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(57) ABSTRACT

An organic electroluminescent display (OELD) device
includes a first substrate having a first unit pixel region includ-
ing first and second pixel regions; first and second gate lines
along a first direction; first and second data lines along a
second direction; a switching TFT in the first pixel region; a
driving TFT in the first pixel region; a passivation layer
including a first contact hole exposing a portion of the driving
TFT,; a first electrode contacting the driving TFT through the
first contact hole; a bank surrounding the second pixel region
an organic emitting layer in the second pixel region; and a
transparent second electrode on the organic emitting layer
and the bank, wherein the second pixel region is a region
shifted from the first pixel region such that the second gate
line goes across the second pixel region.
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TOP EMISSION TYPE ORGANIC
ELECTROLUMINESCENT DISPLAY DEVICE
AND METHOD OF FABRICATING THE SAME

[0001] The present application claims the benefit of Korean
Patent Application No. 10-2009-0053630 filed in Korea on
Jun. 16, 2009, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescent display (OELD) device, and more particu-
larly, to a top emission type OELD device including an
organic emitting layer having an increasing area and
improved luminance and a method of fabricating the same.
[0004] 2. Discussion of the Related Art

[0005] The OELD device as a flat panel display device has
excellent characteristics, such as high luminance, lower
power consumption, and so on. In addition, since the OELD
device is a self-emission type, the OELD device has high
contrast ratio, a thin profile, a wide viewing angle and fast
response time. Moreover, due to their simple fabricating pro-
cess, the fabrication costs of OELD devices are low as com-
pared with LCD devices.

[0006] The OELD devices are divided into a passive matrix
type and an active matrix type according to the driving
method thereof. The passive matrix type OFLD devices have
asimple structure and a simple fabricating process. However,
the passive matrix type OELD devices have disadvantages of
high power consumption and low quality images. Moreover,
the more lines are disposed, the less the passive matrix type
OELD device has aperture ratio. On the other hand, the active
matrix type OELD devices have advantages of high emission
efficiency and high quality images.

[0007] In the active matrix type OELD device, a thin film
transistor for turning on and off a pixel is disposed in each
pixel. A first electrode, which is connected to the thin film
transistor, is turned on and off, and a second electrode facing
the first electrode functions as a common electrode. A voltage
applied to the pixel is charged in a storage capacitor. The
voltage is applied to the first electrode during corresponding
frame due to the storage capacitor. The OELD device can
operate in each frame irrespective of a number of scanning
lines. As a result, the active matrix type OELD device has
advantages, for example, in power consumption, such that the
active matrix type OELD device is widely used.

[0008] FIG. 1is a circuit diagram of the related art active
matrix type OELD device. In FIG. 1, a gate line GL, a data
line DL, a power line PL, a switching thin film transistor
(TFT) STr, a driving TFT DTr, a storage capacitor (StgC) and
an organic electroluminescent diode E are formed in each
pixel region P of the active matrix type OELD device. The
gate and data lines GL and DL cross each other to define the
pixel region P, and the power line PL for applying a power
voltage is parallel to the data line DL.

[0009] The switching TFT STr is disposed at a crossing
portion of the gate and data lines GL. and DL, and the driving
TFT DTr is connected to the switching TFT STr. A first
electrode of the organic electroluminescent diode E is con-
nected to the driving TFT DT, and a second electrode of the
organic electroluminescent diode E is connected to the power
line PL. The storage capacitor StgC is positioned between a
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gate electrode of the driving TFT DTr and a source electrode
of the driving TFT DTr. When the switching TFT STr is
turned on by a signal through the gate line G, a single from
the data line DL is applied to the gate electrode of the driving
TFT DTr through the switching TFT STr such that the driving
TFT DTr is turned on. As a result, the organic electrolumi-
nescent diode E emits light. When the driving TFT DTr is
turned on, a voltage level applied into the organic electrolu-
minescent diode E is determined such that the organic elec-
troluminescent diode E can produce a predetermined gray
scale. Even if the switching TFT STr is turned off, a voltage
level applied into the organic electroluminescent diode E is
maintained due to the storage capacitor StgC.

[0010] The OELD device is classified into a tope emission
type and a bottom emission type. The bottom emission type
OELD device has problems, for example, low aperture ratio.
Accordingly, the top emission type OELD device is widely
used.

[0011] FIG. 2 is a schematic plan view of one pixel region
in the related art top emission type OELD device, and FIG. 3
is a cross-sectional view taken along the line III-1II of FIG. 2.
For convenience of explanation, each ofa switching TFT and
a driving TFT is shown as a rectangular box. In FIGS. 2 and
3, the OELD device 1 includes first and second substrates 10
and 70, and a seal pattern (not shown) sealing a spaced
between the first and second substrates 10 and 70.

