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7) ABSTRACT

An organic electroluminescent (EL) display panel which
includes a pixel circuit is provided. The pixel circuit
includes a first transistor, a second transistor, and a display
element. The first transistor has control and main electrodes
and outputs a current which corresponds to a voltage
charged in at least one capacitor being provided between the
control and main electrodes. The second transistor has a
second control electrode coupled to the control electrode of

2 iled:
(22) Filed: Sep. 28, 2004 the first transistor. The second electrode is diode-connected.
: —r - The display element displays image data corresponding to
30 F Application Priority Dat Py PlAYS 1mag ponding
(30) oretgh Appiication Triority Lata an amount of the current output by the first transistor. The
Oct. 29,2003 (KR) cooooovoe 10-2003-0075990  first transistor and the display clement are electrically
’ decoupled during the first period for applying a pre-charge
Publication Classification voltage to the control electrode of the first transistor and the
second period for applying the data voltage to the control
(51) Int. CL7 oo G09G 3/30, GO9G 3/36  electrode of the first transistor.
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DISPLAY PANEL AND DRIVING METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korea Patent Application No. 2003-75990 filed on Oct.
29, 2003 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] (a) Field of the Invention

[0003] The present invention relates to a display panel and
a driving method thereof. More specifically, the present
invention relates to an organic electroluminescent (EL)
display panel and a driving method thereof.

[0004] (b) Description of the Related Art

[0005] In general, an organic electroluminescent (EL)
display electrically excites a phosphorous organic com-
pound to emit light. A light emitting pixel includes an anode
(ITO), an organic thin film, and a cathode layer (metal). The
organic thin film has a multi-layer structure including an
emitting layer (EML), an electron transport layer (ETL), and
a hole transport layer (HTL) for maintaining balance
between electrons and holes and improving emitting effi-
ciencies. Further, the organic emitting cell includes an
electron injecting layer (EIL) and a hole injecting layer
(HIL).

[0006] The organic emitting cells are arranged in an NxM
matrix format to configure an organic EL display panel
which displays image data by voltage- or current-driving.

[0007] FIG. 1 shows a brief diagram of a general organic
EL display. Exemplary embodiments of the present inven-
tion can be applied to the EL display of FIG. 1, as well as
other suitable displays.

[0008] As shown, the organic EL display includes an
organic EL display panel 10, a scan driver 20, and a data
driver 30.

[0009] The organic EL display panel 10 includes a plu-
rality of data lines D, to DM arranged in the row direction,
a plurality of scan lines SI to Sy arranged in the column
direction, and a plurality of pixel circuits 11. The data lines
D, to DM provide data voltages for displaying image signals
to the pixel circuits 11, and the scan lines S; to Sy provide
select voltages for selecting the pixel circuits 11 to the pixel
circuits 11. The pixel circuits 11 are formed at pixel areas
defined by two neighboring data lines and two neighboring
scan lines.

[0010] The scan driver 20 sequentially applies the select
signals to the scan lines S, to Sy, and the data driver 30
applies the data voltages for displaying the image signals to
the data lines D, to Dy,.

[0011] Methods for driving the organic emitting cells
through the pixel circuits 11 include a passive matrix method
and an active matrix method which uses thin-film transistors
(TFT5). The passive matrix method includes forming anodes
and cathodes arranged perpendicular to each other, selecting
lines, and driving the organic emitting cells. The active
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matrix method includes using the TFTs to select lines,
storing data in capacitors of the pixels, and driving the
organic emitting cells.

[0012] The active matrix method includes a voltage pro-
gramming method and a current programming method
according to patterns of signals applied to maintain the
voltage at a capacitor. The current programming method
supplies a data current for representing gray scales to pixel
circuits to display the image, and the voltage programming
method supplies a data voltage for representing gray scales
to the pixel circuits to display the image.

[0013] The current programming method fails to obtain a
charge time for charging loads of data lines since it controls
an organic EL element by using a fine current, and accord-
ingly, the voltage programming method is generally used.

