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(57) ABSTRACT

A flat panel display device, more particularly, an Organic
Light Emitting Diode (OLED) display device having uniform
electrical characteristics and a method of fabricating the same
include: a thin film transistor of which a semiconductor layer
including a source, a drain, and a channel region formed in a
super grain silicon (SGS) crystallization growth region; a
capacitor formed in an SGS crystallization seed region; and
an OLED electrically connected to the thin film transistor.
Further, a length of the channel region of the silicon layer is
parallel with the growth direction in the SGS growth region to
improve the electrical properties thereof.
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FIG. 2D
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FIG. 3
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FLAT PANEL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 2007-24584, filed Mar. 13, 2007, in the
Korean Intellectual Property Office, the disclosure of which is
hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Aspects of the present invention relate to a Flat
panel display device and a method of manufacturing the
same, and more particularly, an OLED display device having
uniform electrical characteristics and a method of manufac-
turing the same.

[0004] 2. Description of the Related Art

[0005] Flat panel display devices such as Liquid Crystal
Display (LCD) devices, OLED display devices or Plasma
Display Panels (PDPs) have recently attracted attention as
such displays overcome disadvantages of conventional dis-
play devices, such as Cathode Ray Tubes (CRTs). Here,
among the flat panel display devices, OLED display devices
and LCD devices include a thin film transistor as a switching
or driving device and a capacitor to store an external signal in
connection with the thin film transistor and to provide the
stored external signal until the next signal period.

[0006] FIG. 1A to 1E are cross-sectional views of a con-
ventional OLED display device. First, referring to FIG. 1A, a
bufter layer 110 is formed on a substrate 100, which is formed
of plastic or glass, and an amorphous silicon layer is formed
on the buffer layer 110, and the amorphous silicon layer is
patterned to form a semiconductor layer 120 and a first
capacitor electrode 125. Subsequently, an insulating layer
130 is formed on the substrate 100, i.e., the insulating layer
130 is formed to cover the patterned semiconductor layer 120,
the first capacitor electrode 125, and the buffer layer 110.
[0007] Referring to FIG. 1B, a photoresist pattern 140 is
formed in a region corresponding to the semiconductor layer
120. An impurity implantation process is performed using the
photoresist pattern 140 as a mask, thereby defining source,
drain, and channel regions, and implanting impurities into the
first capacitor electrode 125.

[0008] Referring to FIG. 1C, the insulating layer 130 is
etched to form an insulating layer pattern corresponding to
the channel region of the semiconductor layer 120, and a
metal catalyst layer 150 is formed on the substrate and then
removed from regions other than the regions corresponding to
the source and drain regions of the semiconductor layer 120
and the first electrode 125.

[0009] Referring to FIG. 1D, a gate insulating layer 160 is
formed on the substrate 100, and the substrate is annealed to
crystallize the source and drain regions and the first capacitor
electrode 125 using a metal induced crystallization (MIC)
technique and to crystallize the channel region using a metal
induced lateral crystallization (MILC) technique.

[0010] Referring to FIG. 1E, a gate electrode 170 is formed
to correspond to a region of the semiconductor layer 120 (the
gate electrode 170 corresponds to the channel region of the
semiconductor layer 120), and a second capacitor electrode
175 is formed to correspond to the first capacitor electrode
125. Then, an interlayer insulating layer 180 is formed on the
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substrate 100, and source and drain electrodes 191 and 192
are formed on the interlayer insulating layer 180 and extend
through the interlayer insulating layer 180 and the gate insu-
lating layer 160 to connect to the metal catalyst layer 150 on
the source and drain regions of the semiconductor layer 120,
thereby completing a thin film transistor and a capacitor.
Moreover, not illustrated in FIG. 1E, a first electrode, an
organic layer and a second electrode are formed, thereby
completing a conventional OLED display device.

[0011] However, as described above, when the semicon-
ductor layer is crystallized by the MIC/MILC techniques,
MILC crystals are faced in the channel region, thereby gen-
erating a MILC front or grain boundary, that is, an uncrystal-
lized region, which results in deterioration of charge mobility
and device’s characteristics.

SUMMARY OF THE INVENTION

[0012] Aspects of the present invention provide a flat panel
display device having uniform electrical characteristics and a
method manufacturing the same, more particularly, an
Organic Light Emitting Diode (OLED) display device having
uniform electrical characteristics and a method of manufac-
turing the same.

[0013] According to an aspect of the present invention, a
flat panel display device comprising: a thin film transistor
disposed on a substrate, the thin film transistor comprising a
semiconductor layer formed in a super grain silicon (SGS)
crystallization growth region of a crystalline silicon layer
disposed on the substrate and having source and drain regions
and a channel region, a gate electrode formed to correspond to
a partial region of the semiconductor layer, a gate insulating
layer to insulate the semiconductor layer from the gate elec-
trode, and source and drain electrode electrically connected to
the source and drain regions of the semiconductor layer; a
capacitor comprising a first capacitor electrode spaced apart
from the thin film transistor on the substrate and formed in an
SGS crystallization seed region of the crystalline silicon layer
disposed on the substrate, a second capacitor electrode
formed on the gate insulating layer, and, the gate insulating
layer to insulate the first capacitor electrode from the second
capacitor electrode, and a first electrode of a display electri-
cally connected to one of the source or drain electrodes of the
thin film transistor.

[0014] According to another aspect of the present inven-
tion, a method of fabricating a flat panel display device com-
prising: preparing a substrate; forming an amorphous silicon
layer on the substrate; forming first and second capping layers
on the amorphous silicon layer; etching the second capping
layer to expose a part of the first capping layer; forming a
metal catalyst layer to cover the second capping layer and the
exposed portion of the first capping layer; annealing the sub-
strate to crystallize the amorphous silicon layer under the
exposed first capping layer to form a super grain silicon
(SGS) crystallization seed region, and to crystallize the amor-
phous silicon layer from the SGS crystallization seed region
to an SGS crystallization growth region; removing the first
capping layer, the second capping layer, and the metal cata-
lyst layer; patterning the crystallized silicon layer to form a
first capacitor electrode in the SGS crystallization seed region
and to form a semiconductor layer in the SGS crystallization
growth region; forming a gate insulating layer to cover the
semiconductor layer and the first capacitor electrode; forming
a gate electrode on the gate insulating layer in a region cor-
responding to a partial region of the semiconductor layer;
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forming a second capacitor electrode on the gate insulating
layer in a region corresponding to the first capacitor electrode;
forming source and drain electrodes electrically connected to
the semiconductor layer; and forming a first electrode of a
display to be electrically connected to one of the source or
drain electrodes.