[0012] On the first substrate, a gate line 21, a data line 30, a
power line 31, a switching TFT STr, a driving TFT DTr, a
passivation layer 40, an organic emitting diode E and a bank
50 are formed. The gate and data lines 21 and 30 cross each
other to define a pixel region P, and the power line 31 is
parallel to the data line 30. The switching TFT STr is con-
nected to the gate and data lines 21 and 30. The driving TFT
DTris connected to the switching TFT and the power line 31,
and the passivation layer 40 including a drain contact hole 43,
which exposes a portion of the driving TFT DTr, is formed on
the driving TFT DTr. The organic electroluminescent diode E
includes first and second electrodes 47 and 58, and an organic
emitting layer 55 therebetween. The first electrode 47 is con-
nected to the driving TFT DTr through the drain contact hole
43. The organic emitting layer 55 includes emitting material
patterns of red, green and blue colors. The bank 50 is posi-
tioned at boundaries of the pixel region P and has an opening
corresponding to an emitting area EA. The organic emitting
layer 55 is positioned in the emitting area EA. The second
electrode 58 is formed on the organic emitting layer 55 and
covers an entire surface of the first substrate 10. The first and
second electrodes 47 and 58 respectively provide an electron
and a hole into the organic emitting layer 55. The second
substrate 70 is spaced apart from the second electrode 58 on
the first substrate 10 by the seal pattern.

[0013] As mentioned above, the bank 50 is formed at
boundaries of the pixel region P and surrounds the emitting
area EA. In addition, the bank 50 covers a portion of the first
electrode 47 to cover the drain contact hole 43. When the first
electrode 47 contacts the driving TFT DTr through the drain
contact hole 43, the first electrode 47 has an uneven surface
such as a “V” shape. [f the organic emitting layer 55 is formed
on an uneven surface of the first electrode 47, there is a
concentration problem of a current or an electric field such
that a thermal degradation is generated and lifetime is
reduced. To prevent theses problems, the bank 50 covers the
uneven surface of the first electrode 47 corresponding to the
drain contact hole 43.

[0014] In the above OELD device 1, a size of the emitting
area EA depends on a position of the drain contact hole 43.
Namely, aperture ratio of the OELD device 1 is determined by
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a portion of the drain contact hole 43. When the drain contact
hole 43 is positioned at an uppermost portion or at lowest
portion of a pixel region P, the aperture ration of the OELD
device 1 can be maximized. Unfortunately, it is almost impos-
sible to position the drain contact hole 43 at an uppermost
portion or at lowest portion of a pixel region P. Consequently,
there is a limitation for maximizing the aperture ratio of the
OELD device 1.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to an
organic electroluminescent display (OELD) device and a
method of fabricating the same that substantially obviate one
or more of the problems due to limitations and disadvantages
of the related art.

[0016] An object of the present invention is to provide an
OELD device having increasing aperture ratio.

[0017] Another object of the present invention is to provide
an OELD device having increasing luminance.

[0018] 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. These and other advantages of the
invention will be realized and attained by the structure pat-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0019] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, an organic electroluminescent
display (OELD) device includes a first substrate having a first
unit pixel region including a first pixel region and a second
pixel region; first and second gate lines along a first direction
and on the first substrate; first and second data lines along a
second direction, which is perpendicular to the first direction,
and crossing the first and second gate lines to define the first
pixel region; a power line parallel to one of the first and
second directions; a switching thin film transistor (TFT) in
the first pixel region and connected to the first gate line and the
first data line; a driving TFT in the first pixel region and
connected to the switching TFT and the power line; a passi-
vation layer on the switching and driving TFTs and including
a first contact hole exposing a portion of the driving TFT; a
first electrode ina portion of the first pixel region and an entire
surface of the second pixel region, and contacting the driving
TFT through the first contact hole; a bank surrounding the
second pixel region and corresponding the first contact hole;
an organic emitting layer in the second pixel region and on the
first electrode; and a transparent second electrode on the
organic emitting layer and the bank, wherein the second pixel
region is a region shifted from the first pixel region such that
the second gate line goes across the second pixel region.
[0020] Inanother aspect of the present invention, a method
of fabricating an OELD device includes forming first and
second gate lines along a first direction and on a first substrate
having an unit pixel region, the unit pixel region including a
first pixel region and a second pixel region; forming first and
second data lines along a second direction, which is perpen-
dicular to the first direction, and crossing the first and second
gate lines to define the first pixel region; forming a power line;
forming a switching thin film transistor (TFT) inthe first pixel
region and connected to the first gate line and the first data
line; forming a driving TFT in the first pixel region and
connected to the switching TFT and the power line; forming
a passivation layer on the switching and driving TFTs and
including a first contact hole exposing a portion of the driving
TFT; forming a first electrode in a portion of the first pixel
region and an entire surface of the second pixel region, and
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contacting the driving TFT through the first contact hole;
forming a bank surrounding the second pixel region and
corresponding the first contact hole; forming an organic emit-
ting layer in the second pixel region and on the first electrode;
and forming a transparent second electrode on the organic
emitting layer and the bank, wherein the second pixel region
is a region shifted from the first pixel region such that the
second gate line goes across the second pixel region.

[0021] Ttisto 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

[0022] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.

[0023] In the drawings:

[0024] FIG. 1 is a circuit diagram of the related art active
matrix type OELD device;

[0025] FIG. 2 is a schematic plan view of one pixel region

in the related art top emission type OELD device;

[0026] FIG. 3is a cross-sectional view taken along the line
TI-111 of FIG. 2;

[0027] FIG. 4 is a schematic plan view of an OELD device
according to a first embodiment of the present invention;

[0028] FIG. 5isa cross-sectional view taken along the line
V-V of FIG. 4;
[0029] FIG. 6 is a schematic plan view of an OELD device

according to a second embodiment of the present invention;
and

[0030] FIG. 7 is a schematic plan view of an OELD device
according to a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0031] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. The same reference
numbers may be used throughout the drawings to refer to the
same or like parts.

