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ABSTRACT

A thin film transistor (TFT) substrate having reduced differ-
ences in heights in areas thereof so as to facilitate subsequent
processing is disclosed. In one aspect, the TFT substrate
includes a substrate having a first area in which a TFT is not
disposed and a second area in which a TFT is disposed, a
height adjustment layer disposed on the substrate in an area
corresponding to at least a part of the first area. The TFT
substrate also includes a TFT disposed on the substrate in an
area corresponding to the second area.
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TFT SUBSTRATE, ORGANIC
LIGHT-EMITTING DIODE (OLED) DISPLAY
INCLUDING THE SAME, METHOD OF
MANUFACTURING TFT SUBSTRATE, AND
METHOD OF MANUFACTURING OLED
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0073961, filed on Jun. 26,2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to a thin
film transistor (TFT) substrate, an organic light-emitting
diode (OLED) display including the same, a method of manu-
facturing the TFT substrate, and a method of manufacturing
the OLED display.

[0004] 2. Description of the Related Technology

[0005] OLED displays generally include an OLED in a
display area thereof. The OLED typically includes a pixel
electrode and a counter electrode which face each other, and
an intermediate layer including an emission layer interposed
between the pixel electrode and the counter electrode.
[0006] OLED displays are generally classified into active
matrix (AM) OLED displays and passive matrix (PM) OLED
displays, according to their driving mechanism. In AMOLED
displays, light emission in each sub-pixel is typically con-
trolled through a thin film transistor (TFT) included in each
sub-pixel. In PMOLED displays, light emission in each sub-
pixel is typically controlled through an array of electrodes
arranged in a substantially matrix form. In AMOLED dis-
plays, an OLED is typically located on the TFT.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] One inventive aspect is a thin film transistor (TFT)
substrate which has reduced differences in heights in areas
thereof so as to facilitate subsequent processing, an OLED
display including the TFT substrate, a method of manufac-
turing the TFT substrate, and a method of manufacturing the
OLED display.

[0008] Another aspect is a TFT substrate including a sub-
strate having a first area in which a TFT is not disposed and a
second area in which a TFT is disposed, a height adjustment
layer disposed on the substrate in an area corresponding to at
least a part of the first area, and a TFT disposed on the
substrate in an area corresponding to the second area.
[0009] The height of the height adjustment layer may cor-
respond to the height of the TFT.

[0010] The height adjustment layer may further include a
metal or an inorganic material.

[0011] The TFT substrate may further include a planariza-
tion layer disposed to cover the height adjustment layer and
the TFT. In this case, the TFT substrate may further include a
passivation layer disposed between the height adjustment
layer and the TFT, and the planarization layer.

[0012] The height adjustment layer may include a first
height adjustment layer and a second height adjustment layer
which have different heights.
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[0013] The height adjustment layer may include a first
height adjustment layer and a second height adjustment layer
which are separated from each other.

[0014] TheTFT substrate may further include a buffer layer
disposed on the substrate, wherein the height adjustment
layer may be disposed on the buffer layer.

[0015] The TFT substrate may further include a gate insu-
lating layer disposed on the substrate so as to be interposed
between a semiconductor layer and a gate electrode of the
TFT, wherein the height adjustment layer may be disposed on
the gate insulating layer. Alternatively, the TFT substrate may
further include an insulating interlayer disposed on the sub-
strate so as to be interposed between source/drain electrodes
and a gate electrode of the TFT, wherein the height adjust-
ment layer may be disposed on the insulating interlayer.
[0016] The TFT substrate may further include a pixel elec-
trode that is electrically connected to the TFT.

[0017] Another aspect is an OLED display including the
TFT substrate, an intermediate layer disposed on the pixel
electrode and including an emission layer, and a counter
electrode disposed on the intermediate layer.

[0018] Light emitted from the emission layer may be emit-
ted to the environment through the counter electrode.

[0019] Another aspect is a method of manufacturing a TFT
substrate, the method including: preparing a substrate having
a first area in which a TFT is not to be disposed and a second
area in which a TFT is to be disposed, forming a height
adjustment layer so as to correspond to at least a part of the
first area of the substrate, and forming a TFT on the substrate
so as to correspond to the second area of the substrate.
[0020] The forming of the height adjustment layer may
include forming the height adjustment layer in such a manner
that a height of the height adjustment layer corresponds to a
height of the TFT.

[0021] The forming of the height adjustment layer may
include using a metal or an inorganic material.

[0022] The forming of the TFT may include: forming a
semiconductor layer, forming a gate insulating layer so as to
cover the semiconductor layer, forming a gate electrode on
the gate insulating layer, forming an insulating interlayer so
as to cover the gate electrode, and forming source/drain elec-
trodes on the insulating interlayer so as to be electrically
connected to the semiconductor layer, wherein the forming of
the height adjustment layer is performed before the forming
of the semiconductor layer, is performed between the forming
of the gate insulating layer and the forming of the insulating
interlayer, or is performed after the forming of the insulating
interlayer.

[0023] The method may further include forming a pla-
narization layer so as to cover the height adjustment layer and
the TFT.

[0024] The method may further include forming a passiva-
tion layer so as to cover the height adjustment layer and the
TFT and forming a planarization layer on the passivation
layer.

[0025] The method may further include removing the sub-
strate.
[0026] The method may further include forming a pixel

electrode so as to be electrically connected to the TFT.

[0027] Another aspect is a method of manufacturing an
OLED display, the method including: preparing a TFT sub-
strate that is manufactured using a method of manufacturing
the TFT substrate, forming an intermediate layer including an
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emission layer on the pixel electrode, and forming a counter
electrode on the intermediate layer.

[0028] The method may further include removing the sub-
strate.
[0029] The forming of the intermediate layer may includea

liquid phase process.

