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OVER-CURRENT CONTROL DEVICE AND
ORGANIC LIGHT EMITTING DISPLAY
DEVICE ADOPTING THE SAME

[0001] This application claims priority from and the benefit
under 35 U.S.C. §119(a) of Korean Patent Application No.
10-2014-0188105, filed on Dec. 24, 2014, which is hereby
incorporated by reference for all purposes as if fully set forth
herein

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display device adopting a function of interrupting an
over-current.

[0004] 2. Description of the Prior Art

[0005] An organic light emitting display device, which is
highly favored as a display device, has a high response rate, a
high light-emitting efficiency, a high brightness, and a wide
viewing angle by using an organic light emitting diode
(OLED) that self-emits light.

[0006] The organic light emitting display (OLED) device
has pixels including the organic light emitting diodes, which
are arranged in a matrix, and controls the brightness of the
pixels selected by scan signals according to gray-scale data.
[0007] The pixels of the organic light emitting display
device further include data lines and gate lines, which cross
with each other, transistors, and storage capacitors, which are
connected with the gate and data lines.

[0008] The transistors included in the pixel include a driv-
ing transistor for driving the organic light emitting diode,
which has characteristic parameters, such as a threshold volt-
age, the mobility, or the like.

[0009] Meanwhile, adriving voltage (VDD) for the driving
transistor may apply an over-current which causes the device
to be shut down and a fire to break out. Therefore, technology
for detecting and interrupting the over-current of the driving
voltage is required.

SUMMARY OF THE INVENTION

[0010] The present invention is directed to an over-current
control device and a OLED device using the same, which
allow a fast and reliable detection of an over-current.

[0011] An advantage of the present invention is to detect an
over-current outside of the display panel to avoid that an
over-current is entering the panel and flowing through the
panel.

[0012] According to one aspect of the present invention an
over-current control device is provided for detecting an ovet-
current provided to an OLED, comprising: an over-current
identification unit adapted to compare a driving voltage on a
supply line for driving the OLED with a reference voltage on
a reference voltage line for identifying the over-current; an
interruption unit connected between the supply line supply-
ing the driving voltage and the OLED for interrupting the
power supply when the over-current identification unit rec-
ognizes an over-current flowing through the supply line.
[0013] The over-current control device may comprise a
comparator having a first and second input and an output,
wherein the first input is connected to the supply line and the
second input is connected to the reference voltage line, and
wherein the output of the comparator is connected with an
input of the interruption unit.
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[0014] A resistor is directly connected between the supply
line carrying the driving voltage and the interruption unit.

[0015] The first input is connected to the supply line at the
resistor to detect a voltage drop at the resistor on supply line.

[0016] Preferably, the comparator is an operational ampli-
fier.
[0017] Preferably, the over-current control device may be

located on a control board which is separated from the display
panel. The control board directly receives the driving voltage
on a supply line, without any further change or influence on
the driving voltage by other units. By this direct supply, any
change of the current flow might be reliably detected. The
control board may be connected via a connection line or
flexible board to a display panel comprising the OLED. Due
to this physical separation of the control board and the display
panel, it is avoided that the current flows for a noticeable time
on the display panel. Thus, any damage on the display panel
due to an over-current might be avoided.

[0018] Preferably, the interruption unit is realized as a
PMOS or NMOS transistor.

[0019] Preferably, the supply voltage is supplied from an
external host system to the display panel comprising the
OLED via a control PCB.

[0020] Preferably, the control board may be directly con-
nected to the supply line.

[0021] Preferably, the over-current control device further
includes a reference voltage increasing/decreasing unit for
adopting the reference voltage. Thus, an adaptation of the
over-current is possible due to any external influences or due
to different voltage values. So, also after manufacturing it is
possible to reprogram the over-current detection. Further-
more, changed external conditions like temperature or drift
due to long operation time might be considered for over-
current detection.

[0022] Preferably, when the supply voltage on the supply
line reaches the reference voltage or becomes lower than the
reference voltage corresponding to the over-current, the over-
current identification unit recognizes that the over-current
flows through the supply line and then the interruption umt
interrupts the power supply through the supply line.

[0023] Preferably, the over-current control device may
include a resistor connected between the supply line and the
interruption unit.

[0024] Preferably, the reference voltage is the voltage
applied to the sensing transistor among the thin film transis-
tors of the pixel.

[0025] Preferably, the over-current control device may
comprise a reference voltage increasing/decreasing unit for
adopting the reference voltage.

[0026] According to another aspect of invention a display
device is provided comprising: display panel having data
lines and gate lines, wherein subpixels are disposed at cross-
ings of the data lines and gate lines; at least one source driver
integrated circuit for supplying data signals to the data lines;
at least one gate driver integrated circuit for supplying scan-
ning signals to the gate lines; a controller for controlling the
source driver IC and the gate driver IC and an over-current
controller as described above between a power supply line
and the OLED.

[0027] Preferably, the sub-pixels include a driving transis-
tor, an organic light emitting diode, a switching transistor, a
storage capacitor and a sensing transistor, the driving transis-
tor is connected between the supply line and the OLED and is
controlled by a data voltage supplied to the gate of the driving
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transistor via the data line, wherein the sensing transistor is
controlled by a sense signal to connect a reference voltage
line with a node between the driving transistor and the OLED
used for sensing a characteristic of the driving transistor.
[0028] Preferably, the reference voltage supplied to the sec-
ond input of the comparator may be the voltage applied to the
sensing transistor of the subpixel.

[0029] Preferably, the control board may comprise the con-
troller for controlling the display panel.

[0030] Preferably, the driving voltage is provided from the
control board to the display panel by passing through the data
driver.

[0031] According to a further aspect a method for operating
a display device is provided comprising an over-current con-
trol device and a display panel, wherein the method com-
prises the steps of: supplying a driving voltage on a supply
line to a OLED of the display panel; identifying a voltage
supplied to the display panel outside the display panel,
wherein when the identified voltage reaches a reference volt-
age corresponding to the over-current or becomes lower than
the reference voltage corresponding to the over-current, inter-
rupting the power supply through the EVDD line outside of
the display panel.