[0015] According to still another aspect of the present
invention, a flat panel display device comprising: a substrate
having a first unit pixel region, a second unit pixel region, and
an interconnection region disposed therebetween; thin film
transistors comprising: semiconductor layers disposed on the
first and second unit pixel regions of the substrate, and includ-
ing source, drain, and channel regions formed in super grain
silicon (SGS) crystallization growth regions of a crystalline
silicon layer disposed on the substrate, gate electrodes formed
to correspond to partial regions of the semiconductor layers,
a gate insulating layer to insulate the semiconductor layers
from the gate electrodes, and source and drain electrodes
electrically connected respectively to the source and drain
regions of the semiconductor layer; capacitors comprising:
first capacitor electrodes disposed about the interconnection
region on the first and second unit pixel regions, and formed
in SGS crystallization seed regions of the crystalline silicon
layer disposed on the substrate, the gate insulating layer dis-
posed on the first capacitor electrodes, and second capacitor
electrodes disposed on the gate insulating layer; and first
electrodes of a display electrically connected to one of the
source and drain electrodes of the thin film transistors, respec-
tively.

[0016] According to yet another aspect of the present
invention, a method of fabricating a flat panel display device
comprising: preparing a substrate having a first unit pixel
region, a second unit pixel region, and an interconnection
region disposed therebetween; forming an amorphous silicon
layer on the substrate; forming first and second capping layers
on the amorphous silicon layer; etching parts of the second
capping layer in regions disposed about the interconnection
region to expose parts of the first capping layer; forming a
metal catalyst layer to cover the second capping layer and the
exposed parts of the first capping layer; annealing the sub-
strate to crystallize the amorphous silicon layer under the
exposed first capping layer to form super grain silicon (SGS)
crystallization seed regions, and to crystallize the amorphous
silicon layer from the SGS crystallization seed regions to SGS
crystallization growth regions; removing the first capping
layer, the second capping layer, and the metal catalyst layer;
patterning the crystallized silicon layer to form first capacitor
electrodes in the SGS crystallization seed regions and to form
semiconductor layers in the SGS crystallization growth
regions; forming a gate insulating layer to insulate the semi-
conductor layers from the gate electrodes; forming gate elec-
trodes on the gate insulating layer in regions corresponding to
the semiconductor layers; forming second capacitor elec-
trodes on the gate insulating layer in regions corresponding to
the first capacitor electrodes; forming source and drain elec-
trodes electrically connected to the semiconductor layer; and
forming first electrodes of a display to be electrically con-
nected respectively with one of the source or drain electrodes.

[0017] Additional aspects and/or advantages of the inven-
tion will be set forth in part in the description which follows
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and, in part, will be obvious from the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and/or other aspects and advantages of the
invention will become apparent and more readily appreciated
from the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:
[0019] FIGS. 1A to 1E are cross-sectional views of a con-
ventional Organic Light Emitting Diode (OLED) display
device;

[0020] FIGS. 2A, 2B, and 2D to 2H are cross-sectional
views and FIG. 2C is a plan view of an OLED display device
according to an exemplary embodiment of the present inven-
tion;

[0021] FIG. 3 is a plan view of an OLED display device
according to an exemplary embodiment of the present inven-
tion; and

[0022] FIGS. 4A to 4F are cross-sectional views of the
OLED display device taken along line I-I' of FIG. 3.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0023] Reference will now be made in detail to the present
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. The
embodiments are described below in order to explain the
aspects of the present invention by referring to the figures. It
will be understood that when an element or layer is referred to
as being “disposed on” or “formed on” another element or
layer, it may be directly disposed or formed on the other
element or layer, or intervening elements or layers may be
present. Other words used to describe the relationship
between elements should be interpreted in a like fashion (e.g.,
“between” versus “directly between”, “adjacent” versus
“directly adjacent”, etc.).

[0024] FIGS. 2A, 2B, and 2D to 2H are cross-sectional
views and FIG. 2Cis aplan view of an Organic Light Emitting
Diode (OLED) display device according to an exemplary
embodiment of the present invention. Referring to FIG. 2A, a
substrate 200 is provided, which is formed of plastic, conduc-
tive material or transparent glass. A buffer layer 210 is formed
on the substrate 200. The buffer layer 210 may be formed of
a silicon oxide layer, a silicon nitride layer or a double layer
thereof and formed by a Chemical Vapor Deposition (CVD)
or Physical Vapor Deposition (PVD) technique. Here, the
buffer layer 210 prevents diffusion of moisture or impurities
generated from the substrate 200 and/or facilitates crystalli-
zation of an amorphous silicon layer by controlling a heat
transfer rate during crystallization.

[0025] An amorphous silicon layer 220 is formed on the
entire surface of the substrate 200. The amorphous silicon
layer 220 may be formed by a PVD technique, such as sput-
tering, or a CVD technique, such as Plasma Enhanced CVD
(PECVD) or Low Pressure CVD (LPCVD). Also, while or
after forming the amorphous silicon layer 220, a hydrogen
concentration may be reduced by dehydrogenation.

[0026] Then, a first capping layer 230a and a second cap-
ping layer 2305 are formed on the entire surface of the sub-
strate 200. The capping layers may be formed of a silicon
nitride layer through which a metal catalyst (to be formed in
a subsequent process) can be diffused by annealing, or



US 2008/0224129 Al

formed of a combination of a silicon nitride layer and a silicon
oxide layer. Also, the capping layers may be formed to a
thickness of 1 to 2000 A using a CVD or PVD technique.
[0027] Referring to FIG. 2B, a partial region of the second
capping region 2305 corresponding to a region in which the
amorphous silicon layer 220 will be formed into a first capaci-
tor electrode is etched, thereby forming an opening 235.
[0028] Afterthat, metal catalysts are deposited on the entire
surface of the substrate 200, thereby forming a metal catalyst
layer 240. Here, the metal catalyst may be one selected from
the group consisting of nickel (Ni), palladium (Pd), titanium
(Ti), silver (Ag), gold (Au), aluminum (Al), tin (Sn), anti-
mony (Sb), copper (Cu), cobalt (Co), molybdenum (Mo),
terbium (Tb), ruthenium (Ru), rhodium (Rh), cadmium (Cd)
and platinum (Pt), and preferably Ni. Here, the metal catalyst
layer 240 is formed at a surface density of 10'! to 10 atoms/
cm?. If the surface density is less than 10'" atoms/cm?, the
amorphous silicon layer may be difficult to crystallize into a
polycrystalline silicon layer because of a small amount of
seeds that is, cores of crystallization, (i.e., the metal catalysts
will not sufficiently seed the crystallization of the silicon
layer into a polycrystalline silicon layer). If the surface den-
sity is more than 10'® atoms/cm?, grains of the polycrystalline
silicon layer may become smaller because of a large amount
of the metal catalysts diffused into the amorphous silicon
layer.