[0032] FIG. 4 is a schematic plan view of an OELD device
according to a first embodiment of the present invention, and
FIG. 5 is a cross-sectional view taken along the line V-V of
FIG. 4. A first pixel region is defined as a region surrounded
by gate and data lines, and a second pixel region is defined as
aregion surrounded by a bank. An unit pixel includes the first
and second pixel regions. In FIG. 4, each of a switching TFT
and a driving TFT is shown as a rectangular box. A region,
where the driving TFT is formed, is defined as a driving area
DA, and a region, where the switching TFT is formed, is
defined as a switching area.

[0033] Referring to FIGS. 4 and 5, an OELD device 101
includes a first substrate 110, where a switching TFT STr, a
driving TFT DTr, and an organic electroluminescent diode E
are formed, and a second substrate 170 for encapsulating the
organic electroluminescent diode E.

[0034] Referringto FIG. 4, first and second gate lines 121a
and 1215, first and second data lines 130a and 1305, and a
power line 131 are formed on the first substrate 110. The
power line 131 is parallel to the first and second data lines
130a and 1305 and positioned between the first and second
datalines 130a and 1305. Alternatively, the power line may be
parallel to the first and second gate lines 121a and 1215 and
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positioned between the first and second gate lines 121a and
1215. The first and second gate lines 121a and 1215 cross the
first and second data lines 1304 and 1305 to define a first pixel
region P1. Namely, the first pixel region P1 is surrounded by
the first and second gate lines 121a and 1215, and the first and
second data lines 1302 and 1305. A bank 150 having an
opening is formed on the first substrate 110. The opening is
defined as a second pixel region P2. Namely, the second pixel
region P2 is surrounded by the bank 150. The first and second
pixel regions P1 and P2 are defined as an unit pixel P. The
second pixel region P2 partially overlaps the first pixel region
P1 and an upper first pixel region P1. A vertical portion of the
bank 150 corresponds to the data lines 130a and 1305, and a
horizontal portion of the bank 150 goes across the first pixel
region P1. In other word, the second gate line 1215 goes
across the second pixel region P2 having a relation to the first
gate line 121a.

[0035] A switching TFT STr and a driving TFT DTr is
positioned in the first pixel region P1. The switching TFT STr
is formed at a crossing portion of the first gate and data lines
121a and 130q. The switching TFT STr is connected to the
first gate and data lines 121a and 130a. A driving TFT DTr is
connected to the switching TFT STr and the power line 131.
FIG. 4 shows one driving TFT DTr. Alternatively, several
driving TFTs DTr, for example, one to eleven driving TFTs,
may be further formed depending on requirements. For
example, the driving TFTs may be used for a compensation
circuit for preventing a thermal degradation of an organic
emitting layer and improving an image quality.

[0036] A first electrode 147 is formed in a portion of the
first pixel region P1 and an entire surface of the second pixel
region P2. The first electrode 147 is connected to the driving
TFT DTr through a drain contact hole 143. The bank 150
corresponds to the drain contact hole 143 such that the drain
contact hole 143 is positioned in the first pixel region P1, not
the second pixel region P2. Since the second gate line 1215
goes across the second pixel region P2, the first electrode 147
overlaps the second gate line 1215. FIG. 4 shows the first
electrode 147 does not overlap the data lines 130a and 1305.
However, the first electrode 147 may overlap a portion of the
first data line 130a and a portion of the second data line 1305.
The first electrode 147 has an island shape to be isolated from
a first electrode in other unit pixels. On the first electrode 147,
an organic emitting layer 155 for emitting one of red, green
and blue colors is formed in the second pixel region P2 except
the first pixel region P1. Another organic emitting layer 155
emits another one of red, green and blue colors, and another
organic emitting layer 155 emits the other one of red, green
and blue colors. The organic emitting layer 155 covers an
entire surface of the second pixel region P2 except for the first
pixel region P1. The organic emitting layer 155 overlaps the
second gate line 12154 FIG. 4 shows the organic emitting
layer 155 does not overlap the data lines 130a and 1305.
However, the organic emitting layer 155 may overlap a por-
tion of the first data line 130a and a portion of the second data
line 1304. The organic emitting layer 155 has an island shape
dueto the bank 150. A second electrode (not shown) is formed
on the organic emitting layer 155. The second electrode cov-
ers an entire surface of a display region of the first substrate
110. The first electrode 147, the organic emitting layer 155
and the second electrode constitute an organic electrolumi-
nescent diode.

[0037] The unit pixel P is divided into the first pixel region
P1, which is surrounded the gate lines 121a and 1215 and the
data lines 130a and 1305, and the second pixel region P2,
which is surrounded by the bank 150, such that an aperture
ratio is increased. Namely, a portion between the second gate
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line 121 b and the driving contact hole 143 for the driving TFT
DTr, which has a relation to the second gate line 1215, is used
as the second pixel region P2. Accordingly, an area for the
organic emitting layer 155 is maximized irrespective of a
position of the drain contact hole 143 (or the driving TFT
DTr). Having the relation means one element is electrically
connected to another element.

[0038] In FIG. 4, since one driving TFT DTr in the first
pixel region P1 is adjacent to the first gate line 121a, the
second pixel region P2 is shift along an upper direction ofthe
data lines 130a and 1305 with respect to the first pixel region
P1.