[0032] According to a further aspect an organic light emit-
ting display device is provided comprising: display panel that
includes a plurality of data lines in the first direction, a plu-
rality of gate lines in the second direction, and pixels defined
at the crossings of the data lines and the gate lines; a driving
voltage supply line that applies a driving voltage to a driving
transistor among thin film transistors for controlling the pix-
els; and an over-current controller that comprises an over-
current identification unit that identifies the over-current of
the display panel by a voltage drop of the driving voltage
power line, and an interruption unit that, if the over-current is
identified by the over-current identification unit, interrupts
the voltage of the driving voltage supply line.

[0033] Preferably, the over-current identification unit takes
the driving voltage supply line as a first input port, and the
reference voltage line as a second input port, and the reference
voltage is equal to or greater than the voltage of the driving
voltage supply line, which drops due to the over-currentin the
display panel, and less than the driving voltage.

[0034] Preferably, the reference voltage is the voltage that
is applied to a sensing transistor among the thin film transis-
tors positioned at the pixels.

[0035] Preferably, one end of a sensing resistor is con-
nected with the driving voltage supply line, and the other end
thereof is connected with a source of a PMOS as the inter-
ruption unit, and the over-current identification unit is an
OP-Amp in which the “~” terminal of the OP-Amp is con-
nected with the other end of the sensing resistor, the “+”
terminal ofthe OP-Amp is applied with the reference voltage,
and an output terminal of the OP-Amp is connected with a
gate node of the PMOS.

[0036] Preferably, one end of a sensing resistor is con-
nected with the driving voltage power line, and the other end
thereof is connected with a source of an NMOS as the inter-
ruption unit, and the over-current identification unit is an
OP-Amp in which the “+” terminal of the OP-Amp is con-
nected with the other end of the sensing resistor, the “-”
terminal ofthe OP-Amp is applied with the reference voltage,
and an output terminal of the OP-Amp is connected with a

gate node of the NMOS.
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[0037] According to a further aspect an control device is
provided comprising: an over-current identification unit that
identifies the over-current of the display panel by identifying
a voltage drop of a driving voltage power line for applying a
driving voltage to a driving transistor among thin film tran-
sistors for controlling pixels of the display panel; and an
interruption unit that, if the over-current is identified by the
over-current identification unit, interrupts the voltage of the
driving voltage power line.

[0038] Preferably, the over-current identification unit takes
the driving voltage power line as a first input port, and the
reference voltage line as a second input port, and the reference
voltage is equal to or greater than the voltage of the driving
voltage power line, which drops due to the over-current in the
display panel, and less than the driving voltage.

[0039] Preferably, the reference voltage is the voltage that
is applied to a sensing transistor among the thin film transis-
tors positioned at the pixels.

[0040] Preferably, one end of a sensing resistor is con-
nected with the driving voltage power line, and the other end
thereof is connected with a source of a PMOS as the inter-
ruption unit, and the over-current identification unit is an
OP-Amp in which the “~” terminal of the OP-Amp is con-
nected with the other end of the sensing resistor, the “+”
terminal ofthe OP-Amp is applied with the reference voltage,
and an output terminal of the OP-Amp is connected with a
gate node of the PMOS.

[0041] Preferably, one end of a sensing resistor is con-
nected with the driving voltage power line, and the other end
thereof is connected with a source of an NMOS as the inter-
ruption unit, and the over-current identification unit is an
OP-Amp in which the “+” terminal of the OP-Amp is con-
nected with the other end of the sensing resistor, the “-”
terminal of the OP-Amp is applied with the reference voltage,
and an output terminal of the OP-Amp is connected with a
gate node of the NMOS.

[0042] Preferably, the over-current controller further com-
prises a reference voltage increasing/decreasing unit that
increases or decreases the reference voltage.

[0043] Additional features and advantages of the invention
will be set forth in the description which follows, and in part,
will be apparent from the description or may be learned by
practice of the invention. It is to be understood that both the
forgoing general description and the following detailed
description are exemplary and explanatory and are intended
to provide further explanation of the invention claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0045] FIG. 1 illustrates a system configuration of an
organic light emitting display device 100 according to
embodiments of the present invention;

[0046] FIG. 2 illustrates an equivalent circuit diagram of a
sub-pixel (SP) adopting a sensing structure of a driving tran-
sistor (DRT) in an organic light emitting display device 100
according to embodiments of the present invention;

[0047] FIG. 3 illustrates a configuration of controlling the
over-current by applying an automatic current limiting algo-
rithm.
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[0048] FIG. 4 illustrates a configuration of an over-current
controller according to an embodiment of the present inven-
tion;

[0049] FIG.5illustrates a detailed configuration of an over-
current controller according to an embodiment of the present
invention;

[0050] FIG. 6illustrates adetailed configuration of an over-
current controller according to another embodiment of the
present invention;

[0051] FIGS. 7(a) and 7(b) illustrate the operation of inter-
rupting the over-current in the configuration of FIG. 5 accord-
ing to an embodiment of the present invention;

[0052] FIGS. 8(a) and 8(5) illustrate the operation of inter-
rupting the over-current in the configuration of FIG. 6 accord-
ing to another embodiment of the present invention; and
[0053] FIG. 9 illustrates a configuration including a refer-
ence voltage increasing/decreasing unit for increasing and
decreasing a reference voltage according to an embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0054] Hereinafter, exemplary embodiments of the present
invention will be described with reference to the accompany-
ing drawings. In the following description, the same elements
will be designated by the same reference numerals although
they are shown in different drawings. Further, in the following
description of the present invention, a detailed description of
known functions and configurations incorporated herein will
be omitted when it may make the subject matter of the present
invention rather unclear.

[0055] Inaddition, terms, such as first, second, A, B, (a), (b)
or the like may be used herein when describing components
of the present invention. Each of these terminologies is not
used to define an essence, order or sequence of a correspond-
ing component but used merely to distinguish the correspond-
ing component from other component(s). In the case that it s
described that a certain structural element “is connected to”,
“is coupled to”, or “is in contact with” another structural
element, it should be interpreted that another structural ele-
ment may “be connected to”, “be coupled to”, or “be in
contact with” the structural elements as well as that the certain
structural element is directly connected to or is in direct
contact with another structural element.

