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ORGANIC LIGHT EMITTING DISPLAY AND
METHOD OF FABRICATING THE SAME

CLAIM OF PRIORITY

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 2004-71891, filed Sep. 8,
2004, which is hereby incorporated by reference for all pur-
poses as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display (OLED) and method of fabricating the same
and, more particularly, to an OLED and method of fabricating
the same, which can simplify the fabricating process by auto-
matically patterning a pixel electrode.

[0004] 2. Discussion of the Background

[0005] In general, an OLED is a self-emissive display in
which light is emitted by exciting fluorescent organic com-
pounds. The OLED can be classified into a passive matrix
OLED (PMOLED) and an active matrix OLED (AMOLED)
according to a driving method of NxM pixels, which are
arranged in a matrix shape. In comparison with the
PMOLED, the AMOLED is suitable for large-area displays
due to its low power consumption and has high resolution.
[0006] In another approach, the OLED can be classified
into a top-emitting OLED, a bottom-emitting OLED and a
double-sided emitting OLED based on the direction in which
light is emitted from organic compounds. Unlike the bottom-
emitting OLED, the top-emitting OLED is a display in which
light is emitted in an opposite direction to a substrate on
which unit pixels are arranged and has an advantage of a high
aperture ratio.

[0007] As described above, the OLED is a self-emissive
display and thus requires no additional light sources. How-
ever, in order to improve luminous efficiency, some OLEDs
may use as a light source by reflecting external light using a
reflective layer formed of a metal with excellent reflective
properties.

[0008] Inthe conventional OLED, when the reflective layer
is formed of Al, while the reflective layer and a thin layer for
the pixel electrode are being patterned at the same time, both
of them are exposed to an electrolytic solution used for pho-
tolithography and etching processes. Thus, a material having
a greater electromotive force corrodes due to galvanic corro-
sion, thereby damaging the pixel electrode. To overcome this
problem, in another conventional method, the reflective layer
and the thin layer for the pixel electrode are separately pat-
terned using different photolithography and etching pro-
cesses. However, in this case, the number of photolithography
and etching processes is increased so that the entire fabrica-
tion process is more complicated, thereby causing a drop in
vield and increasing the production cost.

SUMMARY OF THE INVENTION

[0009] Tt is therefore an object of the present invention to
provide an improved organic light emitting display.

[0010] Itisalso anobject of the present invention to provide
an improved method of making an organic light emitting
display.

[0011] It is another object of the present invention to solve
aforementioned problems associated with conventional dis-
plays and methods.
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[0012] Tt is a further object of the present invention to
provide an OLED and a method of fabricating the same, in
which, when a reflective layer pattern is formed, a thin layer
for a pixel electrode is opened at an edge of an emission
region to form the pixel electrode without additional photo-
lithography and etching processes by forming an undercut
under the edge of the reflective layer pattern, i.e., under the
edge of the emission region by over-etching, thereby simpli-
fying the process and increasing the yield.

[0013] In an exemplary embodiment of the present inven-
tion, an OLED includes: a thin-film transistor (TFT) disposed
on a substrate and having a gate electrode, a source electrode,
and a drain electrode; an insulating layer disposed on the
substrate, the insulating laver having a via-contact hole; a
reflective layer pattern disposed in an emission region and
connected to one of the source and drain electrodes through
the via-contact hole, the reflective layer pattern having a
horizontal protrusion by an undercut formed at an edge of the
emission region of the insulating layer; a first electrode dis-
posed on the reflective layer pattern and the insulating layer,
the first electrode disposed on the reflective layer pattern and
the first electrode disposed on the insulating layer discon-
nected to each other at an edge of the reflective layer pattern;
an organic layer disposed on the first electrode in a portion of
the emission region and having at least an emission layer; and
an second electrode disposed on the organic layer.

[0014] The depth of the undercut may be at least twice as
great as the thickness of the first electrode.

