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ACTIVE MATRIX TYPE ORGANIC ELECTROLUMINESCENT DISPLAY
DEVICE AND METHOD OF MANUFACTURING THE SAME

Technical Field

~ The present invention relates to an active matrix type organic
electroluminescent display (AMOLED) device and method of manufacturing the
same, and more particularly, to an AMOLED device and a method of manufacturing
the same capable of preventing the aperture ratio from being lowered when

compensation circuits needing two or more capacitors per pixel are applied.

Background Art

In the information society of these days, electronic display devices are more
important as information transmission media and various electronic display devices
are widely applied for industrial apparatus or home appliances. Such electronic
display devices are being continuously improved to have new appropriate functions
for various demands of the information society.

In general, electronic display devices display and transmit various pieces of
information to users who utilize such information. That is, the electronic display
devices convert electric information signals outputted from electronic apparatus into
light information signals recognized by users through their eyes.

In the electronic display devices dividing into an emissive display device
and a non-emissive display device, the emissive display device displays light
information signals through a light emission phenomena thereof and the
non-emissive display device displays the light information signals through a
reflection, a scattering or an interference thercof. The emissive display device
includes a cathode ray tube (CRT), a plasma display panel (PDP), a light emitting
diode (LED) and an electroluminescent display (ELD). The emissive display device
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is called as an active display device. Also, the non-emissive display device, called as
a passive display device, includes a liquid crystal display (LCD), an electrochemical
display (ECD) and an electrophoretic image display (EPID).

The CRT has been used for a television receiver or a monitor of a computer
as the display device for a long time since it has a high quality and a low
manufacturing cost. The CRT, however, has some disadvantages such as a heavy
weight, a large volume and high power consumption.

Recently, the demand for a new electronic display device is greatly increased
such as a flat panel display device having excellent characteristics, for example, thin
thickness, light weight, low driving voltage and low power consumption. Such flat
panel display devices can be manufactured according to the rapidly improved
semiconductor technology.

An electroluminescent (EL) element is attracting attention of interested
person as one of the flat panel displays. The EL element is generally divided into an
organic EL element and an organic EL element depending on used materials.

The inorganic EL element is a device in which a high electric field is
applied to a light emitting part and electrons are accelerated in the applied high
electric field to collide with a light emitting center, so that the light emitting center
may be exited to emit a light beam.

The organic EL element is a device in which electrons and holes are injected
into a light emitting part from cathode and anode, respectively, and the injected
electrons and holes are combined with each other to generate excitons, thereby
emitting light when these excitons are transited from an excited state to a base state.

Owing to the above operation mechanism, the inorganic EL element needs a
high driving voltage of 100 — 200 V, whereas the organic EL element operates at a
low voltage of 5 — 20 V. The above advantage of the organic EL element is

activating researches on the organic ELD. Also, the organic EL element has superior
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properties such as wide viewing angle, high response speed, high contrast and the
like.

The organic EL elements can be applied to both of the active matrix type
display device and the passive matrix type display device. The active matrix organic
EL display device is a display device that independently drives EL elements
corresponding to a plurality of pixels using switching elements such as a thin film
transistor. The organic EL display device is also referred to as an organic
electroluminescent display (OELD) device or an orgénic light emitting device
(OLED). Hereinafter, the active matrix organic EL display device is referred to as
AMOLED device.

FIG. 1 is an equivalent circuit diagram of a conventional AMOLED device.

Referring to FIG. 1, a unit pixel circuit of a conventional AMOLED device
includes two thin film transistors TFT1 and TFT2, and one capacitor Cst.

Specifically, a plurality of gate lines gl and g2 and a plurality of data lines
d1l and d2 are arranged to cross each other, thereby defining a unit pixel region.
Between the adjacent data lines d1 and d2, there is arranged a direct current signal
line Vdd to be parallel to the data lines d1 and d2. A maximum value of a display
signal is applied to the Vdd line in the form of direct current.

A first thin film transistor TFT 1 as a switching element is connected at a
cross point of the gate line gl and the data line d1. A gate electrode of the TFT1 is
connected to the gate line gl and a source electrode of the TFT1 is connected to the
data line d1. .

