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(&Y)] ABSTRACT

An active matrix organic electro luminescent display (ELD)
device comprises a substrate, first and second active layers
formed of polycrystalline silicon on the substrate, first
source and drain regions and second source and drain
regions, the first source and drain regions neighboring the
first active layer and the second source and drain regions
neighboring the second active layer, a gate insulating layer
on the first and second active layers, first and second gate
electrodes on the gate insulating layer, a first inter layer on
the first and second gate electrodes, an anode electrode and
a capacitor electrode on the first inter layer, a first passiva-
tion layer on the anode electrode and the capacitor electrode,
a power line on the first passivation layer, first source and
drain electrodes on the first passivation layer, the first source
electrode being connected to the first source region and the
first drain electrode being connected to the first drain region,
second source and drain electrodes on the first passivation
layer, the second source electrode being connected to the
second source region, the power line and the capacitor
electrode and the second drain electrode being connected to
the second drain region and the anode electrode, and a
second passivation layer on the first source and drain elec-
trodes and the second source and drain electrodes, the

(51) It CL7 s HO1J 1/62 second passivation layer having a bank that exposes the
(32) US. CL oo 313/506 anode electrode.
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ACTIVE MATRIX ORGANIC LUMINESCENCE
DISPLAY DEVICE AND MANUFACTURING
METHOD FOR THE SAME

[0001] This application claims the benefit of Korean
Patent Application No. 2001-88537, filed on Dec. 29, 2001
in Korea, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a flat panel display
device and more particularly, to an active matrix electro
luminescence display (ELD) device having thin film tran-
sistors and manufacturing method for the same.

[0004] 2. Discussion of the Related Art

[0005] As the information age has been evolved rapidly,
the necessity for flat panel display, which has advantages
such as thinness, lightweight and lower power consumption,
has been increased. Accordingly, various flat panel display
devices such as liquid crystal display (LCD) devices, plasma
display panels (PDPs), field emission display devices and
electro luminescence display (ELD) devices have been
researched. The electro luminescence display (ELD) device
makes use of electro luminescence phenomenon in which
light is generated when an electric field of certain intensity
is applied to a fluorescent substance. The electro lumines-
cence display (ELD) devices can be classified into inorganic
electro luminescence display (ELD) devices and organic
electro luminescent display (ELD) devices depending on the
source that excites careers. Attention recently has focused on
the organic electro luminescent display (ELD) device as a
displaying device for natural colors because it can display
every colors in the visible range and has a high brightness
and a low action voltage. In addition, because the organic
electro luminescence display (ELD) device is self-lumines-
cent, it has a high contrast ratio and is suitable for an
ultra-thin type display device. Moreover, because it has a
simple manufacturing process, the degree of environmental
contamination is relatively low. Besides, the organic electro
luminescence display (ELD) device has a few microseconds
(ps) response time so that it is suitable for displaying moving
images. The organic electro luminescence display (ELD)
device has no limit in a viewing angle and is stable in low
temperature conditions. Because it is driven with a relatively
low voltage between 5V and 15V, manufacturing and design
of a driving circuit is easy. A structure of the organic electro
luminescent display (ELD) device is similar to that of the
inorganic electro luminescence display (ELD) device but the
light-emitting theory is different from that of the inorganic
electro luminescence display (ELD) device. That is, the
organic electro luminescence display (ELD) device emits
light by recombination of an electron and a hole and thus it
is referred to as an organic light emitting diode (OLED).
Recently, an active matrix type display in which a plurality
of pixels is arranged in a matrix form and a thin film
transistor is connected thereto has been widely applied to the
flat panel display devices. The active matrix type display is
also applied to the organic electro luminescent display
(ELD) device and this is transferred to as an active matrix
organic electro luminescent display (ELD) device.

[0006] FIG. 11is a circuit diagram illustrating a pixel of a
related art active matrix organic electro luminescent display
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device. In FIG. 1, a pixel of the active matrix organic electro
luminescent display device has a switching thin film tran-
sistor 4, a driving thin film transistor 3, a storage capacitor
6 and a light emitting diode (LED) 7. The switching thin film
transistor 4 and the driving thin film transistor 5 are formed
of p type polycrystalline silicon thin film transistor. A gate
electrode of the switching thin film transistor 4 is connected
to the gate lane 1 and a source electrode is connected to the
data line 2. A drain electrode of the switching thin film
transistor 4 is connected to a gate electrode of the driving
thin, film transistor 5 and a drain electrode of the driving thin
film transistor 3 is connected to an anode electrode of the
light emitting diode (LED) 7. A source electrode of the
driving thin film transistor 5 is connected to a power line 3
and a cathode electrode of the light emitting diode (LED) 7
is grounded to earth. A storage capacitor 6 is connected to
the gate electrode and the source electrode of the driving thin
film resistor 5. If a signal is applied to the gate line 1, the
switching thin film transistor 4 is turned on. If a signal of the
data line 2 is applied to the gate electrode of the driving thin
film transistor 5, the driving thin film transistor 5 is turned
on and thus the light emitting diode (LED) 7 emits light. The
storage capacitor 6 serves to keep a gate voltage of the
driving thin film transistor 5 constant while the switching
thin film transistor 4 is turned off.