[0039] FIG. 6 is a schematic plan view of an OELD device
according to a second embodiment of the present invention.
In FIG. 6, first and second gate lines 121a and 1215, first and
second data lines 130a and 1305, and a power line 131 are
formed on the first substrate 110. The power line 131 is
parallel to the first and second data lines 130a and 1305 and
positioned between the first and second data lines 1304 and
1305. Alternatively, the power line may be parallel to the first
and second gate lines 121a and 1215 and positioned between
the first and second gate lines 121a and 1215. The first and
second gate lines 121¢ and 1215 cross the first and second
data lines 1304 and 1305 to define a first pixel region P1.
Namely, the first pixel region P1 is surrounded by the first and
second gate lines 121a and 1215, and the first and second data
lines 130a and 1305. A bank 150 having an opening is formed
on the first substrate 110. The opening is defined as a second
pixel region P2. Namely, the second pixel region P2 is sur-
rounded by the bank 150. The first and second pixel regions
P1 and P2 are defined as an unit pixel P. The second pixel
region P2 partially overlaps the first pixel region P1 and
portions of second pixel regions of an upper side unit pixel, a
right side unit pixel and a diagonal side unit pixel. A vertical
portion of the bank 150 and a horizontal portion of the bank
150 go across the first pixel region P1. In other word, the
second gate line 1215 goes across the second pixel region P2
having a relation to the first gate line 121a. Alternatively, the
vertical portion of the bank 150 may correspond to the data
lines 1304 and 1305.

[0040] Two driving TFTs DTr 1 and DTr2 are formed in
each first pixel region P1. The first driving TFT DTrl is
connected to a switching TFT STr, and the second driving
TFT DTr2 is connected to the first driving TFT DTrl. The
second driving TFT DTr2 is closer to the second gate line
1215 than the first driving TFT DTr1 such that the second
driving TFT DTr2 is positioned at a center of the first pixel
region P1. A first electrode 147 is connected to a drain contact
hole 143 exposing a portion of the second driving TFT DTr2.
The first electrode 147 extends from the drain contact hole
143 into the second pixel region P2. The second pixel region
P2 is shift along a diagonal direction with respect to the first
pixel region P1. The second pixel region P2, which has a
relation to the first gat line 1215 and the first data line 130¢,
overlaps portions of second pixel regions of an upper side unit
pixel, a right side unit pixel and a diagonal side unit pixel. The
first electrode 147 and the organic emitting layer 155 overlap
the second gate line 1215, the second data line 1305 and the
power line 131. In the second embodiment, even if the second
driving TFT DTr2 is positioned at a center of the first pixel
region P1, the second pixel region P2 has substantially the
same area as the first pixel region P1 such that an area for an
emitting layer 155 is maximized. Namely, since portions
between the bank 150 and the second gate line 1215 in the
upper side unit pixel and the diagonal side unit pixel and
between the bank 150 and the second data line 1305 in the
right side unit pixel are used for the area for the emitting layer
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155, the area for the emitting layer 155 is maximized such that
luminance is improved. In other word, an aperture ratio of the
OELD device 101 is maximized.

[0041] FIG. 7 is a schematic plan view of an OELD device
according to a third embodiment of the present invention. In
FIG. 7, first and second gate lines 121« and 1215, first and
second data lines 1304 and 1304, and a power line 131 are
formed on the first substrate 110. The power line 131 is
parallel to the first and second data lines 130a and 1305 and
positioned between the first and second data lines 130a and
1305. Alteratively, the power line may be parallel to the first
and second gate lines 121a and 1215 and positioned between
the first and second gate lines 121a and 1215. The first and
second gate lines 121a and 1215 cross the first and second
data lines 1304 and 1305 to define a first pixel region P1.
Namely, the first pixel region P1 is surrounded by the first and
second gate lines 1214 and 1215, and the first and second data
lines 130q and 1305. A bank 150 having an opening is formed
on the first substrate 110. The opening is defined as a second
pixel region P2. Namely, the second pixel region P2 is sur-
rounded by the bank 150. The first and second pixel regions
P1 and P2 are defined as an unit pixel P. The second pixel
region P2 partially overlaps the first pixel region P1 and
portions of second pixel regions of an upper side unit pixel, a
right side unit pixel and a diagonal side unit pixel. A vertical
portion of the bank 150 and a horizontal portion of the bank
150 go across the first pixel region P1. In other word, the
second gate line 1215 goes across the second pixel region P2
having a relation to the first gate line 121a. Alternatively, the
vertical portion of the bank 150 may correspond to the data
lines 130a and 1305.

[0042] Two driving TFTs DTrl and DTr2 are formed in
each first pixel region P1. The first driving TFT DTrl is
connected to a switching TFT STr, and the second driving
TFT DTr2 is connected to the first driving TFT DTrl. The
second driving TFT DTr2 is closer to the second gate line
1215 than the first driving TFT DTrl such that the second
driving TFT DTr2 is positioned at a center of the first pixel
region P1. A first electrode 147 is connected to a drain contact
hole 143 exposing a portion of the second driving TFT DTr2.
The first electrode 147 extends from the drain contact hole
143 into the second pixel region P2. The second pixel region
P2 is shift along a diagonal direction with respect to the first
pixel region P1. The second pixel region P2, which has a
relation to the first gat line 1215 and the first data line 130g,
overlaps portions of second pixel regions of an upper side umt
pixel, a right side unit pixel and a diagonal side unit pixel. The
first electrode 147 and the organic emitting layer 155 overlap
the second gate line 1215, the second data line 1304 and the
power line 131.

