic signal. That is, the timing
controller 120 determines whether a driving voltage EVDD
applied to the OLEDs of pixels of the display panel is
normally provided. When the driving voltage applied to the
OLED:s is a normal voltage “H”, the display panel normally
operates. When the display panel abnormally operates, the
display module 300 outputs a low signal “L” while display-
ing a black screen.

[0052] When a predetermined safety issue occurs, the
display module 300 enters a safety mode “AM” and displays
a black screen through the panel. Entry into the safety mode
will be described in detail below. Here, the serdes trans-
ceiver 110 outputs a low signal “L” through a terminal
IF_AM_out. When safety mode cancellation conditions are
satisfied, the serdes transceiver 110 outputs a high signal
“H” through the terminal IF_AM_out.

[0053] An “EVDD_reset” signal and the signal output
from the terminal IF. AM_Out of the serdes transceiver 110
are transferred to an AND gate 121. The AND gate 121
outputs a logic signal according to the signals applied to two
terminals thereof. The logic signal of the AND gate 121 is
transferred to a terminal EVDD_Reset of the timing con-
troller 120. When the logic signal of the AND gate 121 is a
high signal “H”, the timing controller 120 switches to a
normal output mode to normally drive the OLED:s.

[0054] When the safety mode cancellation conditions are
satisfied, the high signal “H” output through the terminal
IF_ AM_Out included in the serdes transceiver 110 is also
applied to a terminal AM_out of the timing controller 120.
[0055] FIG. 4 is a table showing BDP detection and safety
mode entry conditions in the OLED display according to the
present invention. The table shows state determination in
various cases (case 1 to case 5) and operation states depend-
ing thereon. Case 1 to case 4 correspond to a state in which
a cable is connected between the display module 300 and the
set part 100, and case 5 corresponds to a state in which a
cable is not connected between the display module 300 and
the set part 100.

[0056] As described above, the OLED display according
to an example of the present invention is a display device in
which the display module 300 is separated from the set part
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100 by a predetermined distance or longer. Accordingly, the
cable which connects the display module 300 and the set part
100 is exposed to the outside in most environments in which
the display device is used. Since a high voltage is transmit-
ted through the cable exposed to the outside, the “safety
mode AN” is applied in order to prevent the display from
being damaged. For example, case 5 is a case in which both
a Vx1 Lock signal and an EPI Lock In signal, which are
applied to the serdes transceiver 311 of the display module
300 when the cable is not connected, are a high signal “H”.
[0057] As described above, when a user touches terminals
in a state in which a high voltage supplied from the set part
100 to the display module 300 is exposed when the cable is
not connected, there is a risk of electric accident. Accord-
ingly, the display device can operate in the “safety mode” in
which power supplied from the set part 100 to the display
module 300 is cut in consideration of states such as con-
nection of the cable.

[0058] In the safety mode, the timing controller and the
display module perform encoding and decoding operations
conforming to the high-bandwidth digital content protection
(HDCP) standard in order to protect content while the
display module 300 displays a black screen.

[0059] The Vx1 Lock signal represents a communication
state between the serdes transceiver 110 of the set part 100
and the serdes transceiver 310 of the display module 300.
That is, the Vx1 Lock signal indicates a data bit for checking
signals transmitted and received through the cable connect-
ing the display module 300 and the set part 100. A Vx1 Lock
state indicates a normal operation when it is a low signal and
indicates that a problem occurs in “L” and indicates that a
problem occurs in communication between the serdes trans-
ceiver 110 of the set part 100 and the serdes transceiver 310
of the display module 300 when it is a high signal “H”.
[0060] The EPI Lock_In signal is a signal for checking
data transmission and reception operations of a drive IC
which drives the pixels of the display panel. That is, this
signal represents a communication state between a source
drive IC (331 in FIG. 5) connected to the display panel and
the serdes transceiver 310 of the display module 300. That
is, the EPI Lock_In signal represents that the source drive IC
of the display module 300 has a problem when it is a low
signal “L” and represents that the source drive IC of the
display module 300 normally operates when it is a high
signal “H”.

