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1
ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE AND DRIVING METHOD
OF THE SAME

This application claims the benefit of Korean Patent Appli-
cation No. 2006-0057983, filed on Jun. 27, 2006, which is
hereby incorporated by reference as if fully set forth herein.

FIELD OF THE INVENTION

The present invention relates to an organic electrolumines-
cent display device, and more particularly, to an organic elec-
troluminescent display device displaying high quality images
and a driving method of the same.

DISCUSSION OF THE RELATED ART

Aliquid crystal display (LCD) device has been widely used
for its numerous advantages including light weight, thinness,
and low power consumption. However, since the LCD device
is not self-luminescent, the LCD device requires an additional
light source such as a backlight unit.

On the other hand, an organic electroluminescent display
device emits light by injecting electrons from a cathode elec-
trode and holes from an anode electrode into an emissive
layer, combining the electrons and the holes to generate an
exciton, and by the exciton transitioning from an excited state
to a ground state. Since the organic electroluminescent dis-
play device does not require an additional light source due to
its self-luminescence property, the organic electrolumines-
cent display device has a small size and is light weight, as
compared to a liquid crystal display (LCD) device. The
organic electroluminescent display device also has low power
consumption, high brightness, and a short response time. In
addition, the organic electroluminescent display device can
have reduced manufacturing costs because of its simple
manufacturing processes.

FIG. 1 is an equivalent circuit for a pixel of an organic
electroluminescent display (OELD) device according to the
related art, and FIG. 1 shows a pixel of a two-thin film tran-
sistor structure.

As shown in FIG. 1, a scan line S and a data line D define
a pixel region. In the pixel region, a switching thin film
transistor (TFT) N1, a capacitor C, a driving thin film tran-
sistor (TFT) N2, and an organic light-emitting diode OLED
are formed. The switching TFT N1 and the driving TFT N2
are NMOS (n-channel metal-oxide-semiconductor) transis-
tors and include amorphous silicon (a-Si:H).

A gate electrode of the switching TFT N1 is connected to
the scan line S, and a source electrode of the switching TFT
N1 is connected to the data line D. One electrode of the
capacitor C is connected to a drain electrode of the switching
TFT N1, and the other electrode of the capacitor C is con-
nected to a ground GND. A gate electrode of the driving TFT
N2 is connected to the drain electrode of the switching TFT
N1 and the one electrode of the storage capacitor C1, a source
electrode of the driving TFT N2 is connected to the ground
GND, and a drain electrode of the driving TFT N2 is con-
nected to a cathode of the organic light-emitting diode OLED.
An anode of the organic light-emitting diode OLED is con-
nected to a power supply line VDD providing driving volt-
ages.

The organic electroluminescent display device having the
above-mentioned structure can be driven as follows with ref-
erence to FIG. 2. FIG. 2 shows a timing chart of the organic
electroluminescent display device.
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2

The switching TFT N1 turns ON by a positive selecting
voltage VGH supplied from a nth scan line S(n) (n is a natural
number), and the capacitor C is charged due to a data voltage
Vdata supplied from the data line D. The data voltage Vdata
is positive because the driving TFT N2 has an n-type channel.
Intensity of a current flowing through the driving TFT N2
depends on the data voltage Vdata stored in the storage
capacitor C1 and the driving voltage VDD, and the organic
light-emitting diode OLED emits light according to the inten-
sity of the current.

In the two-transistor and one-capacitor pixel structure, to
continuously keep the driving TFT N2 ON after applying the
positive data voltage Vdata, the driving TFT N2 including
amorphous silicon (a-Si:H) receives the positive voltage
stored in the capacitor C. This further increases deterioration
ofthe driving TFT N2, and a threshold voltage of the driving
TFT N2 changes.

FIG. 3 is a graph illustrating change of a threshold voltage
due to deterioration of a thin film transistor. In FIG. 3, a curve
A shows current-voltage characteristics of the thin film tran-
sistor before the thin film transistor is deteriorated. A curve B
shows current-voltage characteristics of the thin film transis-
tor after the thin film transistor is continuously supplied with
apositive voltage and is deteriorated. A threshold voltage V ;,,
of the curve B is higher than a threshold voltage V,,,, of the
curve A.

The deterioration reduces a lifetime of the driving TFT, and
the brightness of the organic light-emitting diode OLED
decreases.

SUMMARY

An organic electroluminescent display device and a driv-
ing method of the same are presented in which thin film
transistors of the device are prevented from deteriorating and
high quality images are displayed.

