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(57) ABSTRACT

The present invention relates to a method for properly con-
trolling the drive current when driving an Active Matrix
OLED (AMOLED) in order to prevent the brightness from
being changed due to temperature changes in a panel or the
performance deterioration of the OLED. The present inven-
tion comprises: an OLED (organic light emitting diode) panel
that displays an image; pixel driving circuit including: a drive
current control unit that outputs a current control signal cor-
responding to a detected current supplied to the OLED panel;
and a comparator that compares the current control signal
with a power supply voltage and outputs a bias voltage; and a
transistor that receives the power supply voltage and that
supplies a drive current to the OLED panel corresponding to
the bias voltage.
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PIXEL DRIVING CIRCUIT OF
ELECTRO-LUMINESCENT DISPLAY DEVICE
AND DRIVING METHOD THEREOF

[0001] This present application claims the benefit of
Korean Patent Application No. 10-2006-0119368 filed Nov.
29, 2006, 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 a driving method of
an AM-OLED (Active Matrix Organic Light Emitting Diode)
panel, and more particularly, to a pixel driving circuit of an
electro-luminescent display device that is capable of prevent-
ing changes in brightness due to temperature changes in the
panel or a performance deterioration of the OLED and a
driving method thereof.

[0004] 2. Discussion of the Related Art

[0005] Generally, pixel structures for AM-OLED displays
may be broadly classified into voltage-driven pixels, current-
driven pixels and digitally-driven pixels according to their
driving method.

[0006] The voltage-driven pixel has a structure such that a
voltage may be driven at a high speed that is similar to a
TFT-LCD (Thin Film Transistor-Liquid Crystal Display)
driver LSI (Large Scale Integrated Circuit). Accordingly, it is
easy to implement the driver LSI. However, the voltage-
driven technique has drawbacks in that the brightness
between the upper and lower portions of a display panel may
be different due to a drop in a pixel power supply voltage, and
also crosstalk noise may be generated. Even though non-
uniformity of a threshold voltage is in the driving transistor
may be compensated to a certain degree, it is difficult to
compensate for variations in election mobility in the driving
transistors.

[0007] The current-driven pixel has a structure such that a
current driven. Accordingly, it is easy to compensate for
changes in the characteristics of the TFT and is also possible
to compensate fora IR drop in the power supply voltage. But,
it is difficult to drive a current within a short row line time
because a data line presents a large parasitic load upon appli-
cation of a current having a low gradation.

[0008] The digitally-driven pixel structure is very sensitive
to the deterioration or characteristic changes in the OLED
material.

[0009] FIG. 1 is a schematic circuit diagram of a pixel
circuit for driving a current in an electro luminescent display
device in accordance with the related art.

[0010] As shown in FIG. 1, the pixel circuit for driving a
current in the electro-luminescent display device includes: a
PMOS-FET (P-channel Metal Oxide Semiconductor Field
Effect Transistor) driving transistor (T1) and a PMOS FET
switching transistor (12) that are connected in series between
apower supply terminal (VDD) and an organic light emitting
diode (OLED) in order to supply a drive current to the OLED;
a storage capacitor (Cstg) connected between a source termi-
nal and a gate terminal of the PMOS FET driving transistor
(T1); a PMOS FET switching transistor (T3) the source ter-
minal of which is connected to a data line (DL) and a drain
terminal of which is connected to the gate terminals of PMOS
FET transistors (T1), (T2), and having its gate connected to a
first gate signal terminal (GATE1); and a PMOS FET switch-
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ing transistor (T4) the source terminal of which is connected
to the data line (DL) and the drain terminal of which is
connected to the drain and source terminals of PMOS FET
transistors (T1), (T2), respectively, and having its gate con-
nected to a second gate signal terminal (GATE2).

[0011] The operation of the pixel circuit of FIG. 1 will be
described as follows. First, when the gate signal terminals
(GATEL), (GATE2) are at a ‘low’ level, the switching tran-
sistors (T3), (T4) are turned on, respectively. Accordingly,
driving transistor (T1) sinks a current from the power supply
terminal (supplied from a data driving unit). The current
flowing at this time is uniformly sunk, and accordingly the
same amount of the current flows to all pixels.

[0012] Thus, a voltage corresponding to the sunk current is
charged on the storage capacitor (Cstg). But, the characteris-
tics of the driving transistors (T1) in each pixel are different.
So, voltages are charged on the storage capacitors (Cstg) in
each pixel having different levels.

