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(57) ABSTRACT

An apparatus for providing a driving signal to an organic
light emitting diode in an image display device includes gate
lines for transferring previous and current gate signals,
respectively, in a sequential process for providing the driv-
ing signal to the organic light emitting diode, a data line for
transferring a data signal for displaying images on the image
display device, a first switching transistor including a con-
duction path for transferring the data signal from the data
line in response to the current gate signal; a second switch-
ing transistor including a conduction path for transferring a
reference signal externally supplied in response to the pre-
vious gate signal, a third switching transistor including a
conduction path for transferring the data signal provided
from the first switching transistor in response to a state of the
second switching transistor, and a fourth switching transistor
including a conduction path for receiving a bias voltage and
generating the driving signal to the organic light emitting
diode in response to one of the reference signal from the
second switching transistor and the data signal from the third
switching transistor. The third and fourth switching transis-
tors have switching characteristics substantially identical to
each other.
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FIG.5B

Dp Vdd pp+
Gqg-1 r-

- Vgon=Vdata




Patent Application Publication Mar. 25,2004 Sheet 7 of 18 US 2004/0056828 A1

FIG.6

Dp Vdd Dp+

Ts Ta *
([ OLED L

Vcom
| T2 |
Vref

Gq PN




Patent Application Publication Mar. 25,2004 Sheet 8 of 18 US 2004/0056828 A1

FIG.7

Dp vdd Dq+1
Gg-1 S
<] Tt
cL OLED : ——
Vcom T
T
G Ml
| | Cst
N r—o ® H ®
T2
Vref
Ga —e




Patent Application Publication Mar. 25,2004 Sheet 9 of 18 US 2004/0056828 A1

FIG.8

D1 vdd D2

s

: 4

—iC “As 10 ks
}U*

e bl

]
i

G1
L |
»
H
Gz
Gn—1 -

—il
al

—IC TAS

Gn—e




Patent Application Publication Mar. 25,2004 Sheet 10 of 18  US 2004/0056828 A1

FIG.9

Gq—1 ®
vdd 'S
J> K] ITs | 1 T4 | ?
OLED =
Vcom r
71
¢ Ty 3
| | Cst
i *— . 4 % I
12|
Vref

Gq L s




Patent Application Publication Mar. 25,2004 Sheet 11 of 18  US 2004/0056828 A1

FIG.10

Dp Dp+

Gq—1 ®
vdd 'S
m | T6 | Ts | Ta | *
l OLED —— ' —
Vecom I
T .
® Ti I 3 |
| | Cst
- ta—|

Vref

Gq ' ®




Patent Application Publication Mar. 25,2004 Sheet 12 of 18  US 2004/0056828 A1

FIG.11
Dp _ vdd Dp+
Gg-1 o
 J
| T25| | T24| l
OLED -
Vcom
4 To1 T3 Cst
~— —
|T22 |
Vref l
Gq ®




Patent Application Publication Mar. 25,2004 Sheet 13 of 18  US 2004/0056828 A1

FIG.12

— -

o)
q

» -
—— i o —— — — — — — . i —



Patent Application Publication Mar. 25,2004 Sheet 14 of 18  US 2004/0056828 A1

FIG.13A

Ta

G—pLi
D— T X

G—y 0000

LASER SCAN DIRECTION



Patent Application Publication Mar. 25,2004 Sheet 15 of 18  US 2004/0056828 A1

FIG.13B

Ta

g T———0

Ta

X +—1o

W g . e

LASER SCAN DIRECTION



Patent Application Publication Mar. 25,2004 Sheet 16 of 18  US 2004/0056828 A1

FI1G.14
DL vdd
% s
Z
Y V07000, 7
Zl b7
% |
2 | % »
7 —t % | WALL OPEN
/ 7
Zk i
Ae—- 12: -‘:-é—_ﬁA'
7 %
2 I
) |
Z) 17
71 17 156
ANODE — - " e
%E 4 ] < < L~ 154
7 INARR 2 150
; RN NN /\/
7777 @Vé
] \ % 146
126\"'2—m NN j 142
1, ) 120——T W NN jaa (T
2 oA | RS A4—
122 — AR N 140
124 —— AL \4 2
=T =S 7 N o
, / Wity "
B <« -1p NNESINESN Y \S\_
\\ NN \¥136
. \7‘ N NSNS \/\\132} Ts
o8 WRJDD D=

114 112 116 110
N

Y

T1




Patent Application Publication Mar. 25,2004 Sheet 17 of 18  US 2004/0056828 A1

o o O O o
wn < M N ~—
©
AT T —T13
\\éf\\_’/ =
N G
Lo o
—{ o
° E —_— I
@) o
— -
[y -
- L
= N [T O
<C
<
_—-»-"_\\\ ______a’
l\[




Patent Application Publication Mar. 25,2004 Sheet 18 of 18  US 2004/0056828 A1

Q
+
c

aan

f——

—/_—

—

+4—71

——

L~

—d
—
——v

[ 1T 17

“

cel——

A

A

7

PPA——

MMM

N
=

7
7

2im

S 7/

TIVM

_%_,_-/
/_\ \

_”_—_ﬁx\\\\“_’%éé%%Z%‘\h—//""“

\

L chi vLL

e

«©

91 DId




US 2004/0056828 Al

ORGANIC LIGHT EMITTING DISPLAY DEVICE
AND METHOD OF FABRICATING THE SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to an organic light
emitting display device, and more particularly, to a device
for driving pixels of an organic light emitting display device
and a method of fabricating the same.

[0003] 2. Description of the Related Art

[0004] Cathode ray tube (CRT) devices have been widely
used for various kinds of image display devices. Recently,
liquid crystal display (LCD) devices have emerged as an
alternative display means for, especially, portable equip-
ments, computer monitors, etc. However, CRT devices are
generally heavy and have a big size, and LCD devices also
have some unsatisfactory factors such as mediocre bright-
ness, low efficiency, etc. In addition, LCD devices have such
a drawback that images may have poor views at the side of
an LCD device.

[0005] Thus, there have been made various developments
for an image display device, as a new generation display
means, having a lighter weight, a slimmer size, an affordable
price, better efficiency, etc. One of such new generation
display devices is an organic light emitting display (OLED)
device. The OLED devices utilize the electroluminescence
characteristics of certain organic compounds or high poly-
mers, which emit light in response to electric current applied
thereto. In the OLED devices, no backlight device is nec-
essary for providing light to a display panel, which is
required for the LCD devices. Thus, the OLED devices
advantageously have a lighter weight, a smaller (and slim-
mer) size, a lower cost, etc. and are more readily fabricated
compared with the LCD devices. In addition, the OLED
devices may have superior brightness and a larger viewing
angle.

[0006] FIG. 1 is a circuit diagram illustrating a conven-
tional driving circuit for an OLED device, and FIG. 2 is a
graphical view of signal waveforms applied to the driving
circuit in FIG. 1. Referring to FIGS. 1 and 2, the conven-
tional driving circuit for an OLED device includes a switch-
ing transistor Qg having a gate and a source connected to a
gate line Gq and a data line Dp, respectively, a storage
capacitor Cst having one terminal connected to a drain of the
switching transistor Qg and the other terminal connected to
a bias voltage Vdd, and a driving transistor Qp, having a gate
connected to the drain of the switching transistor Qg and a
source connected to the bias voltage Vdd.

[0007] A driving signal is provided from a drain of the
driving transistor Qp to an organic light emitting diode
OLED. The organic light emitting diode OLED has one end
connected to a drain of the driving transistor Qp, and the
other end connected to a common electrode voltage V-
Generally, the switching transistor Qg is an N-type thin film
transistor that is turned on by applying a high-level voltage
signal to its gate, and the driving transistor Qp, is a P-type
thin film transistor that is turned-off when the high-level
voltage signal is applied to its gate.

[0008] In the operation the driving circuit in FIG. 1, when
the switching transistor Qg is turned on by a gate signal
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provided through the gate line Gq, a data signal from the
data line Dp is transferred through the conduction path of the
switching transistor Qg to the gate of the driving transistor
Qp as a gate voltage. The gate voltage is maintained for one
frame due to the storage capacitor Cst. At this time, channel
conductance of the driving transistor Q, is determined by
the gate voltage applied to the gate and the bias voltage
applied to the source of the driving transistor Qp. Also, the
intensity of a voltage applied between the ends of the
organic light emitting diode OLED is determined based on
a voltage distribution of the organic light emitting diode
OLED with respect to the voltage between the bias voltage
Vdd and the common electrode voltage Vg, Where the
organic light emitting diode OLED and the driving transistor
Qp are connected each other in series. The organic light
emitting diode OLED emits light in response to current
flowing therein, which is corresponding to the intensity of
the voltage determined based on the voltage distribution.