Between a drain electrode of the TFT1 and the Vdd line, there is connected
a storage capacitor Cst. Also, between the drain electrode of the TFT1 and the Vdd
line, there is connected a second thin film transistor TFT2 as a driving element
which is in parallel with the storage capacitor Cst. A gate electrode of the TFT2 is

connected to the drain electrode of the TFT1, a source electrode thereof is connected
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to the Vdd line and a drain electrode thereof is connected to an organic EL element.

If the TFT1 is turned on, the TFT2 is turned on depending on a display
signal value of the data line d1, so that a direct current signal value of the Vdd line is
applied to the organic EL element, thereby driving the organic EL element.

However, in the above AMOLED device to which the circuit using the two
TFTs is applied, there occurs a problem in that brightness of the panel becomes
non-uniform due to a deflection in the characteristics of the driving TFT, for
example, variation in the threshold voltage.

In order to compensate for the deflection in the characteristics of the driving
TFT, there were proposed compensation circuits to which a separate thin film
transistor is added. However, in case that these compensation circuits are applied,
the number of the thin film transistors increases and thus, an area occupied by the
thin film transistors in a unit pixel region increases to thereby decrease the aperture
ratio. Further, since a part of the compensation circuits needs two capacitors having
different functions from each other, the number of the thin film transistors and the
capacitors arranged in a unit pixel increases to cause the reduction of the aperture
ratio. The reduction in the aperture ratio lowers the brightness, and requires a high

current driving so that the life of the circuit is shortened.

Disclosure of the Invention

Accordingly, it is an object of the present invention to provide an active
matrix type organic electroluminescent display (AMOLED) device capable of
preventing the aperture ratio from being lowered when compensation circuits
needing two or more capacitors per pixel are applied.

It is another object of the invention to provide a method for manufacturing
an AMOLED device capable of preventing the aperture ratio from being lowered

when compensation circuits needing two or more capacitors per pixel are applied.
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In one aspect, there is provided an AMOLED in which at least two
capacitors having different functions from each other are disposed in a vertically
stacked structure within a unit pixel region.

According to another aspect of the invention, there is provided an AMOLED
in which a unit pixel is defined by first and second gate lines extendirig in a first
direction, and a data line and a direct current signal line extending in a second
direction perpendicular to the first direction. A first thin film transistor has a first
gate electrode connected to the first gate line and a first source electrode connected
to the data line. A second thin film transistor has a second gate electrode connected
to the second gate line. A third thin film transistor has a third source electrode
connected to the direct current signal line. An organic EL element is connected
between a third drain electrode of the third thin film transistor and a ground terminal.
A first capacitor includes a first electrode and a second electrode, the first electrode
being connected to a third gate electrode of the third thin film transistor and a
second source electrode of the second thin film transistor, and the secoﬁd electrode
being connected to a drain electrode of the first thin film transistor. A second
capacitor includes a third electrode connected to the second electrode and the direct
current signal line. The first and second capacitors are formed in a vertically stacked
structure, and have different functions from each other.

In a further another aspect of an AMOLED according to the present
invention, a unit pixel is defined by first and second gate lines extending in a first
direction, and a data line and a direct current signal line extending in a second
direction perpendicular to the first direction. A first thin film transistor includes a
first active pattern disposed adjacent to a cross point of the first gate line and the
data line, a first gate electrode prolonged from the first gate line and cr;)ssing over
the first active pattern, a first source electrode prolonged from the data line and

connected to the first active pattern at one side of the first gate electrode, and a first
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drain electrode connected to the first active pattern at the other side of the first gate
electrode. A second thin film transistor includes a second active pattern disposed
adjacent to a cross point of the second gate line and the data line, a second gate
electrode prolonged from the second gate line and crossing over the second active
pattern, a second source electrode connected to the second active pattern at one side
of the second gate electrode, and a second drain electrode connected to the second
active pattern at the other side of the second gate electrode. A third thin film
transistor includes a third active pattern disposed within the unit pixel, a third gate
electrode passing over the third active pattern, a third source electrode prolonged
from the direct current signal line and connected to the third active pattern at one
side of the third gate electrode, and a third drain electrode prolonged from the
second drain electrode and connected to the third active pattern at the other side of
the third gate electrode. A first capacitor includes a first electrode and a second
electrode. The first electrode is prolonged from the second active pattern and
disposed parallel to the direct current signal line below the direct current signal line.
The second electrode is formed on the first electrode and connected to the first drain
electrode. A second capacitor includes the second electrode and a third electrode
formed on the second electrode. The third electrode is connected to the direct current
signal line. The second capacitor has a different function from that of first capacitor.
A pixel electrode connected to the third drain electrode is disposed within the unit
pixel.

