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1
ELECTRO-LUMINESCENCE DISPLAY
DEVICE AND DRIVING METHOD THEREOF

This application claims the benefit of Korean Patent Appli-
cation No. 2003-83944, filed on Nov. 25, 2003, which is
hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an electro-luminescence display
(ELD), and more particularly to an electro-luminescence dis-
play device with a high aperture ratio and a driving method
thereof.

2. Discussion of the Related Art

Recently, various flat panel display devices have been
developed with reduced weight and size that are capable of
eliminating the disadvantages associated with a cathode ray
tube (CRT). Such flat panel display devices include liquid
crystal displays (LCD), field emission displays (FED),
plasma display panels (PDP) and electro-luminescence (EL)
panels.

The EL display in such display devices is a self-emission
device in which a phosphorous material is excited using
recombination of electrons and holes. The EL display device
is generally classified into inorganic EL devices and organic
EL devices, depending upon a source material for the light-
emitting layer. The EL display has the same advantage as the
CRT in that it has a faster response speed than passive-type
light-emitting devices requiring a separate light source like
the LCD.

FIG. 1 is a cross-sectional view showing a related art
organic EL structure for explaining a light-emitting principle
of the EL display device.

Referring to FIG. 1, the organic EL. device includes an
electron injection layer 4, an electron carrier layer 6, a light-
emitting layer 8, a hole carrier layer 10 and a hole injection
layer 12 that are sequentially disposed between a cathode 2
and an anode 14.

Ifavoltage is applied between a transparent electrode, that
1s, the anode 14 and a metal electrode, that is, the cathode 2,
then electrons produced from the cathode 2 are moved, via the
electron injection layer 4 and the electron carrier layer 6, into
the light-emitting layer 8, while holes produced from the
anode 14 are moved, via the hole injection layer 12 and the
hole carrier layer 10, into the light-emitting layer 10. Thus,
the electrons and the holes fed from the electron carrier layer
6 and the hole carrier layer 10, respectively, collide at the
light-emitting layer 8 to be recombined to generate a light.
This light is emitted, via the transparent electrode (i.e., the
anode 14), into the exterior to thereby display a picture.

FIG. 2 shows a related art active matrix type EL display
device.

Referring to FIG. 2, the related art active matrix type EL
display device includes an EL display panel 16 having pixel
(hereinafter referred briefly to as “PE”) cells 22 arranged at
each intersection between gate electrode lines GL and data
electrode lines DL, first and second gate drivers 18 and 19 for
driving the gate electrode lines GL, and a data driver 20 for
driving the data electrode lines DL. The first gate driver 18
sequentially applies a first gate signal to odd-numbered gate
electrode lines GL1, GL3, . .. GLn-1. The second gate driver
19 sequentially applies a second gate signal to even-num-
bered gate electrode lines GL.2, GL4, ... GLn. Herein, the first
and second gate signals are set to have the same width (e.g.,
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1H), and are applied in such a manner to overlap with each
other during a predetermined period.

The data driver 20 applies video signals corresponding to a
data, via the data electrode lines DL, to the PE cells 22. In this
case, the data driver 20 applies the video signals for each one
horizontal line to the data electrode lines DL every one hori-
zontal period when the first and second gate signals are sup-
plied.

The PE cells 22 generate a light corresponding to the video
signals (i.e., current signals) applied to the data electrode
lines DL to thereby display a picture corresponding to the
video signals. To this end, as shown in FI1G. 3, each PE cell 22
includes a light-emitting cell driving circuit 30 for driving a
light-emitting cell OLED in response to a driving signal sup-
plied from each of the data electrode lines DL and the gate
electrode lines GL, and alight-emitting cell OLED connected
between the light-emitting cell driving circuit 30 and the
ground voltage source GND.

The light-emitting cell driving circuit 30 includes a first
driving thin film transistor (TFT) T1 connected between the
supply voltage line VDD and the light-emitting cell OELD, a
first switching TFT T3 connected between the odd-numbered
gate electrode line GLo and the data electrode line DL, a
second switching TFT T4 connected between the first switch-
ing TFT T3 and the even-numbered gate electrode line GL, a
second driving TFT T2 connected between a node positioned
between the first and second switching TFTs T3 and T4 and
the supply voltage line VDD to form a current mirror circuit
withrespect to thedriving TFT T1, and a storage capacitor Cst
connected between a node positioned between the first and
second driving TFTs T1 and T2 and the supply voltage line
VDD. Herein, the TFT is a p-type electron metal-oxide semi-
conductor field effect transistor (MOSFET).

A gate terminal of the driving TFT T1 is connected to the
gate terminal of the second driving TFT T2; a source terminal
thereof is connected to the supply voltage line VDD; and a
drain terminal thereof is connected to the light-emitting cell
OLED. A source terminal of the second driving TFT T2 is
connected to the supply voltage line VDD, and a drain termi-
nal thereofis connected to a drain terminal of the first switch-
ing TFT T3 and a source terminal of the second switching
TFT T4.