[0007] FIG. 2 is a cross-sectional view of the related art
active matrix organic electro luminescent display device. In
FIG. 2, a polycrystalline silicon layer 11,12, 13,14, 15 and
16 having an island shape is formed on a substrate 10. The
polycrystalline silicon layer 11, 12, 13, 14, 15 and 16 is
divided into an active layer 11 and 14 of the thin film
transistor and source and drain regions 12, 13,15 and 16 on
which impurities doped. A gate insulating layer 20 is formed
on the polycrystalline silicon layer 11, 12,13, 14, 15 and 16.
First and second gate electrodes 21 and 22 are formed on the
gate insulating layer 20 over the active layer 11 and 14. An
inter layer 30 is then formed on the first and second gate
electrodes 21 and 22. The inter layer 30 and the gate
insulating layer 20 has first, second and third contact holes
304, 30b and 30c that respectively exposes a portion of a first
source region 12, a second drain region 15 and a second
source region 16. A first source electrode 41, a second drain
electrode 42 and a second source electrode 43 are formed of
conductive metal material on the inter layer 30. The first
source electrode 41 is connected to the first source region 12
through the first contact hole 304, the second drain electrode
42 to the second drain region 15 through the second contact
hole 305 and the second source electrode 43 to the second
source region 16 through the third contact hole 30c. A first
drain electrode (not shown in the figure) is further formed of
same material as the first source electrode 41 over the first
drain region 13 and connected to the first drain region 13.
The first drain electrode (not shown) is also connected to the
second gate electrode 22. The second source electrode 43 is
connected to the power line 3 of FIG. 3 and it may be
extended from the power line 3 of FIG. 1 or be a portion of
the power line 3 of FIG. 1. A portion of the second source
electrode 43 is overlapped with the second gate electrode 22
and thus forms the storage capacitor C,. The first gate
electrode 21, the first source electrode 41 and the first drain
electrode (not shown) constitutes the switching thin film
transistor 4 of FIG. 1 and the second gate electrode 22, the
second source electrode 43 and the second drain electrode
42 constitutes the driving thin film transistor § of FIG. 1. A



US 2003/0141811 Al

first passivation layer 50 is formed on the first source
electrode 41, the second drain electrode 42 and the second
source electrode 43 and the first passivation layer 50 has a
fourth contact hole 50a that exposes a portion of the second
drain electrode 42. An anode electrode 60 is formed of
transparent conductive material on the first passivation layer
50 and the anode electrode 60 is connected to the second
drain electrode 42 through the fourth contact hole 50a. A
second passivation layer 70 is then formed on the anode
electrode 60 and the second passivation layer 70 has a bank
71 that exposes the anode electrode 60.

[0008] FIGS. 3A to 3G are cross-sectional views illus-
trating a fabricating sequence of the related art active matrix
organic electro luminescent display device. In FIG. 3A, a
semiconductor layer 17 and 18 are formed by forming a
polycrystalline silicon layer and patterning it with a first
mask on the substrate 10. A buffer layer (not shown) may
further be formed of material such as silicon oxide (Si0,)
between the substrate 10 and the semiconductor layer 17 and
18.

[0009] In FIG. 3B, the gate insulating layer 20 is formed
on the semiconductor layer 17 and 18. The fast and second
gate electrodes 21 and 22 are formed by depositing material
such as metal and patterning it with a second mask. The
active layers 11 and 14 and the source and drain regions 12,
13, 15 and 16 are formed by doping impurities into the
semiconductor layer 17 and 18 of FIG. 3A using the first and
second gate electrodes 21 and 22 as a mask. The impurities
are not doped into the active layer 11 and 14.

[0010] In. FIG.3C, the inter layer 30 is formed on the first
and second gate electrodes 21 and 22 and the first, second
and third contact holes 30a, 305 and 30c are formed by
patterning the inter layer 30 with a third mask. The first
contact hole 30a exposes the first source region 12, the
second contact hole 30b the second drain region 15 and the
third contact hole 30c the second source region 16.

[0011] In FIG. 3D, the first source electrode 41, the
second drain electrode 42 and the second source electrode
43 are formed by depositing conductive material such as
metal on the inter layer 30 and patterning it with a fourth
mask. The first source electrode 41 is connected to the first
source region 12 through the first intact hole 304, the second
drain electrode 42 to the second drain region 15 through the
second contact hole 305 and the second source electrode 43
to the second source region 16 through the third contact hole
34c. The second source electrode 43 forms the storage
capacitor C, by overlapping with the second gate electrode
22.Tn addition, the first drain electrode (not shown) and the
power line (not shown) are formed at this time. The first
drain electrode is connected to the first drain region 13 and
the second gate electrode 22, and the power line is connected
to the second source electrode 43.

[0012] In FIG. 3E, the first passivation layer 50 is formed
on the first source electrode 41, the second drain and source
electrodes 42 and 43. The fourth contact hole 50a, which
exposes a portion of the second drain electrode 42, is formed
by patterning the first passivation layer 50 with a fifth mask.

[0013] In FIG. 3F, the anode electrode 60, which contacts
the second drain electrode 42 through the fourth contact hole
50q, is formed by depositing transparent conductive material
on the first passivation layer 50 and patterning it with a sixth
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mask. The anode electrode 60 becomes a pixel electrode of
the active matrix organic electro luminescent display device.

[0014] In FIG. 3G, the second passivation layer 70 is
formed on the anode electrode 60 and the bank 71 is formed
in the second passivation layer 70 by patterning the second
passivation layer 70 with a seventh mask. After forming an
array substrate of the active matrix organic electro lumines-
cent display device as stated above, the active matrix organic
electro luminescent display device is completed by further
forming organic luminescent layer over the bank 71 and
forming a cathode electrode thereon.