[0013] Thereafter, when gate signal terminals (GATE1),
(GATE2) assume a ‘high’ level, the switching transistors
(T3), (T4) are turned off, respectively. At this time, driving
transistor (T1) supplies the current corresponding to the volt-
age charged in the storage capacitor (Cstg) towards the
organic light emitting diode (OLED), thereby obtaining an
excellent uniformity.

[0014] As mentioned above, the OLED is arranged in a
matrix to form a panel, and an OLED panel having the above
structure is used for displaying an image. The OLED panel is
driven by a power supply voltage (VDD) supplied from a
DC/DC converter (not shown).

[0015] Also, even though PMOS FET transistors are used
as the transistors (T1-T4) in the above description, NMOS
FET transistors can be also used as well.

[0016] The pixel driving circuit of the electro-luminescent
display device in accordance with the related art has a prob-
lem in that the current supplied to the OLED panel is not
properly controlled. Accordingly, the temperature increases
and the power supply voltage drops below a predetermined
level that causes the OLED panel not to operate properly that
results in a deteriorated image quality.

SUMMARY OF THE INVENTION

[0017] Accordingly, the present invention is directed 1o a
pixel driving circuit of electro-luminescent display device
and driving method thereof that substantially obviates one or
more of the problems due to limitations and disadvantages of
the related art.

[0018] An advantage of the present invention is to provide
a pixel driving circuit which is capable of preventing the
temperature of an OLED panel from increasing or the level of
apower supply voltage from dropping below a predetermined
value by properly controlling a current supplied from a
DC/DC converter towards the OLED panel, and a driving
method thereof.

[0019] 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. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0020] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, an electro-luminescent display device
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includes an OLED (organic light emitting diode) panel that
displays an image; pixel driving circuit including: a drive
current control unit that outputs a current control signal cor-
responding to a detected current supplied to the OLED panel;
and a comparator that compares the current control signal
with a power supply voltage and outputs a bias voltage; and a
transistor that receives the power supply voltage and that
supplies a drive current to the OLED panel corresponding to
the bias voltage.

[0021] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] 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 embodiment of the invention and together with the
description serve to explain the principles of the invention.
[0023] In the drawings:

[0024] FIG. 1 is a schematic circuit diagram of a pixel
driving circuit of an electro-luminescent display device in
accordance with the related art.

[0025] FIG.2is ablock diagram of the electro-luminescent
display device in accordance with the present invention.

[0026] FIG.3isablock diagram of the drive current control
unit of FIG. 2.
[0027] FIG. 4 is a schematic circuit diagram of a pixel

driving circuit of an electro-luminescent display device in
accordance with the present invention.

[0028] FIG. 5 is a graph showing the relationship between
the current and the voltage supplied to an OLED panel.

DETAILED DESCRIPTION

[0029] Hereinafter, description will be given in detail of the
preferred embodiments of the present invention, in conjunc-
tion with the accompanying drawings.

[0030] FIG.21is ablock diagram of the electro-luminescent
display device in accordance with the present invention.
[0031] Asshownin FIG. 2, the electro-luminescent display
device according to the present invention includes an OLED
panel 30, a drive current control unit 10 for detecting the drive
current supplied to the OLED panel and controlling the cur-
rent to be applied to the OLED panel 30 based on the detected
current, and a drive current supply unit 20 for supplying the
drive current to the OLED panel 30 by the control signal of the
drive current control unit 10.

[0032] A plurality of gate lines and data lines are disposed
in the OLED panel 30 to define a plurality of pixels and first
and second thin film transistors are disposed in each pixel.
The first thin film transistor includes a gate electrode con-
nected to the gate line to receive the gate signal, a source
electrode connected to the data line to receive the data signal,
adrain electrode connected to the gate electrode of the second
thin film transistor to switch the emitting unit. The second
thin film transistor includes a gate electrode connected to the
drain electrode of the first thin film transistor, a drain elec-
trode connected to the emitting unit, and a source electrode
connected to a power line. In the drive current control unit 10,
a reference value is input to be compared with the drive
current detected in the OLED panel 30 and the control signal
is output to control the drive current to be supplied to the
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OLED 30 when the deference value between the detected
drive current and the reference exceeds aset value.

[0033] Asshownin FIG. 3, the drive current control unit 10
includes a pulse width modulation (PWM) signal generating
unit 12 for input the detected value of the drive current sup-
plied to the OLED panel and the reference value to generate
the PWM signal when the detected value is different from the
reference value, a control signal generating unit 14 for gen-
erating the control signal on the basis of the PWM signal input
from the PWM signal generating unit 12, and a current con-
trol unit 16 to be driven by the control signal from the control
signal generating unit 14 to control the drive current supplied
to the OLED panel 30.