A source terminal of the first switching TFT T3 is con-
nected to the data electrode line DL, and a gate terminal
thereof is connected to the odd-numbered gate electrode line
GLo. A drain terminal of the second switching TFT T4 is
connected to the gate terminals of the first and second driving
TFTs T1 and T2 and the storage capacitor Cst. A gate terminal
of the second switching TFT T4 is connected to the even-
numbered gate electrode line GLe.

Herein, the first and second driving TFTs T1 and T2 are
connected to each other in such a manner to form a current
mirror. Thus, assuming that the first and second driving TFTs
T1 and T2 have the same channel width, a current amount
flowing in the first driving TFT T1 is set to be equal to a
current flowing in the second driving TFT T2.

An operation procedure of such a light-emitting cell driv-
ing circuit 30 will be described in detail with reference to a
driving waveform of FIG. 4 below.

First and second gate signals SP1 and SP2 having the same
width are applied to the odd-numbered electrode line GLo
and the even-numbered electrode line GLe making the same
horizontal line, respectively. in such a manner to overlap with
each other during a predetermined period. Herein, the second
gate signal SP2 is applied prior to the first gate signal SP1.

If the first and second gate signals SP1 and SP2 are sup-
plied, then the first and second switching TFTs T3 and T4 are
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turned on. As the first and second switching TFTs T3 and T4
are turned on, a video signal from the data electrode line DL
is applied, via the first and second switching TFTs T3 and T4,
to the gate terminals of the first and second driving TFTs T1
and T2. At this time, the first and second driving TFTs T1 and
T2 supplied with the video signal are turned on. Herein, the
first driving TFT T1 controls a current flowing from the
source terminal thereof (i.e., VDD) into the drain terminal
thereof in response to the video signal applied to the gate
terminal thereof to apply it to the light-emitting cell OLED,
thereby allowing the light-emitting cell OLED to emit an
amount of light corresponding to the video signal.

At the same time, the second driving TFT T2 applies a
current id fed from the supply voltage line VDD, via the first
switching TFT T3, to the data electrode line DL. Herein, since
the first and second driving TFTs T1 and T2 form a current
mirror circuit, the same current flows in the first and second
driving TFTs T1 and T2. Meanwhile, the storage capacitor
Cst stores a voltage from the supply voltage line VDD in such
amanner to correspond to an amount of the current id flowing
into the second driving TFT T2. Further, the storage capacitor
Cst turns on the first driving TFT T1 using a voltage stored
therein when the first and second gate signals SP1 and SP2 are
inverted into OFF signals (e.g., ground potentials) to turn off
the first and second switching TFTs T3 and T4, thereby apply-
ing a current corresponding to the video signal to the light-
emitting cell OEL. On the other hand, since the second gate
signal SP2 is inverted into an OFF signal earlier than SP1, that
is, the second switching TFT T4 is turned off prior to the first
switching TFT T3 in the prior art, it is possible to prevent a
voltage charged in the storage capacitor Cst from being dis-
charged into the exterior.

In practice, the conventional EL display device sequen-
tially applies the first and second gate signals SP1 and SP2 to
the odd-numbered and even-numbered gate electrode lines
GLo and GLe, respectively, and applies video signals to the
data electrode lines DL, thereby displaying a desired picture.
However, such a conventional EL display device has a prob-
lem in that, since driving a single of light-emitting cell OELD
requires two gate electrode lines at a single of horizontal line
and four TFTs, aperture ratio is low. Moreover, such a con-
ventional EL display device has two gate drivers to drive the
odd-numbered gate electrode lines GLo and the even-num-
bered electrode lines GLe, leading to high manufacturing
cost.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an electro-
luminescence display device and a driving method thereof
that substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

An advantage of the present invention is to provide an
electro-luminescence display device with a high aperture
ratio and a driving method thereof.

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 par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, an electro-luminescence display device
may, for example, include a plurality of pixels arranged in a
matrix type; a plurality of data lines for applying video signals
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to the pixels; and a plurality of gate lines crossing the data
lines, one of the gate lines connected to the pixels positioned
adjacently to each other at the upper and lower sides of the
gate line.

The electro-luminescence display device further includes a
gate driver for applying a gate signal having a turn-on poten-
tial during two horizontal periods to the gate lines.

Herein, a gate signal applied to the ith gate line (wherein i
is an integer) overlaps a gate signal applied to the (i+1)th gate
line during one horizontal period.