[0015] In another exemplary embodiment of the present
invention, a method of fabricating an OLED includes: pre-
paring a substrate; forming a thin-film transistor on the sub-
strate, the thin film transistor comprising a gate electrode, a
source electrode and a drain electrode; forming an insulating
layer on the substrate, the insulating layer having a via-con-
tact hole; forming a reflective layer pattern protruding in a
horizontal direction in an emission region by an undercut
under an edge of the reflective layer pattern, the reflective
layer pattern connected to one of the source electrode and the
drain electrode through the via-contact hole; forming a first
electrode on the reflective layer pattern and the insulating
layer, the first electrode disposed on the reflective layer pat-
tern and the first electrode disposed on the insulating layer
disconnected to each other by the undercut; forming an
organic layer comprising at least an emission layer on the first
electrode in a portion of the emission region; and forming a
second electrode on the organic layer.

[0016] In another exemplary embodiment of the present
invention, a method of fabricating an OLED includes: form-
ing a TFT having a gate electrode to form a first structure, a
source electrode, and a drain electrode on a substrate; forming
an insulating layer on the first structure to form a second
structure, the insulating layer having a via-contact hole that
exposes one of the source and drain electrodes; forming a
reflective layer on the second structure, the reflective layer
being connected to one of the source and drain electrodes
through the via-contact hole; forming a reflective layer pat-
tern protruding in a horizontal direction by etching the reflec-
tivelayer and removing the insulating layer disposed under an
edge of the reflective layer pattern to form an undercut under
the edge of the reflective layer pattern; forming a first elec-
trode by forming a thin layer for a first electrode on the
resultant structure, the first electrode being patterned by the
undercut formed under the edge of the reflective layer pattern;
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forming an organic layer having at least an emission layer on
the first electrode; and forming an second electrode on the
organic layer.

[0017] The undercut may be formed by a dry etching pro-
cess.
[0018] The undercut may be formed to a depth of at least

twice as great as the thickness of the pixel electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A more complete appreciation of the present inven-
tion, and many of the above and other features and advantages
of the present invention, will be readily apparent as the same
becomes better understood by reference to the following
detailed description when considered in conjunction with the
accompanying drawings in which like reference symbols
indicate the same or similar components, wherein:

[0020] FIG. 1 is a schematic cross-sectional view of a con-
ventional OLED;

[0021] FIGS. 2A through 2C are schematic cross-sectional
views illustrating a method of fabricating an OLED according
to the present invention; and

[0022] FIG. 3 is a detailed cross-sectional view of an edge
of an emission region of an OLED according to the present
invention.

DETAILED DESCRIPTION

[0023] Hereinafter, a conventional structure of an organic
light emitting display and preferable embodiments according
to the present invention will be described with reference to the
accompanying drawings. Here, when one element is con-
nected to another element, one element may be not only
directly connected to another element but also indirectly con-
nected to another element via another element. Further, irrela-
tive elements are omitted for clarity. Also. like reference
numerals refer to like elements throughout.

[0024] FIG.11is a schematic cross-sectional view of a con-
ventional organic light emitting display.

[0025] Referring to FIG. 1, a buffer layer 110 having a
predetermined thickness is formed on a substrate 100, and a
thin-film transistor (TFT) including a polycrystalline silicon
(poly-Si) pattern 120, a gate electrode 132, a source electrode
150, and a drain electrode 152 is formed. In this case, source
and drain regions 124, which are ion-implanted with impuri-
ties, are disposed at both sides of the poly-Si pattern 120, and
a gate insulating layer 130 is disposed on the entire surface of
the resultant structure including the poly-Si pattern 120.
[0026] An interlayer insulating layer 140 having a prede-
termined thickness is disposed on the gate insulating layer
130.

[0027] The interlayer insulating layer 140 and the gate
insulating layer 130 are etched by photolithography and etch-
ing processes such that a contact hole (not shown) exposing
the source and drain regions 124 is formed. An electrode
material is deposited on the entire surface of the resultant
structure including the contact hole and etched by photoli-
thography and etching processes, thereby forming a source
electrode 150 and a drain electrode 152, which are connected
to the source and drain regions 124, respectively.