[0009] Thus, even if the same data signal is applied to the
gate of the driving transistor Qp, SO that the gate-source
voltage Vg of the driving transistor Qp, has an identically
value in different driving circuits for different pixels of the
OLED device, the voltage distribution may vary depending
on characteristics of the driving transistor Qp, in different
pixels so that the intensity of the voltage between the ends
of organic light emitting diode may vary as well. As a result,
the current flowing the organic light emitting diode OLED
may be different in different pixels of the OLED device.
Such variation in the current flowing the organic light
emitting diode OLED may cause deterioration in brightness
of pixels and display quality of the OLED device.

[0010] Therefore, it is desired that the driving circuit of an
OLED device is improved so that every organic light emit-
ting diode in the respective pixels of the OLED device
receives the same driving current in response to the same
data signal so as to emit the same amount of light.

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention provides a pixel driving unit
for an OLED device that compensates for characteristics of
a driving thin film transistor in the pixel driving unit to
improve the display quality of the OLED device. The
present invention also provides a method of fabricating such
a pixel driving unit for an OLED device.

[0012] In one aspect of the invention, a pixel driving unit
for providing a driving signal to an organic light emitting
diode in an OLED device includes first and second control
lines for transferring previous and current control signals,
respectively, in a sequential process for providing the driv-
ing signal to the organic light emitting diode, a data line for
transferring a data signal for displaying images on the image
display device, a first switching device including a conduc-
tion path for transferring the data signal from the data line,
the conduction path of the first switching device being
controlled by the current control signal from the second
control line, a second switching device including a conduc-
tion path for transferring a reference signal externally sup-
plied, the conduction path of the second switching device
being controlled by the previous control signal from the first
control line, a third switching device including a conduction
path for transferring the data signal provided from the first
switching device, the conduction path of the third switching
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device being controlled by a state of the second switching
device, and a fourth switching device including a conduction
path for receiving a bias voltage and generating the driving
signal to the organic light emitting diode, the conduction
path of the fourth switching device being controlled by one
of the reference signal from the second switching device and
the data signal from the third switching device.

[0013] In the pixel driving unit, the third and fourth
switching devices may have switching characteristics sub-
stantially identical to each other. Also, a capacitor may be
included for being charged with the bias voltage and for
providing a voltage signal to control the conduction path of
the third switching device. The first, second, third and fourth
switching devices may be first, second, third and fourth thin
film transistors, respectively, each having a conduction path
between a source and a drain and a gate for receiving a
control signal to control the conduction path. The first and
second control signal lines may be first and second gate
lines, respectively, and the previous and current control
signals may be previous and current gate signals, respec-
tively.

[0014] In another aspect of the present invention, an
organic light emitting display device includes gate lines to
which an active gate line is sequentially supplied, data lines
to which data signals are applied to display images on the
organic light emitting display device and pixel driving units
each of which provides a driving signal to a corresponding
OLE diode in association with a pair of the gate lines and a
pair of the data lines, in which each of the pixel driving units
has a driving transistor having a conduction path with one
terminal receiving a bias voltage and the other terminal
providing the driving signal to the diode, a first switching
transistor having a conduction path for transferring a refer-
ence signal, the conduction path of the first switching
transistor being controlled by a previous gate signal, and a
second switching transistor having a conduction path for
transferring a data signal, the conduction path of the second
switching transistor being controlled by a state of the first
switching transistor. The conduction path of the driving
transistor may be controlled by one of the reference signal
from the first switching transistor and the data signal from
second switching transistor. The gate lines may include a
dummy gate line for providing a gate signal to the first
switching transistor of a first one of the pixel driving units.

[0015] In another aspect of the present invention, there is
provided a method for fabricating a semiconductor device
for providing a pixel driving signal in an organic light
emitting display device. The method includes providing an
insulation substrate, forming on the insulation substrate a
first amorphous silicon thin film transistor for providing the
pixel driving signal to an organic light emitting diode,
forming on the insulation substrate a second amorphous
silicon thin film transistor for transferring a data signal to
control a switching function of the first amorphous silicon
thin film transistor, crystallizing the first and second amor-
phous silicon thin film transistors by performing a laser scan
on the first and second amorphous silicon thin film transistor,
and transforming the first and second amorphous silicon thin
film transistor into first and second polysilicon thin film
transistors, respectively, by consummating the crystallizing
step. The first and second polysilicon thin film transistors
may have characteristics substantially identical to each
other.
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[0016] These and other objects, features and advantages of
the present invention will become apparent from the fol-
lowing detailed description of the exemplary embodiments
thereof, which is to be read in conjunction with the accom-
panying drawings, wherein like elements are designated by
identical reference numbers throughout the several views.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other advantages of the present
invention will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings wherein:

[0018] FIG. 1 is a circuit diagram illustrating a conven-
tional driving circuit for an OLED device;

[0019] FIG. 2 is a graphical view of signal waveforms
applied to the driving circuit in FIG. 1;

[0020] FIG. 3 is a circuit diagram illustrating a pixel
driving unit for an OLED device according to a first embodi-
ment of the present invention;

[0021] FIG. 4 is a graphical view of signal waveforms
applied to the pixel driving unit in FIG. 3;

[0022] FIGS. 5A and 5B are schematic diagrams for
describing the operation of the pixel driving unit in FIG. 3;

[0023] FIG. 6 is a circuit diagram illustrating a pixel
driving unit for an OLED device according to a second
embodiment of the present invention;

[0024] FIG. 7 is a circuit diagram illustrating a pixel
driving unit for an OLED device according to a third
embodiment of the present invention;

[0025] FIG. 8 is a circuit diagram illustrating multiple
pixel driving units of an OLED device arranged in associa-
tion with gate and data lines according to an embodiment of
the present invention;

[0026] FIG. 9 is a circuit diagram illustrating a pixel
driving unit for an OLED device according to a fourth
embodiment of the present invention;

[0027] FIG. 10 is a circuit diagram illustrating a pixel
driving unit for an OLED device according to a fifth
embodiment of the present invention;

[0028] FIG. 11 is a circuit diagram illustrating a pixel
driving unit for an OLED device according to a sixth
embodiment of the present invention;

[0029] FIG. 12 is a graphical view of signal waveforms
applied to the pixel driving unit in FIG. 11;

[0030] FIGS. 13A and 13B are schematic diagrams each
illustrating two thin film transistors fabricated according to
an exemplary embodiment of the present invention;

[0031] FIG. 14 is a plan view of the pixel driving unit in
FIG. 3; and

[0032] FIGS. 15 and 16 are cross-sectional views of the
pixel driving unit taken along lines A-A' and B-B', respec-
tively, in FIG. 14.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] Detailed illustrative embodiments of the present
invention are disclosed herein. However, specific structural
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and functional details disclosed herein are merely represen-
tative for purposes of describing exemplary embodiments of
the present invention.

[0034] FIG. 3 is a diagram illustrating a pixel driving unit
of an organic light emitting display (OLED) device accord-
ing to a first exemplary embodiment of the present inven-
tion, and FIG. 4 is a graphical view of signal waveforms
applied to the pixel driving unit in FIG. 3.

[0035] InFIG. 3, the pixel driving unit of an OLED device
includes five transistors, for example, first to third thin film
transistors T;-T; each having a switching function and
fourth and fifth thin film transistors T,, T5 each having a
driving function. The pixel driving unit also includes a
storage capacitor Cst for storing electric charge and an
OLED diode for emitting light in response to a driving signal
applied from the fifth thin film transistor Ts. The OLED
diode has a first terminal receiving the driving signal from
the fifth transistor Ts and a second terminal connected to a
common electrode voltage Vs, In this embodiment, the
five thin film transistors T;-Ts, the storage capacitor Cst, and
the OLED diode are the elements mainly constituting the
pixel driving unit for a unit pixel of an OLED device.

[0036] The pixel driving units are arranged in association
with gate lines and data lines of the OLED device such that
each pixel driving unit is disposed in a region surrounded by
adjacent gate lines and adjacent data lines. Power supply
lines each providing a bias voltage Vdd for the OLED device
is also arranged such that each power supply line is parallel
with a corresponding data line D, ;. A selected number of
the pixel driving units of the OLED device are connected to
the power supply line Vdd, and the number of the pixel
driving units is equal to the number of the gate lines. The
power supply line Vdd may be formed as a single metal layer
(e.g., MoW layer) or dual metal layers (e.g., MoW layer and
AINd layer).