In anther aspect of the present invention, an electro-lumi-
nescence display device may, for example, include electro-
luminescence cells arranged in a matrix type at crossings of
gate lines and data lines; a supply voltage line for supplying a
driving voltage to the electro-luminescence cells; driving cir-
cuits for controlling a current applied from the driving voltage
of the supply voltage line to the electro-luminescence cells in
response to video signals; and control circuits for applying
the video signals to the driving circuits.

In the electro-luminescence display device, each of the
driving circuits includes a first driving circuit provided at the
ith horizontal line (wherein iis an integer) to apply the current
to the electro-luminescence cell positioned at the ith horizon-
tal line, in response to a video signal from the control circuit
controlled by the ith gate line, when a gate signal is applied to
the (i-1)th gate line; and a second driving circuit provided at
the (i+1)th horizontal line to apply the current to the electro-
luminescence cell positioned at the (i+1)th horizontal line, in
response to a video signal from the control circuit controlled
by the ith gate line, when a gate signal is applied to the (i+1)th
gate line.

Herein, the control circuit is positioned between the first
driving circuit and the second driving circuit.

The second driving circuit provided at the (i-1)th horizon-
tal line is connected to the (i-1)th gate line.

The first driving circuit provided at the (i+2)th horizontal
line is connected to the (i+1)th gate line.

The first driving circuits includes a first driving thin film
transistor having a source terminal connected to the supply
voltage line and a drain terminal connected to the electro-
luminescence cell positioned at the ith horizontal line; a sec-
ond driving thin film transistor having a drain terminal con-
nected to a gate terminal of the first driving thin film
transistor, a source terminal connected to the control circuit
and a gate terminal connected to the (i-1)th gate line; and a
storage capacitor connected between the source terminal and
the gate terminal of the first driving thin film transistor.

The second driving circuits includes a first driving thin film
transistor having a source terminal connected to the supply
voltage line and a drain terminal connected to the electro-
luminescence cell positioned at the (i+1)th horizontal line; a
second driving thin film transistor having a drain terminal
connected to a gate terminal of the first driving thin film
transistor, a source terminal connected to the control circuit
and a gate terminal connected to the (i+1)th gate line; and a
storage capacitor connected between the source terminal and
the gate terminal of the first driving thin film transistor.

The control circuit includes a first control thin film transis-
tor having a source terminal connected to the supply voltage
line and a drain terminal and a gate terminal connected to the
source terminal ofthe second driving thin film transistor; and
a second control thin film transistor having a drain terminal
connected to the gate terminal of the first control thin film
transistor, a source terminal connected to the data line and a
gate terminal connected to the ith gate line.
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Herein, any one of the first and second control thin film
transistors 1s provided at the ith horizontal line while the
remaining control thin film transistor is provided at the (i+1)
the horizontal line.

The electro-luminescence display device further includes a
gate driver for applying a gate signal having a turn-on poten-
tial during two horizontal periods to the gate lines.

Herein, a gate signal applied to the ith gate line overlaps a
gate signal applied to the (i+1)th gate line during one hori-
zontal period.

If a gate signal is applied to the (i-1)th and ith gate lines,
then the second driving thin film transistor connected to the
(i-1)th gate line and the second control thin film transistor
connected to the ith gate line are turned on; and, as the second
control thin film transistor is turned on, a video signal from
the data line is applied to the first driving thin film transistor
and the first control thin film transistor that are positioned at
the ith horizontal line.

Herein, the first driving thin film transistor positioned at the
ith horizontal line applies the current corresponding to the
video signal to the electro-luminescence cell provided at the
ith horizontal line.

The first control thin film transistor applies the current
corresponding to the video signal from the supply voltage line
to the data line.

Herein, a voltage corresponding to the current flowing in
the first control thin film transistor is stored in the storage
capacitor.

In still another aspect of the present invention, an electro-
luminescence display device may, for example, include a
plurality of pixels arranged in a matrix type; a plurality of data
lines for applying video signals to the pixels; a plurality of
gate lines crossing the data lines, one of the gate lines being
shared with the pixels positioned adjacently to each other at
the upper and lower sides of the gate line; electro-lumines-
cence cells provided for each pixel; a supply voltage line for
supplying a driving voltage to the electro-luminescence cells;
driving circuits for applying a current corresponding to the
video signals to the electro-luminescence cells in response to
the video signals; and control circuits connected to the data
lines to apply the video signals supplied to the data lines to the
driving circuits.

The electro-luminescence display device further includes a
gate driver for applying a gate signal having a turn-on poten-
tial during two horizontal periods to the gate lines.

Herein, a gate signal applied to the ith gate line (wherein i
is an integer) overlaps a gate signal applied to the (i+1)th gate
line during one horizontal period.