[0061] Accordingly, case 1 corresponds to a case in which
both the Vx1 Lock signal and the EPI Lock_In signal
applied to the serdes transceiver 110 of the set part 100 when
the cable is connected are a high signal “H”. That is, case 1
represents that a problem occurs in communication between
the display module 300 and the set part 100 although the
drive IC of the display module 300 normally operates. Here,
the timing controller 120 of the set part 100 recognizes that
Vx1 recovery is needed. Here, when the display module 300
operates in the safety mode and communication between the
set part 100 and the display module 300 is resumed after
lapse of a predetermined time, a safety mode cancellation
signal AM_out is output to switch from the safety mode to
the normal mode and thus the display module normally
operates. If Vx1 is not recovered after Vx1 recovery is
performed for a predetermined time, the safety mode can-
cellation signal AM_out is output.

[0062] In case 2 and case 4 in which the drive IC of the
display module 300 performs an abnormal operation irre-
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spective of the communication state (case 2: “H”, case 4:
“L”) between the display module 300 and the set part 100
when the cable is connected therebetween, the timing con-
troller 120 of the set part 100 recognizes the state as a BDP
state. Various wires and circuit elements are arranged in the
display panel of the OLED display. Such wires and circuit
elements can electrically short circuit or open due to various
factors such as introduction of particles and physical exter-
nal force. When such panel defects are generated, the display
panel can abnormally operate or display defects can be
generated, and in severe cases, display panel burn-in can
occur, causing a situation in which the display panel cannot
be used.

[0063] The timing controller 120 determines that the dis-
play panel has a defect and cuts power supplied to the
display module 300 upon determination of the “BDP” state.
Here, the display module 300 does not enter the safety mode
and thus the safety mode cancellation signal is not output.
[0064] When the display module 300 normally operates
(case 3), the V1 Lock signal provided from the set part 100
is a low signal “L” and a high signal “H” from the source
drive IC 331 of the display module 300 is applied to the
serdes transceiver 110 of the set part 100 through the serdes
transceiver 310 of the display module 300.

[0065] FIG. 5 is a diagram illustrating BDP detectable
regions and signal processing when a BDP is detected in the
OLED display according to the present invention. As shown,
regions in which burn-in, which causes abnormal operation
due to a problem occurring in communication with respect
to the display module or the set part, can be generated are as
follows. A panel defect signal can be provided through an
EPI Lock signal transmitted from the source drive circuit
331 connected to an OLED panel 330 to the serdes trans-
ceiver 310. This signal is transferred to the timing controller
T-con 120 through the serdes transceiver 310 of the display
module 300 and the serdes transceiver 110 of the set part
100. The timing controller 120 cuts power supplied to a
system-on-chip Set SOC 130 of the set part 100 and pro-
vided to the display module 300.

[0066] When the serdes transceiver 110 of the set part 100
receives the AM_out signal, the AM_out signal is trans-
ferred to the system-on-chip Set SOC 130 and thus power off
operation is performed without BDP counting.

[0067] FIG. 6 is a flowchart illustrating a process of an
operation method of the OLED display according to an
embodiment of the present invention.

[0068] Referring to FIG. 6, when power is applied, the
timing controller and the serdes Tx and Rx circuits start to
operate (S601). When the cable is normally connected and
a normal signal is received from the source drive IC (5602),
the timing controller and the display module perform encod-
ing and decoding operations conforming to the HDCP
standard for content protection (S603).

[0069] Here, when encoding and decoding fail although an
authentication operation is performed up to “N” order to
attempt N authentications (S604 and S605), as shown in
FIG. 7, power off operation is performed (S606).