[0037] Asshown in FIG. 3, one pixel driving unit (or one
unit pixel) is defined by p,,, and (p+1),, data lines and (q—1),,
and q,,, gate lines in an OLED device having a resolution of
mxnx3. In the pixel driving unit, for example, the first and
second thin film transistors T;, T, are N-type transistors,
which are each turned on when a gate signal higher than the
threshold voltage of a corresponding transistor is applied to
its gate. The third to fifth thin film transistors T,-Ts are
P-type transistors, which are each turned on when a gate
signal lower than the threshold voltage of a corresponding
transistor is applied to its gate. In particular, the first thin film
transistor T, has a gate connected to a present gate line G
and a source connected to a data line Dp. The first thin film
transistor T, transmits a data signal, which is inputted
through the source, to the third thin film transistor T,
through the drain thereof in response to the gate signal
applied through the present gate line G

[0038] The second thin film transistor T, has a gate con-
nected to a previous gate line Gq_; and a source connected
to a reference voltage line to which a reference voltage V_
is supplied. The second thin film transistor T, transmits the
reference voltage V, ., which is inputted through the source,
to the fourth thin film transistor T, through the drain thereof
in response to the gate signal applied through the previous
gate line Gq_;. In other words, the second thin film transistor
T, has a conduction path between the reference voltage V¢

Mar. 25, 2004

and the gate of the fourth thin film transistor T,, and the
conduction path is controlled by the gate signal applied from
the previous gate line.

[0039] The third thin film transistor Ty has a source
connected to the drain of the first thin film transistor T, and
a gate and a drain commonly connected to the drain of the
second thin film transistor, the storage capacitor Cst and the
gate of the fourth thin film transistor T,. The third thin film
transistor T transmits the data signal transferred through the
first thin film transistor T, to the fourth thin film transistor
T, as a gate control signal of the fourth thin film transistor
T,. In other words, the third thin film transistor T5 has a
conduction path to transfer the data signal from the data line
Dp to the gate of the driving transistor, i.e., the fourth thin
film transistor T,. The conduction path of the third thin film
transistor T is controlled by a state of the second thin film
transistor T,. In other words, the third thin film transistor T
is turned on when the second thin film transistor T, is turned
off. The second and third thin film transistors are parallel to
each other with respect to the fourth thin film transistor, and
provide the reference voltage and the data signal, respec-
tively, to the gate of the fourth thin film transistor.

[0040] The fourth thin film transistor T, has a source
connected to the power supply line for supplying the bias
voltage Vdd. The gate of the fourth thin film transistor T, is
connected in common to one terminal of the storage capaci-
tor Cst, the drain of the second thin film transistor, and the
drain of the third thin film transistor T;. The fourth thin film
transistor T, has a conduction path to transfer the bias
voltage Vdd to the fifth thin film transistor Ts, and the
conduction path is controlled by a gate signal, either the
reference signal from the second thin film transistor T, or the
data signal from the third thin film transistor T;. The fourth
thin film transistor T, has characteristics similar or substan-
tially identical to that of the third thin film transistor T,.

[0041] The fifth thin film transistor T5 has a source con-
nected to a drain of the fourth thin film transistor T, a drain
connected to the OLED diode, and a gate connected to the
previous gate line Gg—,. The fifth thin film transistor T,
outputs the driving signal (e.g., the bias voltage V44) pro-
vided from the fourth thin film transistor T, to the OLED
diode in response to a gate signal applied through the
previous gate line Gq—,. In other words, the fifth thin film
transistor T has a conduction path controlled by the previ-
ous gate signal to provide the driving signal to the OLED
diode. The OLED diode emits light in response to the
driving signal. The OLED diode has two terminals, one
connected to the drain of the fifth thin film transistor and the
other connected to the common electrode voltage Vg

[0042] The storage capacitor Cst has two terminals, one
commonly connected to the drains of the second and third
transistors and the gates of the third and fourth transistors Ty,
T, and the other connected to the bias voltage Vdd. The
storage capacitor Cst is charged with the bias voltage Vdd
and supplies a high-level signal (e.g., the bias voltage V44)
to the second through fourth thin film transistors T,-T, for
one frame. When the previous gate line Ggq—; has a logic-
high signal, the second transistor T, is turned on so that the
voltage stored in the storage capacitor Cst is discharged
through the second transistor of which source electrode a
reference signal Vref of logic-low is applied to. As a result,
the reference signal Vref is applied to the gate of the fourth
transistor T,.
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[0043] Hereinafter, a further detail description of the
operation of the switching and driving transistors of the
pixel driving unit in FIG. 3 follows. FIGS. 5A and 5B are
schematic diagrams for describing the operation of the pixel
driving unit of an OLED device in FIG. 3. The operation
status of the thin film transistors T,-Ts of the pixel driving
unit is shown in FIG. S5A when an active gate signal is
applied to the previous gate line, and also in FIG. 5B when
an active gate signal is applied to the present gate line.

[0044] Referring to FIG. 5A, when an active gate signal
(e.g., a high level pulse signal) is applied to the previous gate
line, the first, third, fourth and fifth thin film transistors T,
T, T,, Ts are turned off and the second thin film transistor
T, is turned on. As a result, the reference voltage V,.;
supplied from the reference voltage line is applied to the gate
of the fourth thin film transistor T,. The reference voltage
V _ may be defined as following Equation 1.

[Veate-omr 1)) = Veer=[Viata mint Vin(rs)] Equation 1

[0045] Here, Ve omersy 1S a gate-off voltage of the first
thin film transistor T;, Vg, i, 1S the minimum voltage
value of a data signal applied to the data line D,, and Vi, r3,
is a threshold voltage of the third thin film transistor T,
which is a negative voltage. In this condition, the gate-off
voltage of the fourth thin film transistor T, becomes the
reference voltage Vref, and the gate-off voltage of the third
thin film transistor T; also becomes the reference voltage
Vref.

[0046] Referring to FIG. 5B, when an active gate signal
(e.g., a high level pulse signal) is applied to the present gate
line, the first thin film transistor T, is turned on and the
second thin film transistor T, is turned off. As a result, a data
signal applied from the data line is transferred to the third
thin film transistor T through the conduction path of the first
thin film transistor. The storage capacitor Cst charged with
the data signal voltage Vdata provides a high-level voltage
to the gate of the third thin film transistor T;. Then, the third
thin film transistor T; is turned on and the data signal
provided from the first thin film transistor Tj is transferred
to the gate of the fourth thin film transistor T,. At this time,
an effective gate-source voltage Vgs’ r.y, which determines
the intensity of current flowing the conduction path of the
fourth thin film transistor T, is defined as following Equa-
tion 2.

Vs cray=Vescrayt Vifiers Equation 2

[0047] Here, the gate-source voltage Vgs 1., of the fourth
thin film transistor T, is the difference between a gate
voltage of the fourth thin film transistor T, and the bias
voltage Vdd, as expressed in following Equation 3.

Vgscray=Vgera—Ved

[0048] Here, the gate voltage Vg 1y, of the fourth thin film
transistor T, is the difference between a data voltage (i.c., a
voltage value of the data signal) and a threshold voltage Vth
of the third thin film transistor T, as expressed in following
Equation 4.

Equation 3

Vgray=Vdata+ Vil 13 Equation 4

[0049] Tere, the threshold voltage Vth -, of the third thin
film transistor T; is a negative voltage. Assuming that the
characteristics of the third and fourth thin film transistors T,
T, are substantially identical to each other, the threshold
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voltage Vth of the third thin film transistor Tj is substantially
identical to that of the fourth thin film transistor T,.

Vithrs=Vtheray Equation 5

[0050] From Equations 2 to 5, the effective gate-source
voltage Vgs’ 1, determining the intensity of current flowing
the fourth thin film transistor T, is obtained as follows:

Vgs’ (pay=Vdata-Vdd Equation 6

[0051] As shown in Equation 6, the effective gate-source
voltage Vgs’ 1y, of the fourth thin film transistor T, is the
difference between the data voltage Vdata provided through
the data line Dp and the bias voltage Vdd provided through
the external power supply line. Accordingly, the effective
gate-source voltage Vgs’ gy of the fourth thin film transistor
T, in every pixel of the OLED device is only dependent on
intensities of the data voltage Vdata applied through the data
line Dp and the bias voltage Vdd applied through the
external power supply line. In other words, the effective
gate-source voltage Vgs’ 1, of the driving transistor, which
determines the intensity of current flowing the driving
transistor, is independent of the threshold voltage Vth of the
driving transistor (i.e., the fourth thin film transistor T,).

[0052] Therefore, by employing in each pixel driving unit
of the OLED device the third and fourth thin film transistors
T;, T, having the substantially same characteristics, the
pixel driving unit compensates for the characteristics (espe-
cially, the threshold voltage Vth) of the fourth thin film
transistor T,, which would be different in different pixels. As
a result, the driving transistor of each pixel driving unit
provides the OLED diode with current having the substan-
tially same intensity in response to a same data signal even
if the driving transistor (e.g., the fourth thin film transistor
T,) of a pixel has a different threshold voltage from that of
another pixel.