[0034] In general, the current control signal may be pro-
duced in several different ways. In this invention, a PWM
signal (square wave) having a wave form with a variable duty
ratio may be produced in the present invention. In this case,
the PWM signal generating unit 14 may output the PWM
signal with a duty ratio corresponding to the level of the
detected current and the control signal generating unit 14 may
output the control signal to drive the current control unit on
the basis of the PWM signal.

[0035] Hereinafter, we will describe a schematic circuit
diagram of an exemplary pixel driving circuit of the electro-
luminescent display device.

[0036] Referring FIG. 4, the pixel driving circuit of the
electro-luminescent display device in accordance with the
present invention may include: a PWM signal generating unit
130 that outputs the PWM signal corresponding to the current
detected by detecting a current supplied to an OLED panel
130; a control signal generating unit 114 for outputting the
control signal in accordance with the PWM signal from the
PWM signal generating unit 112 and the reference signal, a
current control unit Q for controlling the amount of the cur-
rent supplied to the OLED panel 130 from a power supply
terminal according to the control signal from the control
signal generating unit 114, and the OLED panel 130 for
displaying an image using the drive current supplied through
the current control unit Q.

[0037] Here, the control signal generating unit 114 may
include a comparator (CP) comparing the power supply volt-
age (VDD), i.e., the reference signal, with a square wave
voltage of the PWM signal from the PWM signal generating
unit 112 and outputting a bias voltage according to the com-
parison result, and the current control unit Q may include a
transistor supplying the drive current corresponding to the
bias voltage to the OLED panel 130.

[0038] The present invention may include various struc-
tures, not limited to above structure. For example, although
the control signal is a PWM signal to control the drive current
supplied to the OLED panel 130, other control signals gen-
erated by other processes may be used to control the drive
current.

[0039] The operation of the pixel driving circuit of the
present invention constructed as described above will be
described in detail with reference to FIG. § as follows.
[0040] The OLED panel 130 may be formed in a structure
such that a plurality of OLED pixels are arranged in a matrix
in order to display images. The OLED pixels may be driven
by particular driving methods, respectively. FIG. 4 depicts a
supply path of the drive current (I,;) with respect to the
pixels.
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[0041] FIG. 5 is a graph showing the relationship between
the drive current (I, ) supplied to the OLED panel 130 and
the power supply terminal voltage (VDD).

[0042] As shown in FIG. 5, the level of the power supply
terminal voltage (VDD) varies according to the drive current
(Ig;) The level of the drive current (I, ) varies according to a
load capacity of the OLED panel 130. Here, when the level of
the drive current (I;;) is relatively small, the power supply
terminal voltage (VDD) may be maintained at a specific level
(e.g. 15V). However, when the level of the drive current (I;;)
is relatively large, the power supply terminal voltage (VDD)
may drop below a required voltage level (e.g. 12V), and
accordingly, the OLED panel 130 may not be normally opet-
ated.

[0043] Therefore, the PWM signal generating unit 112
detects the level of the drive current (I;) supplied to the
OLED panel 3 through a DC/DC converter and the power
supply terminal (VDD) and outputs the PWM signal corre-
sponding to the level of the detected current to the control
signal generating unit 114, that is, the comparator.

[0044] There are several possible methods for detecting the
level of the drive current (I; ). For example, the drive current
(Ig;) may be directly detected by a current detection device.
In another example, the level of the drive current (Iz; ) may be
predicted based on the detected level of the power supply
terminal (VDD), because the greater the level of the drive
current (I, ) is, the lower the level of the power supply ter-
minal voltage (VDD) is, as described above.

[0045] The signal controlling the current control unit Q
(that is, the transistor) may be produced in several different
ways. In this embodiment, the signal has the shape of PWM
signal (square wave) of which a duty ratio is variable. In this
case, the control signal generating unit 114 output the signal
having shape of PWM signal with a duty ratio corresponding
to the level of the detected current.

[0046] Inthe transistor Q, the level of the drive current (I;)
supplied to the OLED panel 130 from the power supply
terminal (VDD) may be varied according to the current con-
trol signal applied from the control signal generating unit 114.

[0047] The control signal generating unit 114 and the cur-
rent control unit Q may be implemented in various forms, and
it may be implemented with the comparator (CP) and the
transistor (Q) in an exemplary embodiment of the present
invention. In this case, the comparator (CP) may compare the
voltage (VDD), that s, the reference signal, supplied from the
DC/DC converter (not shown) to the power supply terminal of
the OLED panel 130 with the square wave voltage of the
control signal outputted from the drive current control unit 1,
and then output the bias voltage to control the operation of the
transistor (Q) according to the compared result.