[0015] The storage capacitor C, is for keeping a gate
driving voltage of the driving thin film transistor stable and
is an important element for displaying high quality images
by restraining a pixel voltage fluctuation that is induced by
a kick-back voltage of the switching thin film transistor and
a leakage current. A storage capacitance of the storage
capacitor is proportional to an area of electrodes and a
dielectric constant of a dielectric substance between two
electrodes, and inverse proportional to a distance between
the two electrodes, i.e., a thickness of the dielectric sub-
stance. The inter layer 30 is usually formed of silicon oxide
(Si0,) and its thickness is about 7,000 A (angstrom). If the
thickness of the inter layer 30 is small, the power line
becomes winding and thus electric resistance is increased.
Besides, the power line may be broken. Accordingly, there
is a limit in reducing the thickness of the inter layer 30. If
the area of the electrode of the storage capacitor is increased,
it results in a decrease of an area of the pixel electrode, i.c.,
the anode electrode 60, and thus an aperture ratio is
decreased. An active matrix organic electro luminescent
display device has been suggested to overcome this problem
and it is illustrated in FIG. 4. FIG. 4 is a cross-sectional
view of other related art active matrix organic electro
luminescent display device. Because the active matrix
organic electro luminescent display device of FIG. 4 has a
similar structure with that of the above mentioned one of
FIG. 2 except a storage capacitor portion, a detailed expla-
nation on a same structure will be omitted. In FIG. 4, a first
inter layer 31 is formed on the first and second gate
electrodes 21 and 22. A capacitor electrode 80 that is
overlapped with the second gate electrode 22 is formed on
the first inter layer 31. A second :inter layer 32 is formed on
the capacitor electrode 80. The second inter layer 32
together with the first inter layer 31 and the gate insulating
layer 20 has first, second, third and fourth contact holes 324,
32b, 32¢ and 32d. The first contact hole 32a exposes a
portion of the first source region 12, the second contact hole
32b the second drain region 15, the third contact hole 32¢ the
capacitor electrode 80 and the fourth contact hole 324 the
second source region 16. The first source electrode 41, the
second drain electrode 42 and the second source electrode
43 are formed on the second inter layer 32. The first source
electrode 41 is connected to the first source region 12
through the first contact hole 324 and the second drain
electrode 42 is connected to the second drain region 15
through the second contact hole 32b. The second source
electrode 43 is connected to the capacitor electrode 80 and
the second source region 16 respectively through the third
and fourth contact holes 32¢ and 32d. The first and second
inter layers 31 and 32 are usually formed of silicon oxide
(510,). A thickness of the first inter layer 31 is about 3,000
A (angstrom) and a thickness of the second inter layer 32 is
about 4,000 A (angstrom). A summation of the thickness of
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the first inter layer 31 and the thickness of the second inter
layer 32 has a similar value with that of the inter layer 30 of
FIG. 2. Because the capacitor electrode 80 is formed
between the first and. second inter layers 31 and 32 and the
capacitor electrode 80 and the second gate electrode 22 form
the storage capacitor, a thickness of the dielectric substance
is reduced and thus the storage capacitance of the storage
capacitor can be increased. However, this active matrix
organic electro luminescent display device is manufactured
by iterating a photolithographic masking process several
times. Because the photolithographic masking process
includes many minor processes such as cleaning, deposition
of the photoresist layer, exposure, development and etching,
manufacturing time and cost depends on the number of
masks needed. That is, if only one mask can be omitted for
the total manufacturing process, the manufacturing time and
cost can be greatly saved. The active matrix organic electro
luminescent display device of FIG. 2 needs seven masks and
the active matrix organic electro luminescent display device
needs 8 masks because the capacitor electrode 80 must be
formed of separate metal material. Accordingly, the manu-
facturing time and cost are increased according to the related
arts.

SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention is directed to an
active matrix organic electro luminescent display (ELD)
device and manufacturing method for the same that sub-
stantially obviates one or more of problems due to limita-
tions and disadvantages of the related art.

[0017] An advantage of the present invention is to provide
an active matrix organic electro luminescent display (ELD)
device in which a storage capacitance of a storage capacitor
is increased without reducing an aperture ratio and number
of masks needed is reduced.

[0018] Another advantage of the present invention is to
provide a manufacturing method for the active matrix
organic electro luminescent display (ELD) device in which
a storage capacitance of a storage capacitor is increased
without reducing an aperture ratio and a number of needed
masks is reduced.

[0019] Additional features and advantages of the inven-
tion will be set forth in the description. which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0020] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, an active matrix organic
electro luminescent display (ELD) device comprises a sub-
strate, first and second active layers formed of polycrystal-
line silicon on the substrate, first source and drain regions
and second source and drain regions, the first source and
drain regions neighboring the first active layer and the
second source and drain regions neighboring the second
active layer, a gate insulating layer on the first and second
active layers, first and second gate electrodes on the gate
insulating layer, a first inter layer on the first and second gate
electrodes, an anode electrode and a capacitor electrode on
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the first inter layer, a first passivation layer on the anode
electrode and the capacitor electrode, a power line on the
first passivation layer, first source and drain electrodes on the
first passivation layer, the first source electrode being con-
nected to the first source region and the first drain electrode
being connected to the first drain region, second source and
drain electrodes on the first passivation layer, the second
source electrode being connected to the second source
region, the power line and the capacitor electrode and the
second drain electrode being connected to the second drain
region and the anode electrode, and a second passivation
layer on the first source and drain electrodes and the second
source and drain electrodes, the second passivation layer
having a bank that exposes the anode electrode. The capaci-
tor electrode is overlapped with the second gate electrode
and forms a storage capacitor together with the second gate
electrode. The capacitor electrode is overlapped with the
first drain region and forms a storage capacitor together with
the first drain region. The capacitor electrode is formed of
same material as the anode electrode. The anode electrode is
formed one of indium tin oxide (ITO) and indium zinc oxide
(IZO). The power line is formed of same material as the
second source and drain electrodes. The active matrix
organic electro luminescent display (ELD) device further
comprise a second inter layer on the first inter layer. The
second inter layer is formed of silicon nitride (SiNXx).