[0053] Referring to FIG. 6, there is provided a pixel
driving unit for an OLED device according to a second
exemplary embodiment of the present invention. In this
embodiment, the pixel driving unit does not require a
separate line for providing the reference voltage Vref. In the
circuit diagram of FIG. 6, the pixel driving unit for an
OLED device includes first to third thin film transistors
T -T; each having a switching function, fourth and fifth thin
film transistors T,, Ts each having a driving function, a
storage capacitor Cst, and an OLED diode connected to a
common electrode voltage V,,. Each pixel driving unit is
aligned in a region surrounded by gate lines for transferring
gate signals and data lines for transferring data signals. In
FIG. 6, the parts equivalent to those in FIG. 3 are repre-
sented with like reference numerals and description thereof
is omitted to avoid duplication.

[0054] In this embodiment, a gate signal applied through
the current gate line G, serves as the reference voltage Vref
for the second thin film transistor T,. For example, the drain
of the second thin film transistor T, is connected to the
current gate line G, in common with the gate of the first thin
film transistor T,.

[0055] In the operation of the pixel driving unit, when an
active gate signal (e.g., a high-level pulse signal) is applied
to the previous gate line Gq—, the first, third, fourth and fifth
thin film transistors T,, T;, T,, Ts are turned off and the
second thin film transistor T, is turned on. As a result, the
reference voltage Vrefis applied to the gate of the fourth thin
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film transistor T, through the second thin film transistor T,.
Since the reference voltage Vref is a gate signal applied to
the present gate line that is inactive when the previous gate
line is selected to receive an active gate signal, the reference
voltage Vref is an off-level signal.

[0056] When an active gate signal is applied to a present
gate line G, the first thin film transistor T, is turned on, so
that a data signal (e.g., a high-level voltage signal) applied
from the data line D, to the source of the first thin film
transistor T is transferred to the third thin film transistor T
through the conduction path of the first thin film transistor
T,. At this time, the storage capacitor Cst charged with the
data signal voltage Vdata provides a high-level voltage to
the gate of the third thin film transistor T5 to turn on the third
thin film transistor T;. Then, the data signal transmitted
through the first and third thin film transistors T,, T; is
supplied to the gate of the fourth thin film transistor T,.
Therefore, as mentioned above, no separate reference line is
necessary in this embodiment.

[0057] FIG. 7 is a circuit diagram illustrating a pixel
driving unit for an OLED device according to a third
exemplary embodiment of the present invention. Referring
to FIG. 7, the pixel driving unit includes first to third thin
film transistors T, to T each having a switching function, a
fourth thin film transistors T, having a driving function, a
storage capacitor Cst, and an OLED diode connected to a
common electrode voltage Vqn Which constitute a unit
pixel of the OLED device. The pixel driving unit is aligned
in a region surrounded by adjacent gate lines for transferring
gate signals and adjacent data lines for transferring data
signals. In FIG. 7, the parts equivalent to those in FIG. 3 are
represented with like reference numerals and description
thereof is omitted to avoid duplication. In the pixel driving
unit of this embodiment, the fifth thin film transistor Ts is
omitted from the pixel driving unit according to the first
embodiment of the present invention in FIG. 3.

[0058] When an active gate signal is applied to the pre-
vious gate line Gq_,, the first, third and fourth thin film
transistors T, T5, T, are turned off and the second thin film
transistor T, is turned on. As a result, a reference voltage
Vref supplied from a reference voltage line to the source of
the second thin film transistor T, is applied to the gate of the
fourth thin film transistor T,. In this embodiment, the
reference voltage Vref is the same as the one described in
Equation 1.

[0059] Also, when an active gate signal is applied to a
present gate line G, the first thin film transistor T, is turned
on so that a data signal applied through the data line D, to
the source of the first thin film transistor T is transferred to
the third thin film transistor T; through the conduction path
of the first thin film transistor T,. At this time, since the
storage capacitor Cst charged with the data signal voltage
Vdata provides a high-level voltage to the gate of the third
thin film transistor T, the third thin film transistor T; is
turned on. Thus, the data signal passing through the first and
third thin film transistors T, T, is supplied to the gate of the
fourth thin film transistor T,.

[0060] In like manner, the pixel driving unit of this
embodiment compensates its pixel driving function for any
variance in the threshold voltage Vth of the fourth thin film
transistor T,, which would have a characteristic different
from that of a fourth thin film transistor in another pixel
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driving unit of the same OLED device. With such compen-
sation, the pixel driving unit provides the OLED diode with
the same current as a driving signal in response to the same
data signal independent of the varying characteristics of the
driving transistor in different pixel driving units.

[0061] FIG. 8 is a circuit diagram illustrating multiple
pixel driving units of an OLED device arranged in associa-
tion with gate and data lines according to an embodiment of
the present invention. In this embodiment, the multiple pixel
driving units each have the structure identical to that of the
embodiment in FIG. 3. Referring to FIG. 8, the OLED
device has multiple pixel driving units arranged in a matrix
form respectively corresponding to the pixels of the OLED
device. The OLED device in this embodiment has “n” pixel
driving units (i.e., “n” pixels) in a column and “n” gate lines
G;-G, each associated with a corresponding one of the “n”
pixel driving units. The OLED device sequentially provides
a gate signal, as a scanning signal, to the respective gate
lines.

[0062] In addition to the “n” gate lines G, G, ... G,_;,
and G, for the “n” pixel driving units, the OLED device also
has a dummy gate line G, to supply a gate signal to the gates
of the second and fifth thin film transistors T, and Ty of the
pixel driving unit in association with the first gate line G,.
The dummy gate line G, is synchronized with the n,, gate
line G,. By synchronizing the dummy gate line G, with the
n,, gate line G, the dummy gate line G, is prevented from
remaining in a floating state.

[0063] Alternatively, the dummy gate line G, may receive
a separate gate signal from a gate driver instead of being
synchronized with the n,,, gate line G . In other words, a gate
driver sequentially provides the “n” gate signals to the “n”
gate lines, respectively, to drive a selected gate line. When
the gate driver provides a gate signal to the n,, gate line G,
it also provides the same gate signal to the dummy gate line
G, simultaneously. Thus, the dummy gate line G_ has the
same effect as being synchronized with the n, gate line G,
and is prevented from remaining in the floating state.

[0064] Inthe above embodiments of FIGS. 3 to 8, the pixel
driving units (or the pixels) of an OLED device are arranged
in a matrix form such that each pixel driving unit is defmed
by the adjacent gate lines expanded in the row direction and
arranged parallel with each other in the column direction and
the adjacent data lines expanded in the column direction and
arranged parallel with each other in the row direction. Also,
a power supply line is expanded in the column direction and
arranged parallel with the data lines to provide a bias voltage
to a driving transistor of the respective pixel driving units.

[0065] In this configuration, such arrangement of the
power supply line parallel with the corresponding data line
may cause the “cross-talk” phenomenon in the OLED
device. In other words, when the power supply line is
expanded in the column direction parallel with the data line
as shown in FIG. 8, a full-level bias voltage is applied to a
first pixel driving unit, but the level of the bias voltage may
be gradually lowered as it is applied to lower pixels. As a
result, a voltage difference may exist between the gate-
source voltage V., .y of the fourth thin film transistor T,
in the first pixel driving unit and the gate-source voltage
v of the fourth thin film transistor T, in the n, pixel
drgfsTiﬁg unit. Due to the difference of the gate-source voltage
between the pixel driving units, a voltage difference may
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exist between sources of the fourth thin film transistors in the
respective pixel driving units, even if data voltage having the
same level is applied to the pixel driving units. Such
“cross-talk” phenomenon may be increased in the lower
pixels, thereby causing deterioration in display quality of the
OLED device.

[0066] FIG. 9 is a circuit diagram illustrating a pixel
driving unit for an OLED device according to a fourth
exemplary embodiment of the present invention. In this
embodiment, the power supply line Vdd is expanded in the
row direction and arranged parallel with the gate lines,
thereby effectively reducing the “cross-talk” phenomenon.
Referring to FIG. 9, the pixel driving unit according to the
fourth embodiment of the present invention includes first to
third thin film transistors T,-T; each having a switching
function, fourth and fifth thin film transistors T,, Ty each
having a driving function, a storage capacitor Cst, and an
OLED diode connected to a common electrode voltage
Veonms Which are the elements mainly constituting a unit
pixel of the OLED device. The pixel driving units are
arranged in a matrix form in the OLED device such that each
pixel driving unit is defined in a region surrounded by two
adjacent gate lines each for transferring a gate signal and two
adjacent data lines each for transferring a data signal. In
FIG. 9, the parts equivalent to those in FIG. 3 are repre-
sented with like reference numerals and description thereof
is omitted to avoid duplication. In this embodiment, the gate
of the fifth thin film transistor T is connected to the present
gate line G, so that the fifth thin film transistor Ts is turned
on or off in response to a gate signal provided through the
present gate signal.