[0014] Regardless of whether the programming methods
are voltage or current, an organic EL element may emit light
that is not intended because of undesired current during
programming of the data in the pixel circuits, and, thus,
normal black levels may not be properly represented.

SUMMARY OF THE INVENTION

[0015] Ttis an aspect of the present invention to provide a
display panel and a driving method thereof for properly
representing black levels by compensating for a threshold
voltage of a driving transistor and preventing a current flow
to a display element during a pre-charge process.

[0016] In an exemplary embodiment according to the
present invention, a method for driving a display panel is
provided. The display panel includes a pixel circuit that has
a first transistor having a control electrode and a main
electrode and outputting a current which corresponds to a
voltage charged in at least one capacitor being provided
between the control and main electrodes, a second transistor
having a control electrode coupled to the control electrode of
the first transistor and being diode-connected, a third tran-
sistor for applying a data voltage provided by a data line to
the second transistor, and a display element for displaying
image data corresponding to an amount of the current output
by the first transistor. The method includes applying a
pre-charge voltage to the control electrode of the first
transistor in response to a first control signal during a first
period, interrupting application of the pre-charge voltage to
the control electrode of the first transistor during a second
period, applying the data voltage to the control electrode of
the first transistor through the second transistor in response
to a second control signal during a third period, and inter-
rupting application of the data voltage to the control elec-
trode of the first transistor during a fourth period. The first
transistor and the display element are electrically decoupled
during at least part of the first to fourth period.

[0017] The first control signal may be a select signal
provided by a previous scan line. The first transistor and the
display element may be electrically decoupled in response to
a select signal provided by a previous scan line during the
first period. The second control signal may be a select signal
provided by a current scan line. In addition, the first tran-
sistor and the display element may be electrically decoupled
in response to a select signal provided by a current scan line
during the second period.

[0018] The first transistor and the display element may be
electrically decoupled during the first and third periods. The
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pixel circuit may include a fourth transistor for applying the
pre-charge voltage to the control electrode of the first
transistor in response to a first control signal before the data
voltage is applied. The pixel circuit may further include a
fifth transistor for electrically decoupling the first transistor
and the display element.

[0019] In another exemplary embodiment according to the
present invention, a method for driving an organic EL
display panel is provided. The display panel includes a pixel
circuit that has a first transistor, having a control electrode
and a main electrode, at least one capacitor being provided
between the control electrode and the main electrode, the
first transistor outputting a current which corresponds to a
voltage charged in the capacitor, a second transistor having
a control electrode coupled to the control electrode of the
first transistor and being diode-connected, and a display
element for displaying image data corresponding to an
amount of the current output by the first transistor. The
method includes applying a pre-charge voltage to the control
electrode of the first transistor in response to a select signal
provided by a previous scan line during a first period,
interrupting application of the pre-charge voltage to the
control electrode of the first transistor during a second
period, applying a data voltage to the control electrode of the
first transistor through the second transistor in response to a
select signal provided by a current scan line during a third
period, and interrupting application of the data voltage to the
control electrode of the first transistor during a fourth period.
The first transistor and the display element are electrically
decoupled during the first and third periods.

[0020] The pixel circuit may also include a third transistor
for applying the pre-charge voltage to the control electrode
of the first transistor in response to a first control signal
before the data voltage is applied. The pixel circuit may
further include a fourth transistor for electrically decoupling
the first transistor and the display element.

[0021] In still another exemplary embodiment according
to the present invention, an organic EL display panel is
provided. The orgainic EL display panel includes a plurality
of data lines for applying a data voltage for displaying a
image signal, a plurality of scan lines for providing a select
signal, and a plurality of pixel circuits respectively formed
at pixel regions defined by two adjacent data lines and two
adjacent scan lines.