[0029] Subsequently, the substrate 200 having the buffer
layer 210, the amorphous silicon layer 220, the first capping
layer 230a, the second capping layer 2305, and the metal
catalyst layer 240 is annealed, thereby moving some of the
metal catalysts of the metal catalyst layer 240 to the amor-
phous silicon layer 220. That is, only a very small amount of
the metal catalysts diffused through the first capping layer
230a by annealing are diffused into the amorphous silicon
layer 220, and most of the metal catalysts cannot reach the
amorphous silicon layer 220 or cannot pass through the first
and second capping layers 230a and 23064.

[0030] Accordingly, the amount of the metal catalysts
reaching the amorphous silicon layer 220 is determined by
the diffusion blocking abilities of the first and second capping
layers 230a and 2305, wherein the diffusion blocking ability
of the first and second capping layers 230a and 2305 may be
related to the thickness of the first and second capping layers
230a and 23054. That is, as the first and second capping layers
230a and 23054 increase in thickness, the amount of diffused
metal catalysts becomes smaller, thereby increasing the size
of the grain. However, as the first and second capping layers
230a and 23056 decrease in thickness, the amount of diffused
metal catalysts becomes larger, thereby decreasing the size of
the grain.

[0031] Here, the annealing process is performed in a range
from 200 to 900° C. for several seconds to hours in order to
diffuse the metal catalysts, which may use one or a combina-
tion of a furnace process, a rapid thermal annealing (RTA)
process, a UV process, and a laser process.

[0032] Accordingly, the metal catalyst diffused into the
amorphous silicon layer 220 through the first capping layer
230a is combined with silicon of the amorphous silicon layer
220 so as to form metal silicide, and the metal silicide forms
a seed, i.e., a core of crystallization, thereby crystallizing the
amorphous silicon layer 220 into the polycrystalline silicon
layer.

[0033] As described above, first and second capping layers
230a and 2304 are formed on the amorphous silicon layer
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220, and the metal catalyst layer 240 is formed on the first and
second capping layers 230a and 2305 and then annealed to be
diffused, thereby crystallizing the amorphous silicon layer
220 into a polycrystalline silicon layer, which is called a
Super Grain Silicon (SGS) crystallization technique. That is,
region A illustrated in FIG. 2B becomes an SGS crystalliza-
tion seed region A having metal silicide seeds formed by
combining the metal catalyst diffused into the amorphous
silicon layer 220 through the first capping layer 230a with the
silicon. Region B becomes an SGS crystallization growth
region B in which the metal catalyst seeds rarely exist because
the metal catalyst cannot diffuse through the first and second
capping layers 230a and 2304 into the amorphous silicon
layer 220, and crystals are grown from the SGS crystalliza-
tion seed region A into the polycrystalline silicon layer into
the SGS crystallization growth region B.

[0034] To be more specific, referring to FIG. 2C, a unit
pixel region is illustrated. In an opening 235 of the unit pixel,
the SGS crystallization seed region A (as in FIG. 2B), is
formed, and the SGS crystallization growth region B (as in
FIG. 2B) is a peripheral region of the SGS crystallization seed
region A. Polycrystalline silicon is crystallized from the SGS
crystallization seed region A to the SGS crystallization
growth region B so as to crystallize the amorphous silicon
layer 220 into the polycrystalline silicon. As a result, at an
edge of the unit pixel in which a metal interconnection will be
formed, SGS crystallization crystals of different unit pixels
are faced, thereby generating a grain boundary. Thus, a uni-
form polycrystalline silicon layer without a grain boundary is
formed in each pixel unit, which advantageously forms a
semiconductor layer having no grain boundary in any unit
pixel except the SGS crystallization seed region.

[0035] Referring to FIG. 2D, after removing the first cap-
ping layer 230a, the second capping layer 2304, and the metal
catalyst layer 240, the crystallized polycrystalline silicon
layer is patterned to form a semiconductor layer 220a and a
first capacitor electrode 2205. Here, the first capacitor elec-
trode 2206 is formed in the SGS crystallization seed region A
formed in the previous crystallization process. The capacitor
has better characteristics as the capacitor electrode is closer to
metal. The SGS crystallization seed region A includes the
metal silicide, so it is preferable the first capacitor electrode
22056 is formed by using the SGS crystallization seed region
butis not limited thereto. Also, the semiconductor layer 220a
is formed in the SGS crystallization growth region B formed
in the previous crystallization process. It may be preferable
that a length direction of a channel region of the semiconduc-
tor layer 2204 is formed parallel to the SGS crystallization
growth direction. That is, since the length direction of the
channel region of the semiconductor layer 220aq is parallel to
the SGS crystallization direction 237 of FIG. 2C, the channel
region may be formed without a grain boundary, which
results in improvement of electrical characteristics of the
device without deterioration of charge mobility.

[0036] Then, referring to FIG. 2E, a gate insulating layer
250 is formed on the entire surface of the substrate 200, i.e.,
the gate insulating layer 250 is formed on the substrate 200 to
cover the semiconductor layer 220a, the first capacitor elec-
trode 2204, and the buffer layer 210. The gate insulating layer
250 may be formed of a silicon oxide layer, a silicon nitride
layer, or a combination thereof. The gate insulating layer 250
is disposed between the semiconductor layer 2204 and a gate
electrode to be formed layer, thereby the gate insulating layer
250 insulates the semiconductor layer 220a from the gate
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electrode. Also, the gate insulating layer 250 may disposed
between the first capacitor electrode 2205 and a second
capacitor electrode to be formed later, thereby controlling the
capacitance of a capacitor according to the thickness of the
gate insulating layer 250. Since capacitance is inversely pro-
portional to the thickness of an insulating layer of a capacitor,
the gate insulating layer 250 is preferably formed thinly.
[0037] After that, a photoresist is coated on the substrate
200 by, for example, spin coating, and exposed and developed
to form a photoresist pattern 251 on a partial region corre-
sponding to the semiconductor layer 220q. It may be prefer-
able that the photoresist pattern 251 is formed on a region
corresponding to the middle of the semiconductor layer 220a
because the region corresponding to the photoresist pattern
251 will be defined as a channel region of the semiconductor
layer 220a later.