[0056] FIG. 1 illustrates a system configuration of an
organic light emitting display device 100 according to
embodiments of the present invention.

[0057] Referring to FIG. 1, the organic light emitting dis-
play device 100, according to the present embodiments, may
include an organic light emitting display panel 110, a data
driving unit 120, a gate driving unit 130, and a timing con-
troller 140.

[0058] The organic light emitting display panel 110 may
include a plurality of data lines DL1 to DLm (m is a natural
number equal to or more than 2) arranged in a first direction,
a plurality of gate lines GL1 to GLn (n is a natural number
equal to or more than 2) arranged in a second direction that
cross with the first direction, and a plurality of sub-pixels (SP)
in a matrix.

[0059] The data driving unit 120 may supply a data voltage
to the plurality of data lines DL1 to DLm to drive the same.

[0060] The gate driving unit 130 may supply scan signals in
sequence to the plurality of gate lines GL1 to GLn to drive the
same.
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[0061] The timing controller 140 may supply control sig-
nals to the data driving unit 120 and the gate driving unit 130
to control the operations thereof.

[0062] The timing controller 140 may start scanning
according to a timing implemented in each frame, and may
convert image data (Data) input from a host system 150 into
data signal suitable for the data driving unit 120 to output the
converted image data (Data"). In addition, the timing control-
ler 140 may control the driving of data at proper time accord-
ing to the scanning.

[0063] The gate driving unit 130 may supply voltage-on
signals or voltage-off signals to the plurality of gate lines GL.1
to GLn to thereby drive the same in sequence, under the
control of the timing controller 140.

[0064] The gate driving unit 130 may be provided on one
side of the organic light emitting display panel 110 as shown
in FIG. 1, or may be on both sides thereof in some cases,
according to a driving type.

[0065] In addition, the gate driving unit 130 may include a
plurality of gate driver integrated circuits (ICs). The plurality
of gate driver ICs may be connected to a bonding pad of the
organic light emitting display panel 110 in a tape automated
bonding (TAB) type ora chip-on-glass (COG) type, or may be
directly mounted on the organic light emitting display panel
110 in a gate-in-panel (GIP) type. Altematively, the gate
driver ICs may be integrated on the organic light emitting
display panel 110, in some cases.

[0066] The plurality of gate driver ICs set forth above may
include a shift resistor, a level shifter, or the like.

[0067] When a specific gate line is opened, the data driving
unit 120 may convert the image data (Data') received from the
timing controller 140 into an analog data voltage (Vdata) to
be thereby supplied to the plurality of data lines DL1 to DLm
for driving the data lines DL1 to DLm.

[0068] The data driving unit 120 may include a plurality of
source driver integrated circuits (ICs, referred to as a “data
driver IC” as well). The plurality of source driver ICs may be
connected to a bonding pad of the organic light emitting
display panel 110 in a tape automated bonding (TAB) type or
a chip-on-glass (COG) type, or may be directly mounted on
the organic light emitting display panel 110. Alternatively, the
source driver ICs may be integrated on the organic light
emitting display panel 110, in some cases.

[0069] The plurality of source driver ICs set forth above
may include a shift resistor, a latch, a digital analog converter
(DAC), an output buffer, or the like, and in some cases, may
further include an analog digital converter (ADC) that con-
verts a sensed analog voltage value into a digital value to
thereby output the sensed data for sub-pixel compensation
(brightness difference compensation, or data compensation).
[0070] The plurality of source driver ICs may be imple-
mented, for example, in a chip-on-film (COF) type. One end
of each of the plurality of source driver ICs may be bonded
with at least one source printed circuit board (S-PCB), and the
other end thereof may be bonded with the bonding pad of the
organic light emitting display panel 110.

[0071] Meanwhile, the host system 150 mentioned above
may transmit various timing signals, such as vertical synchro-
nization signals (Vsync), horizontal synchronization signals
(Hsync). input data enable (DE) signals, or clock signals
(CLK), together with the image data (Data) of an input image,
to the timing controller 140.

[0072] The timing controller 140 may convert the image
data (Data) received from the host system 150 into data sig-
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nals suitable for the data driving unit 120 to thereby output the
converted image data (Data'). In addition, the timing control-
ler 140 may receive the timing signals, such as the vertical
synchronization signal (Vsync), the horizontal synchroniza-
tion signal (Hsync), the input DE signal, or the clock signal,
and may create various control signals to be thereby trans-
mitted to the data driving unit 120 and the gate driving unit
130 for controlling the same.

[0073] Forexample, in order to control the gate driving unit
130, the timing controller 140 may output gate control signals
(GCS) including a gate start pulse (GSP) signal, a gate shift
clock (GSC) signal, a gate output enable (GOE) signal, or the
like.

[0074] The GSP signal may control an operation start tim-
ing of the gate driver IC constituting the gate driving unit 130.
The GSC signal is a clock signal that is input to the gate driver
1Cs in common, and it may control a shift timing of a scan
signal (a gate pulse). The GOE signal may indicate timing
information of the gate driver ICs.

[0075] In order to control the data driving unit 120, the
timing controller 140 may output data control signals (DCS)
including a source start pulse (SSP) signal, a source sampling
clock (SSC) signal, a source output enable (SOE) signal, or
the like.

[0076] The SSP signal may control a data sampling start
timing of the source driver ICs constituting the data driving
unit 120. The SSC signal is a clock signal that controls a data
sampling timing in the source driver ICs. The SOE signal may
control an output timing of the data driving unit 120. In some
cases, the DCS may further include a polarity control signal
(POL) in order to control the polarity of the data voltage of the
data driving unit 120. In the case where the image data (Data')
input to the data driving unit 120 is transmitted according to
the interface standard of mini low voltage differential signal-
ing (LVDS), the SSP and the SSC may be omitted.