[0022] At least one pixel circuit of the plurality of pixel
circuits includes a display element for displaying image
corresponding to an amount of an applied current, a first
transistor having a control electrode and a main electrode, a
capacitor being provided between the control electrode and
the main electrode, the first transistor outputting a current
which corresponds to a voltage between the control elec-
trode and the main electrode, a second transistor having a
control electrode coupled to the control electrode of the first
transistor, and being diode-connected, a first switch coupled
to a main electrode of the second transistor, and applying a
data voltage provided by at least one data line of the plurality
of data lines to the second transistor in response to a select
signal provided by a current scan line, a second switch for
applying a pre-charge voltage to the control electrode of the
first transistor in response to a first control signal before the
data voltage is applied, and a third switch for electrically
decoupling the first transistor and the display element by
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being turned off in response to a second control signal. The
first transistor and the display element are electrically
decoupled while the data voltage is applied to the control
electrode of the first transistor through the second transistor
after the pre-charge voltage is applied to the control elec-
trode of the first transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, together with the
specification, illustrate exemplary embodiment(s) of the
present invention, and, together with the description, serve
to explain the principles of the present invention:

[0024] FIG. 1 shows a diagram for a general organic
electroluminescent (EL) display panel, to which exemplary
embodiments of the present invention can be applied,;

[0025] FIG. 2 shows an equivalent circuit of a pixel circuit
for driving respective display cells on the organic EL display
panel of FIG. 1; and

[0026] FIG. 3 shows a driving waveform diagram for
driving the pixel circuit of FIG. 2.

DETAILED DESCRIPTION

[0027] In the following detailed description, only certain
exemplary embodiment(s) of the present invention are
shown and described, simply by way of illustration. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without
departing from the spirit or scope of the present invention.
Accordingly, the drawings and description are to be regarded
as illustrative in nature, and not restrictive.

[0028] FIG. 2 shows an equivalent circuit diagram of the
pixel circuit 11 of FIG. 1 for driving the respective display
panels of the organic EL display panel.

[0029] For ease of description in FIG. 2, the pixel circuit
coupled to the m™ data line D, and the n™ scan line S, is
illustrated. Further, in the context of the following discus-
sions, a scan line which is transmitting the current select
signal is referred to as a “current scan line,” and a scan line
which transmitted the select signal before the current select
signal is transmitted is referred to as a “previous scan line.”

[0030] As shown in FIG. 2, the pixel circuit 11 includes an
organic EL element (OLED), transistors M1, M2, M3, M4,
M3, and a capacitor Cst. The transistors M1, M2, M3, M4,
M35 can be realized with PMOS transistors, and the transis-
tors M1, M2, M3, M4 and M5 should include TFTs each
having a gate electrode, a drain electrode, and a source
electrode formed on a glass substrate of the display panel 10
as a control electrode and two main electrodes. The scope of
the present invention, however, is not limited to the channel
type of the transistors M1, M2, M3, M4, M5. Instead, all or
some of the transistors can be replaced by any suitable active
element which has a first terminal, a second terminal, and a
third terminal, and control the current flowing to the third
terminal from the second terminal according to a voltage
applied between the first and second terminals (e.g., an
NMOS transistor or transistors). Of course, those skilled in
the art would recognize that the voltage polarities and levels
may be different when other active elements are used.

[0031] The driving transistor M1 has a source coupled to
a power supply voltage source VDD. The driving transistor
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also has a gate. A capacitor Cst is coupled between the gate
and the source of the transistor M1.

[0032] The capacitor Cst maintains a gate-source voltage
Vs of the transistor M1 for a predetermined time.

[0033] The compensation transistor M2 is diode-con-
nected, and a gate of the compensation transistor M2 is
coupled to the gate of the driving transistor M1.

[0034] The switching transistor M3 applied the data volt-
age provided by the data line D, to the compensation
transistor M2 in response to the select signal provided by the
current scan line S, . A drain of the compensation transistor
M2 is coupled to a pre-charge transistor M4.

[0035] The transistor M4 applied a pre-charge voltage V,
to the compensation transistor M2 in response to the select
signal provided by the previous scan line S_ ;.

[0036] The transistor M5 is coupled between the drain of
the driving transistor M1 and an anode of the organic EL
element (OLED). The transistor M5 can be realized with a
PMOS transistor in the same manner as the transistors M1
to M4. Further, transistor M5 decouples the driving transis-
tor M1 and the organic EL element (OLED) in response to
a high-level control signal provided by a control line C,.