In one aspect, an organic electroluminescent display
device includes an organic light-emitting diode, a first tran-
sistor outputting a data voltage by an nth scan signal (nis a
natural number), a second transistor providing a current to the
organic light-emitting by the data voltage, a capacitor storing
the data voltage, and a third transistor supplying the second
transistor and the capacitor with a pre-charge voltage by an
(n-1)th scan signal. The pre-charge voltage has an opposite
polarity to the data voltage.

In another embodiment, a driving method for an organic
electroluminescent display device including pixels, n scan
lines (n is a natural number) and m data lines (m is a natural
number) includes sequentially applying scan signals to the
scan lines, applying data voltages to the data lines according
to the scan signals, and supplying a pre-charge voltage to
driving transistors and capacitors of the pixels connected to
an nth scan line by an (n-1)th scan signal.

Inanother embodiment, an organic electroluminescent dis-
play device includes an organic light-emitting diode, a first
transistor outputting a data voltage by an nth scan signal (n is
a natural number), a second transistor providing a current to
the organic light-emitting by the data voltage, means for
storing the data voltage, and means for supplying the second
transistor and the means for storing the data voltage with a
pre-charge voltage by an (n-1)th scan signal. The pre-charge
voltage has an opposite polarity to the data voltage

It is to be understood that both the foregoing general
description and the following detailed description are exem-
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plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
an embodiment of the present invention and together with the
description serve to explain the principles of that invention.

FIG. 1 is an equivalent circuit for a pixel of an OELD
device according to the related art.

FIG. 2 is a timing chart of an OELD device.

FIG. 3 is a graph illustrating change of a threshold voltage
due to deterioration of a thin film transistor.

FIG. 4 is an equivalent circuit of an OELD device accord-
ing to a first embodiment of the present invention.

FIG. 5 shows a schematic timing chart for a data voltage
and a pre-charge voltage of an OELD device according to
embodiments of the present invention.

FIG. 6 is an equivalent circuit of an OELD device accord-
ing to a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to an illustrated
embodiment of the present invention, examples of which are
shown in the accompanying drawings.

FIG. 4 is an equivalent circuit of an organic electrolumi-
nescent display (OELD) device according to a first embodi-
ment of the present invention.

In FIG. 4, scan lines S(n-1) and Sn (n is a natural number)
and data lines Dm and D(m+1) (m is a natural number) are
arranged in a matrix form to define pixels P. Each pixel P
includes a first transistor T1, a second transistor T2, a capaci-
tor C, and an organic light-emitting diode OLED are formed.
A third transistor T3 is connected at one end of each scan line
S(n-1) and Sn.

The first transistor T1 is connected to one of the scan lines
S(n-1) and Sn and one of the data lines Dm and D(m+1). That
is, a gate electrode of the first transistor T1 is connected to one
ofthe scan lines S(n-1) and Sn, and a source electrode of the
first transistor T1 is connected to one of the data lines Dm and
D(m+1). A gate electrode of the second transistor T2 is con-
nected to a drain electrode of the first transistor T1, a drain
electrode of the third transistor T3, and one electrode of the
capacitor C. A source electrode of the second transistor T2 is
connected to the other electrode of the capacitor C and a
ground GND. A drain electrode of the second transistor T2 is
connected to a cathode electrode of the organic light-emitting
diode OLED. An anode electrode of the organic light-emit-
ting diode OLED is connected to a power supply line VDD.

A source electrode of the third transistor T3 is connected to
a pre-charge line PL. A gate electrode of the third transistor
T3, which is connected to the second transistors T2 of pixels
P supplied with a signal from the nth scan line Sn, is con-
nected to the (n—-1)th scan line S(n—-1). A pre-charge voltage
Vpre is applied to the third transistor T3 through the pre-
charge line PL, and the third transistor T3 connected to one
scan line provides the pre-charge voltage Vpre to the second
transistors T2 and the capacitors C of the pixels P connected
to the next scan line. For convenience of explanation, there
shows only the third transistor T3 connected to the (n-1)th
scan line S(n-1) in the figure.

The first, second and third transistors T1, T2 and T3 pref-
erably all include amorphous silicon and have the same type
channel. The first, second and third transistors T1, T2 and T3
may have an n-type channel, for example. The third transistor
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T3 and the pre-charge line PL. may be disposed in a non-
display area where images are not displayed.

The first transistor T1 is switched ON and OFF by a scan
signal and outputs a data voltage applied from the data line
Dm and D(m+1) into the second transistor T2. The second
transistor T2 adjusts currents flowing through its channel
according to the data voltage and controls a brightness of light
emitted from the organic light-emitting diode OLED. The
capacitor C stores the data voltage output from the first tran-
sistor T1 and provides the stored data voltage to the second
transistor T2 when the first transistor T1 finishes outputting
the data voltage, thereby continuing light-emitting time of the
organic light-emitting diode OLED.