[0067] In the operation of the pixel driving unit in FIG. 9,
when an active gate signal (e.g., a high-level pulse signal) is
applied to the previous gate line Gq_;, the first, third and
fourth thin film transistors T,, T, T, are turned off and the
second and fifth thin film transistors T,, T are turned on. As
a result, the reference voltage Vref supplied from a reference
voltage line is applied to the gate of the fourth thin film
transistor T,. The reference voltage Vref used in this
embodiment is the same as the one described in Equation 1.

[0068] When an active gate signal is applied to the present
gate line G, the first thin film transistor T, is turned on so
that a data signal applied from the data line D, to the source
of the first thin film transistor T, is transferred to the drain
of the third thin film transistor T;. At this time, the storage
capacitor Cst charged with the data signal voltage Vdata
provides a high-level voltage to the gate of the third thin film
transistor T, so that the third thin film transistor T is turned
on. Thus, the data signal passing through the first and third
thin film transistors T;, T5 is supplied to the gate of the
fourth thin film transistor T,. Then, the fourth thin film
transistor T, provides the bias voltage to the fifth thin film
transistor through its conduction path in response to the data
signal applied to its gate. The fifth thin film transistor T is
turned off when a signal of the present gate line G, becomes
logic high. Subsequently, when the previous gate line signal
becomes logic high and the present gate line signal becomes
logic low, the fifth thin film transistor Ty is turned on and
maintains the active (i.c., turned-on) state until the next
frame.

[0069] In this embodiment, as described above, the “cross-
talk” phenomenon is effectively eliminated by disposing the
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power supply line expanded in the row direction parallel
with the gate lines, while compensating the driving opera-
tion of the pixel driving units for varying characteristics of
the fourth thin film transistor T, in different pixel driving
units.

[0070] FIG. 10 is a circuit diagram illustrating a pixel
driving unit for an OLED device according to a fifth
exemplary embodiment of the present invention. In FIG. 10,
the same parts as those shown in FIG. 3 are represented with
light reference numerals. In this embodiment, the power
supply line is expanded in the row direction parallel with the
gate lines and an additional thin film transistor T is provided
between the fifth thin film transistor and the OELD diode.

[0071] Referring to FIG. 10, the pixel driving unit
includes first to third thin film transistors T,-T; each having
a switching function, fourth to sixth thin film transistors
T -T, each having a driving function, a storage capacitor Cst,
and the OLED diode connected to a common electrode
voltage V oy, Which are the elements mainly constituting a
unit pixel of the OLED device. Each of the pixel driving
units of the OLED device is disposed in a region surrounded
by adjacent gate lines each for transferring a gate signal and
adjacent data lines each for transferring a data signal. In this
embodiment, the fifth thin film transistor T is a P-type thin
film transistor and has the gate connected to the previous
gate line G,_; so as to be turned on or off in response to a
gate signal provided through the previous gate signal. Also,
the sixth thin film transistor T4 is an N-type thin film
transistor and has the source connected to the drain of the
fifth thin film transistor T, the drain connected to the OLED
diode, and the gate connected to the present gate line G . The
sixth thin film transistor Ty is thus turned on or off in
response to a gate signal applied through the present gate
signal G,

[0072] In operation, when an active gate signal is applied
to the previous gate line Gg-1, the first, third, fourth, fifth
and sixth thin film transistors T,, T5, T, Ts, T are turned off
and the second thin film transistor T, is turned on. Thus, the
reference voltage Vref supplied from a reference voltage line
is applied to the gate of the fourth thin film transistor T,. The
reference voltage Vref is the same as the one described in
Equation 1.

[0073] When an active gate signal is applied to the present
gate line G, the first thin film transistor T, is turned on so
that a data signal applied from the data line D, to the source
of the first thin film T, transistor is transferred to the drain
of the third thin film transistor T5 through the conduction
path of the first thin film transistor T,. Also, the second thin
film transistor is turned off because the previous gate line is
inactivated. Thus, the data signal passing through the first
and third thin film transistors T, T, is supplied to the gate
of the fourth thin film transistor T,. Accordingly, the con-
duction path of the fourth thin film transistor is controlled by
the data signal provided from the source of the third thin film
transistors T;.

[0074] In this embodiment, as mentioned for the fourth
embodiment above, the “cross-talk” phenomenon existing
between adjacent pixels arranged in the column direction is
effectively eliminated by aligning the power supply line
expanded in the row direction parallel with the gate lines.

[0075] In the pixel driving units of the first through fifth
embodiments of the present invention, the first and second
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thin film transistors T;, T, are N-type thin film transistors
and the third to fifth thin film transistors T5, T,, T are P-type
thin film transistors. However, the present invention is not
limited to such configuration. For example, a pixel driving
unit of the present invention may include first to fourth thin
film transistors T,-T, which one is P-type thin film transis-
tors and a fifth thin film transistor T5 which is an N-type thin
film transistor.

[0076] FIG. 11 is a circuit diagram illustrating a pixel
driving unit for an OLED device according to a sixth
exemplary embodiment of the present invention, and FIG.
12 is a graphical view of signal waveforms applied to the
pixel driving unit in FIG. 11. Referring to FIG. 11, the pixel
driving unit includes first to third thin film transistors
T -T,; each having a switching function, fourth and fifth
thin film transistors T,,, T,5 each having a driving function,
a storage capacitor Cst, and an OLED diode connected to a
common electrode voltage Vop, Which constitute a unit
pixel of the OLED device. The pixel driving unit is disposed
in a region surrounded by adjacent gate lines for transferring
gate signals and adjacent data lines for transferring data
signals. Since the first to fourth thin film transistors T,;-T,,
are P-type thin film transistors, they are each turned on when
a gate signal having a level lower than its threshold voltage
is applied to the gate of the corresponding one of the first to
fourth thin film transistors T,;-T,,. The fifth thin film
transistor T,5 is an N-type thin film transistor, thus it is
turned on when a gate signal having a level higher than its
threshold voltage is applied to the gate of the fifth thin film
transistor T,s.

[0077] As shown in FIG. 12, the gate signals respectively
applied to the gate lines are inversed signals. In other words,
since the first thin film transistor T,; is a P-type thin film
transistor, the first thin film transistor T,, is maintained
inactive when the gate signal applied to the current gate line
G, has a high-level. In contrast, the first thin film transistor
T,, is maintained active when the gate signal applied to the
current gate line G, has a low-level (i.e., active low signal).
In order to supply such inversed gate signals to the pixel
driving unit for the OLED device, an inverter is provided in
a gate driver that sequentially outputs the gate signals.

[0078] In the operation of the pixel driving unit, when the
previous gate line is activated (i.e., a low-level gate signal is
applied to the previous gate line Gq-1 and a high-level gate
signal is applied to the current gate line), the first, third,
fourth and fifth thin film transistors T,, T5, T,, Ts are turned
off and the second thin film transistor T, is turned on. Thus,
the reference voltage Vref is applied to the gate of the fourth
thin film transistor T,. In this case, the reference voltage Vref
may be defined as following Equations 7 and 8.

Vier<Vate-oftcTo1) Equation 7

[0079] Here, Ve omerz1y 1S a gate-off voltage of the first
thin film transistor T,;.

Veet<[Viata,mint Viner2s)] Equation 8

[0080] Here, V. i, is the minimum voltage value of a
data signal applied to the data line Dp, and Vi, (125 1s the
threshold voltage of the third thin film transistor T,5.

[0081] Next, when the current gate line G, is activated
(i.e., alow-level gate signal is applied to the current gate line
G, and a high-level gate signal is applied to the previous gate

line G,_,), the first thin film transistor T,; is turned on so
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that a data signal applied to the source of the first thin film
transistor T, is transferred to the drain of the third thin film
transistor T,5. At this time, since the storage capacitor Cst
charge with the data signal voltage provides a high-level
voltage to the gate of the third thin film transistor T,5, the
third thin film transistor T,; is turned on. Thus, the data
signal passing through the first and third thin film transistor
T,;, Tss is supplied to the gate of the fourth thin film
transistor T, ,. At this time, an effective gate-source voltage
Vgs’ 124y determining the intensity of current flowing the
fourth thin film transistor T,, is represented by following
Equation 9.

Vs’ aay=Vgscraay Vih(raa Equation 9

[0082] Here, the gate-source voltage of the fourth thin film
transistor T,, is the difference between the gate voltage of
the fourth thin film transistor T,, and the bias voltage V4.
The gate-source voltage is represented by following Equa-
tion 10.

VES(1ay=Vg(roa-Vdd Equation 10

[0083] Here, the gate voltage of the fourth thin film
transistor T, is the difference between the data voltage and
the threshold voltage of the third thin film transistor T, 5, and
it is represented by following Equation 11.

Vgrop=Vdata+Vihrazy

[0084] Here, since the characteristics of the third and
fourth thin film transistors T;, T, are substantially identical
to each other, threshold voltage Vth of the third thin film
transistor T,5 is the same as that of the fourth thin film
transistor T,, as follows.