In a method of manufacturing an AMOLED according to the present
invention, a first electrode and active patterns are formed on each of pixel regions on
a substrate. A gate insulating layer is formed on the active patterns, the first
electrode and the substrate. First, second and third gate electrodes are formed on a
gate insulating layer above the active pattern and a second electrode is formed on the

gate insulating layer above the first electrode to form a first capacitor including the
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first electrode, the gate insulating layer and the second electrode. An insulating
interlayer is formed on the first, second and third gate electrodes, the second
electrode and the gate insulating layer. First, second and third source electrodes, and
first, second and third drain electrodes are formed on the insulating interlayer above
the active pattern to form a first thin film transistor including the first gate electrode,
the first source electrode and the first drain electrode, a second thin film transistor
including the second gate electrode, the second source electrode and the second
drain electrode, and a third thin film transistor including the third gate electrode, the
third source electrode and the third drain electrode. At the same time, a third
electrode is formed on the insulating interlayer above the first electrode to form a
second capacitor vertically stacked on the first capacitor and including the second
electrode, the insulating interlayer and the third electrode. A passivation layer is
formed on the first, second and third thin film transistors, the first and second
capacitors and the insulating interlayer. A pixel electrode is formed on the
passivation layer. An organic EL element is formed on the pixel electrode.

According to the present invention, when compensation circuits needing two
or more capacitors having different functions from each other per pixel are applied,
the capacitors are stacked in a vertical direction to thereby prevent the aperture ratio

from being lowered due to the increase in the number of the capacitors in the pixel.

Brief Description of the Drawings

The above objects and other advantages of the present invention will
become more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG.1 is a circuit diagram of a conventional AMOLED device;

FIG. 2 is a plan view of an AMOLED device in accordance with one

embodiment of the present invention;
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FIG. 3 is an equivalent circuit diagram of FIG. 2;

FIG. 4 is a cross-sectional view taken along the line A-A’ of FIG. 2; and

FIGS. SA to 5E are cross-sectional views for illustrating a method of
manufacturing the AMOLED device shown in FIG. 4.

Best Mode For Carrying Out the Invention
Now, exemplary embodiments of the present invention will be described in

detail with reference to the annexed drawings.

FIG. 2 is a plan view of an AMOLED device in accordance with one

embodiment of the present invention, FIG. 3 is an equivalent circuit diagram of FIG. 2,

and FIG. 4 is a cross-sectional view taken along the line A-A’ of FIG. 2.

Referring to FIGS. 2 to 4, a unit pixel circuit of an AMOLED in accordance
with the present invention includes three thin film transistors T1, T2 and T3, two
capacitors C1 and C2, and four interconnection lines GL1, GL2, DI and Vdd.

Particularly, a unit pixel is defined by first and second gate lines GL1 and
GL2 extending in a first direction and a data line DL and a direct current signal line
Vdd extending in a second direction perpendicular to the first direction.

The first gate line GL1 plays a role of turning on/off the first thin film
transistor T1 as a switching element to thereby apply an initial data voltage and a
gray level voltage through the data line DL. The second gate line GL2 plays a role
of turning on/off the second thin film transistor T2 to thereby compensate the
characteristics of the third thin film transistor T3 as a driving element. A maximum
value of the display signal is constantly applied to the direct current signal line Vdd
in a direct current state.

The first thin film transistor T1 includes a first active pattern 105 disposed
adjacent to a cross point of the first gate line GL1 and the data line DL, a first gate
electrode 110 prolonged from the first gate line GL1 and crossing over the first
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active pattern 105, a first source electrode 122 prolonged from the data line DL and
connected to the first active pattern 105 at one side (a first side) of the first gate
electrode 110, and a first drain electrode 123 connected to the first active pattern 105
at the other side (a second side that is opposite to the first side) of the first gate
electrode 110. The first gate electrode 110 of the first thin film transistor T1 is
connected to the first gate line GL1 and the first source electrode 122 thereof is
connected to the data line DL.