[0030] Another aspect is a method of manufacturing an
OLED display, the method including: preparing a TFT sub-
strate that is manufactured using a method of manufacturing
the TFT substrate, forming an intermediate layer including an
emission layer on the pixel electrode, and forming a counter
electrode on the intermediate layer.

[0031] The forming of the intermediate layer may include a
liquid phase process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and/or other aspects will become apparent
and more readily appreciated from the following description
of embodiments, taken in conjunction with the accompanying
drawings.

[0033] FIGS. 1 to 9 are schematic cross-sectional views
illustrating a method of manufacturing an OLED display,
according to an embodiment.

[0034] FIG.101saschematic cross-sectional view illustrat-
ing an OLED display according to another embodiment.
[0035] FIG.11isaschematic cross-sectional view illustrat-
ing an OLED display according to a comparative example.
[0036] FIG.12isaschematic cross-sectional view illustrat-
ing an OLED display according to another embodiment.
[0037] FIG.13isaschematic cross-sectional view illustrat-
ing an OLED display according to another embodiment.
[0038] FIG.14isaschematic cross-sectional view illustrat-
ing an OLED display according to another embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0039] Generally, AMOLED displays generate defects in
an OLED located on the upper side thereof due to the con-
figuration of a TFT located on the lower side thereof, and have
a problem where only a specific method is used to form the
OLED located on the upper side.

[0040] The described technology will now be described
more fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the described
technology are shown. The described technology may, how-
ever, be embodied in many different forms, and should not be
construed as being limited to the embodiments set forth
herein; rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the concept of the described technology to one of
ordinary skill in the art. In the drawings, the thicknesses of
layers and areas may be exaggerated for clarity. Like refer-
ence numerals denote like elements throughout the specifica-
tion. Throughout the specification, it will also be understood
that when an element such as layer, area, or substrate is
referred to as being “on” another element, it can be directly on
the other element, or intervening elements may be present. In
contrast, when an element is referred to as being “directly on”
another element, there are no intervening elements present.
Throughout the specification, the term “connected” includes
“electrically connected.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of,”
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when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
[0041] FIGS. 1 to 9 are schematic cross-sectional views
illustrating a method of manufacturing an OLED display
according to an embodiment.

[0042] According to the method of manufacturing an
OLED display of the current embodiment, first, as illustrated
in FIG. 1, a height adjustment layer 120 is formed on a
substrate 110. In addition, another layer such as a buffer layer
115 may be formed on the substrate 110 before forming the
height adjustment layer 120, when necessary. The buffer
layer 115 may be formed on the whole surface of the substrate
110, as illustrated in FIGS. 1 to 9, or may be formed in a
pattern.

[0043] The substrate 110 may be formed of various mate-
rials, for example, a glass material, a metal material, or a
plastic material such as polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), or polyimide. The substrate
110 includes a first area Al in whicha TFT is not to be formed,
and a second area A2 in which a TFT is to be formed. The first
and second areas Al and A2 may be alternately included as
illustrated in the drawing, but the interval between the first
and second areas A1 and A2 and the areas thereof not required
to be the same. The substrate 110 may have a third area A3 in
which other wiring structures are to be disposed. The third
area A3 may be understood as a part of the first area A1 in that
the third area A3 is an area in which a TFT is not to be formed.
[0044] The buffer layer 115 may be formed of various
materials, and may be formed to have a single-layered struc-
ture or a multi-layered structure using a material, such as PET,
PEN, polyacrylate, or polyimide, in order to form a flexible
display as described below. Alternatively, the buffer layer 115
may be formed using silicon oxide, silicon nitride, or the like,
or the buffer layer 115 may be formed as a composite film
including an organic material and an inorganic material.
[0045] When the height adjustment layer 120 is formed on
the substrate 110, the height adjustment layer 120 is formed to
correspond to at least a part of the first area A1 of the substrate
110. A height h1 of the height adjustment layer 120 may
correspond to, for example, the height of a TFT to be
described below.

[0046] The height adjustment layer 120 may be formed of,
for example, a metal or an inorganic material. When the
height adjustment layer 120 is formed of a metal, the height
adjustment layer 120 may be formed using a material capable
of being used when forming a gate electrode, which is a
component of the TFT. That is, the height adjustment layer
120 may be formed to have a single-layered structure or a
multi-layered structure using, for example, at least one mate-
rial of aluminum (Al), platinum (Pt), palladium (Pd), silver
(Ag), magnesium (Mg), gold (Au), nickel (Ni), neodymium
(Nd), iridium (Ir), chromium (Cr), lithium (Li), calcium (Ca),
molybdenum (Mo), titanium (Ti), tungsten (W), or copper
(Cu), or an arbitrary alloy type material. When the height
adjustment layer 120 is formed of an inorganic material, the
height adjustment layer 120 may be formed to have a single-
layered structure or amulti-layered structure using a material,
such as silicon oxide and/or silicon nitride.

[0047] As illustrated in FIGS. 1 to 9, the height adjustment
layer 120 may include a first height adjustment layer 121 and
a second height adjustment layer 122. Here, a third height
adjustment layer separated from the first height adjustment
layer 121 and/or the second height adjustment layer 122 may
also be present. Since FIG. 11s a cross-sectional view, the first
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and second height adjustment layers 121 and 122 are shown
to be separated from each other in FIG. 1. However, the first
and second height adjustment layers 121 and 122 may be
connected to each other.

[0048] The height adjustment layer 120 may not always
necessarily have a constant height. For example, as illustrated
in FIG. 1, the second height adjustment layer 122 may have a
portion having a heighth1 that is substantially the same as the
height of the first height adjustment layer 121, and a portion
having a height h2 that is different from the height hl. In the
second height adjustment layer 122, the portion having the
height h1 and the portion having the height h2 may be sepa-
rated from each other. The heights of the first and second
height adjustment layers 122 may be different. In order to
form the height adjustment layer 120 having various heights,
the height adjustment layer 120 may be formed to have a
multi-layered structure when necessary.