Equation 11

Vithrasy=Vtheraay

[0085] Therefore, from Equations 9 through 12, the effec-
tive gate-source voltage of the fourth thin film transistor T,,
is obtained as following Equation 13.

Equation 12

Vgs’ craay=Vdata-Vdd Equation 13

[0086] As expressed in Equation 13, the effective gate-
source voltage Vgs’ r,.4 determining the intensity of current
flowing the fourth thin film transistor T,, is the voltage
difference between the data voltage Vdata applied through
the data line Dp and the bias voltage V,, applied through the
external power supply line. Accordingly, the effective gate-
source voltage Vgs’ .4, of each of the fourth thin film
transistors T,, respectively disposed in all the pixel driving
units is only dependent on the intensity of the data voltage
Vdata applied through the data line Dp and the bias voltage
V4 applied through the external power supply line. The
gate-source voltage Vgs’cr,.) is, however, independent of
the threshold voltage Vth of the fourth thin film transistor
T,

[0087] In this embodiment, the pixel driving unit compen-
sates the driving operation of the fourth thin film transistor
T, for its varying characteristics such that the threshold
voltage Vth of a fourth thin film transistor T, in a pixel
driving unit may be different from that of another fourth thin
film transistor in another pixel driving unit. With such a
compensation, the same current is provided to the OLED
diode in response to the same data signal independent of the
threshold voltage of the fourth thin film transistor T,, even
when the driving transistors (i.e., the fourth thin film tran-
sistors T,,) have different threshold voltages in different
pixel driving units. It is assumed that the pixel driving unit
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of the present invention has the third and fourth thin film
transistors of which characteristics (e.g., threshold voltages)
are similar or substantially identical to each other.

[0088] The thin film transistors employed in the pixel
driving units for an OLED device according to the present
invention each have a multi-layered structure including a
semiconductor layer, an insulation layer, a protection layer
and an electrode layer. The semiconductor layer includes
amorphous silicon or polysilicon. The insulation layer
includes silicon nitride (SiN,), silicon oxide (SiO,), alumi-
num oxide (AL,O,) and tantalum oxide (TaOx). The pro-
tection layer includes transparent organic insulating material
or insulating material. The electrode layer includes conduc-
tive metal, for example, Al, Cr and Mo. Each of the multiple
layers is fabricated as a thin film by using a deposition
apparatus, such as a sputtering device and a chemical vapor
deposition device. Then, the thin films are subjected to a
lithography process to form the elements of the pixel driving
units for the OLED device.

[0089] Of the multiple layers, the semiconductor layer
serves as an electrical conduction channel through which
electrons are moved, and the clectrode layer includes a
source electrode, a drain electrode and a gate electrode. The
source electrode applies a voltage signal to the semiconduc-
tor layer, and the voltage signal traveling the semiconductor
layer is output through the drain electrode. The gate elec-
trode is a means for controlling (e.g., switching) the current
flow from the source electrode to the drain electrode.

[0090] Thus, the thin film transistors with such configu-
ration may be used as switching devices in an active matrix
type OLED device. The thin film transistors of the active
matrix type OLED device each have a semiconductor layer
made of material including cadmium selenide (CdSe),
hydrogenous amorphous silicon (a-Si:H), or poly crystalline
silicon (poly-Si).

[0091] The amorphous silicon can be processed at a low
temperature with a simple process, so that it has been used
for a large-scale device, for example, a solar cell. In addi-
tion, a semiconductor manufacturing process using the
amorphous silicon may be carried out in a low temperature
processing system at the maximum temperature of about
350° C., so that the semiconductor device can be easily
fabricated in case of using the amorphous silicon. However,
electrons in the amorphous silicon move at a very low speed,
thereby deteriorating switching characteristics of the thin
film transistors. In addition, it is difficult to integrate driving
circuitry controlling the thin film transistors at a high speed
with the thin film transistors. In contrast, a thin film tran-
sistor having a semiconductor layer including polysilicon is
adapted for the active matrix type OLED device.

[0092] Although the thin film transistor having the semi-
conductor layer including polysilicon requires an additional
process, the polysilicon thin film transistor that serves as a
switching device provided in the active matrix type OLED
device has a response speed faster than that of the amor-
phous silicon thin film transistor. In addition, the polysilicon
thin film transistor has superior field effect mobility as
compared with that of the amorphous silicon thin film
transistor. The field effect mobility determines a switching
speed of the thin film transistor. The switching speed of the
polysilicon thin film transistor is remarkably faster than the
switching speed of the amorphous silicon thin film transis-
tor.
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[0093] This is because the polysilicon consists of various
grains and has a low defect as compared with amorphous
silicon. Thus, polysilicon can be used for a switching device
in a next-generation OLED device having a large screen
while allowing the drive circuitry to be integrated with the
thin film transistor. The polysilicon thin film transistor may
be fabricated through a solid phase crystallization (SPC)
process in which amorphous silicon is crystallized at a high
temperature, a metal induced crystallization (MIC) process
in which heat is applied to metal deposited on amorphous
silicon, or an excimer laser annealing process using a laser.
The excimer laser annealing process can be carried out at a
low temperature with using an inexpensive glass substrate,
so it can save manufacturing cost. In addition, the thin film
transistor manufactured through the excimer laser annealing
process has high mobility of signals, so that the operational
characteristic of a semiconductor device is improved.

[0094] Hereinafter, methods of fabricating a polysilicon
thin film transistor by crystallizing an amorphous silicon
thin film transistor using a laser will be described with
reference to the accompanying drawings.

[0095] FIGS. 13A and 13B are schematic diagrams each
illustrating two thin film transistors fabricated according to
an exemplary embodiment of the present invention. The two
thin film transistors are the third and fourth thin film
transistors Ty (or T,3), T, (or T,,) in the pixel driving unit
of the present invention (referring to FIGS. 3-11). As
described above, the third and fourth thin film transistors in
the pixel driving unit have the characteristics similar or
substantially identical to each other. According to a method
of fabricating the two thin film transistors, a polysilicon thin
film transistor is formed by crystallizing an amorphous
silicon thin film transistor using a laser scan, and the third
and fourth thin film transistors T5 and T, are formed in the
same plane.

[0096] Referring to FIG. 13A, the third and fourth amor-
phous silicon thin film transistors T; and T, are formed on
the same plane of a glass substrate. The gate electrodes G of
the third and fourth amorphous silicon-thin film transistors
T, and T, are formed in parallel to each other, and the source
and drain electrodes S, D of the third and fourth amorphous
silicon-thin film transistors T; and T, are formed to be
collinearly arranged (i.e., aligned in a same line) in a
direction substantially perpendicular to the laser scan direc-
tion that is substantially parallel to the gate electrodes G.
Then, the amorphous silicon thin film transistors T, T, are
subjected to the laser scan to be crystallized and transformed
into the polysilicon thin film transistors.

[0097] FIG. 13B is a schematic diagram for describing a
method of fabricating the third and fourth thin film transis-
tors T, and T, according to another embodiment of the
present invention. The third and fourth amorphous silicon
thin film transistors T and T, are formed on the same plane
of the glass substrate. Then, the gate electrodes G of the third
and fourth amorphous silicon thin film transistors T and T,
are collinearly formed, and the source and drain electrodes
S, D of the third and fourth amorphous silicon-thin film
transistors T, T, are formed substantially parallel to the
laser scan direction. The gate electrodes G are formed in a
collinear direction substantially perpendicular to the laser
scan direction. Upon being subjected to the laser scan, the
amorphous silicon-thin film transistors are crystallized and
transformed into the polysilicon thin film transistors.
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[0098] When crystallizing the amorphous silicon-thin film
transistors through the laser annealing process, a mask for
forming a laser beam pattern on the glass substrate and a
zoom lens for exposing a pattern of the mask to the glass
substrate by zooming-out the pattern are prepared. In detail,
a laser beam is adjusted to have a uniform distribution, and
the laser beam pattern to be formed on the glass substrate
through the mask is determined. For example, a light source
is employed to generate a line beam from its tip. In this case,
a line-shaped mask is also used. In other method, another
mask in addition to the line-shaped mask may be used
between the glass substrate and the light source to form a
specific pattern.

[0099] Then, the laser beam is adjusted to have a selected
beam width by means of a zoom-out lens. In case of
employing the line-shaped mask alone, the beam width is in
a range from several millimeters to several centimeters and
the length is from several centimeters to several tens centi-
meters (or up to about 2 meters). In case of employing
another mask in addition to the line-shaped mask, the beam
width is in a range from several micrometers to several
millimeters. The amorphous silicon thin film transistors are
crystallized by radiating the laser beam onto the glass
substrate while moving the glass substrate or the laser beam
on the X-Y plane, so that the amorphous silicon thin film
transistors are transformed into the polysilicon thin film
transistors.