[0077] Referring to FIG. 1, the organic light emitting dis-
play device 100 may further include a power controller (not
shown) that supplies voltages and currents to the organic light
emitting display panel 110, the data driving unit 120, and the
gate driving unit 130, or controls the voltages and currents.
The power controller may be referred to as a power manage-
ment IC (PMIC).

[0078] FIG. 2 illustrates an equivalent circuit diagram of a
sub-pixel (SP) adopting a sensing structure of a driving tran-
sistor (DRT) in an organic light emitting display device 100
according to embodiments of the present invention.

[0079] Referring to FI1G. 2, basically, the driving transistor
(DRT) for driving the OLED 1is disposed in each sub-pixel
(SP) of the organic light emitting display panel 110.

[0080] The driving transistor (DRT) has characteristic
parameters, such as a threshold voltage, the mobility, or the
like.

[0081] As the driving time increases, the driving transistor
(DRT) tends to be degraded so that the characteristic param-
eters may be changed.

[0082] Since the degree of degradation of the driving tran-
sistors (DRT) between sub-pixels may be different from each
other, there may be a difference in the characteristic param-
eters (the threshold voltage, and the mobility) between the
driving transistors (DRT) of the sub-pixels.

[0083] This may bring about a difference in the brightness
between the sub-pixels, which may cause deterioration of the
picture quality.
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[0084] Accordingly, in order to compensate the difference
in the brightness between the sub-pixels, that is, in order to
compensate the difference in the characteristic parameters
between the driving transistors (DRT), it is required to sense
the characteristic parameters of the driving transistors (DRT).
Hereinafter, the sensing of the characteristic parameters of
the driving transistor (DRT) will be referred to as “sensing of
the driving transistor (DRT).”

[0085] Therefore, each sub-pixel of the organic light emit-
ting display panel 110, according to the present embodi-
ments, may further include a transistor {hereinafter, referred
(o as a sensing transistor (SENT)} that is used for the sensing
of the driving transistor (DRT).

[0086] Referring to FIG. 2, more specifically, the sub-pixel
(SP) having a sensing structure of the driving transistor
(DRT) may include an organic light emitting diode (OLED),
a driving transistor (DRT), a switching transistor (SWT), a
storage capacitor (Cstg), a sensing transistor (SENT), or the
like.

[0087] The driving transistor (DRT) may supply a driving
current to the organic light emitting diode (OLED) to drive
the same, and may have the first node (hereinafter, referred to
as a “N1 node”) that is electrically connected with the first
electrode (e.g., an anode, or a cathode) of the organic light
emitting diode (OLED), the second node (hereinafter,
referred to as a “N2 node”) corresponding to a gate node, and
the third node (hereinafter, referred to as a “N3 node”) that is
electrically connected with a driving voltage line (DVL).

[0088] The switching transistor (SWT) may be controlled
by a scan signal applied to the gate node through a corre-
sponding gate line (GL), and may be electrically connected
between the N2 node of the driving transistor (DRT) and the
data line (DL).

[0089] The storage capacitor (Cstg) may be electrically
connected between the N1 node and the N2 node of the
driving transistor (DRT), and may maintain a constant volt-
age for one frame.

[0090] The first sensing transistor (SENT) may be con-
trolled by the first sensing signal (SENSE), which is one of
the scan signals applied to the gate node through a corre-
sponding gate line (GL'), and may be electrically connected
between the N1 node of the driving transistor (DRT) and a
reference voltage line (RVL).

[0091] Referring to FIG. 2, the organic light emitting dis-
play device 100, according to the present embodiments, may
further include an analog digital converter (ADC), as an entity
for sensing the characteristic parameters of the driving tran-
sistor (DRT), which senses a voltage of the N1 node of the
driving transistor (DRT) through the reference voltage line
(RVL).

[0092] Here, the analog digital converter (ADC) may be
included in the source driver IC.

[0093] Referring to FIG. 2, the organic light emitting dis-
play device 100, according to the present embodiments, may
further include switches S1 and S2 that connect a node (Nrvl),
which is connected with the reference voltage line (RVL), to
a node (Nadc), which is connected with the analog digital
converter (ADC), or a supply node (Nref) of the reference
voltage (Vref).

[0094] The structure of FIG. 2 may be applied to each of
pixels of RGB colors. That is, the OLED of FIG. 2 is a circuit
for controlling one of a blue pixel, ared pixel, or a green pixel.
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[0095] As shown in FIG. 2, a single circuit controls a single
pixel for a single color. The pixels emit lights of specific
colors, such as R, G, B, or white (W).

[0096] The organic light emitting display panel 110 has a
plurality of pixels of FIG. 2, and each pixel is applied with a
driving voltage (VDD or EVDD). It is required to interrupt
the over-current of the driving voltage in order to prevent the
display panel 110 and the components thereof from being
damaged by the over-current.

[0097] Inthe typical organic light emitting display device,
the current flowing through the display panel varies with
input images. A small current flows through the display panel
in the case of a dark image, whereas a large current flows
through the display panel in the case of a white or bright
image. Therefore, in the case of an image that has many white
patterns, the excessive current may flow through the display
panel to increase power consumption. In order to address the
problem of power consumption, an automatic current limiting
(ACL) algorithm, which controls the current flowing through
the display panel according to an input image of one frame,
may be applied to limit the EVDD current through the display
panel 110, but this may bring about degradation of the bright-
ness of the display panel.

[0098] FIG. 3 illustrates a configuration of controlling the
over-current by applying the automatic current limiting algo-
rithm. InFIG. 2, the EVDD and the EVSS are connected with
each pixel, and are extended to the outside of the panel as
shown in FIG. 3. The EVDD voltage may be applied to the
display panel 110 via a control PCB (C-PCB) 310 from the
external host system (set) 150. In addition, the EVSS is con-
nected to the outside of the display panel 110 as well.