[0049] The height adjustment layer 120 may be formed on
the substrate 110 so as to correspond to at least a part of the
first area A1 of the substrate 110. For example, an area where
pixels are disposed in the OLED display may be referred to as
an active area and a non-emission area where pixels are not
disposed may be referred to as a dead area. Here, a portion in
which a TFT is not located in the dead area may be included
in the first area A1 of the substrate 110. However, the height
adjustment layer 120 may not necessarily be present in the
portion of the first area Al. In this regard, it may be said that
the height adjustment layer 120 is formed on the substrate 110
so as to correspond to at least a part of the first area A1 of the
substrate 110.

[0050] In order to form the height adjustment layer 120, a
layer may be formed on the whole surface of the substrate 110
or on the majority of the surface of the substrate 110 by using
a material for forming the height adjustment layer 120, and
then may be patterned. The layer may be patterned using
various methods, for example, photolithography, a laser abla-
tion technique (LAT), or a halftone mask. Alternatively, the
height adjustment layer 120 may be formed by deposition
using a mask, a halftone mask, or the like.

[0051] After the height adjustment layer 120 is formed on
the substrate 110, a TFT is formed on the substrate 110 so as
to correspond to the second area A2 of the substrate 110.
However, the described technology is not limited to the TFT
described hereinafter, and structures resulting in other height
differences on the substrate 110, which will be described
below, may be formed so as to correspond to the second area
A2 of the substrate 110. Another layer or the like may be
interposed between the height adjustment layer 120 and the
structures, when required. For example, as illustrated in FIG.
2, first, a semiconductor layer 210 is formed in the second
area A2 of the substrate 110. The semiconductor layer 210
may be formed as an amorphous silicon layer, an oxide silicon
layer, or a polycrystalline silicon layer. Alternatively, the
semiconductor layer 210 may be formed of an organic semi-
conductor material. Although not shown in detail in the draw-
ing, the semiconductor layer 210 may include a source area
and a drain area which are doped with a dopant, and a channel
area, when required.

[0052] Thereafter, as illustrated in FIG. 3, a gate insulating
layer 130 is formed so as to cover the semiconductor layer
210, and a gate electrode 220 is formed on the gate insulating
layer 130. A first capacitor electrode 310 may be formed at
substantially the same time as the gate electrode 220.
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[0053] The gate insulating layer 130 may be ordinarily
formed so as to cover both the first and second areas Al and
A2 of the height adjustment layer 120, that is, the whole
surface of the height adjustment layer 120. The gate insulat-
ing layer 130 may be formed in a pattern, when required. The
gate insulating layer 130 may be formed of silicon oxide,
silicon nitride, or any electrically insulating organic or inor-
ganic material. The gate electrode 220 may be formed to have
a single-layered structure or a multi-layered structure using,
for example, at least one material of aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), lithium (L1), calcium (Ca), molybdenum (Mo), titanium
(Ti), tungsten (W), or copper (Cu), or an arbitrary alloy type
material, in consideration of the adhesion with an adjacent
layer, surface flatness of a layer to be stacked thereon, and the
processability thereof.

[0054] Subsequently. as illustrated in FIG. 4, an insulating
interlayer 140 is formed of silicon oxide, silicon nitride, and/
or any electrically insulating organic or inorganic material so
as to cover the gate electrode 220 and the gate insulating layer
130. Then, contact holes are formed by removing portions of
the gate insulating layer 130 and the insulating interlayer 140
so as to expose predetermined areas of the semiconductor
layer 210. The insulating interlayer 140 may also be partially
patterned when required. Thereafter, as illustrated in FIG. 5,
source/drain electrodes 230 may be formed through the con-
tact holes to contact the semiconductor layer 210, thereby
forming a TFT 200. A second capacitor electrode 320 may be
formed at substantially the same time as the source/drain
electrodes 230. Thus, a capacitor 300 may be formed on the
substrate 110. The source/drain electrodes 230 may be
formed to have a single-layered structure or a multi-layered
structure using, for example, at least one material of alumi-
num (Al), platinum (Pt), palladium (Pd), silver (Ag), magne-
sium (Mg), gold (Au), nickel (Ni), neodymium (Nd), iridium
(Ir), chromium (Cr), lithium (Li), calcium (Ca), molybdenum
(Mo), titanium (Ti), tungsten (W), or copper (Cu), or an
arbitrary alloy type material.

[0055] In addition, a passivation layer 150 is formed of
silicon oxide, silicon nitride, and/or any electrically insulat-
ing organic or inorganic material so as to cover the source/
drain electrodes 230 of the TFT 200 and the insulating inter-
layer 140. The passivation layer 150 is formed so as to cover
the source/drain electrodes 230 and the insulating interlayer
140. The passivation layer 150 may be understood as being
formed so as to cover the height adjustment layer 120 and the
TFT 200. This is because the source/drain electrodes 230 are
components of the TFT 200, or this is because covering the
insulating interlayer 140 or the gate insulating layer 130 may
be understood as covering the height adjustment layer 120
since the insulating interlayer 140 or the gate insulating layer
130 covers the height adjustment layer 120. Although not
illustrated, the insulating interlayer 140 or the gate insulating
layer 130 may be patterned, and thus a part of the height
adjustment layer 120 may not be covered by the insulating
interlayer 140 or the gate insulating layer 130. In this case, the
passivation layer 150 may directly cover the height adjust-
ment layer 120.