[0038] Subsequently, impurities are implanted into the
entire surface of the substrate 200 having the photoresist
pattern 251 using the photoresist pattern 251 as a mask.
Thereby, source and drain regions 220¢ and 2204 and a chan-
nel region 220e are defined in the semiconductor layer 220a.
Here, the source and drain regions 220c¢ and 2204 are
implanted with impurities, but the channel 220e is not
implanted with impurities due to the photoresist pattern 251.
[0039] The first capacitor electrode 2205 is also implanted
with impurities to obtain characteristics close to a conductor
by implanting impurities into the polycrystalline silicon, i.e.,
semiconductor, because a capacitor has better characteristics
as the capacitor electrode is closer to a conductor.

[0040] Referringto FIG. 2F, after the impurity implantation
process, the photoresist pattern 251 is removed, and a con-
ductive material simultaneously forming a gate electrode and
a second capacitor electrode is deposited on the entire surface
of the substrate 200. Then, the conductive material is pat-
terned to correspond to a partial region of the semiconductor
layer 220a and the first capacitor electrode 22054, thereby
forming the gate electrode 260a and the second capacitor
electrode 26054, and thus a capacitor is completed. Here, the
second capacitor electrode 2605 may be formed of the same
material as the gate electrode 260a or source and drain elec-
trodes 271 and 272.

[0041] After that, an interlayer insulating layer 270 is
formed on the entire surface of the substrate 200, the inter-
layer insulating layer 270 and the gate insulating layer 250 are
partially etched to expose surfaces of the source and drain
regions 220c¢ and 2204 of the semiconductor layer 220a, and
then source and drain electrode materials are deposited and
patterned to form source and drain electrodes 271 and 272.
Thus, a thin film transistor is completed.

[0042] As such, by using the SGS crystallization technique,
no grain boundary is formed in the channel region of the
semiconductor layer, thereby improving charge mobility and
electrical characteristics of the thin film transistor. The thin
film transistor according to the exemplary embodiment of the
present invention is not limited to an Organic Light Emitting
Diode (OLED) display device to be described later, and may
be employed in other display devices, such as Liquid Crystal
Display (LCD) devices.

[0043] Then, referring to FIG. 2G, a planarization layer 280
is formed on the entire surface of the substrate 200. The
planarization layer 280 may be formed of an organic layer, an
inorganic layer, or a combination thereof. If the planarization
layer 280 is an inorganic layer, Spin On Glass (SOG) may be
used, whereas if the planarization layer 280 is an organic
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layer, acryl series resin, polyimide series resin, or benzocy-
clobutene (BCB) may be used. Also, the planarization layer
280 includes a hole 281 exposing one of the source and drain
electrodes 271 and 272.

[0044] A first electrode 290 is formed on the planarization
layer 280. The first electrode 290 may include a reflective
layer 285 formed on the planarization layer 280. The first
electrode 290 is in contact with one of the exposed source and
drain electrodes 271 and 272 through the hole 281, and
extends onto the planarization layer 280. The first electrode
290 may be formed of indium tin oxide (ITO) or indium zinc
oxide (1IZ0).

[0045] Referring to FIG. 2H, a pixel defining layer 300 is
formed on the entire surface of the substrate 200 including the
first electrode 290, and formed to have a sufficient thickness
to cover the first electrode 290. The pixel defining layer 300
may be an organic layer or an inorganic layer, and preferably
anorganic layer. More preferably, the pixel defining layer 300
is formed of one selected from the group consisting of BCB,
an acryl series polymer, and polyimide. The pixel defining
layer 300 may be evenly formed on the entire surface of the
substrate 200 because of its excellent flowability. The pixel
defining layer 300 is etched to form an opening 305 to expose
the first electrode 290.

[0046] Then, an organic layer 310 is formed on the first
electrode 290 exposed through the opening 305. The organic
layer 310 includes at least an emission layer, and may further
include at least one of a hole injection layer, a hole transport
layer, an electron transport layer, and an electron injection
layer. The organic layer 310 may include red (R), green (G),
and/or blue (B) emission layers to display full colors. The
organic layer 310 may be formed of an organic material
displaying white, or may be formed of emission layers real-
izing white by stacking R, G and B emission layers.

[0047] Finally, a second electrode 320 is formed on the
entire surface of the substrate 200. The second electrode 320
may be formed as a transmissive electrode. The second elec-
trode 320 may be formed of magnesium (Mg), Ag, Al, cal-
cium (Ca), and alloys thereof having a low work function.
Thus, an OLED display device is completed. As such, by
using the SGS crystallization technique, a grain boundary
does not exist in the channel region of the semiconductor
layer, and thus an OLED display device having improved
charge mobility and electrical characteristics can be pro-
vided. Further, a grain boundary does not exist in a pixel
region, thereby improving electrical characteristics thereof.
[0048] FIG. 3 is a plan view of an OLED display device
according to an exemplary embodiment of the present inven-
tion. Referring to FIG. 3, a data line 1 is arranged in one
direction, a scan line 2 is insulated from the data line 1, and the
data line 1 and the scan line 2 cross each other. A common
power voltage line 3 is insulated from the scan line 2 and
disposed parallel to the data line 1, and the common power
voltage line 3 crosses the scan line 2. A plurality of unit pixels,
for example, R, G, and B unit pixels, are defined by the data
line 1, the scan line 2, and the common power voltage line 3.
[0049] Accordingly, in each unit pixel, data signals applied
to the data line 1 in response to a signal applied to the scan line
2 are input to a driving thin film transistor 6. A capacitor 7
accumulates charges according to a difference between a data
voltage and a voltage applied to the common power line 3, and
signals by the charges accumulated in the capacitor 7 are
input to the driving thin film transistor 6 through a switching
thin film transistor 5.
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[0050] Then, the driving thin film transistor 6 receiving the
data signal emits light by sending an electrical signal to an
OLED 8 having a pixel electrode, i.e., a first electrode, an
upper electrode, i.e., a second electrode, and an organic emis-
sion layer which is formed between both the electrodes.

[0051] FIGS. 4A to 4F are cross-sectional views of the
OLED display device taken along line I-I' of FIG. 3. Referring
to FIG. 4A, a substrate 400 is formed of plastic, conductive
material, or transparent glass. In the substrate 400, a first unit
pixel region a, an interconnection region b, and a second unit
pixel region c are defined. The interconnection region b is a
region in which a metal interconnection is formed. The inter-
connection region b may be disposed in edges of respective
unit pixels.