[0099] The ACL algorithm set forth above may estimate a
consumption current of the display panel 110 to obtain a gain
with respect to a target current. More specifically, the ACL
algorithm may calculate a total consumption current by esti-
mating the current in each pixel, and may calculate a limiting
gain from the calculated current and the target current to
thereby implement the same by interworking with a peak
brightness control block. Accordingly, the ACL algorithm can
reduce the power consumption by limiting the peak lumi-
nance of the display panel according to the brightness of the
input image, and can prevent the over-current by lowering the
overall brightness when the excessive current more than a
limit current is expected to flow according to a specific pat-
tern. However, although the ACL algorithm can limit the
current, the value calculated according to the ACL algorithm
is not accurate, and no hardware for protecting the display
panel from the over-current of the EVDD is provided. That is,
in the ACL algorithm, the limitis determined by a data voltage
when a configured current flows, and the current of the EVDD
is not monitored directly to limit the same. Therefore, since
the accurate current cannot be detected, it is more likely to fail
to control the over-current.

[0100] Accordingly, the embodiment of the present inven-
tion provides a structure that prevents the inflow of the over-
current through the EVDD line by adopting a simple circuit.
More specifically, the embodiment of the present invention
provides an over-current controller that prevents the inflow of
the over-current through the EVDD line using a PMOS or
NMOS and an OP-Amp. The over-current controller of the
present invention may be included in the control PCB set forth
above, or may be separated from the control PCB. According
to another embodiment of the present invention, the over-
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current controller is formed between the pixel and the EVDD
line to interrupt the over-current to the pixel of the display
panel 110.

[0101] FIG. 4 illustrates a configuration of the over-current
controller according to an embodiment of the present inven-
tion.

[0102] The over-current controller 400 may identify the
over-current through a degree of a voltage drop through the
EVDD line. More specifically, an over-current identification
unit 410 may compare a voltage (V_evdd) of the EVDD line
with a reference voltage (V_over) for identifying the over-
current. [f the voltage (V_evdd) of the EVDD line reaches or
becomes lower than the reference voltage (V_over) corre-
sponding to the over-current, the over-current identification
unit 410 may recognize that the over-current flows through
the EVDD line so the interruption unit 420 may interrupt the
power through the EVDD line. That s, the over-current iden-
tification unit 410 may take the driving voltage supply line as
the first input port and the reference voltage line as the second
input port. Here, the reference voltage may be equal to, or
greater than the voltage of the driving voltage supply line,
which has dropped when the over-current flows to the display
panel. Incase of no over-current, the reference voltage may be
configured to be less than the driving voltage on the supply
line to make it easy to determine whether the voltage of the
driving voltage supply line is within the range of the over-
current. This enables the voltage drop of the driving voltage
supply line due to the over-current to be easily determined,
and provides a simple configuration and an accurate opera-
tion using circuits such as an OP-Amp that will be described
later.

[0103] The reference voltage (V_over) of the over-current
identification unit 410 may be configured as various values.
For example, when the reference voltage (V_evdd) drops due
to the over-current, the voltage of an allowable value may be
applied as the V_over for comparison.

[0104] To make a summary of FIG. 4, the over-current
identification unit 410 may identify a voltage drop of the
driving voltage supply line, which applies the driving voltage
to the driving transistor among thin film transistors for con-
trolling the pixels of the display panel, and if it is determined
that the over-current flows to the display panel 110, the inter-
ruption unit 420 interrupts the current of the driving voltage
supply line to the display panel 110. That is, the over-current
inside the display panel can be determined from the outside of
the display panel to thereby lower the possibility of generat-
ing an over-current, so the over-current generated through the
driving voltage supply line can be controlled in a manner of
hardware. Therefore, the display panel may be prevented
from deteriorating due to the over-current. In addition, the
over-current controller 400 provided outside the display
panel 110 as shown in FIG. 4 can be manufactured separately
from the display panel 110 to be then combined to the same,
and the over-current controller 400 is not affected by the
malfunction of the display panel 110 due to the over-current
to thereby maintain the normal operation thereof.

[0105] FIG. 5 illustrates a detailed configuration of the
over-current controller 400 according to an embodiment of
the present invention. Here, the over-current identification
unit 1s configured as an OP-Amp 510, and the interruption
unit is configured as a PMOS 520. A resistor (Rsense) 505
may be connected between the EVDD and a source terminal
of the PMOS 520. The “~” terminal of the OP-Amp 510 may
be applied with the EVDD, and may be connected with the
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terminal “a” of the resistor (Rsense) 505. The “+” terminal of
the OP-Amp 510 is applied with the reference voltage, i.e.,
Vrefin FIG. 5, for identifving the over-current. The reference
voltage (Vref) is the voltage that is applied to the sensing
transistor among the thin film transistors of the pixels. Since
the EVDD over-current is identified using the voltage, such as
the reference voltage (Vref), applied to the display panel
without applying a separate voltage as a reference voltage to
the over-current identification unit, the configuration of the
circuit can be simplified. The OP-Amp 510, as the over-
current identification unit, may compare the voltage of the
terminal “a” of the resistor (Rsense) with the reference volt-
age (Vref). As a result of the comparison, when the voltage of
the terminal “a” of the resistor (Rsense) drops below the
reference voltage (Vref) due to the over-current, the voltage
of the terminal “b” increases. As a result, VSG of the PMOS
520, as the interruption unit, is reduced to thereby turn off the
PMOS 520. In the case of the over-current through the EVDD
line, the PMOS 520 may interrupt the over-current so that the
EVDD is no longer applied to the panel 110.

[0106] Equation 1 shows the relationship between the cur-
rent and the voltage, which are applied to the PMOS 520.

B 5 Equation 1
lis = 5 Vi = [Val (L + 2Visp) 4

[0107] Here, the current, which flows between the drain and
the source of the PMOS 520, may be calculated using the
voltage (Vsg) applied to the gate, the threshold voltage (Vth)
of the PMOS, and the voltage between the source and the
drain of the PMOS.

1=V =Vl 1=Vl

[0108] When the current (Io) of the resistor (Rsense)
increases, according to Equation 2 above, the voltage (Va) of
the terminal “a” drops, and the voltage (Vb) of the terminal
“b” increases. As a result, the voltage (Vsg) of the PMOS 520
is reduced to thereby turn off the PMOS 520. Consequently,
the current from the EVDD may be interrupted.