[0056] After the completion of this step in the method of the
present embodiment, the passivation layer 150 covers the
whole surface of the substrate 110 or the majority of the
substrate 110. Here, as illustrated in FIG. 5, the TFT 200
having a complicated layered-structure is located below the
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passivation layer 150, and thus the top surface of the passi-
vation layer 150 may not be sufficiently flat. However, the
height adjustment layer 120 is formed below the passivation
layer 150 so as to correspond to at least a part of the first area
Al of the substrate 110, and the TFT 200 is formed so as to
correspond to the second area A2 of the substrate 110 in
which the height adjustment layer 120 is not present. Thus,
although the top surface of the passivation layer 150 is not flat,
the passivation layer 150 does not have relatively large height
differences in different areas thereof. This is also true of the
third area A3 in which the capacitor 300 is formed. That s, the
height h2 in the third area A3 of the height adjustment layer
120 may be previously set in consideration of the thicknesses
of the first and second capacitor electrodes 310 and 320 of the
capacitor 300. Accordingly, as illustrated in FIG. 6, when a
planarization layer 160 is formed on the passivation layer
150, the planarization layer 160 may be formed so as to
sufficiently planarize the top surface of the planarization layer
160.

[0057] Due to the formation of the height adjustment layer
120 the planarization layer 160 may be formed so as to suf-
ficiently planarize the top surface of the planarization layer
160by adjusting the height of the height adjustment layer 120
or selectively disposing the height adjustment layer 120 so
that it is not disposed in an area in which other wiring struc-
tures are to be located. Hereinafter, for convenience of
description, only the case where the TFT 200 is formed will
be described.

[0058] The planarization layer 160 may be formed of an
acryl-based organic material, polyimide, benzocyclobutene
(BCB), or the like, and may be formed of silicon oxide or
silicon nitride when required. An upper portion of the pla-
narization layer 160 formed in this manner may be planarized
using a mechanical method, such as milling, when required.
[0059] If the passivation layer 150 is not formed in the
manufacturing process of the OLED display, the planariza-
tion layer 160 may be formed so as to cover the height adjust-
ment layer 120 and the TFT 200. In this case, the planariza-
tion layer 160 is formed so as to cover the source/drain
electrodes 230 and the insulating interlayer 140. The pla-
narization layer 160 may be understood as being formed so as
to cover the height adjustment layer 120 and the TFT 200.
This is because the source/drain electrodes 230 are compo-
nents of the TFT 200, or this is because covering the insulat-
ing interlayer 140 or the gate insulating layer 130 may be
understood as covering the height adjustment layer 120 since
the insulating interlayer 140 or the gate insulating layer 130
covers the height adjustment layer 120. Although not illus-
trated, the insulating interlayer 140 or the gate insulating
layer 130 may be patterned, and thus a part of the height
adjustment layer 120 may not be covered by the insulating
interlayer 140 or the gate insulating layer 130. In this case, the
planarization layer 160 may directly cover the height adjust-
ment layer 120.

[0060] After the planarization layer 160 is formed, a via
hole is formed in the passivation layer 150 and the planariza-
tion layer 160 so as to expose any one of the source/drain
electrodes 230 of the TFT 200, as illustrated in FIG. 6. Sub-
sequently, as illustrated in FIG. 7, a pixel electrode 410,
which is electrically connected to the TFT 200, is formed on
the planarization layer 160 via the via hole. Then, as illus-
trated in FIG. 8, a pixel defining layer 170 having a single-
layered structure or a multi-layered structure may be formed
of an organic material, such as polyacrylate or polyimide, or
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a material, such as an arbitrary inorganic material, and
exposes a part of the pixel electrode 410, which includes the
central portion of the pixel electrode 410.

[0061] The pixel electrode 410 may be formed as a (semi)
transparent electrode or a reflective electrode. When the pixel
electrode 410 is formed as a (semi)transparent electrode, the
pixel electrode 410 may be formed of, for example, indium tin
oxide (ITO), indium zinc oxide (IZ0), zinc oxide (ZnO),
indium oxide (In,0,), indium gallium oxide (IGO), or alu-
minium zinc oxide (AZQ). When the pixel electrode 410 is
formed as a reflective electrode, the pixel electrode 410 may
include a reflective film formed of Ag, Mg, Al, Pt, Pd, Au, Ni,
Nd, Ir, Cr, or a compound thereof, and a film formed of ITO,
170, Zn0, or In,O,. However, the configuration and material
of the pixel electrode 410 are not limited thereto, and various
modifications may be made.

[0062] The pixel defining layer 170 may define pixels by
having an opening corresponding to each sub-pixel, that is, an
opening for exposing the central portion of the pixel electrode
410 or the whole pixel electrode 410. In addition, the pixel
defining layer 170 may substantially prevent current leakage
or the like from occurring between end portions of the pixel
electrode 410 and a counter electrode 430 by increasing a
distance between the end portions of the pixel electrode 410
and the counter electrode 430 (see FIG. 10).

[0063] Thereafter, as illustrated in FIG. 9, an intermediate
layer 420, including an emission layer, is formed, and the
counter electrode 430 is formed so as to correspond to at least
the pixel electrode 410 or to correspond to the majority of the
area of the substrate 110, thus completing the manufacture of
the OLED display, including an OLED 400, which is electri-
cally connected to the TFT 200, as illustrated in FIG. 10.
[0064] Thecounterelectrode 430 is formed as a single body
in a plurality of pixels to cover a display area (active area).
Here, the display area refers to all areas capable of emitting
light in the whole OLED display. For example, the display
area may refer to all areas except for the edges of the OLED
display at which, for example, a controller or the like is
located. When a dead area is not present in the whole surface
of the OLED display, the whole surface of the OLED display
may be referred to as a display area.

[0065] The counter electrode 430 may receive an electrical
signal from an electrode power supply line through electrical
contact with the electrode power supply line outside the dis-
play area. The counter electrode 430 may be formed as a
(semi)transparent electrode or a reflective electrode. When
the counter electrode 430 is formed as a (semi)transparent
electrode, the counter electrode 430 may include a film that is
formed of Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or a compound
thereof so as to face the intermediate layer 420, and an aux-
iliary electrode or a bus electrode line, which is formed of a
(semi)transparent material, such as ITO, IZO, ZnO, or In,O;.
When the counter electrode 430 is formed as a reflective
electrode, the counter electrode 430 may include a layer
including, for example, at least one material of Li, Ca, LiF/
Ca, LiF/Al, Al, Ag, or Mg. However, the configuration and
material of the counter electrode 430 are not limited thereto,
and various modifications may be made.