Each of the driving circuits includes a first driving circuit
provided at the ith horizontal line (wherein i is an integer) to
apply the current to the electro-luminescence cell positioned
at the ithhorizontal line, in response to a video signal from the
control circuit controlled by the ith gate line, when a gate
signal is applied to the (i-1)th gate line; and a second driving
circuit provided at the (i+1)th horizontal line to apply the
current to the electro-luminescence cell positioned at the
(i+1)th horizontal line, in response to a video signal from the
control circuit controlled by the ith gate line, when a gate
signal is applied to the (i+1)th gate line.

Herein, the control circuit is positioned between the first
driving circuit and the second driving circuit.

In yet another aspect of the present invention, a method of
driving an electro-luminescence display device may, for
example, include applying a gate signal having a turn-on
potential during two horizontal periods to gate lines, wherein
the gate signal applied to the ith gate line (wherein 1 is an
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integer) overlaps the gate signal applied to the (i-1)th gate
line during one horizontal period.

In the method, a current corresponding to a video signal is
applied to an electro-luminescence cell provided at the ith
horizontal line during the one horizontal period in which the
gate signal applied to the (i-1)th gate line overlaps with the
gate signal applied to the ith gate line.

In another aspect of the present invention, a flat panel
display device may, for example, include a plurality of gate
lines including N-1th, Nth and N+1th gate lines, wherein N is
an integer and greater than 1; a plurality of data lines crossing
the gate lines; and first, second and third driving blocks, each
block being electrically connected with at least one of the data
lines and at least one of the gate lines, wherein each block
includes first and second driving circuits, and a control cir-
cuit; wherein the N-1 th gate line is electrically connected
with the first driving circuit of the second driving block and
the second driving circuit of the first driving block, the Nth
gate line is electrically connected with the control circuit of
the second driving block, and N+1th gate line is electrically
connected with the second driving circuit of the second driv-
ing block and the first driving circuit of the third driving
block.

It is to be understood 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

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
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 11s a schematic cross-sectional view showing a struc-
ture of an organic light-emitting cell in a related art electro-
luminescence display panel;

FIG. 2 is a block diagram showing a configuration of a
related art electro-luminescence display panel;

FIG. 3 isan equivalent circuit diagram of each pixel cell PE
shown in FIG. 2;

FIG. 4 is a waveform diagram of the gate signals applied to
the gate lines shown in FIG. 2;

FIG. 5 is a block diagram showing a configuration of an
electro-luminescence display device according to an embodi-
ment of the present invention;

FIG. 6 is an equivalent circuit diagram of each pixel cell PE
shown in FIG. 5; and

FIG. 7 is a waveform diagram of the gate signals applied to
the gate lines shown in FIG. 5.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

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

FIG. 5 shows an active matrix type electro-luminescence
(EL) display device according to an embodiment of the
present invention.

Referring to FIG. 5, the EL display device includes an EL.
display panel 40 having pixel (hereinafter referred briefly to
as “PE”) cells 46 arranged at each intersection between gate
electrode lines GL and data electrode lines DL, a gate driver
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44 for driving the gate electrode lines GL, and a data driver 42
for driving the data electrode lines DL.

The gate electrode lines GL are connected to the PE cells
46 positioned at the upper/lower portions thereof. In other
words, the ith gate electrode line GLi (wherein iis an integer)
is connected to both the PE cells 46 provided at the ith hori-
zontal line and the PE cells 46 provided at the (i+1)th hori-
zontal line. Herein, the ith gate electrode line GLi drives the
PE cells 46 provided at the ith and (i+1)th horizontal lines. In
other words, the embodiment of the present invention allows
a single gate electrode line GL to drive the PE cells 46 posi-
tioned adjacently to each other at the upper/lower portions
thereof. Thus, this embodiment of the present invention can
reduce a number of gate electrode lines GL by half (%) in
comparison to the related art, and hence can assure a high
aperture ratio. Furthermore, due to the reduced number of
gate electrode lines GL, it is possible to drive the EL display
device using a single gate driver 44 and to reduce manufac-
turing cost.

As shown in FIG. 7, the gate driver sequentially applies a
gate signal having a turn-on potential during two horizontal
periods (2H) to the gate electrode lines GL. Herein, a gate
signal applied to the ith gate electrode line GLi overlaps with
a gate signal applied to the (i-1)th gate electrode line GLi-1
during one horizontal period (1H).

The data driver 42 applies video signals corresponding to a
data, via the data electrode lines DL, to the PE cells 46.
Herein, the data driver 42 applies video signals for each one
horizontal line to the data electrode lines DL every one hori-
zontal period (1H).

The PE cells 46 emit a light corresponding to the video
signals (i.e., current signals) applied to the data electrode
lines DL to thereby display a picture. To this end, the PE cells
46 are configured as shown in FIG. 6.

