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FLAT PANEL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 2007-30478, filed Mar. 28, 2007, the disclo-
sure of which is hereby incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] 1.Field

[0003] The field relates to a flat panel display device and a
method of fabricating the same, and more particularly, to a flat
panel display device including a capacitor having first and
second capacitors, wherein the capacitor has a first capacitor
electrode and a third capacitor electrode which are different in
area.

[0004] 2. Description of Related Technology

[0005] Generally, an organic light emitting diode (OLED)
display device, one kind of a flat panel display device, is a
self-emissive display device which electrically excites an
emissive organic compound so as to emit light, and is classi-
fied as a passive-matrix device or an active-matrix device
based on its driving mechanism.

[0006] The active-matrix OLED display device includes a
thin film transistor, and is suitable for large-sized display
device because of less power consumption than the passive-
matrix OLED display device.

[0007] This active-matrix OLED display device includes
thin film transistors and capacitors in a compensation circuit.
[0008] FIG. 1 is a cross-sectional view of a conventional
OLED display device.

[0009] Referring to FIG. 1, an amorphous silicon layer is
formed on a substrate 10 including a first region a in which an
organic light emitting diode (OLED) and a thin film transistor
are formed and a second region b in which a capacitor is
formed, and then crystallized to form a polycrystalline silicon
layer.

[0010] After crystallization into the polycrystalline silicon
layer, the polycrystalline silicon layer is patterned so as to
form a semiconductor layer 11 in the first region a, and form
a first capacitor electrode 31 in the second region b.

[0011] Then, a gate insulating layer 12 is formed on the
entire surface of the substrate, and a gate metal layer is depos-
ited on the gate insulating layer 12. The gate metal layer is
patterned so as to form a gate electrode 13 corresponding to a
certain region of the semiconductor layer 11 in the first region
a.

[0012] The gate metal layer is patterned so as to form a
second capacitor electrode 32 corresponding to a certain
region of the first capacitor electrode 31 on the gate insulating
layer 12 in the second region b, while forming the gate elec-
trode 13.

[0013] Subsequently, n- or p-type impurity ions are
injected into the semiconductor layer 11, thereby forming
source and drain regions 11a and 115. Here, a channel region
11c is formed between the source and drain regions 11a and
1154 of the semiconductor layer 11.

[0014] After forming an interlayer insulating layer 14 on
the entire surface of the substrate, the interlayer insulating
layer 14 and the gate insulating layer 12 are etched in the first
region a, thereby forming first and second contact holes 15a
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and 155 which partially expose the source and drain regions
11a and 115 of the semiconductor layer 11, respectively.

[0015] A third contact hole 40a partially exposing the sec-
ond capacitor electrode 32 and a fourth contact hole 33a
partially exposing the first capacitor electrode 31 are formed
in the second regions b.

[0016] Then, source and drain metal layers are deposited on
the interlayer insulating layer 14 and are then patterned in a
certain shape in the first region a so as to form source and
drain electrodes 15 which are connected with the source and
drain regions 11a and 115 of the semiconductor layer 11
through the first and second contact holes 154 and 155,
respectively.

[0017] Also, a first power voltage line 40 connected with
the second capacitor electrode 32 through a third contact hole
40a, and a third capacitor electrode 33 connected with the first
capacitor electrode 31 through a fourth contact hole 335 are
formed in the second region b.

[0018] The first capacitor electrode 31 and the second
capacitor electrode 32 constitute a first capacitor. Here, the
first capacitor electrode 31 is a lower electrode of the first
capacitor, and the second capacitor electrode 32 is an upper
electrode of the first capacitor. Also, the second capacitor
electrode 32 and the third capacitor electrode 33 constitute a
second capacitor, wherein the second capacitor electrode 32
is a lower electrode of the second capacitor, and the third
capacitor electrode 33 is an upper electrode of the second
capacitor.

[0019] Here, the first capacitor electrode 31 and the third
capacitor electrode 33 have the same area so that an area S2
corresponding to the third capacitor electrode 33 overlap of
the second capacitor electrode 32 is equal to an area SI cor-
responding to the second capacitor electrode 32 overlap of the
first capacitor electrode 31.