[0021] A manufacturing method for an active matrix
organic electro luminescent display (ELD) device comprises
forming first and second semiconductor layers on a substrate
with polycrystalline silicon, forming a gate insulating layer
on the first and second semiconductor layers, forming first
and second gate electrodes on the gate insulating layer,
forming first source and drain regions and second source and
drain regions by inputting ions into the first and second
semiconductor layers using the first and second gate elec-
trodes as a mask, forming a first inter layer on the first and
second gate electrodes, forming an anode electrode on the
first inter layer, forming a capacitor electrode on the first
inter layer, forming a first passivation layer on the anode
electrode and the capacitor electrode, the first passivation
layer having a plurality of contact holes, forming a power
line on the first passivation layer, forming first source and
drain electrodes on the first passivation layer, the first source
electrode being connected to the first source region and the
first drain electrode being connected to the first drain region,
forming second source and drain electrodes on the first
passivation layer, the second source electrode being con-
nected to the second source region, the power line and the
capacitor electrode and the second drain electrode being
connected to the second drain region and the anode elec-
trode, and forming a second passivation layer on the first
source and drain electrodes and the second source and drain
electrodes, the second passivation layer having a bank that
exposes the anode electrode. The capacitor electrode is
overlapped with the second gate electrode and forms a
storage capacitor together with the second gate electrode.
The capacitor electrode is overlapped with the first drain
region and forms a storage capacitor together with the first
drain region. The capacitor electrode forming is performed
in a same process for forming the anode electrode. The
anode electrode is formed one of indium tin oxide (ITO) and
indium zinc oxide (IZO). The power line forming is per-
formed in a same process for forming the second source and
drain electrodes. The manufacturing method for the active
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matrix organic electro luminescent display (ELD) device
further comprise forming a second inter layer on the first
inter layer. The second inter layer is formed of silicon nitride
(SiNx).

[0022] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] 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 inven-
tion.

[0024]

[0025] FIG. 1 is a circuit diagram illustrating a pixel of a
related art active matrix organic electro luminescent display
device;

[0026] FIG. 2 is a cross-sectional view of the related art
active matrix organic electro luminescent display device;

[0027] FIGS. 3A to 3G are cross-sectional views illus-
trating a fabricating sequence of the related art active matrix
organic electro luminescent display device;

[0028] FIG. 4 is a cross-sectional view of other related art
active matrix organic electro luminescent display device;

[0029] FIG. 5 is a cross-sectional view of an active matrix
organic electro luminescent display device according to a
first embodiment of the present invention;

[0030] FIGS. 6A to 6F are cross-sectional views illustrat-
ing a fabricating sequence of the active matrix organic
electro luminescent display device according to the first
embodiment of the present invention;

[0031] FIG.7 is a cross-sectional view of an active matrix
organic electro luminescent display device according to a
second embodiment of the present invention; and

[0032] FIGS. 8A to 8F are cross-sectional views illustrat-
ing a fabricating sequence of the active matrix organic
electro luminescent display device according to the second.
embodiment of the present invention.

In the drawings:

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0033] Reference will now be made in detail to the illus-
trated embodiment of the present invention, which is illus-
trated in the accompanying drawings.