[0028] Thereafter, a passivation layer 160 having a prede-
termined thickness is formed on the entire surface of the
resultant structure and then etched by photolithography and
etching processes, thereby forming a first via-contact hole
162 to expose one of the source and drain electrodes 150 and
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152, for example, the drain electrode 152. The passivation
layer 160 is an inorganic insulating layer formed of silicon
nitride, silicon oxide, or a laminated structure thereof.
[0029] Thereafter, a planarization layer 170 is formed on
the entire surface of the resultant structure. The planarization
layer 170 may be formed of one selected from the group
consisting of polyimide, benzocyclobutene series resin, spin
on glass (SOG), and acrylate.

[0030] The planarization layer 170 is then etched by pho-
tolithography and etching processes, thereby forming a sec-
ond via-contact hole 172 to expose the one of the source and
drain electrodes 150 and 152, for example, the drain electrode
152, which is exposed by the first via-contact hole 162.
[0031] Next, a reflective layer (not shown) and a thin layer
(not shown) for a pixel electrode are laminated on the entire
surface of the resultant structure. The reflective layer is
formed of highly reflective metal such as Al, Mo, Ti, Au, Ag,
Pd, and an alloy thereof. When the reflective layer is formed
as described above, a top-emitting OLED is obtained. How-
ever, when the reflective layer is formed in a subsequent
process, a bottom-emitting OLED is obtained. The thin layer
for the pixel electrode is formed to a thickness of about 10 to
about 300 A using a transparent metal such as indium tin
oxide (ITO).

[0032] The laminated structure including the reflective
layer and the thin layer for the pixel electrode is etched by
photolithography and etching processes, thereby forming a
pixel electrode 182 and a reflective layer pattern 180, which
are connected to one of the source and drain electrodes 150
and 152, for example, the drain electrode 152.

[0033] Thereafter, a pixel defining layer pattern 190 is
formed on the entire surface of the resultant structure to define
an emission region. The pixel defining layer pattern 190 may
be formed of one selected from the group consisting of poly-
imide, benzocyclobutene series resin, phenol resin, and acry-
late.

[0034] An organic layer 184 including at least an emission
layer is formed on a portion of the pixel electrode 182 where
the pixel defining layer pattern 190 is exposed. The organic
layer 184 is obtained by a small molecule deposition method,
or alaser induced thermal imaging method. The organic layer
184 may further include at least one selected from the group
consisting of an electron injection layer (EIL), an electron
transport layer (ETL), a hole injection layer (HIL), a hole
transport layer (HTL), and a hole blocking layer. Thereafter,
an opposite electrode (not shown) is formed so that an OLED
can be completed. The OLED has an anode and a cathode. In
this specification, the pixel electrode (first electrode) and the
opposite electrode (second electrode) are described. The
opposite electrode is the cathode when the pixel electrode is
anode, and the opposite electrode is the anode when the pixel
electrode is the cathode.

[0035] When the completed display is a top-emitting
OLED, a transparent electrode or a transparent metal elec-
trode is used as the opposite electrode. However, in the case of
a bottom-emitting OLED, the opposite electrode is a metal
electrode or a reflective electrode.

[0036] In the OLED according to FIG. 1, when the reflec-
tive layer is formed of Al, while the reflective layer and the
thin layer for the pixel electrode are being patterned at the
same time, both of them are exposed to an electrolytic solu-
tion used for photolithography and etching processes. Thus, a
material having a greater electromotive force corrodes due to
galvanic corrosion, thereby damaging the pixel electrode.
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[0037] FIGS. 2A through 2C are schematic cross-sectional
views illustrating a method of fabricating an OLED according
to the present invention, and FIG. 3 is a detailed cross-sec-
tional view of an edge of an emission region of an OLED
according to the present invention.