[0052] A buffer layer 410 is formed on the substrate 400.
Thebuffer layer 410 may be formed in a single or double layer
using a silicon oxide layer and/or a silicon nitride layer, and
the buffer layer 410 may be formed by a CVD or PVD
technique. Here, the buffer layer 410 serves to prevent diffu-
sion of moisture or impurities generated from the substrate
400 and to facilitate crystallization of an amorphous silicon
layer by controlling a heat transmission rate during crystalli-
zation.

[0053] Subsequently, an amorphous silicon layer 420a is
formed on the entire surface of the substrate 400. The amor-
phous silicon layer 420a may be formed using a PVD tech-
nique, such as sputtering, or a CVD technique, such as
PECVD or LPCVD. Also, while or after forming the amor-
phous silicon layer 420qa, a hydrogen concentration may be
lowered by dehydrogenation.

[0054] Then, a first capping layer 430a and a second cap-
ping layer 4305 are formed on the entire surface of the sub-
strate 400. The first and second capping layers 430a and 4305
may be a silicon nitride layer into which metal catalysts
formed in the subsequent process are diffused by annealing,
or a combination of a silicon nitride layer and a silicon oxide
layer. Also, the first and second capping layers 430a and 4305
may be formed using a CVD or PVD technique, wherein the
capping layer may be formed to a thickness of 1 to 2000 A.

[0055] Referring to FIG. 4B, a partial region of the second
capping layer 4304, that is, a partial region of the second
capping layer 4305 on a region in which the amorphous
silicon layer 420a will be formed into a first capacitor elec-
trode, is etched to form openings 435a and 4355. Here, the
openings 435a and 435b expose a partial region of the first
capping layer 430a by etching the second capping layer 43056
in regions symmetrically disposed about the interconnection
region b. The grain boundary as described above is formed in
the interconnection region b in the subsequent SGS crystal-
lization process.

[0056] A metal catalyst layer 440 is formed by depositing a
metal catalyst on the entire surface of the substrate 400. Here,
the metal catalyst may be one selected from the group con-
sisting of Ni, Pd, Ti, Ag, Au, Al, Sn, Sb, Cu, Co, Mo, Tb, Ru,
Rh, Cd and Pt, and preferably Ni. Here, the metal catalyst
layer 440 is formed at a surface density of 10" to 10' atoms/
cm?. While, if the surface density is less than 10" atoms/cm?,
the amorphous silicon layer may be difficult to crystallize into
a polycrystalline silicon layer due to a low amount of seeds,
that is, crystallization cores; and if the surface density is more
than 10'° atoms/cm?, a crystal grain of the polycrystalline
silicon layer may become smaller due to a large amount of the
metal catalysts diffused into the amorphous silicon layer.
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[0057] Subsequently, the substrate 400 having the buffer
layer 410, the amorphous silicon layer 4204, the first capping
layer 430a, the second capping layer 4305, and the metal
catalyst layer 440 is annealed. During annealing, some of the
metal catalysts in the metal catalyst layer 440 move to the
amorphous silicon layer 420a. That is, only a very small
amount of the metal catalysts diffuse into the amorphous
silicon layer 420a through the first capping layer 430a by
annealing, and most of the metal catalysts cannot reach the
amorphous silicon layer 420a or cannot pass through the first
and second capping layers 430a and 4305.

[0058] Thus, the amount of the metal catalysts reaching the
amorphous silicon layer 420a is determined by diffusion
blocking abilities of the first and second capping layers 430a
and 4305, wherein the diffusion blocking ability of the first
and second capping layers 430a and 4305 maybe related to
the thickness of the first and second capping layers 430a and
43054. That is, as the thickness of the first and second capping
layers 430a and 43056 increases, the diffusion amount
decreases, thereby the grain becomes larger, and as the thick-
ness of the first and second capping layers 430a and 4305
decreases, the diffusion amount increases, thereby the grain
becomes smaller.

[0059] Here, the annealing process is performed at a tem-
perature of 200 to 900° C. for several seconds to hours in
order to diffuse the metal catalysts by one or a combination of
a furnace process, an RTA process, an UV process, and a laser
process.

[0060] Accordingly, the metal catalysts diffused into the
amorphous silicon layer 420a through the first capping layer
430a are combined with silicon of the amorphous silicon
layer to form metal silicide, and the metal silicide forms a
seed, i.e., a core of crystallization, thereby crystallizing the
amorphous silicon layer into the polycrystalline silicon layer.
As such, the first and second capping layers 430a and 4305
are formed on the amorphous silicon layer, and the metal
catalyst layer is formed on the first and second capping layers
430a and 4305 and annealed to diffuse the metal catalysts
therethrough, thereby crystallizing the amorphous silicon
layer into the polycrystalline layer, which is called an SGS
crystallization technique.

[0061] That is, region A illustrated in FIG. 4B becomes an
SGS crystallization seed region A having a seed formed ofthe
metal silicide by combining the metal catalysts diffused into
the amorphous silicon layer 420a through the first capping
layer 430a with the silicon, and region B becomes an SGS
crystallization growth region B, which does not include the
seed because the metal catalysts cannot diffuse into the amor-
phous silicon layer 420a due to the first and second capping
layers 430a and 43056. The SGS crystallization growth region
B is crystallized into the polycrystalline silicon layer by
growing crystals from the SGS crystallization seed region A.
[0062] More specifically, region A, i.e., the SGS crystalli-
zation seed region A, is formed through the openings 435a
and 43556 of the first and second unit pixel regions aand b, and
region B, i.e., a peripheral region of the SGS crystallization
seed region, becomes the SGS crystallization growth region B
by growing the crystals from the SGS crystallization seed
region A to be crystallized into the polycrystalline silicon
layer. Thus, SGS crystals of the first and second unit pixel
regions are faced in the interconnection region b in which a
metal interconnection will be formed, thereby creating a grain
boundary. As a result, since the grain boundary is formed in
the interconnection region b, the uniform polycrystalline sili-
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con layer, which does not have a grain boundary, is formed in
each unit pixel, and thus a semiconductor layer which does
not have a grain boundary in any unit pixel may be formed.
[0063] In this embodiment according to aspects of the
present invention, the SGS crystallization seed region A, that
is, a region in which a first capacitor electrode will be formed,
is located in the middle of each unit pixel and then crystal-
lized. Further, when the SGS crystallization seed region A, in
which the first capacitor electrode will be formed, is sym-
metrically disposed about the interconnection region b, the
grain boundary may be formed in the interconnection region
b.