The second thin film transistor T2 includes a second active pattern 106
disposed adjacent to a cross point of the second gate line GL2 and the data line DL,
a second gate electrode 111 prolonged from the second gate line GL2 and crossing
over the second active pattern 106, a second source electrode 125 connected to the
second active pattern 106 at one side of the second gate electrode 111, and a second
drain electrode 124 connected to the second active pattern 106 at the other side of
the second gate electrode 111. The second gate electrode 111 of the second thin film
transistor T2 is connected with the second gate line GL2.

The third thin film transistor T3 includes a third active pattern 107 disposed
within the unit pixel, a third gate electrode 112 crossing over the third active pattern
107, a third source electrode 127 prolonged from the direct current signal line Vdd
and connected to the third active pattern 107 at one side of the third gate electrode
112, and a third drain electrode 126 prolonged from the second drain electrode 124
and connected to the third active pattern 107 at the other side of the third gate
electrode 112. The third gate electrode 112 of the third thin film transistor T3 is
connected with the second source electrode 125 of the second thin film transistor T2,
the third source electrode 127 thereof is connected with the direct current signal line
Vdd, and the third drain electrode 126 thereof is connected with the second drain
electrode 124 of the second thin film transistor T2 and an organic EL element.

Preferably, the third thin film transistor T3 is in a p-type, and the first and
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second thin film transistors T1 and T2 are in either n-type or p-type.

The first capacitor C1 includes a first electrode 108, a gate insulating layer
109 and a second electrode 113. The first electrode 108 is prolonged from the
second active pattern 106 of the second thin film transistor T2 and disposed parallel
to the direct current signal line Vdd below the direct current signal line Vdd. The
second electrode 113 is overlapped with the first electrode 108. The first electrode
108 is formed from the same layer as in the active patterns 105, 106 and 107 of the
first, second and third thin film transistors T1, T2 and T3. The second electrode 113
is formed from the same layer as in the gate line GL. The first electrode 108 of the
first capacitor C1 is connected with the third gate electrode 112 of the third thin film
transistor T3 and the second source electrode 125 of the second thin film transistor
T3. The second electrode 113 of the first capacitor C1 is connected with the first
drain electrode 123 of the first thin film transistor T1. The first capacitor C1
functions to store a voltage compensating for the characteristics of the third thin film
transistor T3 and to transfer a data voltage to the third gate electrode 112 of the third
thin film transistor T3.

The second capacitor C2 includes the second electrode 113, an insulating
interlayer layer and a third electrode 128 overlapped with the second electrode 113.
The third electrode 128 of the second capacitor C2 is connected to the direct current
signal line Vdd.

The third electrode 128 is formed from the same layer as in the data line DL.
The second capacitor C2 is connected between the direct current signal line Vdd and
the first drain electrode 123 of the first thin film transistor T1. The second capacitor
C2 functions to maintain the data voltage at a constant level during a frame time.

Accordingly, the first capacitor C1 and the second capacitor C2 have a
different function from each other. While sharing a common electrode, i.e., the

second electrode 113 connected to the first drain electrode 123 of the first thin film

10
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transistor T1, the first and second capacitors C1 and C2 are formed in a stacked
structure in a vertical direction.

Within a unit pixel region of the present invention, there is formed a pixel
electrode 134 connected to the third drain electrode 126 of the third thin film
transistor T3. Also, a fourth electrode 135 formed from the same layer as in the
pixel electrode 134 is formed to be overlapped with the third e]ectrodev 128 of the
second capacitor C2. When it is requested that the second capacitor C2 has a high
capacitance, the insulating interlayer 114 and the passivation layer 130 disposed
between the second electrode 113 and the fourth electrode 135 serve as a dielectric
layer of the capacitor, thereby securing a necessary capacitance.

The pixel circuit of the present invention operates as follows.