[0048] For example, after the comparator (CP) compares
the two voltages, when the square wave voltage of the control
signal output from the control signal generating unit 114 is in
the ‘low’ period, a ‘low’bias voltage may be output to the base
of the transistor (Q) to make the transistor (Q) turn on. While,
in the ‘high’ period of the square wave voltage, a ‘high’ bias
voltage may be output to the base of the transistor (Q), and
thereby the transistor (Q) may be turned off.

[0049] Therefore, as the duty ratio of the square wave of the
control signal output from the control signal generating unit
114 increases, the time that the transistor (Q) is turned on
decreases. Accordingly, the level of the drive current (I;)
supplied to the OLED panel 130 may be reduced.
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[0050] The level of the power supply terminal voltage
(VDD) may be always maintained at a normal operation level
(12-15V) by controlling the amount of the drive current (I;)
by the above method. In other words, the level of the power
supply terminal voltage (VDD) may swing between 12V and
15V as the transistor (Q) is turned on/off by the pulse width
modulation signal, and thus the average level of the power
supply terminal voltage (VDD) may be maintained at
approximately 13.5V. Accordingly, the OLED panel 3 may
always be normally operated.

[0051] As previously mentioned, the present invention is
capable of preventing the temperature of the OLED panel
from increasing due to an overcurrent condition and prevent-
ing the level of the power supply terminal voltage from drop-
ping below a predetermined value by properly controlling the
current supplied to the OLED panel from the DC/DC con-
verter, and thereby implementing a normal operation of the
OLED panel.

[0052] Also, the present invention is capable of maintain-
ing a uniform brightness even if the temperature of the OLED
panel changes or the performance of the OLED is deterio-
rated.

[0053] Further, the present invention is capable of reducing
the power consumption by preventing an overcurrent from
being applied to the OLED panel.

[0054] The foregoing embodiments and advantages are
merely exemplary and are not to be construed as limiting the
present disclosure. The present teachings can be readily
applied to other types of apparatuses. This description is
intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. The features, structures,
methods, and other characteristics of the exemplary embodi-
ments described herein may be combined in various ways to
obtain additional and/or alternative exemplary embodiments.
[0055] As the present inventive features may be embodied
in several forms without departing from the characteristics
thereof, it should also be understood that the above-described
embodiments are not limited by any of the details of the
foregoing description, unless otherwise specified, but rather
should be construed broadly within its scope as defined in the
appended claims, and therefore all changes and modifications
that fall within the metes and bounds of the claims, or equiva-
lents of such metes and bounds are therefore intended to be
embraced by the appended claims.

What is claimed is:

1. A pixel driving circuit of an electro-luminescent display
device, including an OLED (organic light emitting diode)
panel that displays an image, comprising:

a drive current control unit that outputs a current control
signal corresponding to the level of a detected drive
current by detecting the amount of a current supplied to
the OLED panel; and

a drive current supply unit that supplies the current to the
OLED panel through a power supply terminal according
to the current control signal.

2. The pixel driving circuit of claim 1, wherein the drive

control unit further comprises:

a signal generating unit that generates a first signal that
varies according to the difference between the reference
value and the detected drive current;

a control signal generating unit that receives the first signal
from the signal generating unit and produces a second

signal,
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a current control unit that receives the second signal and
produces the current control signal.

3. The pixel driving circuit of claim 2, wherein the first

signal is a pulsewidth modulation signal.

4. The pixel driving circuit of claim 3, wherein the as
pulsewidth of the pulses in the pulsewidth modulation signal
increase, the drive current increases.

5. An electro-luminescent display device comprising:

an OLED (organic light emitting diode) panel that displays
an image;

pixel driving circuit including;

a drive current control unit that outputs a current control
signal corresponding to a detected current supplied to
the OLED panel; and

a comparator that compares the current control signal with
a power supply voltage and outputs a bias voltage; and

a transistor that receives the power supply voltage and that
supplies a drive current to the OLED panel correspond-
ing to the bias voltage.
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6. The display device of claim 5, wherein the first signal is
a pulsewidth modulation signal.

7. The display device of claim 6, wherein the as pulsewidth
of the pulses in the pulsewidth modulation signal increase, the
drive current increases.

8. A method of driving and electro-luminescent display
device comprising:

detecting a level of a drive current;

comparing the drive current with a reference value to pro-

duce a drive current control signal; and

producing a drive current from a power supply voltage

according to the drive current control signal.

9. The method of claim 8, wherein the drive current control
signal is a pulsewidth modulation signal.

10. The method of claim 9, wherein the as pulsewidth of the
pulses in the drive current control signal increase, the drive
current increases.
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