[0020] Thus, when the permittivity and distance between
the first capacitor and the second capacitor are equal, the
capacitances of the capacitors are also equal.

[0021] A passivation layer 16 is formed on the entire sur-
face of the substrate, and a planarization layer (not illustrated)
may be formed of an organic material to reduce a step height
on the substrate.

[0022] Here, a pixel electrode 17 is formed in the first
region a, which is electrically connected with one of the
source and drain electrodes 15 through a via hole passing
through the passivation layer 16 or the planarization layer.

[0023] Subsequently, a pixel defining layer 18 including an
opening partially exposing the pixel electrode 17 is formed.
An organic layer 19 including an organic emitting layer is
formed on the pixel electrode 17 exposed by the opening, and
a counter electrode 20 is formed on the entire surface of the
substrate, and thus the OLED display device may be com-
pleted.

[0024] However, the distance between the third capacitor
electrode 33 and the first power voltage line 40 is relatively
small, which is within 5 pm, because the area of the third
capacitor electrode 33 has to be large to increase the capaci-
tance of the capacitor.

[0025] The small distance between interconnections may
cause a short circuit between the third capacitor electrode 33
and the first power voltage line 40 in the patterning process.
[0026] As a result, the capacitor is short-circuited, so that
the voltage between the gate and the source electrode of the
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thin film transistor is 0 and no current flows, and thus a dark
spot occurs in the OLED display device.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0027] One aspectis a flat panel display device, including a
substrate with a first region on which an organic light emitting
diode and athin film transistor are formed and a second region
on which a capacitor is formed. The device also includes a
semiconductor layer with source and drain regions on the first
region, a first capacitor electrode formed on the second
region, a gate insulating layer formed on the substrate, a gate
electrode formed on the first region on the gate insulating
layer, a second capacitor electrode formed on the second
region, an interlayer insulating layer formed on the substrate,
source and drain electrodes formed on the first region on the
interlayer insulating layer and connected with the semicon-
ductor layer through first and second contact holes. The
device also includes a first power voltage line formed on the
second region connected with the second capacitor electrode
through a third contact hole, and a third capacitor electrode
formed on the second region connected with the first capaci-
tor electrode through a fourth contact hole, and having a
different area from the first capacitor electrode.

[0028] Another aspect is amethod of fabricating a flat panel
display device. The method includes providing a substrate
including a first region on which an organic light emitting
diode and athin film transistor are formed and a second region
on which a capacitor is formed. The method also includes
forming a semiconductor layer on the first region, forming a
first capacitor electrode on the second region, forming a gate
insulating layer on the substrate, forming a gate electrode on
the first region on the gate insulating layer, forming a second
capacitor electrode on the second region on the gate insulat-
ing layer, and injecting a dopant into the semiconductor layer
and forming source and drain regions. The method also
includes forming an interlayer insulating layer on the sub-
strate, forming first and second contact holes respectively
exposing the source and drain regions on the interlayer insu-
lating layer, forming third and fourth contact holes respec-
tively exposing the first capacitor electrode and the second
capacitor electrode, forming source and drain electrodes con-
nected with the source and drain regions through the first and
second contact holes on the first region on the interlayer
insulating layer, forming a first power voltage line connected
with the second capacitor electrode through the third contact
hole, and forming a third capacitor electrode connected with
the first capacitor electrode through the fourth contact hole
and having a different area from the first capacitor electrode
on the second region on the interlayer insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features will be described in
reference to certain embodiments thereof with reference to
the attached drawings in which:

[0030] FIG. 1 is a cross-sectional view of a conventional
organic light emitting diode (OLED) display device; and
[0031] FIGS. 2A to 2E are cross-sectional views illustrat-
ing a method of fabricating an OLED display device.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0032] Certain embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings.
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[0033] FIGS. 2A to 2E are cross-sectional views illustrat-
ing an innovative method of fabricating an OLED display
device.

[0034] First, referring to FIG. 2A, a buffer layer (not illus-
trated) is formed to prevent the diffusion of moisture or impu-
rities, or to control thermal transmission in the crystallization
on a substrate 100.