If the first thin film transistor T1 is turned on by the first gate line GL1, the
third thin film transistor T3 is turned on according to a display signal value of the
data line DL, so that a direct current signal value of the direct current signal line
Vdd is applied to the organic EL element to thereby drive the organic EL element.
At this time, if a compensation voltage is applied to the second gate line GL2 to turn
on the second thin film transistor T2, the third gate electrode 112 and the third drain
electrode 126 of the third thin film transistor T3 are connected to each other, so that
a difference in the characteristics of the third thin film transistor T3 as a driving
element is reduced. .

Hereinafter, there is described a method of manufacturing the AMOLED
having the aforementioned structure in accordance with the present invention.

FIGS. 5A to SE are cross-sectional views for illustrating the AMOLED
shown in FIG. 4.

Referring to FIG. 5A, on an insulating substrate 100 such as glass, quartz or
sapphire, silicon oxide is deposited to a thickness of an approximately 2,000 A by a
plasma-enhanced chemical vapor deposition (PECVD), to form a blocking layer 101.

11
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The blocking layer 101 is preferably used to prevent heat loss during avsubsequent
crystallization process of an amorphous silicon film.

An n-type doped amorphous silicon is deposited to a thickness of about 800
A by the PECVD on the blocking layer 101, and then, patterned using a
photolithography process to form buffer layers 102 and 103 on a thin film transistor
region and a capacitor region within the unit pixel. ,

Thereafter, on the buffer layers 102 and 103 and the blocking layer 101, an
amorphous silicon is deposited to a thickness of about 500 A by a low pressure
chemical vapor deposition (LPCVD) or a PECVD method to thereby form an active
layer 104. Then, a laser annealing or a furnace annealing is carried out to crystallize
the active layer 104 into a polycrystalline silicon layer. ¢

Referring to FIG. 5B, through a photolithography process, the
polycrystalline silicon active layer 104 is patterned to form a first active pattern (105
in FIG. 2), a second active pattern (106 in FIG. 2) and a third active pattern 107 on
the thin film transistor region within the unit pixel. At the same time, a first
electrode 108 made of the polycrystalline silicon active layer is formed on the
capacitor region within the unit pixel.

Then, on the entire surface of the resﬁltant structure on which the active
patterns 105, 106 and 107 and the first electrode 108 are formed, silicon oxide is
deposited to a thickness of about 1000 — 2000 A by the PECVD method, thereby
forming a gate insulating layer 109. |

Referring to FIG. 5C, on the gate insulating layer 109, a gate layer such as
AINd is deposited to a thickness of approximately 3000 A by a sputtering method.
Then, the gate layer is patterned via a photolithography process. As a consequence, '
there are formed first and second gate lines (GL1 and GL2 in FIG. 2) extending in a
first direction, a first gate electrode (110 in FIG. 2) of the first thin film &ansistor T1
branched from the first gate line GL1, a second gate electrode (111 in FIG. 2) of the

12
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second thin film transistor T2 branched from the second gate line GL2, a third gate
electrode 112 of the third thin film transistor T3 arranged within the unit pixel. At
the same time, the second electrode 113 made from the gate layer is formed to be
overlapped with the first electrode 108. The second electrode 113 is used as a
common electrode of the stack type first and second capacitors C1 and C2.

Then, by performing an impurity ion implantation using a photo mask used
in the patterning process of the gate layer, source/drain regions (not shown) of the
first, second and third thin film transistors T1, T2 and T3 are formed. Preferably, the
third thin film transistor T3 is in p-type, and the first and second thin film transistors
T1 and T2 are in n-type or p-type.

Referring to FIG. 5D, in order to activate the doped ions in the source and
drain regions and cure damages of the silicon layer, a laser annealing or a furnace
annealing is performed. Then, silicon nitride is deposited on the entire surface of the
resultant structure to a thickness of approximately 8,000 A to thereby form an
insulating interlayer 114.

Thereafter, the insulating interlayer 114 is etched by a photoiithography
process to form contact holes 115, 116, 117, 118, 119 and 120 exposing the
source/drain regions of the first, second and third thin film transistors T1, T2 and T3.
At this time, a contact hole 121 exposing a predetermined portion of the third gate
electrode 112 of the third thin film transistor T3 is also formed.