[0034] FIG. 5 is a cross-sectional view of an active matrix
organic electro luminescent display device according to a
first embodiment of the present invention. In FIG. 3, a
polycrystalline silicon layer 111, 112, 113, 114, 115 and 116
is formed on a transparent insulating substrate 100. The
polycrystalline silicon layer 111, 112, 113, 114, 115 and 116
is divided into two regions that one has an active layer 111,
a first source region 112 and a first drain region 113 and the
other has an active layer 114, a second drain region 115 and
a second source region 116. Impurities are doped onto the
first source and drain regions 112 and 113 and the second
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source and drain regions 116 and 115. A gate insulating layer
120 is formed on the polyerystalline silicon layer 111, 112,
113, 114, 115 and 116. First and second gate electrodes 121
and 122 are formed on the gate insulating layer 120 respec-
tively over the active area 111 and 114. The gate insulating
layer 120 is formed one of silicon nitride (SiNx) and silicon
oxide (Si0,) and has a thickness about 1,500 A (angstrom).
First and second inter layers 130 and 140 are sequentially
formed on the first and second gate electrodes 121 and 122.
Thicknesses of the first and second inter layers 130 and 140
are respectively about 2,500 A (angstrom) and 1,500 A
(angstrom). The first inter layer 130 may be formed of
silicon oxide (Si0,) and the second inter layer 140 may be
formed of silicon nitride (SiNx). On the other hand, the
second inter layer 140 may be omitted. An anode electrode
151 and a capacitor electrode 152 are formed of transparent
conductive material such as indium tin oxide (ITO) on the
second inter layer 140. A first passivation layer 160 is
formed of material such as silicon oxide (Si0,) on the anode
electrode 151 and the capacitor electrode 152. The first
passivation layer 160 has first, second, third, fourth and fifth
contact holes 161, 162,163, 164 and 165. The first, third and
fifth contact holes 161, 163 and 165 are formed all the way
to the gate insulating layer 120. The first contact hole 161
exposes a portion of the fast source region 112, the second
contact hole 162 the anode electrode 151, the third contact
hole 163 the second drain region 115, the fourth contact hole
164 the capacitor electrode 152 and the fifth contact hole 165
the second source region 116. A first source electrode 171,
a second drain electrode 172 and a second source electrode
173 are formed on the first passivation layer 160. In addition,
a first drain electrode (not shown), which is connected to the
first drain region 113, and a power line (not shown), which
is connected to the second source electrode 173, are also
formed on the first passivation layer 160. The second source
electrode 173 may be extended from the power line (not
shown) or may be formed of a portion of the power line. The
first source electrode 171 is connected to the first source
region 112 through the first contact hole 161. The second
drain electrode 172 is connected to the anode electrode 151
and the second drain region 115 respectively through the
second and third contact holes 162 and 163. The second
source electrode 173 is connected to the capacitor electrode
152 and the second source region 116 through the fourth and
fifth contact holes 164 and 165. The capacitor electrode 152
forms a storage capacitor C_, together with the second gate
electrode 122. Though it is not shown in the figure, the
second gate electrode 122 is electrically connected to the
first drain region 113. The first gate electrode 121, the first
source electrode 171 and the first drain electrode (not
shown), form a switching thin film transistor, and the second
gate electrode 122, the second source electrode 173 and the
second drain electrode 172 form a driving thin film transis-
tor. A second passivation layer 180 is formed on the first
source electrode 171, the second drain electrode 172 and the
second source electrode 173. A bank 181, which exposes
anode electrode 151 is formed through the first and second
passivation layers 160 and 180. Because the capacitor elec-
trode 152 is formed of separate conductive material and
connected to the power line according to the first embodi-
ment of the present invention, a thickness of the first and
second inter layer 130 and 140, i.e., a dielectric substance of
the storage capacitor C_,; can be deduced. As state above, the
second inter layer 140 may be formed of silicon nitride
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(SiNx) and the silicon nitride (SiNx) has a relatively high
dielectric constant compared to the silicon oxide (SiO,).
Accordingly, a storage capacitance of the storage capacitor
C,, can be further increased. Therefore, a reduction of the
storage capacitance of the storage capacitor C ; can be
avoided even when an area of the storage capacitor C_; is
reduced and thus an area of the anode electrode 151, which
becomes a pixel electrode, is increased. An aperture ratio is
subsequently increased as the area of the pixel electrode is
increased. Because the capacitor electrode 152 is formed
with same material as that of the anode electrode 151 and the
source and drain electrodes 171, 172 and 173 are formed
thereon, the number of manufacturing processes can be
reduced according to the first embodiment of the present
invention. A manufacturing sequence of the active matrix
organic electro luminescent display (ELD) device according
to the first embodiment will be described hereinafter with
reference to FIGS. 6A to 6F.

[0035] 1In FIG. 6A, first and second semiconductor layer
117 and 118 are formed by forming polycrystalline silicon
layer on the transparent substrate 100 and patterning it with
a first mask. The polycrystalline silicon layer may be formed
in many different ways and particularly be formed by
depositing amorphous silicon and crystallizing it with a
laser. A buffer layer (not shown) may further be formed
between the substrate 100 and the semiconductor layers 117
and 118 with material such as silicon oxide (510,) to prevent
impurities from penetrating into the semiconductor layers
117 and 118 from the substrate 100.

[0036] InFIG. 6B, the gate insulating layer 120 is formed
on the semiconductor layers 117 and 118. The first and
second gate electrodes 121 and 122 are formed by deposit-
ing material such as metal on the gate insulating layer 120
and patterning it with a second mask. The active layer 111
and 114 and the source and drain regions 112,113, 115 and
116 are formed by inputting impurities into the semicon-
ductor layers 117 and 118 of FIG. 6A using the first and
second gate electrodes 121 and 122 as a mask. The gate
insulating layer 120 may be formed one of silicon nitride
(SiNx) and silicon oxide (SiO,) and has a thickness about
1,500 A (angstrom).

[0037] In FIG. 6C, the first and second inter layers 130
and 140 are sequentially formed on the first and second gate
electrodes 121 and 122. The first inter layer 130 is formed
of silicon oxide (Si0,) and has a thickness about 2,500 A
(angstrom). The second inter layer 140 is formed of silicon
nitride (SiNx) and has a thickness about 1,500 A (angstrom).
The anode electrode 151 and the capacitor electrode 152 are
formed by depositing transparent conductive material on the
second inter layer 140 and patterning it with a third mask.
The capacitor electrode 152 and the second gate electrode
122 form the storage capacitor C,;. A thickness of the
storage capacitor C,, is the summation of the thickness of
the first and second inter layer 130 and 140.