Referring to FIG. 6, the PE cells 46 according to an
embodiment of the present invention includes driving circuits
50 for driving the light-emitting cells OLED, and a control
circuit 52 for controlling the driving circuits 50 positioned
adjacently to each other at the upper/lower portions thereof.
Herein, two driving circuits 50 positioned adjacently to each
other at the upper/lower portions thereof makes a pair 100 and
102 (hereinafter referred to “driving circuit pair”) to be con-
trolled by a single control circuit 52. The control circuit 52
controls two driving circuits 50 under control of a single gate
electrode line GL connected thereto.

The driving circuits 50 are configured such that a current
can be applied to each light-emitting cell OLED arranged in
a matrix type. The control circuit 52 is provided between the
driving circuit pairs 100 and 102 to thereby control the driving
circuits 50 positioned adjacently to each other at the upper/
lower portions thereof. Herein, the control circuit 52 is pro-
vided for each driving circuit pair 100 and 102, so that the
number of control circuits 52 included in one vertical line is
set to be a half of the number of driving circuits 50.

On the other hand, the driving circuits 50 positioned adja-
cently to each other at the upper/lower portions thereof and
not provided with the control circuit 52 therebetween are
connected to the same gate electrode line. For instance, if the
driving circuits 50 provided at the ith and (i+1)th horizontal
lines make a driving circuit pair 100 and the driving circuits
50 provided at the (i+2)th and (i+3)th horizontal lines make a
driving circuit pair 102, the driving circuits 50 positioned at
the (i+1)th horizontal line and the (i+2)th horizontal line are
connected to the same gate electrode line.

The driving circuit 50 provided for each light-emitting cell
OLED has two TFTs T1 and T2. For instance, each driving
circuit 50 includes a first driving TFT T1 provided between
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8
the light-emitting cell OLED and the supply voltage line
VDD, and a second driving TFT T2 provided between the first
driving TFT T1 and the gate electrode line GL.

Herein, the gate terminal of the second driving TFT T2
included in the first driving circuit 50 of the driving circuit
pair 100, for example, the driving circuit 50 provided at the ith
horizontal period, is connected to the (i-1) the gate electrode
line GLi-1 (wherein, the (i-1)th gate electrode line GLi-1 is
also connected to the second driving TFT T2 of the driving
circuit 50 provided at the (i-1)th horizontal line), and the
source terminal thereof is connected to the control circuit 52
located adjacently. The gate terminal of the first driving TFT
T1 included in the driving circuit 50 provided at the ith
horizontal line is connected to the drain terminal of the second
driving TFT T2, and the source terminal thereof is connected
to the supply voltage line VDD. Further, the drain terminal of
the first driving TFT T1 is connected to the light-emitting cell
OLEDLI. The storage capacitor Cst is connected between the
source terminal and the gate terminal of the first driving TFT
T1.

On the other hand, the gate terminal of the second driving
TFT T2 included in the second driving circuit 50 of the
driving circuit pair 100, for example, the driving circuit 50
provided at the (i+1)th horizontal period, is connected to the
(i+1) the gate electrode line GLi+1 (wherein, the (i+1)th gate
electrode line GLi+1 is also connected to the second driving
TFT T2 of the driving circuit 50 provided at the (i+2)th
horizontal line), and the source terminal thereof is connected
to the control circuit 52 located adjacently. The gate terminal
of the first driving TFT T1 included in the driving circuit 50
provided at the (i+1)th horizontal line is connected to the
drain terminal of the second driving TFT T2, and the source
terminal thereofis connected to the supply voltage line VDD.
Further, the drain terminal of the first driving TFT T1 is
connected to the light-emitting cell OLED. The storage
capacitor Cst is connected between the source terminal and
the gate terminal of the first driving TFT T1. The first and
second driving TFTs T1 and T2 included in the driving circuit
pairs 100 and 102 are provided for each light-emitting cell
OLED in this manner.

The control circuit 52 provided between the driving circuit
pair 100, for example, the control circuit 52 positioned
between the ith and (i+1)th horizontal lines includes a first
control TFT T3 and a second control TFT T4. Herein, two
TFTs T3 and T4 included in the control circuit 52 are pro-
vided in such a manner to be located at different horizontal
lines. For instance, the first control TFT T3 is provided to be
located at the ith horizontal line, while the second control TFT
T4 is provided to be located at the (i+1)th horizontal line.
Alternatively, the first control TFT T3 may be provided to be
located at the (i+1)th horizontal line, while the second control
TFT T4 may be provided to be located at the ith horizontal
line.

The source terminal of the first control TFT T3 is con-
nected to the supply voltage line VDD, and the drain terminal
and the gate terminal thereof are connected to the second
driving TFT T2 included in the driving circuits 50 positioned
at the upper/lower portions thereof. The source terminal of the
second control TFT T4 is connected to the data line DL; the
drain terminal thereof is connected to the drain terminal and
the gate terminal of the first control TFT T3; and the gate
terminal thereof is connected to the ith gate electrode line
GLi.