[0066] In the OLED display manufactured in this manner,
the height adjustment layer 120 having the height hl is
formed so as to correspond to at least a part of the first area Al
of the substrate 110, and the TFT 200 is formed so as to
correspond to the second area A2 of the substrate 110 in
which the height adjustment layer 120 is not present. Thus,
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even when the surface below the planarization layer 160 is not
completely flat when forming the planarization layer 160, the
planarization layer 160 may be formed to have a substantially
flat top surface. Accordingly, the pixel electrode 410 on the
planarization layer 160 may also be formed to be substan-
tially flat. Thus, the intermediate layer 420 may be formed to
have a substantially uniform thickness when forming the
intermediate layer 420, including an emission layer, on the
pixel electrode 410.

[0067] FIG.111isaschematic cross-sectional view illustrat-
ing an OLED display according to acomparative example. As
illustrated in FIG. 11, in the OLED display according to the
comparative example which does not include a height adjust-
ment layer,a TFT is formed on a buffer layer 15 on a substrate
10, a passivation layer 50 and a planarization layer 60 are
formed so as to cover the TFT, and a pixel electrode 81 is
formed on the planarization layer 60. Further, a pixel defining
layer 70 is formed on the planarization layer 60 and the pixel
electrode 81, an intermediate layer 83, including an emission
layer, is formed on the pixel electrode 81, and a counter
electrode 85 is formed on the intermediate layer 83, thereby
manufacturing the TFT and an OLED 80 that are electrically
connected to each other.

[0068] However, since the OLED display according to the
comparative example does not include a height adjustment
layer, the top surface of the passivation layer 50 has a rela-
tively large height difference between a first area A1' in which
aTFT is not formed and a second area A2' in which a TFT is
formed. Thus, when the planarization layer 60 covering the
passivation layer 50 is formed, even though the planarization
layer 60 has a height difference smaller than the height dif-
ference of the top surface of the passivation layer 50, the top
surface of the planarization layer 60 still has a relatively large
height difference in areas thereof.

[0069] As a result, in the OLED display according to the
comparative example, the pixel electrode 81 is formed on the
planarization layer 60 in a curved area of the top surface of the
planarization layer 60. Thus, when the whole or a part of the
intermediate layer 83, including the emission layer, is formed
on the pixel electrode 81 through a liquid phase process, for
example, by inkjet printing, nozzle printing, or the like, the
intermediate layer 83 is formed to have a substantially flat top
surface, irrespective of the curvature of the pixel electrode 81
located under the intermediate layer 83, since the material
used in forming the intermediate layer 83 is a liquid phase
material. Consequently, the intermediate layer 83 having a
non-uniform thickness is formed on the pixel electrode 81.
Referring to FIG. 11, a portion of the intermediate layer 83,
which is included in the second area A2', has a smaller thick-
ness than that of a portion of the intermediate layer 83, which
is included in the first area Al'.

[0070] Such a difference in thickness of the intermediate
layer 83 results in a difference in the amount of light emitted
from the OLED 80. That is, based on an ordinary experiment,
electrons and holes are more easily injected in the portion of
the intermediate layer 83 which has a small thickness, and
thus brightness of this portion is high. On the other hand,
electrons and holes are not easily injected in the portion of the
intermediate layer 83 which has a large thickness, and thus
brightness of this portion is low. Therefore, a problem occurs
in that light emitted from within each sub-pixel has a non-
uniform brightness.

[0071] However, according to the method of manufacturing
an OLED display of the current embodiment, before forming
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the TFT 200, the height adjustment layer 120 having the
heighthl is formed so as to correspond to at least a part of the
first area Al of the substrate 110, and the TFT 200 is formed
s0 as to correspond to the second area A2 of the substrate 110
in which the height adjustment layer 120 is not present. Thus,
even though the top surface of the passivation layer 150
covering the height adjustment layer 120 and the TFT 200 is
not completely flat, the vertical difference in height between
areas thereof is not as large as in the OLED display according
to the comparative example.

[0072] As such, since the top surface of the passivation
layer 150 does not have a great difference in height between
areas thereof, the planarization layer 160 covering the passi-
vation layer 150 has a sufficiently flat top surface, and thus the
pixel electrode 410 on the planarization layer 160 is also
formed to be substantially flat. Accordingly, even though the
intermediate layer 420, including the emission layer, is
formed through a liquid phase process, the intermediate layer
420 may be formed to have a substantially uniform thickness.
Thus, the brightness uniformity of light emitted within each
sub-pixel may be increased, thereby drastically increasing the
quality of the OLED display and increasing the manufactur-
ing yield thereof. In addition, the whole intermediate layer
420 is not required to be formed through a liquid phase
process. That is, a part thereof may be formed by deposition
or the like, and another part thereof may be formed through a
liquid phase process.

[0073] When the intermediate layer 420 is formed of a
liquid phase material, the intermediate layer 420 may have a
structure including at least one or all of a hold injection layer
(HIL), a hole transport layer (HTL), an interlayer (or a primer
layer), or an emission layer (EML). Examples of a material
for forming the intermediate layer 420 may include a high
molecular material, a low molecular material, or a dendrimer
material which is in a liquid phase.

[0074] Examples of a material for forming the HTL may
include poly-3,4-ethylene-dihydroxy thiophene (PEDOT),
polyaniline (PANI), doped or undoped polythiophene, a
p-doped material, or the like. Examples of a material for
forming the EML may include a high molecular material, a
low molecular material (ordinarily, a soluble low molecular
material), or a dendrimer material, which emits light in the
form of fluorescence or phosphorescence and is capable of
being manufactured in a liquid phase. A material based on
polyphenylene vinylene (PPV) or polyfluorene may be used
as the liquid high molecular material. Examples of the low
molecular material may include an ordinary low molecular
material or a liquefiable material including a material which
is particularly designed for a liquid phase process, and a
fanctional group capable of liquefying the material.