[0100] FIG. 14 is a plan view of the pixel driving unit for
an OLED device in FIG. 3. FIGS. 15 and 16 are cross-
sectional views of the pixel driving unit taken along lines
A-A' and B-B', respectively, in FIG. 14. As shown in FIGS.
15 and 16, the pixel driving unit is formed in multiple
layers, such as an insulation substrate 10 including glass,
quartz, and/or sapphire, a blocking layer 20, a gate insulating
layer 30, an interlayer dielectric 40, and a passivation layer
50.

[0101] Referring to FIGS. 14 to 16, the blocking layer 20
is formed on the glass substrate 20 by depositing silicon
oxide on the glass substrate 20 at a thickness of about 2000
A through a plasma-enhanced chemical vapor deposition
process. On the blocking layer 20, five thin film transistors
T,;-Ts, one storage capacitor C, and five wirings Gn-1, Gn,
DL, vdd, V,; are formed. The blocking layer 20 is provided
to prevent thermal loss while crystallizing an amorphous-
silicon layer to form a polysilicon layer.

[0102] One pixel driving unit is defined by first and second
gate lines Gn-1, Gn extending in a first direction, a data line
DL extending in a second direction substantially perpen-
dicular to the first direction, and a power supply line Vdd
extending in the second direction. A reference voltage line
V_ extends in the first direction and is disposed between the
first and second gate lines Gn-1, Gn.

[0103] In detail, the first gate line Gn-1 turns on/off the
first thin film transistor T; of a pixel driving unit in the
previous column, so that an initial data signal and a gray-
scale data signal are provided through the data line DL. Also,
the first gate line Gn-1 turns on/off the second and fifth thin
film transistors T,, T of the pixel driving unit in the current
column.

[0104] The second gate line Gn turns on/off the first thin
film transistor T, of the pixel driving unit in the current
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column to perform a switching function, so that an initial
data signal and a gray-scale data signal are provided to the
pixel driving unit through the data line DL. Also, the second
gate line Gn turns on/off the second and fifth thin film
transistors T,, T of a pixel driving unit in the next column.
Through the power supply line Vdd, the maximum value of
a display signal is constantly applied in the form of direct
current to the pixel driving unit. Through the reference
voltage line, the reference voltage V. is applied to the
second thin film transistor T,.

[0105] Referring to FIG. 14, the first thin film transistor T,
includes a first active pattern 110 disposed at an area
adjacent to a cross point between the second gate line Gn
and the data line DL, a gate electrode 112 extending from the
second gate line Gn and passing above the first active pattern
110, a source electrode 114 extending from the data line DL
and making contact with the first active pattern 110 aligned
at one side of the gate electrode 112, and a first drain
electrode 116 making contact with the first active pattern 110
aligned at the other side of the gate electrode 112. The gate
electrode 112 and the source electrode 114 of the first thin
film transistor T, are connected to the second gate line Gn
and the data line DL, respectively.

[0106] The second thin film transistor T, includes a second
active pattern 120, a gate electrode 122 extending from the
first gate line Gn-1 and passing above the second active
pattern 120, a source electrode 124 extending from the
reference voltage line V.. and making contact with the
second active pattern 120 aligned at one side of the gate
electrode 122, and a drain electrode 126 making contact with
the second active pattern 120 aligned at the other side of the
gate electrode 122.

[0107] The third thin film transistor T5 includes the first
active pattern 110, a gate electrode 132 extending from a
metal line G,,, which is formed when the first gate line Gn-1
is formed, and passing above the first active pattern 110, a
source electrode 134 extending from the reference voltage
line V,.; and making contact with the first active pattern 110
aligned at one side of the gate electrode 132, and a drain
electrode 136 making contact with the first active pattern
110 aligned at the other side of the gate electrode 132.

[0108] The fourth thin film transistor T, includes a third
active pattern 140, a gate electrode 142 extending from the
metal line G, and passing above the third active pattern 140,
a source electrode 144 extending from the reference voltage
line V__; and making contact with the third active pattern 140
aligned at one side of the gate electrode 142, and a drain
electrode 146 making contact with the third active pattern
140 aligned at the other side of the gate electrode 142.

[0109] The fifth thin film transistor Ty includes a fourth
active pattern 150, a gate electrode 152 extending from the
first gate line Gn-1 and passing above the fourth active
pattern 150, a source electrode 154 extending from the drain
electrode 147 of the fourth thin film transistor T,, and making
contact with the fourth active pattern 150 aligned at one side
of the gate electrode 152, and a drain electrode 156 making
contact with the fourth active pattern 150 aligned at the other
side of the gate electrode 152 and making contact with an
anode electrode of the OLED device.

[0110] In this embodiment, the first and second thin film
transistors T,, T, are N-type thin film transistors, and the
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third to fifth thin film transistors T;-Ts are P-type thin film
transistors. The storage capacitor Cst is defined by the metal
line Gy, formed when forming the first gate line and the
power supply line Vdd formed above the metal line G,,. The
storage capacitor Cst constantly maintains data voltage for
one frame time.

[0111] After forming the five thin film transistors T,-Ts,
the storage capacitor Cst, and the five wirings Gn-1, Gn,
DL, vdd, V., an ITO anode electrode is formed on the top
portion of the pixel driving unit and exposed through an
opening. Also, a hole transfer layer, a light emitting layer
and an electron transfer layer are sequentially formed on an
organic insulating wall of the pixel driving unit, and a
cathode electrode is formed thereon. In this embodiment, the
third and fourth thin film transistors are disposed in a
direction parallel to the data line, so that the characteristics
of the third and fourth thin film transistors become similar or
substantially identical to each other when the amorphous
silicon-thin film transistors are crystallized through a laser
scan process.

[0112] As describe above, the pixel driving unit according
to the present invention compensates for the threshold
voltage of a driving thin film transistor in the respective
pixel driving units of an OLED device. The effective gate-
source voltage of the driving thin film transistor is only
dependent on a data voltage and a bias voltage externally
applied and independent of the threshold voltage of the
driving thin film transistor, so that each OLED diode
receives a driving signal with the same intensity in response
to the same data signal.

[0113] While the invention has been described with ref-
erence to the exemplary embodiments, it will be understood
by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof
without departing form the scope of the invention. In addi-
tion, many modifications may be made to adapt a particular
situation or material to the teachings of the invention with-
out departing from the essential scope thereof. Therefore, it
is intended that the invention may not be limited to the
particular embodiment disclosed as the best mode contem-
plated for carrying out this invention, but that the invention
will include all embodiments falling within the scope of the
intended claims.

What is claimed is:

1. An apparatus for providing a driving signal to an
organic light emitting diode in an image display device,
comprising:

first and second control lines for transferring previous and
current control signals, respectively, in a sequential
process for providing the driving signal to the organic
light emitting diode;

a data line for transferring a data signal for displaying
images on the image display device;

a first switching device including a conduction path for
transferring the data signal from the data line, the
conduction path of the first switching device being
controlled by the current control signal from the second
control line;

a second switching device including a conduction path for
transferring a reference signal externally supplied, the
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conduction path of the second switching device being
controlled by the previous control signal from the first
control line;

a third switching device including a conduction path for
transferring the data signal provided from the first
switching device, the conduction path of the third
switching device being controlled by a state of the
second switching device; and

a fourth switching device including a conduction path for
receiving a bias voltage and generating the driving
signal to the organic light emitting diode, the conduc-
tion path of the fourth switching device being con-
trolled by one of the reference signal from the second
switching device and the data signal from the third
switching device.

2. The apparatus of claim 1, wherein the third and fourth
switching devices have switching characteristics substan-
tially identical to each other.

3. The apparatus of claim 2, further including a capacitor
for being charged with the bias voltage and for providing a
voltage signal to control the conduction path of the third
switching device.

4. The apparatus of claim 3, wherein the first, second,
third and fourth switching devices are first, second, third and
fourth thin film transistors, respectively, each having a
conduction path between a source and a drain and a gate for
receiving a control signal to control the conduction path; the
first and second control signal lines are first and second gate
lines, respectively; and the previous and current control
signals are previous and current gate signals, respectively.

5. The apparatus of claim 4, wherein the first, second,
third and fourth thin film transistors are polysilicon thin film
transistors.

6. The apparatus of claim 4, wherein the first thin film
transistor has a gate to which the current gate signal is
applied from the second gate line and a source and a drain
to form the conduction path for transferring the data signal;
the second thin film transistor has a gate to which the
previous gate signal is applied from the first gate line and a
source and a drain to form the conduction path for transfer-
ring the reference signal; the third thin film transistor has a
gate to which the voltage signal from the capacitor is applied
and a source and a drain to form the conduction path for
transferring the data signal; and the fourth thin film transis-
tor has a gate to which one of the reference signal from the
second thin film transistor and the data signal from the third
thin film transistor is applied and a source and a drain to
form the conduction path between the bias voltage and the
organic light emitting diode.