A data layer such as MoW or AINd layer is deposited on the contact holes
115, 116, 117, 118, 119, 120 and 121 and the insulating interlayer 114 to a thickness
of about 3000 — 6000 A, and then, patterned by a photolithography process. As a
consequence, there are formed a data line DL and a direct current signal line Vdd
which are extended in a second direction perpendicular to the first direction, first
source/drain electrodes (122 and 123 of FIG. 2) of the first thin film transistor T1,
second source/drain electrodes (125 and 124 of FIG. 2) of the second thin film

13
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transistor T2, and third source/drain electrodes 127 and 126 of the third thin film
transistor T3, which are connected to the source/drain regions through the contact
holes. At the same time, the third electrode 128 made from the data layer is formed
to be overlapped with the second elecirode 113. The third electrode 128 is
comprised of the direct current signal line Vdd, and connected to the third source
electrode 127 of the third thin film transistor T3. Preferably, using a single electrode
pattern, the se¢cond drain electrode 124 of the second thin film transistor T2 and the
third drain electrode 126 of the third thin film transistor T3 are formed at the same
time. Also, the second source electrode 125 of the second thin film transistor T2 is
formed to make contact with the third gate eleétrode 112 of the third thin film
transistor T3.

Referring to FIG. 5E, silicon nitride is deposited on the data line DL, the
direct current signal line Vdd, the source/drain electrodes 122, 123, 124, 125, 126
and 127 and the insulating interlayer 130 to a thickness of approximately 2000 —
3000 A to form a passivation layer 130. Thereafter, the passivation layer 130 is
etched away using a photolithography process to form a via hole 132 exposing the
third drain electrode 126 of the third thin film transistor T3.

A transparent conductive layer such as indium tin oxide (ITO) or indium
zinc oxide (IZO) is deposited to a thickness of approximately 300 — 500 A on the via
hole 132 and the passivation layer 130, and then, patterned by a photolithography
process. By doing so, a pixel electrode 134 is formed to be connected with the third
drain electrode 126 of the third thin film transistor T3 through the via hole 132. At
the same time, a fourth electrode 135 made of the transparent conductive layer is
formed to be overlapped with the third electrode 128.

As shown in FIG. 4, after forming an organic insulating layer 136 on the
pixel electrode 134, the fourth electrode 135 and the passivation layer 130, the

organic insulating layer 136 is exposed and developed to thereby form an opening
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137 having the same shape as the pixel electrode 134. Preferably, the opening 137 is
formed to have a width smaller than that of the pixel electrode 134.

Then, a hole transfer layer (HTL) 138, a luminescent layer 140 and an
electron transfer layer (ETL) 142 are sequentially formed on the opening 137 and
the organic insulating layer 136. A cathode electrode 144 is formed thereon to
thereby complete an organic EL element. ,

As described above, according to the present invention, when a
compensation circuit needing two or more capacitors having different functions
from each other per pixel is applied, the two or more capacitors are vertically
stacked, thereby preventing the aperture ratio from being lowered due to the increase
in the number of capacitors within the pixel.

Also, it is apparent that a stack type capacitor of the invention can be
applied to any other pixel circuits using two or more capacitors having different
functions from each other.

While the present invention has been described in detail, it should be
understood that various changes, substitutions and alterations can be made hereto
without departing from the spirit and scope of the invention as defined by the

appended claims.
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Claims

1. An active matrix type organic electroluminescent display device
comprising at least two capacitors disposed in a vertically stacked structure within a
unit pixel region, the at least two capacitors having different functions from each

other.

2.  The active matrix type organic electroluminescent display device as

claimed in claim 1, wherein the two capacitors share a single electrode.

3.  The active matrix type organic electroluminescent display device as
claimed in claim 1, further comprising at least three thin film transistors and a single

organic electroluminescent element which are formed within the unit pixel region.