[0035] An amorphous silicon layer is formed on the buffer
layer, and then crystallized to form a polycrystalline silicon
layer. The crystallization of the amorphous silicon layer may
be performed by excimer laser annealing (ELA), sequential
lateral solidification (SLS), metal induced crystallization
(MIC) or metal induced laser crystallization (MILC). The
polycrystalline silicon layer includes a first region A in which
an organic light emitting diode (OLED) and a thin film tran-
sistor are formed and a second region B in which a capacitor
(Cst) is formed.

[0036] The polycrystalline silicon layer is patterned in a
certain shape, so as to form a first capacitor electrode 131 in
the second region B while forming a semiconductor layer 111
in the first region A.

[0037] Referring to FIG. 2B, a gate insulating layer 112 is
formed on the entire surface of the substrate, and a gate metal
layer, which may, for example, be formed of one of aluminum
(Al), an Al alloy, molybdenum (Mo) and a Mo alloy, is depos-
ited on the gate insulating layer 112.

[0038] Then, the gate metal layer is patterned so as to form
a gate electrode 113 corresponding to a certain region of the
semiconductor layer 111 in the first region A. While forming
the gate electrode 113, a second capacitor electrode 132 cor-
responding to a certain region of the first capacitor electrode
131 is formed by patterning the gate metal layer on the gate
insulating layer 112 in the second region B.

[0039] An n- or p-type dopant is injected into the semicon-
ductor layer 111 using the gate electrode 113 as a mask so as
to form source and drain regions 111a and 1114.

[0040] Beneath the gate electrode 113, a channel region
111c is formed between the source and drain regions 111a
and 1115 of the semiconductor layer 111.

[0041] Referring to FIG. 2C, an interlayer insulating layer
114 is formed on the entire surface of the substrate.

[0042] Then, theinterlayerinsulating layer 114 and the gate
insulating layer 112 are etched to respectively form first and
second contact holes 115a and 1155 at least partially expos-
ing the source and drain regions 111a and 1115 of the semi-
conductor layer 111 in the first region A. A third contact hole
140q partially exposing the second capacitor electrode 132
and a fourth contact hole 133a partially exposing the first
capacitor electrode 131 are formed in the second region B.
[0043] Thebuffer layer (notillustrated), the gate insulating
layer 112 and the interlayer insulating layer 114 may be
formed of S10,, SiNX, or a multi-layer thereof.

[0044] Referring to FIG. 2D, source and drain metal layers
formed, for example, of one of Al, an Al alloy, Mo and a Mo
alloy is deposited on the interlayer insulating layer 114.
[0045] The source and drain metal layers are patterned in a
certain shape to form source and drain electrodes 115, which
are respectively connected with the source and drain regions
111a and 1115 of the semiconductor layer 111 through the
firstand second contactholes 115a and 1155 in the first region
A.

[0046] A first power voltage line 140 connected with the
second capacitor electrode 132 through the third contact hole
140q, and a third capacitor electrode 133 connected with the
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first capacitor electrode 131 through the fourth contact hole
133a are formed in the second region B.

[0047] Here, the first capacitor electrode 131 and the sec-
ond capacitor electrode 132 constitute a first capacitor (Cst1),
wherein the first capacitor electrode 131 is a lower electrode
of the first capacitor (Cstl), and the second capacitor elec-
trode 132 is an upper electrode of the first capacitor (Cst1).
The second capacitor electrode 132 and the third capacitor
electrode 133 constitute a second capacitor (Cst2), wherein
the second capacitor electrode 132 is a lower electrode of the
second capacitor (Cst2), and the third capacitor electrode 133
is an upper electrode of the second capacitor (Cst2). As a
result, the first and second capacitors form a capacitor (Cst).
[0048] The first capacitor electrode 131 and the third
capacitor electrode 133 are different in area. To preserve the
total capacitance and increase the spacing between the third
capacitor electrode 133, the area of the first capacitor elec-
trode 131 is larger than the area of the third capacitor elec-
trode 133.

[0049] Here, the capacitance of the capacitor between two
electrodes may be expressed by the following equation.

C=e(51d)

[0050] Here, € represents permittivity, S represents area
between the two electrodes, and d represents a distance
between two electrodes.