An operation procedure of the PE cells 46 according to the
embodiment of the present invention will be described in
detail with reference to a driving waveform of FIG. 7 below.
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First, a gate signal is applied to the (i-1)th gate electrode
line GLi-1. Then, another gate signal overlapping with the
gate signal supplied to the (i-1)th gate electrode line GLi-1
during one horizontal period (1H) is applied to the ith gate
electrode line GLi. As a gate signal is applied to the (i-1)th
gate electrode line GLi-1, the second driving TFT T2 posi-
tioned at the ith horizontal line is turned on. Further, as a gate
signal is applied to the ith gate electrode line GL1, the second
control TFT T4 connected to the ith gate electrode line GLi is
turned on. As the second control TFT T4 and the second
driving TFT T2 are turned on, a video signal from the data
electrode line DL is applied to the gate terminals of the first
control TFT T3 and the first driving TFT T1. At this time, the
firstcontrol TFT T3 and the first driving TFT T1 supplied with
the video signal are turned on.

Herein, the first driving TFT T1 controls a current flowing
from the source terminal thereof (i.e., VDD) into the drain
terminal thereof in response to the video signal applied to the
gate terminal thereof to apply it to the light-emitting cell
OLED, thereby allowing the light-emitting cell OLED 1 to
emit an amount of light corresponding to the video signal. At
the same time, the first control TFT T3 applies a current fed
from the supply voltage line VDD, via the second control TFT
T4, to the data electrode line DL. Meanwhile, the storage
capacitor Cst stores a voltage from the supply voltage line
VDD in such a manner to correspond to an amount of the
current flowing in the first control TFT T3. Further, the stor-
age capacitor Cst turns on the first driving TFT T1 using a
voltage stored therein when the video signal is not applied,
thereby applying a current corresponding to the video signal
to the light-emitting cell OLED1.

Thereafter, another gate signal is applied to the (i+1)th gate
electrode line GLi+1 insuch a manner to overlap with the gate
signal applied to the ith gate electrode line GLi. As a gate
signal is applied to the (i+1)th gate electrode line GLi+1, the
second driving TFT T2 positioned at the (i+1)th horizontal
line and the second driving TFT T2 positioned at the (i+2)th
horizontal line are turned on. As the second driving TFT T2
positioned at the (i+1)th horizontal line is turned on, a video
signal from the data electrode line DL is applied, via the
second driving TFT T2 positioned at the (i+1)th horizontal
line, to the gate terminal of the first driving TFT T1, thereby
turning on the first driving TFT T1.

At this time, the first driving TFT T1 positioned at the
(i+1)th horizontal line controls a current flowing from the
source terminal thereof (i.e., VDD) into the drain terminal
thereof in response to the video signal applied to the gate
terminal thereof to apply it to the light-emitting cell OLED,
thereby allowing the light-emitting cell OLED2 to emit an
amount of light corresponding to the video signal. At the same
time, the first control TFT T3 applies a current fed from the
supply voltage line VDD that becomes different in accor-
dance with a video signal, via the second control TFT T4, to
the data electrode line DL. Meanwhile, the storage capacitor
Cst stores a voltage from the supply voltage line VDD in such
amanner to correspond to an amount of the current flowing in
the first control TFT T3. Further, the storage capacitor Cst
turns on the firstdriving TFT T1 using a voltage stored therein
when the video signal is not applied, thereby applying a
current corresponding to the video signal to the light-emitting
cell OLED2.

Meanwhile, although a gate signal applied to the (i+1) the
gate electrode line Gli+1 turns on the second driving TFT T2
positioned at the (i+2)th horizontal line, a video signal fails to
reach the light-emitting cell OLED3 positioned at the (i+2)th
horizontal line, because the second control TFT T4 posi-
tioned between the driving circuit pair 102 is turned off. Thus
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light is not emitted from the light-emitting cell OLED3 posi-
tioned at the (i+2)th horizontal line at this time.

Hereinafter, another gate signal is applied to the (i+2)th
gate electrode line GLi+2 insuch a manner to overlap with the
gate signal applied to the (i+1)th gate electrode line Gli+1. As
agatesignal is applied to the (i+2)th gate electrode line Gli+2,
the second control TFT T4 connected to the (i+2)th gate
electrode line Gli+2 is turned on. As the second control TFT
T4 is turned on, a video signal from the data electrode line DL,
turns on the first control TFT T3 connected to the second
control TFT T4 and the first driving TFT T1 positioned at the
(i+2)th horizontal line.