[0075] Assuch, in a case where the pixel defining layer 170
is formed through a liquid phase process, when a liquid phase
material is applied onto the pixel electrode 410, a portion of
the surface of the pixel defining layer 170, which is to come
into contact with the liquid phase material, that s, a portion of
the pixel defining layer 170 which is adjacent to the pixel
electrode 410, may be formed of a material having a high
wettability because of a slightly high surface energy thereof,
like silicon nitride or silicon oxide, and the remaining por-
tions thereof may be formed of an organic material. That is, at
least a part of the opening for defining the pixel of the pixel
defining layer 170 may be formed of a material different from
a material for forming other portions of the pixel defining
layer 170. At this time, the surface energy of the material for
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forming the part of the opening may be higher than that of the
material for forming other portions of the pixel defining layer
170. In particular, a liquid phase material may be concen-
trated on the side of the pixel electrode 410 rather than the top
surface of the pixel defining layer 170 during the liquid phase
process by increasing the surface energy of the material for
forming other portions of the pixel defining layer 170.
[0076] The surface energy may be adjusted by temporarily
or permanently changing surface energy of a surface to be
processed, through a method of irradiating plasma or light
having a specific wavelength.

[0077] In abottom emission type OLED display in which
light emitted from the emission layer is emitted to the envi-
ronment through the pixel electrode 410 and the substrate 110
below the pixel electrode 410, when the TFT 200 or other
wiring structures are present below the pixel electrode 410,
the emission of the light may be restricted. In some embodi-
ments, a bottom emission type OLED display does not
include any structure below the pixel electrode 410 which has
a substantially non-uniform surface.

[0078] Alternatively, in a top emission type OLED display
in which light emitted from the emission layer is emitted to
the environment through the counter electrode 430, it is
highly likely that a structure having a non-uniform surface,
such as the TFT 200, is formed below the pixel electrode 410.
Accordingly, in the top emission type OLED display, it may
be particularly effective to improve the emission properties of
the OLED display by substantially planarizing the top surface
of the planarization layer 160 or the like on which the pixel
electrode 410 is to be formed, through the use of the height
adjustment layer 120 as described above.

[0079] In order to reduce the differences in height in areas
of the top surface of the passivation layer 150 located under
the planarization layer 160, when forming the height adjust-
ment layer 120, the height h1 of the height adjustment layer
120 may be formed to correspond to the height of the TFT
200. Thus, when the TFT 200 is formed in the second area A2
of the substrate 110 in which the height adjustment layer 120
is not present, after the TFT 200 is formed, a difference in
height between the top surface in the second area A2 in which
the TFT 200 is formed and the top surface in the first area Al
in which the TFT 200 is not formed may be minimized. Here,
the top surface may refer to the top surface of the portion other
than the passivation layer 150 in FIG. 5, that is, the top surface
ofthe TFT 200 at alocation where the TFT 200 is formed, and
may refer to the top surface of the insulating interlayer 140 in
FIG. 5 at alocation where the TFT 200 is not formed.
[0080] The correspondence of the height hl of the height
adjustment layer 120 to the height of the TFT 200 does not
mean that the height hl of the height adjustment layer 120 is
substantially the same as the height of the TFT 200. For
example, as illustrated in FIG. 5, the gate insulating layer 130
or the insulating interlayer 140 may be required in forming
the TFT 200, and thus the gate insulating layer 130 or the
insulating interlayer 140 may be formed in an area where the
TFT 200 is not formed (so as to cover the height adjustment
layer 120). Accordingly, the height hl of the height adjust-
ment layer 120 may be slightly less than the height of the TEFT
200 (for example, the height from the bottom of the semicon-
ductor layer 210 to the top surfaces of the source/drain elec-
trodes 230).

[0081] Before forming the TFT 200, when forming the
height adjustment layer 120, the thickness thereof in the first
area Al is precisely adjusted, and thus, the passivation layer
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150 covering the height adjustment layer 120 and the TFT 200
may be formed to have a substantially flat top surface. In this
case, a substantially flat pixel electrode may be formed on the
passivation layer 150 without having to form an additional
passivation layer, and thus, even though at least a part of the
intermediate layer is formed using a method including a lig-
uid phase process, the part of the intermediate layer may be
formed to have a substantially uniform thickness.

[0082] In a method of manufacturing an OLED display
according to another embodiment, a process of removing the
substrate 110 may be additionally performed as illustrated in
FIG. 12. In this case, the buffer layer 115 is exposed to the
environment to serve as a substrate. When the buffer layer 115
is not formed, a layer that is finally exposed to the environ-
ment by removing the substrate 110 may serve as a substrate.
[0083] Whenthe OLED display is manufactured, processes
of forming and patterning various layers are performed. Thus,
the OLED display is manufactured through a process of pass-
ing the substrate 110 through various chambers. In this pro-
cess, handling stability is highly significant, and a substrate
110 having a sufficient thickness may be used. In consider-
ation of this, the handling stability is increased by using a
substrate 110 having a sufficient thickness, and subsequently
the substrate 110 may be removed, thereby allowing a thin
OLED display to be manufactured.

[0084] In order to manufacture a flexible OLED display, a
considerable number of layers are required to have flexibility.
However, such a flexible OLED display will have a decreased
handling stability. Accordingly, the handling stability may be
increased by using a substrate 110 having a sufficient thick-
ness and solidity, and then the substrate 110 may be removed,
thereby allowing for the manufacture of a flexible OLED
display. In particular, in the method of manufacturing an
OLED display according to the current embodiment, as in a
case where the height adjustment layer 120 includes the first
and second height adjustment layers 121 and 122, which are
separated from each other, the height adjustment layer 120 is
formed to have a patterned island shape, and thus even though
the height adjustment layer 120 is formed of a metal or an
inorganic material, the height adjustment layer 120 may not
affect the flexibility of the OLED display.