[0043] In FIGS. 4 and 6, each of the first and second pixel
regions P1 and P2 has a rectangular shape. However, in FIG.
7, the first pixel region P1 has a rectangular shape, while the
second pixel region P2 has a polygonal shape having at least
five angles. For example, the second pixel region P2 may have
a honey comb shape.

[0044] In the third embodiment, even if the second driving
TFT DTr2 is positioned at a center of the first pixel region P1,
the second pixel region P2 has substantially the same area as
the first pixel region P1 such that an area for an emitting layer
155 is maximized. Namely, since portions between the bank
150 and the second gate line 1215 in the upper side unit pixel
and the diagonal side unit pixel and between the bank 150 and
the second data line 1305 in the right side unit pixel are used
for the area for the emitting layer 155, the area for the emitting
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layer 155 is maximized such that luminance is improved. In
other word, an aperture ratio of the OELD device 101 is
maximized.

[0045] Referring to FIGS. 4 and 5, a cross-sectional struc-
ture of the OELD device is explained. In FIG. 5, a semicon-
ductor layer 113 of polycrystalline silicon is formed on the
first substrate 110 and in the driving region DA and the
switching region (not shown). The semiconductor layer
includes a first portion 1134 of the semiconductor layer 113,
which serves as a channel, and a second portion, where a
high-concentration impurity is doped, at both sides of the first
portion 113a. Although not shown, a buffer layer may be
formed between the first substrate 110 and the semiconductor
layer 113. For example, the buffer layer may be formed of an
inorganic insulating material such as silicon oxide and silicon
nitride. An alkali ion is diffused from the first substrate into
the semiconductor layer during a crystallization process for
the semiconductor layer such that properties of the semicon-
ductor layer are deteriorated. The buffer layer is required to
prevent these problems. The buffer layer may be omitted
depending on properties of the first substrate.

[0046] A gate insulating layer 116 is formed on the semi-
conductor layer 113, and a gate electrode 120 is formed on the
gate insulating layer 116 in the driving region DA and the
switching region. Namely, the gate electrode 120 corresponds
to the first portion 113a of the semiconductor layer 113. In
addition, the first and second gate lines 121a and 1215 are
formed on the gate insulating layer 116. The first and second
gate lines 121a and 1215 are positioned at boundaries of the
first pixel region P1. The gate electrode 120 of the switching
region in the first pixel region P1 is connected to the first gate
line 121a.

[0047] An interlayer insulating layer 123 of an inorganic
insulating material is formed on the gate electrode 120 and the
first and second gate lines 121a and 1215. A semiconductor
contact holes 125 exposing the second portions 1135 of the
semiconductor layer 113 is formed through the interlayer
insulating layer 123 and the gate insulating layer 116.

[0048] The first and second data lines 130a and 1305 are
formed on the interlayer insulating layer 123. The first and
second gate lines 130a and 1305 are positioned at boundaries
of the first pixel region P1 and cross the first and second gate
lines 121a and 1215. As a result, the first pixel region P1 is
surrounded by the first and second gate lines 121a and 1215
and the first and second data lines 130a and 1305. The power
line 131 is formed on the interlayer insulating layer 123 to be
parallel to the first and second data lines 130a and 1304.
Alternatively, the power line 131 may be formed on the gate
insulating layer 116 to be parallel to the first and second gate
lines 121a and 1215. In addition, a source electrode 133 and
a drain electrode 136 are formed on the interlayer insulating
layer 123 and in the switching region and the driving region
DA. The source and drain electrodes 133 and 136 respectively
contact the second portions 1135 of the semiconductor layer
113 through the semiconductor contact hole 125. The source
electrode in the switching region is connected to the first data
line 121a. The source and drain electrodes 133 and 136, the
semiconductor layer 113, the gate insulating layer 116, the
interlayer insulating layer 123 and the gate electrode 120
constitute the driving TFT DTr. Although not shown, the
switching TFT has substantially the same structure as the
driving TFT DTr. There may be one to twelve driving TFTs
DTr in each pixel first region P1.

[0049] Each ofthe switching TFT and the driving TFT DTr
is classified into a p-type and an n-type depending on a doped
impurity on the second portion 1135. When a group III ele-
ment, for example, boron, is doped, the TFT is classified into
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the p-type. When a group V element, for example, phospho-
rus, is doped, the TFT is classified into the n-type. The p-type
TFT uses a hole as a carrier, while the n-type TFT uses an
electron as a carrier. An electrode, which is connected to the
drain electrode of the driving TFT, serves as an anode for the
p-type TFT and as a cathode for the n-type TFT. In the present
invention, the driving TFT DTr has the p-type such that the
first electrode 147 serves as the anode. Alternatively, the
driving TFT DTr may have the n-type such that the first
electrode 147 serves as the cathode. When each of the switch-
ing TFT and the driving TFT DTr has the n-type, each of the
switching TFT and the driving TFT DTr may have a bottom
gate type. Namely, each of the switching TFT and the driving
TFT DTr includes a gate electrode on a substrate, a gate
insulating layer on the gate electrode, a semiconductor layer
on the gate insulating layer, an ohmic contact layer on the
semiconductor layer and source and drain electrodes on the
ohmic contact layer.

[0050] A passivation layer 140 is formed on the switching
TFT and the driving TFT DTr and includes a drain contact
hole 143 exposing the drain electrode 136 of the driving TFT
DTr. The passivation layer 140 has a flat top surface.