[0037] The organic EL element (OLED) has a cathode
coupled to a reference voltage source Vg, and emits light
corresponding to the applied current. The voltage level of
the reference voltage source Vgg is less than the voltage
level of the power supply voltage source VDD. The voltage
level of the voltage source Vgg may include a ground voltage
level.

[0038] FIG. 3 shows a signal waveform of a control signal
applied to the control line C_ so as to drive the pixel circuit
shown in FIG. 2.

[0039] As shown, during the pre-charge period of T1, a
select signal provided by the previous scan line S, ; is
switched to a low level (L) to turn on the transistor M4, and
a control signal provided by the control line C, is switched
to a high level (H) to turn off the transistor M5. The
pre-charge voltage V, is applied to the gate of the driving
transistor M1 by the turned-on transistor M4. In this
instance, it is desirable for the pre-charge voltage V/, to be
a little less than a voltage which is applied to the gate of the
transistor M1 so as to reach the maximum gray level, that is,
the lowest data voltage applied through the data line D,
Hence, the data voltage should always be greater than the
gate voltage of the transistor M2 when the data voltage is
applied through the data line D . That is, the transistor M2
is coupled in the forward direction, and the data voltage is
charged in the capacitor Cst.

[0040] In this instance, the gate-source voltage Vg main-
tained by the capacitor Cst is increased by the pre-charge
voltage V., and a large current may flow to the transistor
M1. When the current is supplied to the organic EL element
(OLED), the organic EL element (OLED) emits light, and it
fails to represent accurate black gray scales. However, in the
present invention, the transistor M1 and the organic EL
element (OLED) are electrically decoupled by the turned-off
transistor M§, and no current by the pre-charge voltage of V,
flows. Therefore, the accurate black gray scales are repre-
sented, the unneeded current flow is prevented, and power
consumption is also reduced.
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[0041] Next, during the blanking period of T2, while the
select signal provided by the current scan line S, is main-
tained at the high level (H), and the control signal provided
by the control line C,, is also maintained at the high level (H),
the select signal provided by the previous scan line S, ; is
switched to the high level (H) to turn off the transistor M4.
The data voltage provided by the data line D, is modified to
a data voltage which corresponds to the pixel circuit coupled
to the current scan line S, during this period of T2. If no
blanking period of T2 is provided, the previous data voltage
applied to the data line D is applied to the transistor M1
through the transistor M3 when the select signal provided by
the current scan line S_ is switched to a low level (L) before
the current data voltage is applied.

[0042] Next, during the data charging period of T3, the
select signal provided by the current scan line S, is switched
to a low level (L) to turn on the transistor M3 while the
control signal provided by the control line C, is maintained
at the high level (H), and the select signal provided by the
previous scan line S, ; is maintained at the high level (H).
The data voltage provided by the data line Dm is applied to
the transistor M2 through the transistor M3. Since the
transistor M2 is diode-connected, a voltage which corre-
sponds to the difference between the data voltage and a
threshold voltage V., of the transistor M2 is applied to the
gate of the transistor M1. The voltage is charged in the
capacitor Cst and maintained for a predetermined time. The
transistor M5 is maintained at the turned-off state since the
select signal provided by the control line C, is high level
[0043] During the blanking period of T4, the select signal
provided by the current scan line S, is maintained at the high
level (H), and the control signal provided by the control line
C, is maintained at the high level (H) during part of the
blanking period of T4. The select signal provided by the
previous scan line S, ; is switched to the high level (H) to
turn off the transistor M4. The data voltage provided by the
data line D_, in this period of T4 i1s modified to a data voltage
which corresponds to the pixel circuit coupled to the current
scan line S,. It is desirable to modify the data voltage to a
data voltage which is to be applied to the actual pixel circuit.

[0044] During the emitting period of T5, C, is at a low
level (L) and the transistor M5 is on. A current In;pp
corresponding to the gate-source voltage Vg of the tran-
sistor M1 is supplied to the organic EL ¢lement (OLED) to
thus allow the organic EL element to emit light.