[0109] Although the Vrefis applied as the reference voltage
in FIG. 5, the present invention is not limited thereto, and a
voltage lower than the voltage (EVDD) when no over-current
flows may be applied to the “+” terminal.

[0110] The configuration of FI1G. 5 can be summarized as
follows. The interruption unit is configured as the PMOS 520,
and the over-current identification unit is configured as the
OP-Amp 510. One end of the sensing resistor 505 is con-
nected with the driving voltage power line, and the other end
thereof is connected with the source of the PMOS 520 as the
interruption unit. In addition, the “~" terminal of the OP-Amp
is connected with the other end of the sensing resistor 505,
and the “+” terminal of the OP-Amp is applied with the
reference voltage. Furthermore, the output terminal of the
OP-Amp is connected with the gate node of the PMOS.
[0111] FIG. 6 illustrates a detailed configuration of the
over-current controller 400 according to another embodiment
of the present invention. The embodiment of FIG. 6 adopts the
NMOS instead of the PMOS of FIG. 5. In addition, the
OP-Amp 610 may be used as the over-current identification
unit as well, but it may be different from that of FIG. 5 in the
connection thereof with the terminals.

[0112] FIG. 6 shows that the over-current identification unit
is configured as an OP-Amp 610, and the interruption unit is

Equation 2
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configured as aNMOS 620. The resistor (Rsense) 505 may be
connected between the EVDD and the drain terminal of the
NMOS 620. The “+” terminal of the OP-Amp 610 may be
applied with the EVDD, and may be connected with the
terminal “c” of the resistor (Rsense) 505. The “~” terminal of
the OP-Amp 610 is applied with the reference voltage, i.e.,
V_overl in FIG. 6, for identifying the over-current. As a
result, the OP-Amp 610, as the over-current identification
unit, may compare the voltage of the terminal “c” of the
resistor (Rsense) 505 with the reference voltage (V_overl).
As a result of the comparison, when the voltage (Vc) of the
terminal “c” of the resistor (Rsense) drops below the refer-
ence voltage (V_overl) due to the over-current, the voltage
(Vd) of the terminal “d” drops. As aresult, VSG of the NMOS
620, as the interruption unit, is reduced to thereby turn offthe
NMOS 620 so that the current of the EVDD is no longer
applied to the panel 110. The reference voltage (V_overl)
may be configured to be lower than the voltage of the EVDD
when no over-current flows.

[0113] The configuration of FIG. 6 can be summarized as
follows. The interruption unit is configured as the NMOS
620, and the over-current identification unit is configured as
the OP-Amp 610. One end of the sensing resistor 505 is
connected with the driving voltage supply line, and the other
end thereof is connected with the drain of the NMOS 620 as
the interruption unit. In addition, the “+” terminal of the
OP-Amp is connected with the other end of the sensing resis-
tor 505, and the “~” terminal of the OP-Amp is applied with
the reference voltage. Furthermore, the output terminal of the
OP-Amp is connected with the gate node of the NMOS.
[0114] In FIGS. 5 and 6, when the voltage drops below a
specific voltage due to the over-current, the current of the
EVDD to the panel is interrupted to prevent the inflow of the
over-current.

[0115] InFIGS. 5 and 6, the voltage applied to the panel is
compared with a specific voltage to identify the over-current,
and the EVDD is controlled to be applied to the panel accord-
ing to the comparison result.

[0116] FIGS.7(a) and 7(b)illustrates the operation of inter-
rupting the over-current in the configuration of FIG. 5 accord-
ing to an embodiment of the present invention. The descrip-
tion will be made of the OP-Amp 510 as the over-current
identification unit, and the PMOS 520 as the interruption unit
of FIG. 5. In diagrams 710 and 720 of FIGS. 7(e) and 7(5)
respectively, the voltage (Va) of the terminal “a” and the
reference voltage (Vref) of F1G. 5 are applied to the OP-Amp
510. The voltage (Vref) is an example of the reference voltage
(V_over) for determining the over-current in FIGS. 7(a) and
7(b), but a specific voltage, which is lower than the EVDD,
may be applied as the reference voltage for identifying the
over-current. Diagram 710 in FIG. 7(a) shows the case of
Va>Vref. A “Low” value is output from the terminal “b” of
the OP-Amp 510. As a result, the PMOS 520 is turned on, and
the EVDD is applied to the panel through the PMOS 520. On
the contrary, diagram 720 in FIG. 7(b) shows the case of
Va<Vref. A “High” value is output from the terminal “b” of
the OP-Amp 510. As a result, the PMOS 520 is turned off, and
the EVDD is no longer applied to the panel.

[0117] Referring to FIGS. 5 and 7(a) and 7(b), one end of
the sensing resistor 505 is connected with the driving voltage
supply line EVDD, and the other end of the sensing resistor is
connected with the source of the PMOS 520 operating as the
interruption unit. In addition, the OP-Amp 510 is used as the
over-current identification unit, and the “~” terminal of the
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OP-Amp is connected with the other end of the sensing resis-
tor 505. Furthermore, the “+” terminal of the OP-Amp is
supplied with the reference voltage to thereby identify the
over-current. The output terminal of the OP-Amp is con-
nected with the gate node of the PMOS as the interruption unit
so that the PMOS may be turned off in the case of the over-
current as shown in FIG. 7(b). The over-current of the EVDD
can be prevented from flowing to the display panel by a
combination of the OP-Amp and the PMOS.