[0051] When the area of the third capacitor electrode 133,
1.e., the upper electrode of the second capacitor (Cst2), is
smaller than a certain area S2, the corresponding area
between the third capacitor electrode 133 and the second
capacitor electrode 132 is smaller by a variation W in area of
the capacitor. As a result, the capacitance of the second
capacitor (Cst2) is reduced by €, W/d,, that is Cst2=¢,S,/d,-
€,W/d,.

[0052] Similarly, when the area of the first capacitor elec-
trode 131, i.e., the lower electrode of the first capacitor (Cst1),
is larger than a certain area S,(=S2), the corresponding area
between the first capacitor electrode 131 and the second
capacitor electrode 132 is larger by W. Accordingly, the
capacitance of the first capacitor (Cst1) is increased by €, W/
d,, that is Cstl=€,S,/d, +¢, W/d,.

[0053] As a result, the first capacitor electrode 131 corre-
sponding to the second capacitor electrode 132 and the third
capacitor electrode 133 have an area difference of Wx2.
[0054] Therefore, capacitance of the capacitor (Cst) is the
same as the capacitance of the capacitor if the areas of the
third capacitor electrode 133 and the first capacitor electrode
131 were both the same, that is Cst=Cst1+Cst2=¢,S,/d +
€, W/d, +€,S,/d,—€, W/d,. When the permittivity and distance
between the first capacitor (Cstl) and the second capacitor
(Cst2) are equal, €, W/d,=e,W/d,, and Cst=¢,S,/d, +€,5,/d,.
Therefore, when the permittivity and distance between the
first capacitor (Cstl) and the second capacitor (Cst2) are
equal, the capacitance Cst is equal to the capacitance if the
area of the first capacitor Cst1 and the area of second capaci-
tor Cst2 were both the same.

[0055] Accordingly, in the above-described manner, while
maintaining the same total capacitance, the distance between
the first power voltage line 140 and the third capacitor elec-
trode 133 may be increased, thereby preventing a short circuit
between the first power voltage line 140 and the third capaci-
tor electrode 133 which may occur in fabrication.

[0056] Then, referring to FIG. 2E, a passivation layer 116,
formed, for example, of Si0,, SiNx or a multi-layer thereof is
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formed on the entire surface of the substrate, and a planariza-
tion layer (not illustrated) formed, for example, of an organic
material may be formed to reduce a step height on the sub-
strate.

[0057] Here, a pixel electrode 170 electrically connected
with one of the source and drain electrodes 115 through a via
hole passing through the passivation layer 116 or the pla-
narization layer is formed in the first region A. The pixel
electrode 170 may have a stacked structure of a transparent
electrode such as indium tin oxide (ITO) or indium zinc oxide
(IZO) and a reflective electrode formed of one selected from
the group consisting of Pt, Au, Ir, Cr, Mg, Ag. Al and an alloy
thereof.

[0058] A pixel defining layer 118 including an opening
exposing a partial region of the pixel electrode 170 is formed
on the entire surface of the substrate. The pixel defining layer
118 may be formed. for example, of one selected from the
group consisting of benzocyclobutene (BCB), an acryl-based
polymer and polyimide.

[0059] Then, an organic layer 190 including an organic
emitting layer may be formed on the pixel electrode 170
exposed by the opening, and a counter electrode 200 may be
formed on the entire surface of the substrate.

[0060] Consequently, according to a flat panel display
device and a method of fabricating the same, it is possible to
ensure the distance between a first power voltage line and a
third capacitor electrode by reducing the area of the third
capacitor electrode of a capacitor (Cst). At the same time, the
capacitance of the capacitor (Cst) according to the reduction
in area of the third capacitor electrode may be compensated
by increasing the area of a first capacitor electrode.

[0061] Thus, a dark spot caused by a short circuit between
the first power voltage line and the third capacitor electrode
may be prevented while retaining the capacitance of the
capacitor (Cst) and decreasing the area of the third capacitor
electrode.

[0062] Although the certain embodiments been described
with reference to the figures, it will be understood by those
skilled in the art that a variety of modifications and variations
may be made to the embodiments without departing from the
spirit or scope of the present invention.