7. The apparatus of claim 6, wherein the conduction path
of the second thin film transistor and the conduction path of
the third thin film transistor are connected to the gate of the
fourth thin film transistor and are parallel to each other with
respect to the gate of the fourth thin film transistor.

8. The apparatus of claim 6, wherein the gate of the third
thin film transistor is connected with the gate of the fourth
thin film transistor.

9. The apparatus of claim 6, wherein the third and fourth
thin film transistors have a substantially identical threshold
voltage.

10. The apparatus of claim 9, wherein the threshold
voltage of the third and fourth thin film transistors has a
negative value.
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11. The apparatus of claim 6, wherein the first and second
thin film transistors are N-type thin film transistors, and the
third and fourth thin film transistors are P-type thin film
transistors.

12. The apparatus of claim 11, wherein the reference
voltage is equal to or larger than a gate-off voltage of the first
thin film transistor and is equal to or less than a sum of a
threshold voltage of the third thin film transistor and a
minimum voltage value of the data signal.

13. The apparatus of claim 6, wherein an effective gate-
source voltage of the fourth thin film transistor is dependent
on the bias voltage and the data signal and independent of a
threshold voltage of the fourth thin film transistor.

14. The apparatus of claim 6, wherein the bias voltage is
provided from a power supply line disposed substantially
parallel with the data line.

15. The apparatus of claim 6, further including a fifth thin
film transistor having a conduction path between the fourth
thin film transistor and the organic light emitting diode, the
conduction path being controlled by the previous gate signal
from the first gate line.

16. The apparatus of claim 15, wherein the fifth thin film
transistor is a P-type thin film transistor having a source and
a drain forming the conduction path and a gate receiving the
previous gate signal.

17. The apparatus of claim 6, wherein the source of the
second thin film transistor is connected with the second gate
line, so that the conduction path of the second thin film
transistor transfers the current gate signal to the fourth thin
film transistor as the reference signal.

18. The apparatus of claim 6, wherein the bias voltage is
provided from a power supply line disposed substantially
parallel with the first and second gate lines.

19. The apparatus of claim 18, further including a fifth
thin film transistor having a conduction path between the
fourth thin film transistor and the organic light emitting
diode, the conduction path being controlled by the current
gate signal from the second gate line.

20. The apparatus of claim 19, wherein the fifth thin film
transistor is a P-type thin film transistor having a source and
a drain forming the conduction path and a gate receiving the
current gate signal.

21. The apparatus of claim 18, further including:

a fifth thin film transistor having a conduction path for
transferring the driving signal from the fourth thin film
transistor, the conduction path being controlled by the
previous gate signal from the first gate line; and

a sixth thin film transistor having a conduction path for
transferring the driving signal from the fifth thin film
transistor to the organic light emitting diode, the con-
duction path of the sixth thin film transistor being
controlled by the current gate signal from the second
gate line.

22. The apparatus of claim 21, wherein the fifth thin film
transistor is a P-type thin film transistor having a source and
a drain forming the conduction path for transferring the
driving signal from the fourth thin film transistor and a gate
receiving the previous gate signal, and the sixth thin film
transistor is n N-type thin film transistor having a source and
a drain forming the conduction path for transferring the
driving signal from the fifth thin film transistor and a gate
receiving the current gate signal.
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23. The apparatus of claim 6, wherein the first, second,
third and fourth thin film transistors are P-type thin film
transistors, and the fifth thin film transistor is an N-type thin
film transistor.

24. The apparatus of claim 23, wherein the reference
voltage is larger than a gate-off voltage of the first thin film
transistor.

25. The apparatus of claim 24, wherein the reference
voltage is smaller than a sum of a threshold voltage of the
third thin film transistor and a minimum voltage value of the
data signal.

26. An organic light emitting display device comprising:

a plurality gate lines to which an active gate line is
sequentially supplied,

a plurality of data lines to which data signals are applied
to display images on the organic light emitting display
device; and

a plurality of pixel driving units each of which provides
a driving signal to a corresponding OLE diode in
association with a pair of the gate lines and a pair of the
data lines, wherein each of the pixel driving units
includes:

a driving transistor having a conduction path with one
terminal receiving a bias voltage and the other ter-
minal providing the driving signal to the diode;

a first switching transistor having a conduction path for
transferring a reference signal, the conduction path
of the first switching transistor being controlled by a
previous gate signal; and

a second switching transistor having a conduction path
for transferring a data signal, the conduction path of
the second switching transistor being controlled by a
state of the first switching transistor,

wherein the conduction path of the driving transistor is
controlled by one of the reference signal from the
first switching transistor and the data signal from
second switching transistor.

27. The organic light emitting display device of claim 26,
wherein a plurality of gate lines including a dummy gate line
for providing a gate signal to the first switching transistor of
a first one of the pixel driving units.

28. The organic light emitting display device of claim 27,
wherein the dummy gate line is synchronized with a last one
of the gate lines.

29. The organic light emitting display device of claim 27,
wherein a same gate signal is applied to the dummy gate line
and a last one of the gate lines simultaneously.

30. The organic light emitting display device of claim 26,
wherein each of the pixel driving units further includes a
third switching transistor having a conduction path for
transferring the data signal from a corresponding one of the
data lines to the second switching transistor, the conduction
path of the third switching transistor being controlled by the
current gate signal.

31. The organic light emitting display device of claim 26,
wherein the driving transistor and the second switching
transistor have a substantially identical threshold voltage.

32. The organic light emitting display device of claim 26,
further including a plurality of power supply lines each of
which is associated with a corresponding one of the pixel
driving units for providing the bias voltage to the corre-
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sponding pixel driving unit, wherein the power supply lines
are parallel with the data lines.

33. The organic light emitting display device of claim 26,
further including a plurality of power supply lines each of
which is associated with a corresponding one of the pixel
driving units for providing the bias voltage to the corre-
sponding pixel driving unit, wherein the power supply lines
are parallel with the gate lines.

34. The organic light emitting display device of claim 26,
wherein the driving, first and second switching transistors
are thin film transistors each having a source and a drain
forming a conduction path and a gate receiving a gate signal
to control the conduction path.

35. A method for fabricating a semiconductor device for
providing a pixel driving signal in an organic light emitting
display device, comprising:

providing an insulation substrate;

forming on the insulation substrate a first amorphous
silicon thin film transistor for providing the pixel
driving signal to an organic light emitting diode;

forming on the insulation substrate a second amorphous
silicon thin film transistor for transferring a data signal
to control a switching function of the first amorphous
silicon thin film transistor;

crystallizing the first and second amorphous silicon thin
film transistors by performing a laser scan on the first
and second amorphous silicon thin film transistor; and

transforming the first and second amorphous silicon thin

film transistor into first and second polysilicon thin film

transistors, respectively, by consummating the crystal-

lizing step, wherein the first and second polysilicon thin

film transistors have characteristics substantially iden-
tical to each other.

36. The method of claim 35, wherein the forming the first

amorphous silicon thin film transistor includes forming a

gate electrode of the first amorphous silicon thin film
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transistor in a direction substantially parallel to a laser scan
direction, and the forming the second amorphous silicon thin
film transistor includes forming a gate electrode of the
second amorphous silicon thin film transistor in the direction
substantially parallel to the laser scan direction.

37. The method of claim 36, wherein the forming the first
amorphous silicon thin film transistor includes forming
source and drain electrodes of the first amorphous silicon
thin film transistor in a collinear direction substantially
perpendicular to the laser scan direction, and the second
amorphous silicon thin film transistor includes forming
source and drain electrodes of the second amorphous silicon
thin film transistor in the collinear direction substantially
perpendicular to the laser scan direction.

38. The method of claim 35, wherein the forming the first
amorphous silicon thin film transistor includes forming a
gate clectrode of the first amorphous silicon thin film
transistor in a collinear direction substantially perpendicular
to a laser scan direction, and the forming the second amor-
phous silicon thin film transistor includes forming a gate
electrode of the second amorphous silicon thin film transis-
tor in the collinear direction substantially perpendicular to
the laser scan direction.

39. The method of claim 38, wherein the forming the first
amorphous silicon thin film transistor includes forming
source and drain electrodes of the first amorphous silicon
thin film transistor in a direction substantially parallel to the
laser scan direction, and the second amorphous silicon thin
film transistor includes forming source and drain electrodes
of the second amorphous silicon thin film transistor in the
direction substantially parallel to the laser scan direction.

40. The method of claim 35, further including forming a
mask that forms a laser beam pattern on the insulation
substrate.

41. The method of claim 40, further including exposing a
pattern of the mask to the insulation substrate by zooming-
out the pattern.
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