[0064] Then, referring to FIG. 4C, the crystallized poly-
crystalline silicon layer is patterned, and semiconductor lay-
ers 420c¢ and 4204 and a first capacitor electrode 420e are
formed in the first unit pixel region a, and semiconductor
layers 420¢' and 4204" and first capacitor electrode 420¢' are
formed in the second unit pixel region c.

[0065] The first capacitor electrodes 420e and 420¢' pref-
erably use the SGS crystallization seed region formed in the
previous crystallization process, in which metal silicide
exists, because the characteristics of the first capacitor elec-
trodes 420e¢ and 420¢' become better as the first capacitor
electrodes 420e¢ and 420¢' are closer to metal.

[0066] Also, the semiconductor layers 420c, 4204, 420¢',
and 4204', use the SGS crystallization growth region B
formed in the previous crystallization process, and may be
formed to have a length direction of a channel region of the
semiconductor layer (i.e., the channel region of the patterned,
polycrystallized amorphous silicon layer 420) parallel to the
SGS crystallization growth direction. That is, since the length
directions of the channel regions of the semiconductor layers
420c, 420d, 420¢ ', and 4204" are formed parallel to the SGS
crystallization growth direction, the channel regions without
grain boundaries may be formed, thereby improving electri-
cal characteristics of the device without deterioration of
charge mobility.

[0067] After that, referring to FIG. 4D, a gate insulating
layer 450 is formed on the entire surface of the substrate 400.
The gate insulating layer 450 may be formed of a silicon
oxide layer, a silicon nitride layer, or a combination thereof.
The gate insulating layer 450 is disposed between the semi-
conductor layers 420c¢, 420d, 420¢', 4204" and gate electrodes
to be formed layer; therefore, the gate insulating layer 450
insulate the semiconductor layers 420c, 420d, 420¢', 4204
from the gate electrodes. Also, The gate insulating layer 450
may be disposed between the first capacitor electrode 420e
and 420¢' and a second capacitor electrode to be formed later,
thereby controlling the thickness of the gate insulating layer
450 to control capacitance of a capacitor. Here, the capaci-
tance is inversely proportional to the thickness of the insulat-
ing layer of the capacitor, and thus the gate insulating layer
450 may be formed thinly.

[0068] Then, aphotoresist is coated on the substrate 400 by,
for example, spin coating, and exposed and developed,
thereby forming photoresist patterns 451c¢, 451c¢, 451¢' and
451¢" on partial regions corresponding to the semiconductor
layers 420c, 420d, 420¢', and 4204, respectively. It may be
preferable that the photoresist patterns are formed on regions
corresponding to the middle of the semiconductor layers
420c, 420d, 420¢', and 4204, respectively, because the
regions corresponding to the photoresist patterns 451c¢, 451c¢,
451¢', and 4514’ will be defined as channel regions of the
semiconductor layers 420c, 420d, 420¢', and 4204" later.
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[0069] Subsequently, an impurity implantation process is
performed on the entire surface of the substrate 400 having
the photoresist patterns 451c, 451¢, 451¢', and 451¢' as
masks. As a result, source, drain, and channel regions are
defined in the semiconductor layers 420c, 4204, 420¢', and
420d'. Here, in each semiconductor layer 420c, 4204, 420¢ ',
or 4204, the regions implanted with impurities are defined as
the source and drain regions, and the regions not implanted
with impurities protected by the photoresist pattern are
defined as the channel regions. The first capacitor electrodes
420¢ and 420¢' are also implanted with impurities to provide
conductibility thereto because the capacitor has better char-
acteristics as the capacitor electrode is closer to a conductor.

[0070] Referring to FIG. 4E, after the impurity implanta-
tion process, the photoresist patterns 451c¢, 451¢, 451¢', and
451¢' are removed, and a conductive material which simulta-
neously forms a gate electrode and a second capacitor elec-
trode is deposited on the entire surface of the substrate 400.
Then, the conductive material is patterned to correspond to
partial regions of the semiconductor layers 420c, 4204, 420c",
and 4204" and the first capacitor electrode to form gate elec-
trodes 460a, 4605, 4604a', and 4605, and second capacitor
electrodes 460c¢ and 460¢', and thus the capacitor is com-
pleted. Here, the second capacitor electrodes 460cand 460c'
may be formed of the same material as the gate electrode or
the source and drain electrodes. Further, a metal interconnec-
tion 465 may be formed in the interconnection region b on the
gate insulating layer 450 to be covered by the interlayer
insulating layer 470.

[0071] Then, after the interlayer insulating layer 470 is
formed on the entire surface of the substrate 400, and partial
regions of the interlayer insulating layer 470 and the gate
insulating layer 450 are etched, thereby exposing surfaces of
the source and drain regions of the semiconductor layers
420c¢, 420d, 420¢', and 4204, and source and drain electrode
materials are deposited and then patterned, thereby forming
source and drain electrodes 471a, 472a, 471b, 4725, 4714',
4724', 4715, and 4724'. Finally, the thin film transistors and
the capacitors are completed.

[0072] As such, the channel region of the semiconductor
layer does not have a grain boundary due to the SGS crystal-
lization technique, which results in improvement of the
charge mobility and electrical characteristics of the thin film
transistor. The thin film transistor according to the exemplary
embodiments of the present invention is not limited to an
OLED display device to be described later, and may be
applied to other display devices, such as LCD devices.
[0073] Then, referring to FIG. 4F, a planarization layer 480
is formed on the entire surface of the substrate 400. The
planarization layer 480 may be an organic layer, an inorganic
layer, or a combination thereof. When the planarization layer
480 is an inorganic layer, Spin On Glass (SOG) may be used,
when the planarization layer 480 is an organic layer, acryl
series resin, polyimide series resin, or BCB may be used.
Also, the planarization layer 480 includes holes 481a and
4815 each exposing one of the source and drain electrodes
471a, 472a, 471b, 4725, 4714', 4724', 4715', and 4725'.
[0074] First electrodes 490a and 49056 are formed on the
planarization layer 480. The first electrodes 490a and 4905
are in contact with the exposed source and drain electrodes
(4726 and 4724' in F1G. 4F) through the holes 481aand 4815,
respectively, and extend onto the planarization layer 480. The
first electrodes 490a and 4905 may be formed of ITO or IZO.
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[0075] Then, a pixel defining layer 500 is formed on the
entire surface of the substrate 400 including the first elec-
trodes 490a and 4905, which is formed to have a sufficient
thickness cover the first electrodes 490a and 4905. The pixel
defining layer 500 may be an organic or inorganic layer, and
preferably an organic layer. More preferably, the pixel defin-
ing layer 500 may be formed of one selected from the group
consisting of BCB, acryl series polymer, and polyimide. The
pixel defining layer 500 has excellent flowability, and thus
may be evenly formed on the entire surface of the substrate
400. The pixel defining layer 500 is etched to form openings
exposing the first electrodes 490a and 49064.