[0118] FIGS. 8(a) and 8(5) illustrate the operation of inter-
rupting the over-current in the configuration of FIG. 6 accord-
ing to another embodiment of the present invention. The
description will be made of the OP-Amp 610 as the over-
current identification unit, and the NMOS 620 as the inter-
ruption unit of FIG. 6. In diagrams 810 and 820 of FIGS. 8(a)
and 8(b), the voltage (Vc) of the terminal “c” and the refer-
ence voltage (V_overl) of FIG. 6 are applied to the OP-Amp
610. The voltage (V_overl) is the reference voltage for deter-
mining the over-current, and it may be selected from among
various voltage values. Diagram 810 of FIG. 8(b) shows the
case of Vc>V_overl. A “High” value is output from the
terminal “d” of the OP-Amp 610. As a result, the NMOS 620
is turned on, and the EVDD is applied to the panel through the
NMOS 620. On the contrary, diagram 820 of FIG. 8(5) shows
the case of Ve<V_overl. A “Low” value is output from the
terminal “d” of the OP-Amp 610. As a result, the NMOS 620
is turned off, and the EVDD is no longer applied to the panel.

[0119] Referring to FIGS. 6, 8(a) and 8(b), one end of the
sensing resistor 505 is connected with the driving voltage
supply line EVDD, and the other end of the sensing resistor
505 is connected with the source of the NMOS 620 operating
as the interruption unit. In addition, the OP-Amp 610 is used
as the over-current identification unit. On the contrary to the
configuration of FIGS. 5, 7(a) and 7(b), the “+” terminal of
the OP-Amp is connected with the other end of the sensing
resistor 505, and the “~” terminal of the OP-Amp is applied
with the reference voltage to thereby identify the over-cur-
rent. The output terminal of the OP-Amp is connected with
the gate node of the NMOS as the interruption unit so that the
NMOS may be turned off in the case of the over-current as
shown in FIGS. 8(a) and 8(5). The over-current ofthe EVDD
can be prevented from flowing to the display panel by a
combination of the OP-Amp and the NMOS.

[0120] FIG. 9 illustrates a configuration including a refer-
ence voltage increasing/decreasing unit for increasing and
decreasing the reference voltage according to an embodiment
of the present invention. As described above, the reference
voltage (V_over), which may be allocated with the Vref or
another configured voltage, may be a reference value to iden-
tify whether or not the voltage of the driving voltage supply
line corresponds to the over-current. The reference voltage
may be a fixed value, or may be increased or decreased
according to the frequency or features of the generation of the
over-current. FIG. 9 shows the embodiment of the over-cur-
rent controller 400 that further includes a reference voltage
increasing/decreasing unit 950. The reference voltage
increasing/decreasing unit 950 may apply the reference volt-
age (V_over) applied from the outside directly to the over-
current identification unit 410. Meanwhile, the over-current
identification unit 410 may feed the voltage value (V_evdd)
applied to the driving voltage supply line back to the reference
voltage increasing/decreasing unit 950, and the reference
voltage increasing/decreasing unit 950 may increase or
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decrease the voltage (V_over"), which is to be applied to the
over-current identification unit 410, with reference to the fed
value.

[0121] As to an example of decreasing the voltage
(V_over'), when the V_evdd decreases temporarily, it may be
determined as the over-current even though it is not the over-
current. In this case, the reference voltage increasing/decreas-
ing unit 950 may reduce the voltage (V_over') to lower the
reference value for identifying the over-current. As to an
example of increasing the voltage (V_over'), when the
V_evdd increases temporarily, it may not be determined as
the over-current even though it is the over-current. In this
case, the reference voltage increasing/decreasing unit 950
may increase the voltage (V_over') to raise the reference
value for identifying the over-current.

[0122] Furthermore, the reference voltage increasing/de-
creasing unit 950 may increase or decrease the reference
voltage according to the over-current identified in the display
panel or the system. For example, even though the over-
current identification unit 410 is not able to identify the over-
current, when the over-current is identified through a separate
feedback signal, the reference voltage increasing/decreasing
unit 950 may increase the reference voltage to detect the
over-current more accurately. Therefore, the reference volt-
age increasing/decreasing unit 950 may receive a signal indi-
cating the generation of the over-current from the outside of
the over-current controller 400 in order to determine the
increase and the decrease in the reference voltage.

[0123] An embodiment of the present invention, in the
operation of the display device, such as OLED TV sets, may
prevent the over-current of the EVDD voltage from flowing to
the panel of the display device to thereby attenuate the dam-
age to the components and the panel. The EVDD current to
the panel has been controlled through the ACL algorithm in
the prior art, but it is not likely to detect the over-current
accurately because it does not directly monitor the current.
[0124] On the contrary, according to the present invention,
the over-current identification unit and the over-current inter-
ruption unit can be configured as simple hardware. In an
embodiment, the current may be directly monitored in order
to interrupt the EVDD over-current flowing to the panel and
the components using the OP-Amp and the PMOS (or
NMOS). In addition, in the case of the over-current, the
PMOS or the NMOS may be promptly turned off to minimize
the damage to the device.

[0125] A control device, according to an embodiment of the
present invention, may be combined to the C-PCB as shown
in FIG. 3. The control device may include the over-current
identification unit and the over-current controller, as set forth
above. A single OP-Amp and the PMOS or the NMOS may be
connected to the driving voltage supply line. The OP-Amp
may provide a function of identifying the over-current, and
the PMOS or the NMOS may provide a function of interrupt-
ing the over-current. More specifically, a control device
including the over-current controller 400 shown in FIGS. 4 to
9 may be combined to the C-PCB. The over-current identifi-
cation unit, such as the OP-Amp, may identify a voltage drop
of the driving voltage supply line for applying the driving
voltage to the driving transistor among the thin film transis-
tors for controlling the pixels of the display device to thereby
recognize the over-current to the display panel, and the inter-
ruption unit, such as the NMOS or the PMOS, may interrupt
the voltage of the driving voltage supply line when the over-
current is identified by the over-current identification unit.
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The OP-Amp may receive the voltage of the driving voltage
supply line and the reference voltage to thereby identify the
over-current, and the sensing resistor may be interposed
between the OP-Amp and the driving voltage supply line. The
voltage (Vref) provided to the sensing transistor of the pixel
may be an example of the reference voltage. In addition, the
over-current interruption unit may be configured as the
PMOS or the NMOS, and the type of signal input to the input
terminal of the over-current identification unit has been
described in FIGS. 5 to 8 above. In addition, as set forth in
FIG. 9, the over-current controller may further comprise the
reference voltage increasing/decreasing unit that increases or
decreases the reference voltage according to the increase and
the decrease in the over-current to thereby control the moni-
toring of the over-current of the driving voltage and the inter-
ruption of the over-current more accurately.