At this time, the first driving TFT T1 positioned at the
(i+2)th horizontal line controls a current flowing from the
source terminal thereof (i.e., VDD) into the drain terminal
thereof in response to the video signal applied to the gate
terminal thereof to apply it to the light-emitting cell OLED3,
thereby allowing the light-emitting cell OLED3 to emit an
amount of light corresponding to the video signal. At the same
time, the first control TFT T3 applies a current fed from the
supply voltage line VDD, via the second control TFT T4, to
the data electrode line DL. Meanwhile, the storage capacitor
Cst stores a voltage from the supply voltage line VDD in such
amanner to correspond to an amount of the current flowing in
the first control TFT T3. Further, the storage capacitor Cst
turns on the firstdriving TFT T1 using a voltage stored therein
when the video signal is not applied, thereby applying a
current corresponding to the video signal to the light-emitting
cell OLED3. In practice, the present EL. display device
repeats the above-mentioned procedure, thereby displaying a
desired picture.

Such an EL display device provides a single control circuit
between the driving circuit pair positioned adjacently to each
other at the upper/lower portions thereof and controls the
driving circuit positioned at the upper/lower sides, while con-
trolling the control circuit by a single gate electrode line, so
that it can reduce a number of gate electrode lines. In other
words, since the driving circuit provided at the upper side of
the driving circuit pair is connected to the same gate electrode
line as the driving circuit provided at the previous horizontal
line while the driving circuit provided at the lower side of the
driving circuit pair is connected to the same gate electrode
line as the driving circuit provided at the next horizontal line,
it becomes possible to minimize the number of gate electrode
line and thus to improve an aperture ratio. Furthermore, three
TFTs (i.e., two at the driving circuit plus one at the control
circuit) are provided for each light-emitting cell arranged in a
matrix type, it becomes possible to more improve an aperture
ratio.

As described above, according to the present invention, the
gate electrode lines control the pixel cells positioned at the
upper/lower sides, so that it becomes possible to reduce a
number of gate lines and thus to improve an aperture ratio.
Furthermore, according to the present invention, three TFTs
are included for each pixel cell, so that it becomes possible to
more improve an aperture ratio in comparison to the prior art.
Moreover, according to the present invention, a number of
gate electrode lines are reduced, so that it becomes possible to
apply a gate signal to all the gate electrode lines using a single
gate driver and thus to reduce manufacturing cost.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.
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What is claimed is:

1. An electro-luminescence display device, comprising:

electro-luminescence cells arranged in a matrix type at
crossings of gate lines and data lines;

a supply voltage line that supplies a driving voltage to the
electro-luminescence cells;

driving circuits that control a current applied from the
driving voltage of the supply voltage line to drive the
electro-luminescence cells in response to video signals,
wherein the driving circuits include a plurality of first
driving thin film transistors driving each pixel of ith
horizontal lines (wherein 1 is an integer) and a plurality
of second driving thin film transistors connected to the
gate lines GLe (wherein e=i-1, i+1,143 . .. ), wherein a
gate terminal of each first driving thin film transistor is
connected to a drain terminal of the respective second
driving thin film transistor; and

control circuits that apply the video signals to the driving
circuits, are directly connected between the data lineand
the supply voltage line, and are controlled by the gate
lines GLo (wherein 0=, 142, i+4 . . . ), and

wherein each of the control circuits includes a first control
thin film transistor having a source terminal connected
to the supply voltage line and a second control thin film
transistor having a drain terminal connected to a gate
terminal of the first control thin film transistor and hav-
ing a source terminal connected to the data line.

2. The electro-luminescence display device according to

claim 1, wherein a first driving circuit is provided at the ith

horizontal line (wherein 1 is an integer) to apply the current to

the electro-luminescence cell positioned at the ith horizontal

line, in response to a video signal from the control circuit

controlled by the ith gate line, when a gate signal is applied to

the (i-1)th gate line, and

asecond driving circuitis provided at the (i+1)th horizontal
line to apply the current to the electro-luminescence cell
positioned at the (i+1)th horizontal line, in response to a
video signal from the control circuit controlled by the ith
gate line, when a gate signal is applied to the (i+1 )th gate
line.

3. The electro-luminescence display device according to

claim 2, wherein the (i+1)th gate line is connected to a driving

circuit provided at the (i+2)th horizontal line.

4. The electro-luminescence display device according to

claim 2, wherein the (i-1)th gate line is connected to a driving

circuit provided at the (i-1)th horizontal line.

5. The electro-luminescence display device according to

claim 2, wherein the first driving circuits includes:

the first driving thin film transistor having a source terminal
connected to the supply voltage line and a drain terminal
connected to the electro-luminescence cell positioned at
the ith horizontal line;

the second driving thin film transistor having a drain ter-
minal connected to a gate terminal of the first driving
thin film transistor, a source terminal connected to the
control circuit and a gate terminal connected to the (i-1)
th gate line; and

a storage capacitor connected between the source terminal
and the gate terminal of the first driving thin film tran-
sistor.