[0038] Referring to FIG. 2A, a buffer layer 210 having a
predetermined thickness is formed on the entire surface of a
substrate 200, which is formed of glass, quartz, or sapphire.
The buffer layer 210 is formed of silicon oxide using a
plasma-enhanced chemical vapor deposition (PECVD)
method. This buffer layer 210 prevents diffusion of impurities
in the substrate 200 during crystallization of an amorphous
silicon (a-Si) layer to be formed in a subsequent process.
[0039] Thereafter, an a-Si layer (not shown) having a pre-
determined thickness is deposited on the buffer layer 210. The
a-3i layer is then crystallized using an excimer laser anneal-
ing (ELA) method, a sequential lateral solidification (SLS)
method, a metal induced crystallization (MIC) method, or a
metal induced lateral crystallization (MILC) method and pat-
terned using photolithography and etching processes, thereby
forming a poly-Si pattern 220 in a thin-film transistor (TFT)
region of a unit pixel. The poly-Si pattern 220 includes source
and drain regions 224 to be formed in a subsequent process.
[0040] Next, a gate insulating layer 230 having a predeter-
mined thickness is formed on the entire surface of the result-
ant structure. The gate insulating layer 230 may be formed of
silicon oxide, silicon nitride, or a laminated structure thereof.
[0041] A metal layer (not shown) is formed as a gate elec-
trode material on the gate insulating layer 230. The metal
layer may be formed ofa single layer of Al oran Alalloy (e.g.,
Al—Nd), or a multiple layer of an Al alloy laminated on a Cr
or Mo alloy. The metal layer is etched by photolithography
and etching processes to form a gate electrode 232. Subse-
quently, impurity ions are implanted into the poly-Si pattern
220 below both sides of the gate electrode 232, thereby form-
ing source and drain regions 224.

[0042] Thereafter, aninterlayer insulating layer 240 having
a predetermined thickness is formed on the entire surface of
the resultant structure. The interlayer insulating layer 240 is
typically formed of a silicon nitride layer.

[0043] The interlayer insulating layer 240 and the gate
insulating layer 230 are etched by photolithography and etch-
ing processes such that a contact hole (not shown) exposing
the source and drain regions 224 is formed. An electrode
material is deposited on the entire surface of the resultant
structure including the contact hole and etched by photoli-
thography and etching processes, thereby forming a source
electrode 250 and a drain electrode 252, which are connected
to the source and drain regions 224, respectively. The elec-
trode material may be MoW, A1—Nd, or a laminated structure
thereof.

[0044] Thereafter, a passivation layer 260 is formed on the
entire surface of the resultant structure by depositing silicon
nitride, silicon oxide, or a laminated structure thereof to a
predetermined thickness.

[0045] The passivation layer 260 is etched by photolithog-
raphy and etching processes, thereby forming a first via-
contact hole 262 to expose one of the source and drain elec-
trodes 250 and 252, for example, the drain electrode 252.
[0046] A planarization layer 270 is then formed on the
entire surface of the resultant structure. The planarization
layer 270 is formed to such a thickness as to completely
planarize the TFT region and using one selected from the
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group consisting of polyimide, benzocyclobutene series
resin, spin on glass (SOG), and acrylate.

[0047] The planarization layer 270 is etched by photoli-
thography and etching processes, thereby forming a second
via-contact hole 272 to expose the one of the source and drain
electrodes 250 and 252, for example, the drain electrode 252,
which is exposed by the first via-contact hole 262. It is pos-
sible to form the first and second via-contact holes 262 and
272 using only one photolithography and etching.

[0048] Thereafter, a reflective layer (not shown) is formed
on the entire surface of the resultant structure. The reflective
layer is formed of one selected from the group consisting of
Al, Mo, Ti, Au, Ag, Pd, and an alloy thereof, which has a
reflectivity of 50% or more.