[0051] The first electrode 147 is formed on the passivation
layer 140 and of a transparent conductive material having a
relatively high work function. The transparent conductive
material includes indium-tin-oxide (ITO) and indium-zinc-
oxide (IZO). The first electrode 147 contacts and is electri-
cally connected to the drain electrode 136 of the driving TFT
DTr through the drain contact hole 143. The first electrode
147 covers a portion of the first pixel region P1 and an entire
surface of the second pixel region P2. Although not shown, a
reflective sheet may be further formed between the passiva-
tion layer 140 and the first electrode 147 1o improve an optical
efficiency. The reflective sheet is formed of a material having
an excellent reflective property. Alternatively, the first elec-
trode 147 may have a double-layered structure of a reflective
material layer and a transparent conductive material layer. If
the first electrode serves as a cathode, the first electrode may
be formed of an opaque material having a relatively low work
function. Foy example, the opaque material may be includes
aluminum (Al), Al alloy, silver (Ag), magnesium (Mg) and
gold (Au).

[0052] The bank 150 is formed on the first electrode 147 at
boundaries of the second pixel region P2. Namely, the second
pixel region P2 is surrounded by the bank 150, and the bank
150 overlaps edges of the first electrode 147. In addition, the
bank 147 covers a portion of the first electrode 147, so as to
correspond to the drain contact hole 143 in the first pixel
region P1. The bank 150 has an opening corresponding to the
second pixel region P2.

[0053] Theorganic emitting layer 155 is formed on the first
electrode 147 and in the second pixel region P2. The organic
emitting layer 155 of one second pixel region P1 among three
adjacent second pixel regions emits one of red, green and blue
colors, the organic emitting layer 155 of another second pixel
region P1 among three adjacent second pixel regions emits
another of red, green and blue colors, and the organic emitting
layer 155 of the other second pixel region P1 among three
adjacent second pixel regions emits the other of red, green and
blue colors. FIG. 5 shows the organic emitting layer 155 of a
single layer. However, the organic emitting layer 155 may
have a multi-layered structure to improve an emitting effi-
ciency. For example, the organic emitting layer 155 may
includes a hole injection layer, a hole transporting layer, an
emitting material layer, an electron transporting layer and an
electron injection layer. A relative position of the hole injec-
tion layer and hole transporting layer, and the electron trans-
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porting layer and an electron injection layer depends on a
function of each of the first electrode 147 and the second
electrode 158. In the present invention, since the first elec-
trode 147 serves as the anode, the hole injection layer, the hole
transporting layer, the emitting material layer, the electron
transporting layer and the electron injection layer are sequen-
tially stacked on the first electrode 147.

[0054] The second electrode 158 serving as the cathode is
formed on the organic emitting layer 155 and the bank 150 to
cover an entire surface of a display region of the first substrate
110. The second electrode 158 is formed of a material having
a relatively low work function, for example, Al, Al alloy, Ag,
Mg or Au. The work function of the second electrode 158 is
smaller than that of the first electrode 147. Since the OELD
101 is a top emission type, the second electrode 158 has an
enough small thickness such that light from the organic emit-
ting layer 155 passes through the second electrode 158. Ifthe
second electrode serves as the anode, the second electrode is
formed of a transparent conductive material having a rela-
tively high work function, for example, ITO or IZO. The first
and second electrodes 147 and 158 and the organic emitting
layer 155 therebetween constitute an organic electrolumines-
cent diode E.

[0055] The second substrate 170 having a transparent prop-
erty faces the first substrate 110. A seal pattern (not shown) is
formed along edges of the first and second substrates 110 and
170 to seal a space between the first ands second substrates
110 and 170. A moisture absorption member (not shown) is
formed in the seal pattern to prevent for moisture from pen-
etrating into the space between the first and second substrates
110 and 170. Alternatively, instead of the seal pattern, a frit
pattern and an adhesive film may be used to seal the space
between the first and second substrates 110 and 170. In addi-
tion, instead of the second substrate 170, an organic film
having a multiple-layered structure may be formed on the
second electrode to encapsulate the first substrate 110.
[0056] Although not shown, a spacer, which corresponds to
the bank 150 and is disposed under the second electrode 158,
may be further formed to maintain a gap between the first and
second substrates 110 and 170. When the organic emitting
layer 155 is formed by a thermal deposition using a shadow
mask, the spacer may support the shadow mask.

[0057] A fabricating process of the OELD device accord-
ing to the present invention will be explained with FIGS. 4
and 5.

[0058] An intrinsic amorphous silicon layer (not shown) is
formed on the first substrate 110. The intrinsic amorphous
silicon layer is crystallized by a laser beam or a heat to form
a polycrystalline silicon layer. The polycrystalline silicon
layer is patterned using a mask process to form the semicon-
ductor layer 113 in the switching region and the driving
region DA. The mask process includes a step of forming a
photoresist (PR) layer, a step of exposing the PR layer using
amask, a step of developing the exposed PR layer to form a
PR pattern, a step of etching a material layer using the PR
pattern as an etching mask, and a step of stripping the PR
pattern. Before forming the intrinsic amorphous silicon layer,
the buffer layer may be formed on the first substrate 110 by
depositing an inorganic insulating material such as silicon
oxide and silicon nitride.

[0059] Next, the gate insulating layer 116 is formed on the
semiconductor layer 113 by depositing an inorganic insulat-
ing material such as silicon oxide and silicon nitride.