6. The electro-luminescence display device according to

claim 2, wherein the second driving circuits includes:

the first driving thin film transistor having a source terminal
connected to the supply voltage line and a drain terminal
connected to the electro-luminescence cell positioned at
the (i+1)th horizontal line;
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the second driving thin film transistor having a drain ter-

minal connected to a gate terminal of the first driving
thin film transistor, a source terminal connected to the
control circuit and a gate terminal connected to the (i+1)
th gate line; and

a storage capacitor connected between the source terminal
and the gate terminal of the first driving thin film tran-
sistor.

7. The electro-luminescence display device according to

claim 5 or 6, wherein the control circuit includes:
the first control thin film transistor having a source terminal

connected to the supply voltage line and a drain terminal
and a gate terminal connected to the source terminal of
the second driving thin film transistor; and

the second control thin film transistor having a drain ter-

minal connected to the gate terminal of the first control
thin film transistor, a source terminal connected to the
data line and a gate terminal connected to the ith gate
line.

8. The electro-luminescence display device according to

claim 7, wherein any one of the first and second control thin
film transistors is provided at the ith horizontal line while the
remaining control thin film transistor is provided at the (i+1)
th horizontal line.

9. The electro-luminescence display device according to

claim 7, further comprising;

a gate driver for applying a gate signal having a turn-on
potential during two horizontal periods to the gate lines.
10. The electro-luminescence display device according to

claim 9, wherein a gate signal applied to the ith gate line
overlaps a gate signal applied to the (i+1)th gate line during
one horizontal period.

11. The electro-luminescence display device according to

claim 9, wherein, if a gate signal is applied to the (i-1)th and
ith gate lines, then the second driving thin film transistor
connected to the (i-1)th gate line and the second control thin
film transistor connected to the ith gate line are turned on; and

as the second control thin film transistor is turned on, a
video signal from the data line is applied to the first
driving thin film transistor and the first control thin film
transistor that are positioned at the ith horizontal line.

12. The electro-luminescence display device according to

claim 11, wherein the first driving thin film transistor posi-
tioned at the ith horizontal line applies the current corre-
sponding to the video signal to the electro-luminescence cell
provided at the ith horizontal line.

13. The electro-luminescence display device according to

claim 11, wherein the first control thin film transistor applies
the current corresponding to the video signal from the supply
voltage line to the data line.

14. The electro-luminescence display device according to

claim 13, wherein a voltage corresponding to the current
flowing in the first control thin film transistor is stored in the
storage capacitor.

15. An electro-luminescence display device, comprising:

a plurality of pixels arranged in a matrix type;

a plurality of data lines that applies video signals to the
pixels;

a plurality of gate lines crossing the data lines;

a supply voltage line that supplies a driving voltage to the
electro-luminescence cells;

driving circuits that applies a current corresponding to the
video signals to the electro-luminescence cells in
response to the video signals, wherein the driving cir-
cuits include a plurality of first driving thin film transis-
tors driving each pixel of ith horizontal lines (wherein i
is an integer) and a plurality of second driving thin film
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transistors connected to the gate lines GLe (wherein
e=i-1,1+1,i+3...), wherein a gate terminal of each first
driving thin film transistor is connected to a drain termi-
nal of the respective second driving thin film transistor;
and

control circuits that apply the video signals to the driving
circuits, are directly connected between the data line and
the supply voltage line and are controlled by the gate
lines GLo (wherein o=, i+2, i+4 . . . ), and

wherein each of the control circuits includes a first control
thin film transistor having a source terminal connected
to the supply voltage line and a second control thin film
transistor having a drain terminal connected to a gate
terminal of the first control thin film transistor and hav-
ing a source terminal connected to the data line.

16. The electro-luminescence display device according to

claim 15, further comprising;

a gate driver for applying a gate signal having a turn-on
potential during two horizontal periods to the gate lines.

17. The electro-luminescence display device according to

claim 16, wherein a gate signal applied to the ith gate line
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(wherein i is an integer) overlaps a gate signal applied to the
(i+1)th gate line during one horizontal period.

18. The electro-luminescence display device according to

claim 17, wherein each of the driving circuits includes:

a first driving circuit provided at the ith horizontal line
(wherein 1 is an integer) to apply the current to the
electro-luminescence cell positioned at the ith horizon-
tal line, in response to a video signal from the control
circuit controlled by the ith gate line, when a gate signal
is applied to the (i-1)th gate line; and

a second driving circuit provided at the (i+1)th horizontal
line to apply the current to the electro-luminescence cell
positioned at the (i+1)th horizontal line, in response to a
video signal from the control circuit controlled by the ith
gate line, when a gate signal is applied to the (i+1)th gate
line.

19. The electro-luminescence display device according to

claim 18, wherein one of the control circuits is positioned
between the first driving circuit and the second driving circuit.
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