What is claimed is:

1. A flat panel display device, comprising:

a substrate including a first region on which an organic
light emitting diode and a thin film transistor are formed
and a second region on which a capacitor is formed,

a semiconductor layer including source and drain regions
on the first region;

a first capacitor electrode formed on the second region;

a gate insulating layer formed on the substrate;

a gate electrode formed on the first region on the gate
insulating layer;

a second capacitor electrode formed on the second region;

an interlayer insulating layer formed on the substrate;

source and drain electrodes formed on the first region on
the interlayer insulating layer and connected with the
semiconductor layer through first and second contact
holes;

a first power voltage line formed on the second region
connected with the second capacitor electrode through a
third contact hole; and
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a third capacitor electrode formed on the second region
connected with the first capacitor electrode through a
fourth contact hole, and having a different area from the
first capacitor electrode.

2. The display device according to claim 1, wherein the first
capacitor electrode is formed from the same material as the
semiconductor layer.

3. The display device according to claim 1, wherein the
second capacitor electrode is formed from the same material
as the gate electrode.

4. The display device according to claim 1, wherein the first
power voltage line is formed from the same material as the
source and drain electrodes.

5. The display device according to claim 1, wherein the
third capacitor electrode is formed from the same material as
the source and drain electrodes.

6. The display device according to claim 1, wherein the first
capacitor electrode is formed in substantially the same layer
as the semiconductor layer.

7. The display device according to claim 1, wherein the
second capacitor electrode is formed in substantially the same
layer as the gate electrode.

8. The display device according to claim 1, wherein the first
power voltage line is formed in substantially the same layer as
the source and drain electrodes.

9. The display device according to claim 1, wherein the
third capacitor electrode is formed in substantially the same
layer as the source and drain electrodes.

10. The display device according to claim 1, wherein the
first capacitor electrode corresponding to the second capaci-
tor electrode and the third capacitor electrode have an area
difference of Wx2 and wherein W is a variation in the area of
the capacitor.

11. A method of fabricating a flat panel display device,
comprising:

providing a substrate including a first region in which an
organic light emitting diode and a thin film transistor are
formed and a second region in which a capacitor is
formed;

forming a semiconductor layer on the first region on the
substrate;

forming a first capacitor electrode on the second region;

forming a gate insulating layer on the substrate;

forming a gate electrode on the first region on the gate
insulating layer, forming a second capacitor electrode on
the second region on the gate insulating layer;

injecting a dopant into the semiconductor layer and form-
ing source and drain regions;
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forming an interlayer insulating layer on the substrate;

forming first and second contact holes respectively expos-

ing the source and drain regions on the interlayer insu-
lating layer,

forming third and fourth contact holes respectively expos-

ing the first capacitor electrode and the second capacitor
electrode;

forming source and drain electrodes connected with the

source and drain regions through the first and second
contact holes on the first region on the interlayer insu-
lating layer;

forming a first power voltage line connected with the sec-

ond capacitor electrode through the third contact hole;
and

forming a third capacitor electrode connected with the first

capacitor electrode through the fourth contact hole and
having a different area from the first capacitor electrode
on the second region on the interlayer insulating layer.

12. The method according to claim 11, wherein the first
capacitor electrode is formed from the same material as the
semiconductor layer.

13. The method according to claim 11, wherein the second
capacitor electrode is formed from the same material as the
gate electrode.

14. The method according to claim 11, wherein the first
power voltage line is formed from the same material as the
source and drain electrodes.

15. The method according to claim 11, wherein the third
capacitor electrode is formed from the same material as the
source and drain electrodes.

16. The method according to claim 11, wherein the first
capacitor electrode is formed in substantially the same layer
as the semiconductor layer.

17. The method according to claim 11, wherein the second
capacitor electrode is formed in substantially the same layer
as the gate electrode.

18. The method according to claim 11, wherein the first
power voltage line is formed in substantially the same layer as
the source and drain electrodes.

19. The method according to claim 11, wherein the third
capacitor electrode is formed in substantially the same layer
as the source and drain electrodes.

20. The method according to claim 11, wherein the first
capacitor electrode corresponding to the second capacitor
electrode and the third capacitor electrode have an area dif-
ference of Wx2 and wherein W is a variation in the area of the
capacitor.
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