[0126] As shown in the embodiment of the present inven-
tion, the PMOS (or the NMOS), the OP-Amp, and the sensing
resistor (Rsense) may be provided on the path of the EVDD
inside the C-PCB in order to interrupt the over-current. Here,
the sensing resistor may be connected between the driving
voltage supply line (the EVDD line) and the source terminal
of the PMOS (or the NMOS).

[0127] In the case where the over-current of the driving
voltage supply line is interrupted by the PMOS, an inverting
terminal ofthe OP-Amp is connected to the source terminal of
the PMOS, and a non-inverting terminal of the OP-Amp is
connected to the voltage (Vref) line for configuration. In
addition, the output terminal of the OP-Amp is connected
with the gate terminal of the PMOS.

[0128] In the case where the over-current of the driving
voltage supply line is interrupted by the NMOS, an inverting
terminal of the OP-Amp may be connected with the voltage
(Vref) line. A non-inverting terminal of the OP-Amp is con-
nected to the source terminal of the NMOS. In addition, the
output terminal of the OP-Amp is connected with the gate
terminal of the NMOS.

[0129] As describe above, the embodiment of the present
invention provides a configuration that interrupts the EVDD
applied to the OLED in the case of the over-current in order to
detect the over-current and prevent damage to the panel. The
embodiment of the present invention may be operated in
cooperation with a conventional system or elements for
detecting the over-current.

[0130] The description and the attached drawings are pro-
vided only to exemplary describe the technical the present
invention, and it will be appreciated by those skilled in the art
to which the present invention pertains that the present inven-
tion may be variously corrected and modified, for example,
by coupling, separating, replacing, and changing the ele-
ments. Accordingly, the embodiments disclosed in the
present invention are merely to not limit but describe the
technical idea of the present invention. Further, the scope of
the present invention is not limited by the embodiments. The
scope of the present invention shall be construed on the basis
of the accompanying claims in such a manner that all of the
technical ideas included within the scope equivalent to the
claims belong to the present invention.

What is claimed:

1. An over-current control device for detecting an over-
current provided to an organic light emitting device (OLED),
comptrising:

an over-current identification unit adapted to compare a

driving voltage on a supply line for driving the OLED
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with a reference voltage on a reference voltage line for
identifying the over-current; and

an interruption unit connected between the supply line
supplying the driving voltage and the OLED for inter-
rupting the power supply when the over-current identi-
fication unit recognizes an over-current flowing through
the supply line.

2. The over-current control device according to claim 1,

further comprising:

a comparator having a first and second input and an output,
wherein the first input is connected to the supply line and
the second input is connected to the reference voltage
line, and wherein the output of the comparator is con-
nected with an input of the interruption unit.

3. The over-current control device according to claim 2,
further comprising: a resistor directly connected between the
supply line carrying the driving voltage and the interruption
unit, wherein the first input is connected to the supply line at
the resistor to detect a voltage drop at the resistor on the
supply line.

4. The over-current control device according to claim 2,
wherein the comparator is an operational amplifier.

5. The over-current control device according to claim 1,
wherein the over-current control device is located on a control
board connected via a connection line or flexible board to a
display panel comprising the OLED, wherein the control
board is separated from the display panel.

6. The over-current control device according to claim 5,
wherein the control board is directly connected to the supply
line.

7. The over-current control device according to claim 1,
further comprising a reference voltage increasing/decreasing
unit for adopting the reference voltage.

8. The over-current control device according to claim 1,
wherein the interruption unit is a PMOS or NMOS transistor.

9. The over-current control device according to claim 1,
wherein when the voltage on the supply line reaches the
reference voltage or becomes lower than the reference volt-
age corresponding to the over-current, the over-current iden-
tification unit recognizes that the over-current flows through
the supply line and then the interruption unit interrupts the
supply of the driving voltage through the supply line.

10. A display device, comprising:

display panel having data lines and gate lines, wherein
subpixels are disposed at crossings of the data lines and
gate lines;

at least one source driver integrated circuit for supplying
data signals to the data lines;

at least one gate driver integrated circuit for supplying
scanning signals to the gate lines;

acontroller for controlling the source driver IC and the gate
driver IC, wherein the controller includes an over-cur-
rent control device comprising:

an over-current identification unit adapted to compare a
driving voltage on a supply line for driving the OLED
with a reference voltage on a reference voltage line for
identifying the over-current; and

an interruption unit connected between the supply line
supplying the driving voltage and the OLED for inter-
rupting the power supply when the over-current identi-
fication unit recognizes an over-current flowing through
the supply line.

11. The display device according to claim 10, wherein the

sub-pixels include a driving transistor, an organic light emit-
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ting diode, a switching transistor, a storage capacitor and a
sensing transistor, the driving transistor is connected between
the supply line and the OLED and is controlled by a data
voltage supplied to the gate of the driving transistor via the
data line, wherein the sensing transistor is controlled by a
sense signal to connect a reference voltage line with a node
between the driving transistor and the OLED used for sensing
a characteristic of the driving transistor.

12. The display device according to claim 10, wherein the
reference voltage supplied to the second input of the com-
parator is the voltage applied to the sensing transistor of the
subpixel.

13. The display device according to claim 10, wherein the
driving voltage is provided from the control board to the
display panel by passing through the data driver.

14. The display device according to claim 10, wherein the
driving voltage is supplied from an external host system to the
display panel comprising the OLED via the control board.

15. A method for operating a display device including an
over-current control device and a display panel, comprising
the steps of:

supplyving a driving voltage on a supply line to an organic

light emitting diode (OLED) of the display panel; and
identifying a voltage supplied to the display panel outside
the display panel,

wherein when the identified voltage reaches a reference

voltage corresponding to an over-current or becomes
lower than the reference voltage corresponding to the
over-current, interrupting the power supply through the
supply line outside of the display panel.

* % % k¥
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