[0045] As described, the transistor M1 and the organic EL
element (OLED) are electrically decoupled and no current
by the pre-charge voltage V, flows, because of the transistor
M35 which is continuously turned off during the pre-charge
period of T1, the blanking period of T2, the data charging
period of T3, and a part of the blanking period of T4.
Therefore, accurate black gray scales are substantially rep-
resented, flow of undesired or leakage currents (e.g., caused
by the pre-charge voltage) is substantially prevented while
charging the data, and the power consumption is substan-
tially reduced.

[0046] The organic EL display panel is exemplified in the
above-described embodiment(s), and in addition, the present
invention is also applicable to other types of light emitting
display devices which emit light according to a current.

[0047] While this invention has been described in connec-
tion with certain exemplary embodiment(s), it is to be
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understood that the invention is not limited to the disclosed
embodiment(s), but, on the contrary, is intended to cover
various modifications included within the spirit and scope of
the appended claims and equivalents thereof.

What is claimed is:

1. A method for driving a display panel including a pixel
circuit, the pixel circuit including a first transistor, a second
transistor, a third transistor, and a display element, the first
transistor having a control electrode and a main electrode
and outputting a current which corresponds to a voltage
charged in at least one capacitor provided between the
control electrode and the main electrode, the second tran-
sistor having a second control electrode coupled to the
control electrode of the first transistor and being diode-
connected, the third transistor applying a data voltage pro-
vided by a data line to the second transistor, the display
element displaying image data corresponding to an amount
of the current output by the first transistor, the method
comprising:

applying a pre-charge voltage to the control electrode of
the first transistor in response to a first control signal
during a first period,

interrupting application of the pre-charge voltage to the
control electrode of the first transistor during a second
period,

applying the data voltage to the control electrode of the
first transistor through the second transistor in response
to a second control signal during a third period; and

interrupting application of the data voltage to the control
electrode of the first transistor during a fourth period,
wherein

the first transistor and the display element are electrically
decoupled during at least part of the first to fourth
periods.
2. The method of claim 1, wherein the first control signal
comprises a select signal provided by a previous scan line.
3. The method of claim 1, wherein the second control
signal comprises a sclect signal provided by a current scan
line.
4. The method of claim 1, wherein the first control signal
comprises a select signal provided by a previous scan line,

the first transistor and the display element are electrically
decoupled in response to the select signal provided by
the previous scan line during the first period,

the second control signal comprises a second select signal
provided by a current scan line, and

the first transistor and the display element are electrically
decoupled in response to the second select signal
provided by the current scan line during the second
period.

5. The method of claim 1, wherein the first transistor and
the display element are electrically decoupled during the
first and third periods.

6. The method of claim 1, wherein the pixel circuit
comprises a fourth transistor for applying the pre-charge
voltage to the control electrode of the first transistor in
response to the first control signal before the data voltage is
applied.
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7. The method of claim 6, wherein the pixel circuit
comprises a fifth transistor for electrically decoupling the
first transistor and the display element.

8. The method of claim 1, wherein the pixel circuit
comprises a fourth transistor for electrically decoupling the
first transistor and the display element.

9. The method of claim 1, where the first transistor and the
display element are electrically coupled during a fifth
period.

10. A method for driving an organic EL (electrolumines-
cent) display panel including a pixel circuit, the pixel circuit
including a first transistor, a second transistor, and a display
element, the first transistor having a control electrode and a
main electrode, at least one capacitor being provided
between the control electrode and the main electrode, the
first transistor further outputting a current which corre-
sponds to a voltage charged in the capacitor, the second
transistor having a control electrode coupled to the control
electrode of the first transistor and being diode-connected,
the display element displaying data corresponding to an
amount of the current output by the first transistor, the
method comprising:

applying a pre-charge voltage to the control electrode of
the first transistor in response to a select signal pro-
vided by a previous scan line during a first period,;

interrupting application of the pre-charge voltage to the
control electrode of the first transistor during a second
period,;

applying a data voltage to the control electrode of the first
transistor through the second transistor in response to a
select signal provided by a current scan line during a
third period; and

interrupting application of the data voltage to the control
electrode of the first transistor during a fourth period,
wherein

the first transistor and the display element are electrically

decoupled during the first and third periods.