4.  An active matrix type organic electroluminescent display device in
which a unit pixel is defined by first and second gate lines extending in a first
direction, and a data line and a direct current signal line extending in a second
direction perpendicular to the first direction, said active matrix type organic
electroluminescent display device comprising:

a first thin film transistor having a first gate electrode connected to the first
gate line and a first source electrode connected to the data line;

a second thin film fransistor having a second gate electrode connected to the
second gate line;

a third thin film transistor having a third source electrode connected to the
direct current signal line;

an organic electroluminescent element connected between a third drain

electrode of the third thin film transistor and a ground terminal;
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a first capacitor including a first electrode and a second electrode, the first
electrode being connected to a third gate electrode of the third thin film transistor
and a second source electrode of the second thin film transistor, and the second
electrode being connected to a first drain electrode of the first thin film transistor;
and

a second capacitor including the second electrode and a third electrode
connected to the direct current signal line,

wherein the first and second capacitors are formed in a vertically stacked

structure and have different functions from each other.

5. An active matrix type organic electroluminescent display device in
which a unit pixel is defined by first and second gate lines extending in a first
direction, and a data line and a direct current signal line extending in a second
direction perpendicular to the first direction, the active matrix type organic
electroluminescent display device comprising:

a first thin film transistor including a first active pattern disposed adjacent to
a cross point of the first gate line and the data line, a first gate electrode prolonged
from the first gate line and crossing over the first active pattern, a first source
electrode prolonged from the data line and connected to the first active pattern at a
first side of the first gate electrode, and a first drain electrode connected to the first
active pattern at a second side of the first gate electrode;

a second thin film transistor including a second active pattern disposed
adjacent to a cross point of the second gate line and the data line, a second gate
electrode prolonged from the second gate line and crossing over the second active
pattern, a second source electrode connected to the second active pattern at a first
side of the second gate electrode, and a second drain electrode connected to the

second active pattern at a second side of the second gate electrode;
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a third thin film transistor including a third active pattern disposed within the
unit pixel, a third gate electrode crossing over the third active pattern, a third source
electrode prolonged from the direct current signal line and connected to the third
active pattern at a first side of the third gate electrode, and a third drain electrode
prolonged from the second drain electrode and connected to the third active pattern
at a second side of the third gate electrode;

a first capacitor including a first electrode and a second electrode, the first
electrode being prolonged from the second active pattern and disposed parallel to
the direct current signal line below the direct current signal line, and the second
electrode being formed on the first electrode and connected to the first drain
electrode;

a second capacitor including the second electrode and a third electrode
formed on the second electrode, the third electrode being connected to the direct
current signal line, the second capacitor having a different function from that of the
first capacitor; and

a pixel electrode disposed within the unit pixel so as to be connected to the

third drain electrode.

6. The active matrix type organic electroluminescent display
device as claimed in claim 5, wherein the first electrode, and the first, second and
third active patterns are formed from a same layer.

7.  The active matrix type organic electroluminescent display device as
claimed in claim 5, wherein the second electrode and the gate line are formed from a

same layer.

8. The active matrix type organic electroluminescent display device as

18

IPR2024-01132 - BOE
Exhibit 1009 - Page 20



10

15

20

25

WO 03/071511 PCT/KR02/02323

claimed in claim 5, wherein the third electrode and the data line are formed from a

same layer.

9.  The active matrix type organic electroluminescent display device as
claimed in claim 5, further comprising a fourth electrode formed from a same layer

as in the pixel electrode on the direct current signal line.

10. The active matrix type organic electroluminescent display device as
claimed in claim 5, wherein the second source electrode of the second thin film

transistor is connected with the third gate electrode of the third thin film transistor.

11. A method of manufacturing an active matrix type organic
electroluminescent display device, the method comprising the steps of:

forming an active pattern and a first electrode in a pixel region of a substrate;

forming a gate insulating layer on the active pattern, the first electrode and
the substrate;

forming first, second and third gate electrodes on the gate insulating layer
above the active pattern and simultaneously, forming a second electrode on the gate
insulating layer above the first electrode to form a first capacitor including the first
electrode, the gate insulating layer and the second electrode;

forming an insulating interlayer on the first, second and third gate electrodes,
the second electrode and the gate insulating layer;

forming first, second and third source electrodes, and first, second and third
drain electrodes on the insulating interlayer above the active patterns to form a first
thin film transistor including the first gate electrode, the first source electrode and
the first drain electrode, a second thin film transistor including the second gate

electrode, the second source electrode and the second drain electrode, and a third
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thin film transistor including the third gate electrode, the third source electrode and
the third drain electrode, and simultaneously, to form a third electrode on the
insulating interlayer above the first electrode to form a second capacitor vertically
stacked on the first capacitor and including the second electrode, the insulating
interlayer and the third electrode;

forming a passivation layer on the first, second and third thin film transistors,
the first and second capacitors and the insulating interlayer;

forming a pixel electrode on the passivation layer; and

forming an organic electroluminescent element on the pixel electrode.