When a scan signal is applied to the (n-1)th scan line
S(n-1)inorder to operate the pixels P in an (n-1)th horizontal
row in the context of the figure, the third transistor T3 con-
nected to the (n-1)th scan line S(n-1) turns ON and provides
apre-charge voltage Vpre to the second transistors T2 and the
capacitors C of the pixels P in an nth horizontal row in the
context of the figure. The pre-charge voltage Vpre has an
opposite polarity to the data voltage. That is, if the second
transistor T2 has an n-type channel, the data voltage may be
positive. Accordingly, the pre-charge voltage Vpre may be
negative. For example, the pre-charge voltage Vpre may have
a value within a range of about -5V to about —-10V. If the
second transistor T2 has a p-type channel, the data voltage
may be negative, and the pre-charge voltage Vpre may be
positive.

FIG. 5 shows a schematic timing chart for a data voltage
and a pre-charge voltage of an organic electroluminescent
display device according to the present invention. The data
voltage Vdata and the pre-charge voltage Vpre are supplied to
the second transistors T2 in a horizontal row in the context of
the figure. Here, the data voltage is positive, and the pre-
charge voltage Vpre is negative.

In FIG. 5, the negative pre-charge voltage Vpre is applied
to the second transistors T2 and the capacitors C of the pixels
P in a horizontal row that will be driven next time through the
third transistor T3. After that, the positive data voltage Vdata
is applied to the second transistors T2 and the capacitors C of
the pixels P in the horizontal row in the context of the figure.
Accordingly, the second transistors T2 are prevented from
deteriorating and having changed characteristics due to con-
tinuous supply of the positive data voltage Vdata. Charges
remaining in the capacitors C are discharged due to the nega-
tive pre-charge voltage Vpre. Therefore, the next data voltage
Vdata is not stored with the previous data voltage Vdata, and
more definite images can be displayed.

FIG. 6 is an equivalent circuit of an OELD device accord-
ing to a second embodiment of the present invention. The
OELD has a plurality of pixels, and a structure and an opera-
tion of the pixel are the same as that of the first embodiment
of FIG. 4. The explanation for the structure and the operation
of the pixel will be abbreviated.

In FIG. 6, a third transistor T3 is connected at one end of
each scan line S(n-1) and Sn. A gate electrode of the third
transistor T3, which is connected to second transistors T2 of
pixels P supplied with a signal from the nth scan line Sn, is
connected to the (n—1)th scan line S(n-1). A source electrode
of the third transistor T3 is connected to the nth scan line Sn,
and a drain electrode of the third transistor T3 is connected to
the second transistors T2 and capacitors C of the pixels P
supplied with a signal from the nth scan line Sn. For conve-
nience of explanation, only the third transistor T3 connected
to the (n-1)th scan line S(n-1) are shown in the figure.

When a scan signal, that is, a high level voltage, is applied
to the (n-1)th scan line S(n-1), the third transistor T3 pro-
vides the second transistors T2 and the capacitors C of the
pixels P connected with the nth scan line Sn with a low level
voltage of the nth scan line Sn as a pre-charge voltage Vpre.
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The first, second and third transistors T1, T2 and T3 all
include amorphous silicon and have the same type channel.
The first, second and third transistors T1, T2 and T3 may have
an n-type channel, for example. The third transistor T3 may
be disposed in a non-display area where images are not dis-
played.

The first transistor T1 is switched ON and OFF by a scan
signal and outputs a data voltage applied from the data line
Dm and D(m+1) into the second transistor T2. The second
transistor T2 adjusts currents flowing through its channel
according to the data voltage and controls a brightness of light
emitted from the organic light-emitting diode OLED. The
capacitor C stores the data voltage output from the first tran-
sistor T1 and provides the stored data voltage to the second
transistor T2 when the first transistor T1 finishes outputting
the data voltage, thereby continuing light-emitting time of the
organic light-emitting diode OLED.

With reference to F1G. 5, when a scan signal, that is, a high
level voltage, is applied to the (n-1)th scan line S(n-1) in
order to operate the pixels P in an (n-1)th horizontal row in
the context of the figure, the third transistor T3 connected to
the (n-1)th scan line S(n-1) turns ON and provides a low
level voltage of the nth scan line Sn, that is, a pre-charge
voltage Vpre, to the second transistors T2 and the capacitors
C of'the pixels P in an nth horizontal row in the context of the
figure. For example, the pre-charge voltage Vpre may have a
value within a range of about -5V to about —10V.