[0070] FIG. 8 is a flowchart illustrating an operation of the
timing controller to monitor a pulse signal provided from the
display module in the operation method of the OLED
display according to an embodiment of the present inven-
tion. Upon completion of HDCP authentication, the display
module 300 periodically generates a pulse signal HBP
(S607), as shown in FIG. 8. The timing controller 120
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monitors the pulse signal from the display module in real
time (S608) and normally operates upon reception of the
pulse signal. Upon reception of a logical signal representing
that an abnormal voltage is applied to the OLEDs, the timing
controller controls a black screen to be displayed through the
display module (S609).
[0071] If the pulse signal is not received from the display
module, the timing controller transmits a reset signal to the
display module. The timing controller 120 outputs a reset
signal having a pulse width of 5 ms through the terminal
GPIO_11 to reset the serdes transceiver 110 of the set part
100 and the serdes transceiver 310 of the display module 300
through the reset terminal RORES_N (S610).
[0072] FIG. 9 is a flowchart illustrating an operation of the
timing controller in a safety mode state according to an
embodiment of the present invention.
[0073] As described above with reference to FI1G. 4, when
the display device enters the safety mode and then the safety
mode is cancelled after lapse of a predetermined time in case
1 and case 5, the display module 300 and the set part 100
need to perform normal operations. However, when a com-
munication between the display module 300 and the set part
100 fails due to external noise, the display device cannot exit
the safety mode. To address this problem, the present
invention performs the following operation.
[0074] Referring to FIG. 9, when a reset pulse signal is
output according to a control signal of the timing controller
120, the display module 300 displays a black screen in the
safety mode. Here, the time t of a timer included in the
timing controller is initialized (S611).
[0075] It is checked whether the display module is in the
safety mode state while the timer increases the time t (S612).
If the display module is not in the safety mode state, this
means that the safety mode cancellation signal AM_out has
been output, and the timer is initialized again.
[0076] The time t of the timer is compared with a set time
“T” in a state in which the safety mode state is maintained
(S613). A standby time set to wait for reception of the safety
mode cancellation signal is within a range of 5 to 10
seconds, and an appropriate standby time is 6 seconds in
preferred embodiments. However, the present invention is
not limited thereto and the standby time can be changed
according to environments in which the display is used.
[0077] If the safety mode cancellation signal is not
received even when the set part time has elapsed, the timing
controller 120 determines that external noise acts and out-
puts a reset pulse signal to reset the serdes transmitter 110 of
the set part 100 and the serdes transceiver 310 of the display
module 300 through the reset terminals PORES_N of the
serdes transceiver 110 and the serdes transceiver 310 (S610).
[0078] Although preferred embodiments of the present
invention have been described above, those skilled in the art
will appreciate that various modifications and variations can
be made in the present invention without departing from the
spirit or scope of the present invention disclosed in the
appended claims.

What is claimed is:

1. An organic light-emitting diode display comprising:

a display module; and

a timing controller embedded in a set part separated from

the display module by a predetermined distance, and
configured to control a reset signal for cancelling a
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safety mode to be transmitted to the display module in
order to prevent the safety mode from being abnor-
mally maintained due to an influence of external noise
on a cable used to connect the display module and the
set part when the safety mode for displaying a black
screen is executed.

2. The organic light-emitting diode display according to
claim 1, wherein the timing controller receives a pulse signal
periodically generated by the display module, and when the
pulse signal is not received from the display module for a set
time, transmits a first reset signal to the display module.

3. The organic light-emitting diode display according to
claim 2, wherein the timing controller receives information
on a level of a voltage applied to organic light-emitting
diodes of the display module as a logic signal and, when the
voltage applied to the organic light-emitting diodes is a
normal voltage, performs a normal operation.

4. The organic light-emitting diode display according to
claim 1, wherein the timing controller and the display
module perform encoding and decoding operations con-
forming to a high-bandwidth digital content protection stan-
dard for content protection when the safety mode is
executed.

5. The organic light-emitting diode display according to
claim 4, wherein the timing controller waits to receive a
safety mode cancellation signal according to completion of
the high-bandwidth digital content protection encoding and
decoding operations from the display module and transmits
areset signal to the display module when a standby time has
elapsed.

6. The organic light-emitting diode display according to
claim 5, wherein the standby time set to wait for reception
of the safety mode cancellation signal is set to be within a
range of 5 to 10 seconds.

7. An operation method of an organic light-emitting diode
display, the operation method comprising:

receiving a pulse signal periodically generated by a dis-

play module;

transmitting a first reset signal to the display module when

the pulse signal is not received from the display module
for a set time;

receiving information on a level of a voltage applied to

organic light-emitting diodes of the display module as
alogic signal and, when the voltage is a normal voltage,
performing a normal operation;
receiving a safety mode cancellation signal from the
display module executing a safety mode for displaying
a black screen according to the first reset signal; and

transmitting a second reset signal to the display module
when a time taken to receive the safety mode cancel-
lation signal exceeds a set time due to an influence of
external noise.

8. The operation method according to claim 7, wherein the
set time set for execution of the safety mode is set to be
within a range of 5 to 10 seconds.

9. The operation method according to claim 7, wherein the
display module performs encoding and decoding operations
conforming to a high-bandwidth digital content protection
standard through communication with a set part for content
protection when the safety mode is executed.
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