[0038] In FIG. 6D, the first passivation layer 160 is then
formed on the anode electrode 151 and the capacitor elec-
trode 152 by depositing material such as silicon oxide
(510,). A thickness of the first passivation layer 160 is about
4,000 A (angstrom). The first, second., third, fourth and fifth
contact holes 161, 162, 163, 164 and 165 are formed by
pattering the gate insulating layer 120, the first and second
inter layers 130 and 140 and the first passivation layer 160
with a fourth mask.
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[0039] In FIG. 6E, the first source clectrode 171, the
second drain electrode 172 and the second source electrode
173 are formed by depositing conductive material such as
metal on the first passivation layer 160 and patterning it with
a fifth mask. Though it is not shown in the figure, a first drain
electrode (not shown), which is connected to the first drain
region 113, and a power line (not shown), which is con-
nected to the second source ¢lectrode 173, are also formed
on the first passivation layer 116. The second source elec-
trode 173 may be extended from the power line (not shown)
or may be formed of a portion of the power line. As stated
above, the first source electrode 171 is connected to the first
source region 112 through the first contact hole 161. The
second drain electrode 172 is connected to the anode elec-
trode 151 and the second drain region 115 respectively
through the second and third contact holes 162 and 163. The
second source electrode 173 is connected to the capacitor
electrode 152 and the second source region 110 through the
fourth and fifth contact holes 164 and 165.

[0040] In FIG. 6F, the second passivation layer 180 is
formed on the first. source electrode 171, the second drain
electrode 172 and the second source electrode 173 by
depositing material such as silicon oxide (Si0,). The bank
181, which exposes the anode electrode 151, is formed by
pattering the first and second passivation layers 160 and 180
with a sixth mask.

[0041] As stated above, six masks are used in the first
embodiment of the present invention to manufacture the
active matrix organic electro luminescent display (ELD)
device and thus the manufacturing time and cost can be
saved. The gate electrode of the driving thin film transistor,
i.e., the second gate electrode 122, is used as an electrode of
the storage capacitor C,;; according to the first embodiment
of the present invention but the drain region of the switching
thin film transistor, i.e., the first drain region 113, which is
electrically connected to the gate electrode of the driving
thin film transistor, may be used as one of the electrode of
the storage capacitor C; according to a second embodiment
of the present invention.

[0042] A structure of an active matrix organic electro
luminescent display (ELD) device and manufacturing
method for the same will be described hereinafter with
reference to attached figures. FIG. 7 is a cross-sectional
view of an active matrix organic electro luminescent display
device according to a second embodiment of the present
invention. In FIG. 7, a polycrystalline silicon layer 211, 212,
213, 214, 215 and 216 is formed on a transparent insulating
substrate 210. The polycrystalline silicon layer 211, 212,
213,214,215 and 216 comprises an active layer 211 and 214
and source and drain regions 212, 213, 215 and 216 into
which impurities are doped. A gate insulating layer 220 is
formed on the polycrystalline silicon layer 211, 212, 213,
214, 215 and 216. First and second gate electrodes 221 and
222 are then formed on the gate insulating layer 220 over the
active layer 211 and 214. The gate insulating layer 220 may
be for ed one of silicon nitride (SiNx) and silicon oxide
(Si0,) and has a thickness about 1,500 A (angstrom). First
and second inter layers 230 and 240 are then formed on the
first and second gate electrodes 221 and 222. The first inter
layer 230 has thickness about 2,500 A (angstrom) and the
second inter layer 240 about 1,500 A (angstrom). The first
inter layer 230 may be formed of silicon oxide (SiO,), and
the second inter layer 240 may be formed of silicon nitride
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(SiNx) or may be omitted. An anode electrode 251 and a
capacitor electrode 252 are formed of transparent conductive
material such as indium tin oxide (ITO) on the second inter
layer 240. A first passivation layer 260 is formed of silicon
oxide (Si0,) on the anode electrode 251 and the capacitor
electrode 252. First, second, third, fourth and fifth contact
holes 261,262,263, 264 and 265 are formed by pattering the
gate insulating layer 220, the first and second inter layer 230
and 240 and the first passivation layer 260. The first, third
and fourth contact holes 261, 263 and 264 are formed to the
gate insulating layer 220. The first contact hole 261 exposes
a partial first source region 212, the second contact hole 262
the capacitor electrode 252, the third contact hole 263 a
second source region 215, the fourth contact hole 264 a
second drain region 216 and the fifth contact hole 265 the
anode electrode 252. A first source electrode 271, a second
source electrode 272 and a second drain electrode 273 are
formed on the first passivation layer 260. Though it is not
shown in the figures, a first drain electrode (not shown) and
a power line (not shown) are also formed on the first
passivation layer 260. The first drain electrode is connected
to the first drain region 213 and the power line is connected
to the second source clectrode 272. The second source
electrode 272 may be extended from the power line or may
be a portion of the power line. The first source electrode 271
is connected to the first source region 212 through the first
contact hole 261. The second source electrode 272 is con-
nected to the capacitor electrode 252 and the second source
region 215 respectively through. the second and third con-
tact holes 262 and 263. The second drain electrode 273 is
connected to the second drain region 216 and the anode
electrode 251 respectively through the fourth and fifth
contact holes 264 and 265. The capacitor electrode 252
forms a storage capacitor C,,, by being overlapped with the
first drain region 213. Though it is not shown in the figure,
the second gate electrode 222 is a electrically connected to
the first drain region 213. The first gate electrode 221, the
first source electrode 271 and the first drain electrode (not
shown) form a switching thin film transistor, and the second
gate electrode 222 and the second source and drain elec-
trodes 272 and 273 form a driving thin film transistor. A
second passivation layer 280 is formed on the first source
electrode 271 and the second source and drain electrodes
272 and 273. A bank 281 is formed through the first and
second passivation layers 260 and 280 to expose the anode
electrode 251. As stated above, the first drain region 213,
i.e., a drain region of the switching thin film transistor, and
the capacitor electrode 252 form the storage capacitor C,,,.
A dielectric substance of the storage capacitor comprises the
gate insulating layer 220 and the first and second inter layers
230 and 240. Because the gate insulating layer 220 is
relatively thin, an increase of the thickness of the dielectric
substance is not so big. Besides, because the capacitor
electrode 252 is formed with separate conductive material,
the thickness of the first and second inter layers 230 and 240
can be formed thin. In addition, because the second inter
layer 240 formed of silicon nitride (SiNx), a storage capaci-
tance of the storage capacitor C_,, can be increased and an
aperture ratio can be increased by increasing an area of the
anode electrode 251.