[0076] Subsequently, organic layers 510a and 51056 are
formed on the first electrodes 490a and 4905 exposed through
the openings. The organic layers 510a and 5104 include at
least an emission layer, and further include at least one of a
hole injection layer, a hole transport layer, an electron trans-
port layer, and an electron injection layer. The organic layers
510a and 5106 may include R, G and B emission layers to
realize full colors. The organic layers 510a and 5105 may be
formed of an organic material displaying white, or may be
emission layers realizing white by stacking R, G and B emis-
sion layers.

[0077] Then, a second electrode 520 is formed on the entire
surface of the substrate 400. The second electrode 520 may be
formed as a transmissive electrode and may be formed of a
low work function material such as Mg, Ag, Al, Ca, or alloys
thereof. Thus, the OLED display device according to aspects
of the present invention is completed.

[0078] As such, by using the SGS crystallization technique,
a grain boundary does not exist in the channel region of the
semiconductor layer, which may result in improved charge
mobility and electrical characteristics. Also, the SGS crystal-
lization seed regions are symmetrically disposed about the
interconnection region, thereby the grain boundary does not
exist in each unit pixel region, and thus the semiconductor
layer may be formed in any region without limitation. Con-
sequently, an OLED display device and a method of fabricat-
ing the same according to aspects of the present invention can
uniformly control electrical characteristics of a thin film tran-
sistor, and enhance luminous efficiency of the OLED display
device.

[0079] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in this
embodiment without departing from the principles and spirit
of the invention, the scope of which is defined in the claims
and their equivalents.

What is claimed is:

1. A flat panel display device, comprising:

a thin film transistor disposed on a substrate, the thin film
transistor comprising:

a semiconductor layer formed in a super grain silicon
(SGS) crystallization growth region of a crystalline
silicon layer disposed on the substrate and having
source and drain regions and a channel region,

a gate electrode formed to correspond to a partial region
of the semiconductor layer,

a gate insulating layer to insulate the semiconductor
layer from the gate electrode, and

source and drain electrodes electrically connected to the
source and drain regions of the semiconductor layer;
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a capacitor comprising:

a first capacitor electrode spaced apart from the thin film
transistor on the substrate and formed in an SGS crys-
tallization seed region of the crystalline silicon layer
disposed on the substrate,

a second capacitor electrode formed on the gate insulat-
ing layer, and

the gate insulating layer to insulate the first capacitor
electrode from the second capacitor electrode; and

afirstelectrode of a display electrically connected to one of

the source or drain electrodes of the thin film transistor.

2. The device of claim 1, wherein the display comprises an
organic light emitting diode (OLED) display electrically con-
nected to the thin film transistor, the OLED including the first
electrode electrically connected to one of the source or drain
electrodes, an organic layer disposed on the first electrode and
having an emission layer, and a second electrode disposed on
the organic layer.

3. The device of claim 1, wherein a length direction of the
channel region of the semiconductor layer is parallel to an
SGS crystallization growth direction of the SGS crystalliza-
tion growth region.

4. The device of claim 1, wherein a seed to promote growth
of crystals in the SGS crystallization is formed by a metal
catalyst.

5. The device of claim 4, wherein the metal catalyst is one
selected from the group consisting of nickel (Ni), palladium
(Pd), titanium (Ti), silver (Ag), gold (Au), aluminum (Al), tin
(Sn), antimony (Sb), copper (Cu), cobalt (Co), molybdenum
(Mo), terbium (Tb), ruthenium (Ru), rhodium (Rh), cadmium
(Cd), and platinum (Pt).

6. The device of claim 1, wherein the first capacitor elec-
trode further comprises metal silicide.

7. The device of claim 1, wherein the second capacitor
electrode is formed of the same material as the gate electrode
or the source and drain electrodes.

8. A method of fabricating a flat panel display device,
comprising;

preparing a substrate;

forming an amorphous silicon layer on the substrate;

forming first and second capping layers on the amorphous

silicon layer;

etching the second capping layer to expose a part of the first

capping layer;

forming a metal catalyst layer to cover the second capping

layer and the exposed portion of the first capping layer;

annealing the substrate to crystallize the amorphous silicon

layer under the exposed first capping layer to form a

super grain silicon (SGS) crystallization seed region,

and to crystallize the amorphous silicon layer from the

SGS crystallization seed region to an SGS crystalliza-

tion growth region;

removing the first capping layer, the second capping layer,

and the metal catalyst layer;

patterning the crystallized silicon layer to form a first

capacitor electrode in the SGS crystallization seed

region and to form a semiconductor layer in the SGS
crystallization growth region;

forming a gate insulating layer to cover the semiconductor

layer and the first capacitor electrode;

forming a gate electrode on the gate insulating layer in a

region corresponding to a partial region of the semicon-

ductor layer;
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forming a second capacitor electrode on the gate insulating
layer in a region corresponding to the first capacitor
electrode;

forming source and drain electrodes electrically connected
to the semiconductor layer; and

forming a first electrode of a display to be electrically
connected to one of the source or drain electrodes.