[0060] Next, afirst metal layer (not shown) is formed onthe
gate insulating layer 116 by depositing a first metallic mate-
rial such as Al, Al alloy, copper (Cu), Cu alloy and chromium
(Cr). The first metal layer is patterned using a mask process to
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form the gate electrode 120 and the first and second gate lines
121a and 1215 The gate electrode 120 corresponds to a
center portion of the semiconductor layer 113.

[0061] Next, a group III element, for example, boron, is
doped onto the semiconductor layer 113 using the gate elec-
trode 120 as a doping mask such that the second portion 1135,
where the group III element is doped, is obtained. The center
portion of the gate electrode 120 is defined as the first portion
1134 serving as a channel.

[0062] Next, the interlayer insulating layer 123 is formed
on the gate electrode 120 and the first and second gate lines
121a and 1215 by depositing an inorganic insulating material
such as silicon oxide and silicon nitride. The interlayer insu-
lating layer 123 and the gate insulating layer 116 are patterned
to form the semiconductor contact hole 125 exposing the
second portions 1135 of the semiconductor layer 113.
[0063] Next, a second metal layer (not shown) is formed on
the interlayer insulating layer 123 by depositing a second
metallic material such as Al, Al alloy, Cu, Cu alloy, Cr and
molybdenum (Mo). The second metal layer is patterned using
a mask process to form the first and second data lines 1304
and 1304, the power line 131 and the source and drain elec-
trodes 133 and 136. The first and second data lines 130a and
1300 cross the first and second gate lines 1214 and 1215 such
that the first pixel region P1 is surrounded by the first and
second data lines 130a and 1305 and the first and second gate
lines 121a and 1215. The source and drain electrodes 133 and
136, the semiconductor layer 113, the gate insulating layer
116, the interlayer insulating layer 123 and the gate electrode
120 constitute the driving TFT DTr. Although not shown, the
switching TFT has substantially the same structure as the
driving TFT DTr.

[0064] Next, the passivation layer 140 having a flat top
surface is formed on the driving TFT DTr and the switching
TFT by coating an organic insulating material such as photo-
acryl and benzocyclobutene (BCB). The passivation layer
140 is patterned to form the drain contact hole 143 exposing
the drain electrode 136 of the driving TFT DTr. If there are
several driving TFTs, the drain contact hole 143 exposes the
drain electrode of only one driving TFT.

[0065] Next, the first electrode 147 is formed on the passi-
vation layer 140 by depositing and pattering a transparent
conductive material such as ITO and 1Z0. The first electrode
147 contacts the drain electrode 136 of the driving TFT DTr
through the drain contact hole 143. When the first electrode
147 has a double-layered structure to improve an optical
efficiency, a lower layer is formed of one of Al and Al alloy,
which has an excellent reflective property, and an upper layer
is formed of the transparent conductive material. Alterna-
tively, if the first electrode serves as a cathode, the first elec-
trode is formed of a material having a relatively low work
function, for example, Al, Al alloy, Ag, Mg or Au.

[0066] Next, the bank 150 is formed on the second elec-
trode 147 by coating and pattering an organic insulating mate-
rial, for example, photo-acryl or BCB, or depositing and
patterning an inorganic insulating material, for example, sili-
con oxide or silicon nitride. The bank 150 is positioned at
boundaries of the second pixel region P2 such that the second
pixel region P2 is surrounded by the bank 150. In addition, the
bank 150 covers a portion of the first electrode 147, so as to
correspond to the drain contact hole 143 in the first pixel
region P1.

[0067] Next, a shadow mask (not shown) is disposed over
the first substrate 110. The shadow mask has an opening,
which corresponds to the second pixel region P2, and a shield-
ing portion corresponding to other portions. Then, an organic
emitting material is thermal deposited onto the first electrode
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147 using the shadow mask to form the organic emitting layer
155. FIG. 5 shows the organic emitting layer 155 of a single
layer. However, the organic emitting layer 155 may have a
multi-layered structure to improve an emitting efficiency. For
example, the organic emitting layer 155 may includes a hole
injection layer, a hole transporting layer, an emitting material
layer, an electron transporting layer and an electron injection
layer. A thermal depositing process of the organic emitting
material is repeated to form red, green and blue organic emit-
ting patterns of the organic emitting layer 155.
[0068] Although not shown, before forming the organic
emitting layer 155, a spacer having a column shape and a
height of about 3 to 4 micrometers may be formed on the bank
150. The shadow mask for forming the organic emitting layer
155 is supported by the spacer.
[0069] Next, the second electrode 158 is formed on the
organic emitting layer 155 and the bank 150 by depositing a
metallic material having a relative low work function, such as
Al, Al alloy, Ag, Mg and Au, without a mask process. The
second electrode 158 has a thickness of about 5 to 50 ang-
stroms such that light emitted from the organic emitting layer
155 passes through the second electrode 158. If the second
electrode serves as an anode, the second electrode is formed
of a transparent conductive material such as ITO and IZ0.
[0070] Thesecond substrate 170 having a transparent prop-
erty faces the first substrate 110. The seal pattern (not shown)
or the frit pattern is formed along edges of the first and second
substrates 110 and 170 to seal a space between the first ands
second substrates 110 and 170. A moisture absorption mem-
ber (not shown) including barium oxide or calcium oxide is
formed in the seal pattern to prevent for moisture from pen-
etrating into the space between the first and second substrates
110 and 170. Alternatively, instead of the seal pattern and the
frit pattern, the adhesive film may be used to seal the space
between the first and second substrates 110 and 170. Entire
surfaces of the first and second substrates 110 and 170 are
attached to each other by the adhesive film.
[0071] Next, the first and second substrates 110 and 170 are
attached by the seal pattern or the fit pattern under a condition
of an inert gas or a vacuum. If the first and second substrates
110 and 170 are attached by the adhesive film, the attaching
process is processed under an atmospheric condition. Alter-
natively, instead of the second substrate 170, an organic film
having a multiple-layered structure may be formed on the
second electrode to encapsulate the first substrate 110.
[0072] In the present invention, since an emitting area,
where the organic emitting layer is formed, has substantially
the same size as the pixel region, which is surrounded by the
gate and data lines, an aperture ratio is maximized. In addi-
tion, the OELD device has improved luminance.
[0073] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.
What is claimed is:
1. An organic electroluminescent display (OELD) device,
comprising:
a first substrate having a first unit pixel region including a
first pixel region and a second pixel region;
first and second gate lines along a first direction and on the
first substrate;
first and second data lines along a second direction, which
is perpendicular to the first direction, and crossing the
first and second gate lines to define the first pixel region;
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a power line parallel to one of the first and second direc-
tions;