[0043] FIGS. 8A to 8F are cross-sectional views illustrat-
ing a fabricating sequence of the active matrix organic
electro luminescent display device according to the second
embodiment of the present invention. In FIG. 8A, first and
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second semiconductor layers 217 and 218 are formed by
forming polycrystalline silicon on the transparent insulating
substrate 210 and pattering it with a first mask. The poly-
crystalline silicon forming may be executed in many differ-
ent ways and particularly it may be executed by depositing
amorphous silicon and crystallizing it with a laser. A buffer
layer (not shown) may further be formed between the
substrate 210 and the semiconductor layers 217 and 218
with material such as silicon oxide (Si0,).

[0044] 1InFIG. 8B, the gate insulating layer 220 is formed
on the first and second semiconductor layers 217 and 218.
The first and second gate electrodes 221 and 222 are
sequentially formed by depositing material such as metal on
the gate insulating layer 220 and pattering it with a second
mask. The active layer 211 and 214, the first source and drain
regions 212 and 213 and the second source and drain regions
215 and 216 are formed by inputting impurities into the
semiconductor layers 217 and 218 of FIG. 8A using the first
and second gate electrodes 221 and 222. The gate insulating
layer 220 may be formed of material such as silicon oxide
(Si0,) and has a thickness about 1,500 A (angstrom).

[0045] In. FIG. 8C, the first inter layer 230 is formed on
the first and second gate electrodes 221 and 222 with silicon
oxide (Si0,) and a thickness of the first inter layer 230 is
about 2,500 A (angstrom). The second inter layer 240 is
sequentially formed on the first inter layer 230 with silicon
nitride (SiNx) and a thickness of the second inter layer 240
is about 1,500 A (angstrom). The anode electrode 251 and
the capacitor electrode 252 are formed by depositing trans-
parent conductive material s such as indium tin oxide (ITO)
and patterning it with a third mask. The capacitor electrode
252 is overlapped with the first drain region 213 and forms
the storage capacitor C,,, together with the first drain region
213. A thickness of the dielectric substance of the storage
capacitor C, is a sum of. the thickness of the gate insulating
layer 220, the first inter layer 230 and the second inter layer
240.

[0046] In FIG. 8D, the first passivation layer 260 is
formed by depositing material such as silicon oxide (Si0,)
on the anode electrode 251 and the capacitor electrode 252
and a thickness of the passivation layer 260 is about 4,000
A (angstrom). The first, third and fourth contact holes 261,
263 and 264 are formed through the gate insulating layer
220, the first and second inter layers 230 and 240 and the
first passivation layer 260 by a photolithographic masking
technique with a fourth mask. The second and fifth contact
holes 262 and 265 are formed through the first passivation
layer 260 in a same way and at the same time as the first,
third and fourth contact holes 261, 263 and 264.

[0047] 1In FIG. 8E, the first source electrode 271, the
second source electrode 272 and the second drain electrode
273 are formed by depositing material such as metal on the
first passivation layer 260 and patterning it with a fifth mask.
As stated before, the first drain electrode (not shown) and the
power line (not shown) are also formed on the first passi-
vation layer 260. The first drain electrode is connected to the
first drain region 213 and the power line is connected to the
second source electrode 272. The second source electrode
272 may be extended from the power line or may be a
portion of the power line. The first drain electrode is
connected to the first drain region 213 and the power line is
connected to the second source electrode 272. The second



US 2003/0141811 Al

source electrode 272 may be extended from the power line
or may be a portion of the power line. The first source
electrode 271, is connected to the first source region 212
through the first contact hole 261. The second source elec-
trode 272 is connected to the capacitor electrode 252 and the
second source region 215 respectively through the second
and third contact holes 262 and 263. The second drain
electrode 273 is connected to the second drain region 215
and the anode electrode 251 respectively through the fourth
and fifth contact holes 264 and 265.

[0048] In FIG. 8F, the second passivation layer 280 is
formed by depositing material such. as silicon oxide (SiO,)
on the first source electrode 271 and the second source and
drain electrodes 272 and 273. The bank 281 is then formed
by pattering the first and second passivation layers 260 and
280 with a sixth mask to expose the anode electrode 251.

[0049] As stated above, because the capacitor electrode of
the storage capacitor is .formed with separate conductive
material and connected to the power line according to the
present invention, the thickness of the dielectric substance
may be controlled to be thin. In addition, the storage
capacitance of the storage capacitor can further be increased
by forming the dielectric substance with silicon nitride
(SiNx), which has a high dielectric constant. Accordingly,
even if an area of the storage capacitor is reduced, a decrease
of the storage capacitance can be prevented and the aperture
ratio can be increased by increasing an area of the anode
electrode. Furthermore, a manufacturing process and cost
can be decreased by forming the capacitor electrode with
same material as the anode electrode and forming the source
and drain electrodes thercon.