In the same way as the first embodiment, the negative
pre-charge voltage Vpre is applied to the second transistors
T2 and the capacitors C of the pixels P in a horizontal row that
will be driven next time through the third transistor T3. After
that, a positive data voltage is applied to the second transistors
T2 and the capacitors C of the pixels P in the horizontal row
in the context of the figure. Accordingly, the second transis-
tors T2 are prevented from deteriorating and having changed
characteristics due to continuous supply of the positive data
voltage. Charges remaining in the capacitors C are discharged
due to the negative pre-charge voltage Vpre. Therefore, the
next data voltage Vdata is not stored with the previous data
voltage Vdata, and more definite images can be displayed.

It will be apparent to those skilled in the art that various
modifications and variation can be made in an organic elec-
troluminescent display device of the present invention with-
out departing from the spirit or scope of the invention. Thus,
it is intended that the present invention cover the modifica-
tions and variations of this invention provided they come
within the scope of the appended claims and their equivalents.

What is claimed is:

1. An organic electroluminescent display device, compris-
ing:

pixels each including:

an organic light-emitting diode;

a first transistor outputting a data voltage according to an
nth scan signal (n is a natural number);

a second transistor providing a current to the organic
light-emitting diode according to the data voltage;
and

a capacitor storing the data voltage; and

a third transistor directly supplying the second transistors

and the capacitors of the pixels connected to an nth scan

line with a pre-charge voltage according to an (n-1)th
scan signal, the pre-charge voltage having an opposite
polarity to the data voltage,

wherein a source electrode of the third transistor is con-

nected to an nth scan line providing the nth scan signal to

the first transistor,

wherein a signal of the nth scan line consists of a high level

voltage and a low level voltage,

wherein the nth scan line provides the first transistor with

the high level voltage as the nth scan signal, and
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wherein the third transistor provides the second transistors

and the capacitors of the pixels connected to the nth scan

line with the low level voltage as the pre-charge voltage.

2. The device of claim 1, wherein the first, second and third
transistors include amorphous silicon.

3. The device of claim 1, wherein the first, second and third
transistors have an n-type channel.

4. The device of claim 1, wherein the capacitor is disposed
between a gate electrode of the second transistor and a
ground.

5. The device of claim 1, wherein the data voltage is posi-
tive and the pre-charge voltage is negative.

6. The device of claim 1, wherein the pre-charge voltage
has a value within a range of about -5V to about -10V.

7. The device of claim 1, wherein n is larger than two.

8. A driving method for an organic electroluminescent
display device including pixels each including a first transis-
tor, a second transistor and a capacitor, n scan lines (n is a
natural number), m data lines (m is a natural number), and a
third transistor, the method comprising:

sequentially applying scan signals to the scan lines;

applying data voltages to the data lines according to the

scan signals; and

directly supplying a pre-charge voltage to the second tran-

sistors and the capacitors of the pixels connected to a kth

scan line (k is a natural number equal to or less than n)

through the third transistor according to a (k—1)th scan

signal,

wherein a source electrode of the third transistor is con-

nected to the kth scan line providing a kth scan signal to

the first transistor, and the pre-charge voltage is provided
from the kth scan line,

wherein a signal of the kth scan line consists of a high level

voltage and a low level voltage,

wherein the kth scan line provides the first transistor with

the high level voltage as the kth scan signal, and

wherein the third transistor provides the second transistors
and the capacitors of the pixels connected to the kth scan
line with the low level voltage as the pre-charge voltage.

9. The method of claim 8, wherein the pre-charge voltage
has an opposite polarity to the data voltages.

10. An organic electroluminescent display device, com-
prising:

pixels each including:

an organic light-emitting diode;

a first transistor outputting a data voltage according to an
nth scan signal (n is a natural number);

a second transistor providing a current to the organic
light-emitting diode according to the data voltage;
and

first means for storing the data voltage; and

a second means for directly supplying the second transis-

tors and the first means for storing the data voltage of the
pixels connected to an nth scan line with a pre-charge
voltage according to an (n-1)th scan signal, the pre-
charge voltage having an opposite polarity to the data
voltage,

wherein a source electrode of the second means is con-

nected to the nth scan line providing the nth scan signal

to the first transistor,

wherein a signal of the nth scan line consists of a high level

voltage and a low level voltage,

wherein the nth scan line provides the first transistor with

the high level voltage as the nth scan signal, and

wherein the second means provides the second transistors
and the capacitors of the pixels connected to the nth scan
line with the low level voltage as the pre-charge voltage.
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