[0085] As such, the process of removing the substrate 110
is not necessarily required to be performed after forming the
counter electrode 430 or after forming the counter electrode
430 and then forming a sealing layer (not shown), and other
various modifications may be made. For example, as illus-
trated in FIG. 5, after the passivation layer 150 covering the
TFT 200 is formed, the substrate 110 may be removed, and
then the process of forming the planarization layer 160 may
be performed. Alternatively, as illustrated in FIG. 7, after the
pixel electrode 410 is formed, the substrate 110 may be
removed, and then the process of forming the pixel defining
layer 170 may be performed. Alternatively, after the pixel
defining layer 170 is formed, the substrate 110 may be
removed. As illustrated in FIG. 5, the substrate 110 may be
removed before forming the passivation layer 150.

[0086] Although a case where the height adjustment layer
120 is formed on the substrate 110 or the buffer layer 115 has
been described, the described technology is not limited
thereto.

[0087] For example, in a method of manufacturing an
OLED display according to another embodiment as illus-
trated in FIG. 13, the gate insulating layer 130 interposed
between the semiconductor layer 210 and the gate electrode
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220 of the TFT 200 may be formed so as to cover the whole
surface of the substrate 110 or the majority of the substrate
110, and the height adjustment layer 120 may be formed on
the gate insulating layer 130 so as to correspond to at least a
part of the first area A1 ofthe substrate 110. That is, the height
adjustment layer 120 may be formed after forming the gate
insulating layer 130 or after forming the gate electrode 220. In
this case, the insulating interlayer 140 may be formed so as to
cover not only the gate insulating layer 130 and the gate
electrode 220 but also the height adjustment layer 120. Thus,
the passivation layer 150 covering the TFT 200 and the insu-
lating interlayer 140 may have a substantially flat top surface,
in spite of the presence of the TFT 200 disposed below the
passivation layer 150.

[0088] Alternatively, in a method of manufacturing an
OLED display according to another embodiment as illus-
trated in FIG. 14, the insulating interlayer 140 covering the
gate insulating layer 130 and interposed between the gate
electrode 220 and the source/drain electrodes 230 of the TFT
200 may be formed so as to cover the whole surface of the
substrate 110 or the majority of the substrate 110, and the
height adjustment layer 120 may be formed on the insulating
interlayer 140 so as to correspond to at least a part of the first
area Al of the substrate 110. That is, the height adjustment
layer 120 may be formed on the insulating interlayer 140 after
forming the insulating interlayer 140 or after forming the
source/drain electrodes 230 when required. In this case, the
passivation layer 150 may be formed so as to cover not only
the TFT 200 but also the height adjustment layer 120. Thus,
the passivation layer 150 may be formed to have a substan-
tially flat top surface in spite of the presence of the TFT 200
disposed below the passivation layer 150.

[0089] Although methods of manufacturing an OLED dis-
play has been described, the described technology is not
limited thereto. For example, a method of manufacturing a
TFT substrate is also included in the scope of the described
technology.

[0090] Here, a TFT substrate refers to a substrate 110
including a TFT 200 formed on the substrate 110. Alterna-
tively, the TFT substrate may refer to a substrate including a
height adjustment layer 120, a TFT 200, and a passivation
layer 150 covering the height adjustment layer 120 and the
TFT 200 formed on the substrate 110, as illustrated in FIG. 5.
Alternatively, the TFT substrate may refer to a substrate
including a height adjustment layer 120, a TFT 200, a passi-
vation layer 150, and a planarization layer 160 formed on the
substrate 110, as illustrated in FIG. 6. Alternatively, the TFT
substrate may refer to a substrate including a height adjust-
ment layer 120, a TFT 200, a passivation layer 150, a pla-
narization layer 160, and a pixel electrode 410 formed on the
substrate 110, as illustrated in FIG. 7. Alternatively, the TFT
substrate may refer to a substrate as illustrated in FIG. 5 where
only the TFT 200, and not the passivation layer 150, is formed
on the substrate 110.

[0091] The method of manufacturing the TFT substrate
according to the current embodiment may include any of the
steps previously described in the method of manufacturing an
OLED display while excluding some of the steps.

[0092] That is, the method of manufacturing a TFT sub-
strate according to the current embodiment may include a
step of forming the height adjustment layer 120 having the
height h1 on the substrate 110 so as to correspond to at least
apart of the first area A1 of the substrate 110, as illustrated in
FIG. 1, and a step of forming the TFT 200 so as to correspond
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to the second area A2 of the substrate 110, which is an area
where the height adjustment layer 120 is not present, after the
processes illustrated in FIGS. 2 to 5.

[0093] The height adjustment layer 120 may be formed of,
for example, metal or an inorganic material. When the height
adjustment layer 120 is formed of metal, the metal may be a
material that may be used when forming a gate electrode
whichis a component of a TFT. That is, the height adjustment
layer 120 may be formed to have a single-layered structure or
a multi-layered structure using, for example, at least one
material of aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neody-
mium (Nd), iridium (Ir), chromium (Cr), lithium (Li), cal-
cium (Ca), molybdenum (Mo), titanium (Ti), tungsten (W), or
copper (Cu), or an arbitrary alloy type material. When the
height adjustment layer 120 is formed of an inorganic mate-
rial, the height adjustment layer 120 may be formed to have a
single-layered structure or a multi-layered structure using a
matetial, such as silicon oxide and/or silicon nitride.