[0049] Referring to FIG. 2B, in order to protect an emission
region, a photoresist pattern (not shown) is formed on the
reflective layer. After that, the reflective layer is etched using
the photoresist pattern as an etch mask, thereby forming a
reflective layer pattern 280. In this case, the reflective layer is
over-etched so that the planarization layer 270 disposed
thereunder can be removed by a predetermined thickness to
form an undercut 274 under an edge of the reflective layer
pattern 280. Thus, the edge of the reflective layer pattern 280
protrudes in a horizontal direction. To remove the planariza-
tion layer 270 by the predetermined thickness, the reflective
layer may be wet-etched and then dry-etched. Alternatively,
after the reflective layer is dry-etched to form the reflective
layer pattern 280, the reflective layer may be over-etched such
that the planarization layer 270 is removed by the predeter-
mined thickness.

[0050] Referring to FIG. 2C, a thin layer 282 for a pixel
electrode is formed on the entire surface of the resultant
structure. The thin layer 282 for the pixel electrode may be
formed by depositing a transparent metal such as indium tin
oxide (ITO), indium zinc oxide (IZ0), In,O;, or Sn,O5, 10 a
thickness of 10 to 300 A.

[0051] Since the undercut 274 is formed under the edge of
the reflective layer pattern 280, i.e., under the edge of the
emission region, while the thin layer 282 for the pixel elec-
trode is being deposited, a pixel electrode 2824 is formed at
the same time. As the thin layer 282 for the pixel electrode is
opened (i.e., as the thin layer on the portion 2824 and the thin
layer on the portion 2825 are disconnected to each other) by
the undercut 274 formed under the edge of the emission
region, the pixel electrode 282a is automatically patterned.
Therefore, no additional masking process is needed. After the
pixel electrode 282¢ is formed, the thin layer 2824 for the
pixel electrode still remains in a portion other than the emis-
sion region.

[0052] Referring to FIG. 3, which shows a detailed cross-
sectional view of the edge of the emission region ofthe OLED
according to the present invention, a correlation between the
thickness t of the pixel electrode 282« and the depth T of the
undercut 274 can be observed. As illustrated in FIG. 3, when
the depth T of the undercut 274 is at least twice as great as the
thickness t of the pixel electrode 282a, the pixel electrode
282a can be reliably patterned. For example, if the thickness
t of the pixel electrode 282a is 150 A, the depth T of the
undercut 274 should be 300 A or more.

[0053] Thereafter, a pixel defining layer (not shown) is
formed on the entire surface of the resultant structure and
patterned by photolithography and etching processes, thereby
forming a pixel defining layer pattern 290 to expose the
emission region.
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[0054] Subsequently, an organic layer 284 including at
least an emission layer is formed on a portion of the emission
region where the pixel defining layer pattern 290 is exposed.
The organic layer 284 is formed by a small molecule deposi-
tion method, or a laser induced thermal imaging method.
Also, the organic layer 284 may be a laminated structure that
further includes at least one selected from the group consist-
ing of an electron injection layer (EIL), an electron transport
layer (ETL), a hole injection layer (HIL), a hole transport
layer (HTL), and a hole blocking layer (HBL).

[0055] Finally, an opposite electrode (not shown) is
formed, thereby completing the OLED. The opposite elec-
trode is a transparent electrode.

[0056] Inthe exemplary embodiments of the present inven-
tion as described above, when a reflective layer is patterned,
an undercut is formed under an edge of a reflective layer
pattern by performing over-etching. Thereafter, a thin layer
for a pixel electrode is deposited thereon so that the thin layer
for the pixel electrode can be opened in the edge of an emis-
sion region. (That is, the thin layer on the reflective layer
pattern and the thin layer on the other portion are discon-
nected to each other.) As a result, a pixel electrode can be
formed without adding photolithography and etching pro-
cesses, thereby simplifying the process and increasing the
yield.

[0057] Although the present invention has been described
with reference to certain exemplary embodiments thereof, it
will be understood by those skilled in the art that a variety of
modifications and variations may be made to the present
invention without departing from the spirit or scope of the
present invention defined in the appended claims, and their
equivalents.