[0050] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
fabrication and application of the present invention without
departing from the spirit or scope of the invention. Thus, it
is intended that the present invention cover the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

What is claimed is:
1. An active matrix organic electro luminescent display
(ELD) device, comprising:

a substrate;

first and second active layers formed of polycrystalline
silicon on the substrate;

first source and drain regions and second source and drain
regions, the first source and drain regions neighboring
the first active layer and the second source and drain
regions neighboring the second active layer;

a gate insulating layer on the first and second active
layers;

first and second gate electrodes on the gate insulating
layer;

a first inter layer on the first and second gate electrodes;

an anode electrode and a capacitor electrode on the first
inter layer;

a first passivation layer on the anode electrode and the
capacitor electrode;

a power line on the first passivation layer;

Jul. 31, 2003

first source and drain electrodes on the first passivation
layer, the first source electrode being connected to the
first source region and the first drain electrode being
connected to the first drain region,

second source and drain electrodes on the first passivation
layer, the second source electrode being connected to
the second source region, the power line and the
capacitor electrode and the second drain electrode
being connected to the second drain region and the
anode electrode; and

a second passivation layer on the first source and drain
clectrodes and the second source and drain electrodes,
the second passivation layer having a bank that exposes
the anode electrode.

2. The device according to claim 1, wherein the capacitor
electrode is overlapped with the second gate electrode and
forms a storage capacitor together with the second gate
electrode.

3. The device according to claim 2, wherein the capacitor
electrode is formed of same material as the anode electrode.

4. The device according to claim 3, wherein the anode
electrode is formed one of indium tin oxide (ITO) and
indium zinc oxide (IZO).

5. The device according to claim 2, wherein the power
line is formed of same material as the second source and
drain electrodes.

6. The device according to claim 2, further comprising a
second inter layer on the first inter layer.

7. The device according to claim 6, wherein the second
inter layer is formed of silicon nitride (SiNx).

8. The device according to claim 1, wherein the capacitor
electrode is overlapped with the first drain region and forms
a storage capacitor together with the first drain region.

9. The device according to claim 8, wherein the capacitor
electrode is formed of same material as the anode electrode.

10. The device according to claim 9, wherein the anode
electrode is formed one of indium tin oxide (ITO) and
indium zinc oxide (IZO).

11. The device according to claim &, wherein the power
line is formed of same material as the second source and
drain electrodes.

12. The device according to claim 8, further comprising a
second inter layer on the first inter layer.

13. The device according to claim 9, wherein the second
inter layer is formed of silicon nitride (SiNx).

14. A manufacturing method for an active matrix organic
electro luminescent display (ELD) device, comprising:

forming first and second semiconductor layers on a sub-
strate with polycrystalline silicon;

forming a gate insulating layer on the first and second
semiconductor layers;

forming first and second gate electrodes on the gate
insulating layer;

forming first source and drain regions and second source
and drain regions by inputting ions into the first and
second semiconductor layer using the first and second
gate electrodes as a mask;

forming a first inter layer on the first and second gate
electrodes;

forming an anode electrode on the first inter layer;
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forming a capacitor electrode on the first inter layer;

forming a first passivation layer on the anode electrode
and the capacitor electrode, the first passivation layer
having a plurality of contact holes;

forming a power line on the first passivation layer;

forming first source and drain electrodes on the first
passivation layer, the first source electrode being con-
nected to the first source region and the first drain
electrode being connected to the first drain region,

forming second source and drain electrodes on the first
passivation layer, the second source electrode being
connected to the second source region, the power line
and the capacitor electrode and the second drain elec-
trode being connected to the second drain region and
the anode electrode; and

forming a second passivation layer on the first source and
drain electrodes and the second source and drain elec-
trodes, the second passivation layer having a bank that
exposes the anode electrode.

15. The method according to claim 14, wherein the
capacitor electrode is overlapped with the second gate
electrode and forms a storage capacitor together with the
second gate electrode.

16. The method according to claim 15 wherein the capaci-
tor electrode forming is performed in a same process as a
process for forming the anode electrode.
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17. The method according to claim 16, wherein the anode
electrode is formed one of indium tin oxide (ITO) and
indium zinc oxide (IZO).

18. The method according to claim 15 wherein, the power
line forming is performed in a same process as a process for
forming the second source and drain electrodes.

19. The method according to claim 15, further comprising
forming a second inter layer on the first inter layer.

20. The method according to claim 19, wherein the second
inter layer is formed of silicon nitride (SiNx).

21. The method according to claim 14, wherein the
capacitor electrode is overlapped with the first drain region
and forms a storage capacitor together with the first drain
region.

22. The method according to claim 21, wherein the
capacitor electrode forming is performed in a same process
as a process for forming the anode electrode.

23. The method according to claim 22, wherein the anode
electrode is formed one of indium tin oxide (ITO) and
indium zinc oxide (IZO).

24. The method according to claim 21, wherein the power
line forming is performed in a same process as a process for
forming the second source and drain electrodes.

25. The method according to claim 21, further comprising
forming a second inter layer on the first inter layer.

26. The method according to claim 25, wherein the second
inter layer is formed of silicon nitride (SiNx).
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