11. The method of claim 10, wherein the pixel circuit
comprises a third transistor for applying the pre-charge
voltage to the control electrode of the first transistor in
response to the select signal before the data voltage is
applied.

12. The method of claim 11, wherein the pixel circuit
comprises a fourth transistor for electrically decoupling the
first transistor and the display element.

13. The method of claim 10, wherein the pixel circuit
comprises a third transistor for applying the data voltage
provided by a data line to the second transistor.

14. The method of claim 13, wherein the pixel circuit
comprises a fourth transistor for applying the pre-charge
voltage to the control electrode of the first transistor in
response to the select signal before the data voltage is
applied.

15. The method of claim 14, wherein the pixel circuit
comprises a fifth transistor for electrically decoupling the
first transistor and the display element.

16. The method of claim 10, wherein the pixel circuit
comprises a third transistor for electrically decoupling the
first transistor and the display element during the first and
third periods.
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17. The method of claim 10, wherein the first transistor
and the display element are electrically decoupled during the
second period.

18. The method of claim 17, wherein the first transistor
and the display element are electrically decoupled during at
least part of the fourth period.

19. The method of claim 18, wherein the first transistor
and the display element are electrically coupled during a
fifth period.

20. An organic electroluminescent (EL) display panel
including a plurality of data lines for applying a data voltage
for displaying a image signal, a plurality of scan lines for
providing a select signal, and a plurality of pixel circuits
respectively formed at pixel regions defined by two adjacent
data lines and two adjacent scan lines, wherein

at least one pixel circuit of the plurality of pixel circuits
comprises:

a display element for displaying image data correspond-
ing to an amount of an applied current;

a first transistor having a control electrode and a main
electrode, a capacitor being provided between the con-
trol electrode and the main electrode, the first transistor
outputting a current which corresponds to a voltage
between the control electrode and the main electrode;

a second transistor having a second control electrode
coupled to the control electrode of the first transistor
and a second main electrode, the second transistor
being diode-connected;

a first switch coupled to the second main electrode of the
second transistor, and applying a data voltage provided
by at least one data line of the plurality of data lines to
the second transistor in response to a select signal
provided by a current scan line;

a second switch for applying a pre-charge voltage to the
control electrode of the first transistor in response to a
first control signal before the data voltage is applied,
and

a third switch for electrically decoupling the first transis-
tor and the display element by being turned off in
response to a second control signal, and wherein

the first transistor and the display element are electrically
decoupled while the data voltage is applied to the
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control electrode of the first transistor through the
second transistor after the pre-charge voltage is applied
to the control electrode of the first transistor.

21. A pixel circuit in an electroluminescent (EL) display
device, the pixel circuit comprising:

a display element for displaying image data correspond-
ing to a current applied thereto;,

a driving transistor for providing the current and having a
control electrode and a main electrode;

a capacitor coupled between the control electrode and the
main electrode of the driving transistor;

a first switching transistor for providing a data voltage to
the control electrode of the driving transistor in
response to a select signal;

a second switching transistor for providing a pre-charge
voltage to the control electrode of the driving transistor
before the data voltage is supplied,

a diode connected compensation transistor coupled
between the first switching transistor and the second
switching transistor and having a second control elec-
trode, the second control electrode being coupled to the
control electrode of the driving transistor; and

a third switching transistor for electrically decoupling the
first transistor and the display element in response to a
control signal, wherein the third switching transistor
electrically decouples the driving transistor and the
display element while the data voltage is applied to the
control electrode of the driving transistor through the
diode connected compensation transistor after the pre-
charge voltage is applied to the control electrode of the
driving transistor.

22. The circuit of claim 21, wherein the third switching
transistor prevents a leakage current caused by the pre-
charge voltage from reaching the display element.

23. The circuit of claim 21, wherein the third switching
transistor electrically decouples the driving transistor and
the display element to allow for normal black levels to be
displayed on the display element.
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