1-8. (canceled)
9. A method of fabricating an organic light emitting dis-
play, comprising:

forming a thin-film transistor on a substrate to form a first
structure, the thin-film transistor comprising a gate elec-
trode, a source electrode and a drain electrode;

forming an insulating layer on the first structure to form a
second structure, the insulating layer having a via-con-
tact hole that exposes one of the source electrode and the
drain electrode;

forming a reflective layer on the second structure, the
reflective layer being connected to one of the source
electrode and the drain electrode through the via-contact
hole;

forming a reflective layer pattern protruding in a horizontal
direction by etching the reflective layer and removing
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the insulating layer disposed under an edge of the reflec-
tive layer pattern to form an undercut under the edge of
the reflective layer pattern;

forming a first electrode by forming a thin layer for a first

electrode on the resultant structure, the first electrode
being patterned by the undercut formed under the edge
of the reflective layer pattern;

forming an organic layer having at least an emission layer

on the first electrode; and

forming a second electrode on the organic layer.

10. The method according to claim 9, wherein the reflective
layer is etched by using photolithography.

11. The method according to claim 9, wherein the insulat-
ing layer is formed by laminating a passivation layer and a
planarization layer.

12. The method according to claim 9, wherein the reflective
layer is formed of a metal having a reflectivity of 50% or
more.

13. The method according to claim 12, wherein the reflec-
tive layer is formed of one selected from a group consisting of
Al, Mo, Ti, Au, Ag, Pd, and an alloy thereof.

14. The method according to claim 9, wherein the step of
forming the reflective pattern comprises over-etching the
reflective layer to remove the insulating layer disposed under
the edge of the reflective layer pattern to form the undercut.

15. The method according to claim 9, wherein the step of
forming the reflective pattern comprises wet-etching the
reflective layer and dry-etching the reflective layer for remov-
ing the insulating layer disposed under the edge of the reflec-
tive layer pattern to form the undercut.

16. The method according to claim 9, wherein the step of
forming the reflective pattern comprises dry-etching the
reflective layer to form the reflective layer pattern and over-
etching the reflective layer for removing the insulating layer
disposed under the edge of the reflective layer pattern to form
the undercut.

17. The method according to claim 9, wherein the undercut
is formed to a depth of at least twice as great as the thickness
of the first electrode.

18. The method according to claim 9, wherein the second
electrode is formed of a transparent electrode.

19. (canceled)

20. A display fabricated according to claim 9, wherein:

the depth of the undercut is at least twice as great as the

thickness of the first electrode;

the first electrode is a pixel electrode; and

the second electrode is a transparent electrode.

* ok % %k %



LR EH(F)

[ i (S RIR) A ()

RE(EFR)AGE)

HA R E(FRR)AGE)

FRI& B A

REHAA

LR
L M2 TF S0k
S\EReERR

BEG®)

RAH—TOLEDRAKIES % , AP , YEARHERRN , ATHES
WAERE R K XFH D ELTF O UG RER , MEFTANKZ
MR IZEdERFEERNLE T , IERSXENLETHE

BNAKXE RERERESE

US20080284327A1

US12/155306

e}
ZFIHEE

KANG TAE/E
=R

=EDISPLAY CO., LTD.

KANG TAE WOOK
LEE KWAN HEE

KANG, TAE-WOOK
LEE, KWAN-HEE

HO01L51/52 H01J9/02

HO1L27/3244 HO1L51/5206 HO1L51/56 HO1L2251/5315 HO1L27/3258 HO1L51/5218

1020040071891 2004-09-08 KR

US7914354

Espacenet USPTO

ERmAFREY , NI TZHiES™ &,

2008-11-20

2008-06-02

patsnap

— o)
A=
250 /l/// // /// ’/%Z/////" =250
)/ Y =200
20~ ,/» 14 [/ ! 7’ ::g?g
& k 20

J |
24 2004 2


https://share-analytics.zhihuiya.com/view/6d672cfe-20ab-43a2-8b7d-e1a3b3b41cdb
https://worldwide.espacenet.com/patent/search/family/036159314/publication/US2008284327A1?q=US2008284327A1
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=%2220080284327%22.PGNR.&OS=DN/20080284327&RS=DN/20080284327