12. The method as claimed in claim 11, wherein the second drain
electrode of the second thin film transistor and the third drain electrode of the third

thin film transistor are formed from a single electrode pattern.

13. The method as claimed in claim 11, wherein the second source
electrode of the second thin film transistor is formed to make contact with the third

gate electrode of the third thin film transistor.
14. The method as claimed in claim 11, wherein a fourth electrode is

formed to be overlapped with the third electrode in the step of forming the pixel

electrode.

20

IPR2024-01132 - BOE
Exhibit 1009 - Page 22



TISTLO/€0 OM

FIG. T
(PRIOR ARTY

di Vaa  d2
g1 _T—
Csrt
I»——l—l } y
TFT1 N
| [TFr2] P
e o0 o
EL
g 3
2 2
. 2

IPR2024-01132 - BOE
Exhibit 1009 - Page 23



WO 03/071511 PCT/KR02/02323

\
oL1—F, &%/ Y4 A
10— NEN\=]
115J ’ / C1
122 NN
116
c2
134¥/§‘ L 113
135
H~——108
4128
/_'k__‘/wm
119\%_ AN T2
126 —__ | //:'xf 112
132— R\ -t H-—A
124\_/,%\/}& . \\<<1 20
117\/§\$@ \\ 127
/ \V T~ 121
i
oL2— /(/f% v A
N 13 \
106 111 | 118
125

IPR2024-01132 - BOE
Exhibit 1009 - Page 24



WO 03/071511 PCT/KR02/02323

3/9

T3
EL

Vag

FIG. 3
=i C2
- C1

ol

|

DL
[

GL1
GL2

IPR2024-01132 - BOE
Exhibit 1009 - Page 25



WO 03/071511 PCT/KR02/02323

4/9

”'\./1 44
—~—-136
—~—_-130
—~-114

—~——-109
=—— 101
4100
47

2
c1

128

)
108

135~F,
|
113 —F

FIG. 4

102

T3

/
A—134
126

)

EL
119
107

IPR2024-01132 - BOE
Exhibit 1009 - Page 26



WO 03/071511 PCT/KR02/02323

5/9

(
)
103

FIG. SA

102

IPR2024-01132 - BOE
Exhibit 1009 - Page 27



WO 03/071511 PCT/KR02/02323

6/9

—~-100
£,

—~——_-109
/\/1 01

)
108

FIG. OB

7
e

4

| S AAAAY,
102

4
N AL

777777

)
107

IPR2024-01132 - BOE
Exhibit 1009 - Page 28



PCT/KR02/02323

WO 03/071511

7/9

00l \

\

LOL™

\

77 i V-
@O_\\'/.. I\\\\\\\\\\\\\\l&

clLI—X2

06 Ol

IPR2024-01132 - BOE

Exhibit 1009 - Page 29



PCT/KR02/02323

WO 03/071511

8/9

00l

LOL™ ™

60 L™

142

ds Ol

¢0lL 80l Z0l /0]
f f s m
| X\ﬂ\&.x\\xxp\\\%\x\\ \\\\H_\\\_\w\\\\\ \\ﬂ\\L\\.\\\—\\\\\nxh_
N
| —<1l v N_ Z
g 0Zl— Zll 611l
\ NN
= 37| - /2L 971

IPR2024-01132 - BOE

Exhibit 1009 - Page 30



PCT/KR02/02323

WO 03/071511

9/9

00 L™

¢ol 801

L0l F ! ) e —
@O —‘\\/\ \\\\\\\\\\\\\&lb \\\\\\\Q ’ & \T\/*’\\E
Y F—clil |4 N_ /]
Pl 0CL— AN -—611
1\ N N : o/
ogl— 7 | 8zl | LZ1 9¢L p)=—T¢C¢C!
4 \\\\ M\N g
cel vE L

35

Ol

IPR2024-01132 - BOE

Exhibit 1009 - Page 31