a switching thin film transistor (TFT) in the first pixel
region and connected to the first gate line and the first
data line;

adriving TFT in the first pixel region and connected to the
switching TFT and the power line;

a passivation layer on the switching and driving TFTs and
including a first contact hole exposing a portion of the
driving TFT;

a first electrode in a portion of the first pixel region and an
entire surface of the second pixel region, and contacting
the driving TFT through the first contact hole;

a bank surrounding the second pixel region and corre-
sponding the first contact hole;

an organic emitting layer in the second pixel region and on
the first electrode; and

a transparent second electrode on the organic emitting
layer and the bank,

wherein the second pixel region is a region shifted from the
first pixel region such that the second gate line goes
across the second pixel region.

2. The device according to claim 1, wherein the organic
emitting layer covers the entire surface of the second pixel
region except for the first pixel region, and the second pixel
region has substantially the same size as the first pixel region.

3. The device according to claim 1, wherein the organic
emitting layer overlaps the second gate line.

4. The device according to claim 3, wherein the organic
emitting layer further overlaps the second data line and the
power line.

5. The device according to claim 1, wherein the first sub-
strate further has a second unit pixel region at an upper side of
the first unit pixel region, a third unit pixel region at a hori-
zontal side of the first unit pixel region and a fourth unit pixel
region at a diagonal side of the first unit pixel region.

6. The device according to claim 5, wherein the second
pixel region of the first unit pixel region overlaps a portion of
the second unit pixel region.

7. The device according to claim 5, wherein the second
pixel region of the first unit pixel region overlaps portions of
the second, third, and fourth unit pixel regions.

8. The device according to claim 1, wherein each of the first
and second pixel region has a rectangular shape.

9. The device according to claim 1, wherein the first pixel
region has a rectangular shape, and the second pixel region
has a polygonal shape having at least five angles.

10. The device according to claim 9, wherein the second
pixel region has a honey comb shape.

11. The device according to claim 1, wherein organic emit-
ting layer includes a hole injection layer, a hole transporting
layer, an emitting material layer, an electron transporting
layer and an electron injection layer.
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12. The device according to claim 1, further comprising a
spacer having a column shape between the bank and the
second electrode.

13. The device according to claim 1, wherein each of the
switching and driving TFTs includes a semiconductor layer,
which is formed of a polycrystalline silicon and includes a
first portion and second portions at both side of the first
portion, on the first substrate, a gate insulating layer on the
semiconductor layer, a gate electrode on the gate insulating
layer and corresponding to the first portion of the semicon-
ductor layer, an interlayer insulating layer on the gate elec-
trode, a source electrode on the interlayer insulating layer and
contacting one of the second portion of the semiconductor
layer through a second contact hole through the interlayer
insulating layer and the gate insulating layer, and a drain
electrode on the interlayer insulating layer and contacting the
other of the second portion of the semiconductor layer
through a third contact hole through the interlayer insulating
layer and the gate insulating layer.

14. The device according to claim 13, further comprising a
buffer layer between the first substrate and the semiconductor
layer being formed of silicon oxide or silicon nitride.

15. The device according to claim 1, further comprising a
second substrate facing the first substrate.

16. A method of fabricating an OFLD device, comprising:

forming first and second gate lines along a first direction

and on a first substrate having an unit pixel region, the
unit pixel region including a first pixel region and a
second pixel region;

forming first and second data lines along a second direc-

tion, which is perpendicular to the first direction, and
crossing the first and second gate lines to define the first
pixel region;

forming a power line;

forming a switching thin film transistor (TFT) in the first

pixel region and connected to the first gate line and the
first data line;
forming a driving TFT in the first pixel region and con-
nected to the switching TFT and the power line;

forming a passivation layer on the switching and driving
TFTs and including a first contact hole exposing a por-
tion of the driving TFT;
forming a first electrode in a portion of the first pixel region
and an entire surface of the second pixel region, and
contacting the driving TFT through the first contact hole;

forming a bank surrounding the second pixel region and
corresponding the first contact hole;

forming an organic emitting layer in the second pixel

region and on the first electrode; and

forming a transparent second electrode on the organic

emitting layer and the bank,

wherein the second pixel region is aregion shifted from the

first pixel region such that the second gate line goes
across the second pixel region.
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