9. The method of claim 8, further comprising:

forming a photoresist pattern on the gate insulating layer to
correspond to a part of the semiconductor layer;

performing an impurity implantation process using the
photoresist pattern as a mask to define source, drain, and
channel regions of the semiconductor layer and to
implant impurities into the first capacitor electrode; and

removing the photoresist pattern.
10. The method of claim 9, wherein the patterning of the
crystallized silicon layer to form the semiconductor layer in
the SGS crystallization growth region comprises aligning a
length direction of the channel region of the semiconductor
layer parallel to an SGS crystallization growth direction of the
SGS crystallization growth region.
11. The method of claim 8, wherein the SGS crystallization
growth region is crystallized by growing crystals from the
SGS crystallization seed region.
12. The method of claim 8, further comprising:
forming an organic layer having an emission layer on the
first electrode of the display; and
forming a second electrode of the display on the organic
layer.
13. A flat panel display device, comprising:
a substrate having a first unit pixel region, a second unit
pixel region, and an interconnection region disposed
therebetween,
thin film transistors comprising:
semiconductor layers disposed on the first and second
unit pixel regions of the substrate, and including
source, drain, and channel regions formed in super
grainsilicon (SGS) crystallization growth regions of a
crystalline silicon layer disposed on the substrate,

gate electrodes formed to correspond to partial regions
of the semiconductor layers,

a gate insulating layer to insulate the semiconductor
layers from the gate electrodes, and

source and drain electrodes electrically connected
respectively to the source and drain regions of the
semiconductor layer;
capacitors comprising:
first capacitor electrodes disposed about the intercon-
nection region on the first and second unit pixel
regions, and formed in SGS crystallization seed
regions of the crystalline silicon layer disposed on the
substrate,

the gate insulating layer disposed on the first capacitor
electrodes, and

second capacitor electrodes disposed on the gate insu-
lating layer; and

first electrodes of a display electrically connected to one of
the source and drain electrodes of the thin film transis-
tors, respectively.

14. The display device of claim 13, wherein the display
comprises an organic light emitting diode (OLED) display
electrically connected to the thin film transistors, the OLED
including the first electrodes electrically and respectively
connected to one of the source or drain electrodes of the thin
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film transistors, organic layers disposed on the first electrodes
and each organic layer having an emission layer, and second
electrodes disposed on the organic layers.

15. The device of claim 13, wherein a length direction of
the channel regions of the semiconductor layer are parallel to
an SGS crystallization growth direction of the SGS crystalli-
zation growth region.

16. The device of claim 13, wherein a seed to promote
growth of crystals in the SGS crystallization is formed by a
metal catalyst.

17. The device of claim 16, wherein the metal catalyst is
one selected from the group consisting of Ni, Pd, Ti, Ag, Au,
Al, Sn, Sb, Cu, Co, Mo, Tb, Ru, Rh, Cd and Pt.

18. The device of claim 13, wherein the first capacitor
electrodes further comprise metal silicide.

19. The device of claim 13, wherein the second capacitor
electrodes are formed of a same material as the gate elec-
trodes or the source and drain electrodes.

20. The device of claim 13, wherein a grain boundary is
formed in the interconnection region.

21. A method of fabricating a flat panel display device,
comprising;

preparing a substrate having a first unit pixel region, a

second unit pixel region, and an interconnection region
disposed therebetween;

forming an amorphous silicon layer on the substrate;

forming first and second capping layers on the amorphous

silicon layer;

etching parts of the second capping layer in regions dis-

posed about the interconnection region to expose parts
of the first capping layer;
forming a metal catalyst layer to cover the second capping
layer and the exposed parts of the first capping layer;

annealing the substrate to crystallize the amorphous silicon
layer under the exposed first capping layer to form super
grain silicon (SGS) crystallization seed regions, and to
crystallize the amorphous silicon layer from the SGS
crystallization seed regions to SGS crystallization
growth regions;

removing the first capping layer, the second capping layer,

and the metal catalyst layer;

patterning the crystallized silicon layer to form first capaci-

tor electrodes in the SGS crystallization seed regions
and to form semiconductor layers in the SGS crystalli-
zation growth regions;

forming a gate insulating layer to insulate the semiconduc-

tor layers from the gate electrodes;
forming gate electrodes on the gate insulating layer in
regions corresponding to the semiconductor layers;

forming second capacitor electrodes on the gate insulating
layer in regions corresponding to the first capacitor elec-
trodes;

forming source and drain electrodes electrically connected

to the semiconductor layer; and

forming first electrodes of a display to be electrically con-

nected respectively with one of the source or drain elec-
trodes.

22. The method of claim 21, further comprising:

forming a photoresist pattern on the gate insulating layer to
correspond to parts of the semiconductor layers;
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performing an impurity implantation process using the
photoresist pattern as a mask to define source, drain, and
channel regions of the semiconductor layers, and to
implant impurities into the first capacitor electrodes; and

removing the photoresist pattern.

23. The method of claim 21, wherein, during the SGS
crystallization, SGS grown crystals are in contact with each
other in the interconnection region.

Sep. 18, 2008

24. The method of claim 22, wherein a length direction of
the channel regions of the semiconductor layers is parallel to
an SGS crystallization growth direction of the SGS crystalli-
zation growth region.

25. The method of claim 21, wherein the SGS crystalliza-
tion growth region is crystallized by growing crystals from
the SGS crystallization seed region.

Ed sk sk Ed Ed



THMBW(EF)

RE(EFR)AGE)
HAT R E(ZFRR)AGE)

FRI& B A

EHA

S EREESE

BEG®)

patsnap
FIREREBERESIESE

US20080224129A1 NI (»&E)B 2008-09-18

US12/047619 RiEH 2008-03-13

=ESDICO., LTD.

=EDISPLAY CO., LTD.

CHOI JONG HYUN
JUN WOO SIK

CHOI, JONG-HYUN
JUN, WOO-SIK

HO1L51/56 HO1L21/77

HO01L21/02532 HO1L21/02672 HO1L27/1277 HO1L27/1255 HO1L27/3244
1020070024584 2007-03-13 KR

US8164096

Espacenet USPTO

g ih it

FRETRE  BRMN , AESIORENENLX=RE (OLED) iy 4?1b472bi /’4903 Ilam 60 mWEbP /190b

ERRERAFESEZQE  BREAE  HXSEREERK , Kk o |

Mo KRR BIE ( SGS ) 4 8% KK ESCSLE M F K w\wwmwmmw \ memwmmwi‘\m ]

BRI AR N EEEIERAGENOLED, o, BEMNME |\ ;\ w,‘,ﬂ, “' ;500

RHKESSCSERR MW EKHBTIT , ANE R B, ““‘“ A i \!“‘““-‘“
M rl& /M kel 4l

[/
/

I“‘c’ G
] llﬂlllmﬂﬁm\\ Ill&{‘aﬂw NN

T e ifefipble r"l":lnmluﬂnﬂll"r’m" L T e s 4

\‘y\\.\\ \\\\\\(\\\\ AN \\\\\ SRR

I i | ’ |

Lo
G o DO |6 S o Wy
i b i

pe——



https://share-analytics.zhihuiya.com/view/04d07a94-9da4-456e-9d3c-dbfe2b23d55b
https://worldwide.espacenet.com/patent/search/family/039397801/publication/US2008224129A1?q=US2008224129A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080224129%22.PGNR.&OS=DN/20080224129&RS=DN/20080224129