[0094] At this time, the step of forming the height adjust-
ment layer 120 may be an step of forming the height adjust-
ment layer 120 in such a manner that the height hl of the
height adjustment layer 120 corresponds to the height of the
TFT 200. Thus, when the TFT 200 is formed in the second
area A2 of the substrate 110, which is an area where the height
adjustment layer 120 is not present. after the TFT 200 is
formed, a difference in height between the top surface in the
second area A2 in which the TFT 200 is formed and the top
surface in thefirst area A1 in which the TFT 200 is not formed
may be minimized.

[0095] The correspondence of the height hl of the height
adjustment layer 120 to the height of the TFT 200 does not
mean that the height h1 of the height adjustment layer 120 is
substantially the same as the height of the TFT 200, which is
as described in the method of manufacturing an OLED dis-
play.

[0096] The method of manufacturing the TFT substrate,
according to the current embodiment, may further include a
step of forming the planarization layer 160 so as to cover the
height adjustment layer 120 and the TFT 200. Alternatively,
the passivation layer 150 is formed as illustrated in FIG. 5,
and then the planarization layer 160 may be formed on the
passivation layer 150 as illustrated in FIG. 6. Under different
conditions, the method of manufacturing the TFT substrate,
according to the current embodiment, may include a step of
forming the pixel electrode 410 on the planarization layer 160
so as to be electrically connected to the TF T 200 through a via
hole.

[0097] The method of manufacturing the TFT substrate,
according to the current embodiment, may include a step of
removing the substrate 110. In this case, the height adjust-
ment layer 120 may substantially serve as a substrate. If
another layer, such as the buffer layer 115, is formed on the
substrate 110, the other layer may substantially serve as a
substrate or a layer that is externally exposed, after removing
the substrate 110, and other various modifications may be
made. For example, the step for removing the substrate 110
may be performed before or after forming the TET 200, or
may be performed after forming the planarization layer 160.

[0098] In addition, other various modifications may be
made to the location of the height adjustment layer 120. For
example, the height adjustment layer 120 may be located on
the substrate 110 or the buffer layer 115, may be located on
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the gate insulating layer 130 as illustrated in FIG. 13, or may
be located on the insulating interlayer 140 as illustrated in
FIG. 14.

[0099] The described technology does not include only the
method of manufacturing an OLED display and the method of
manufacturing a TFT substrate. The described OLED display
and TFT substrate may also be included in the scope of the
described technology.

[0100] The OLED display according to an embodiment of
the described technology may have a configuration as illus-
trated in FIG. 10. That is, the OLED display may include the
substrate 110, the height adjustment layer 120 having the
height h1 and disposed on the substrate 110 so as to corre-
spondto at least a part of the first area A1 of the substrate 110,
and the TFT 200 disposed so as to correspond to the second
area A2 of the substrate 110, which is an area where the height
adjustment layer 120 is not present. The OLED display may
further include the planarization layer 160 located over the
height adjustment layer 120 and the TFT 200 and having a
substantially flat top surface, and the OLED 400 that is elec-
trically connected to the TFT 200. The height adjustment
layer 120 may include a metal or an inorganic material as
described above.

[0101] In the OLED display according to the current
embodiment, differences in height over areas to be planarized
by the planarization layer 160 may be minimized due to the
presence of the height adjustment layer 120, and thus the top
surface of the planarization layer 160 may be substantially
planarized. As a result, the intermediate layer 420 including
the emission layer, which is formed through a liquid phase
process, is formed to have a substantially uniform thickness,
thereby realizing a high-quality OLED display that emits
light having a substantially uniform brightness within each
sub-pixel.

[0102] The height hl of the height adjustment layer 120
may correspond to the height of the TFT 200. Thus, a differ-
ence in height between the top surface in the second area A2
in which the TFT 200 is located and the top surface in the first
area Al in which the TFT 200 is not located may be mini-
mized.

[0103] The correspondence of the height hl of the height
adjustment layer 120 to the height of the TFT 200 does not
mean that the height hl of the height adjustment layer 120 is
substantially the same as the height of the TFT 200, as
described in the method of manufacturing an OLED display.
[0104] The OLED display may further include the passiva-
tion layer 150 disposed between the height adjustment layer
120 and the TFT 200 and the planarization layer 160. The
passivation layer 150 may prevent impurities below the pas-
sivation layer 150 from affecting the OLED 400 disposed
above the passivation layer 150.

[0105] An OLED display according to another embodi-
ment of the described technology as illustrated in FIG. 12
may not include the substrate 110 as a component. In this
case, the buffer layer 115 may serve as a substrate. In addition,
other configurations are the same as or similar to the configu-
rations of the OLED display according to the previous
embodiment described with reference to FIG. 10.

[0106] In contrast to the OLED display according to the
previous embodiment described with reference to FIG. 10,
the OLED display according to the current embodiment does
not include the substrate 110, and thus a thin OLED display
may be realized. In addition, the OLED display according to
the current embodiment may be configured in such a manner
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that the substrate 110 having a low flexibility is not formed
and a considerable number of components of the OLED dis-
play are formed to have flexibility, and thus a flexible OLED
display may be realized.

[0107] Referring to FIGS. 13 and 14 illustrating OLED
displays according to other embodiments, the height adjust-
ment layer 120 may be located on the gate insulating layer
130 or the insulating interlayer 140.

[0108] Although OLED displays have been described, the
described technology is not limited thereto. For example, the
described technology may be applied to an OLED lighting
apparatus, or any OLED display including a height adjust-
ment layer, a TFT, and an OLED may be included in the scope
of the described technology.

[0109] A TFT substrate according to another embodiment
may include any of the components described in the OLED
display of the previous embodiments while excluding some
of the components.

[0110] That is, the TFT substrate according to the current
embodiment may include the substrate 110, the adjustment
layer 120 having the height hl on the substrate 110 so as to
correspond to at least a part of the first area A1 of the substrate
110, and the TFT 200, as illustrated in FIG. 5. The TFT
substrate may further include the passivation layer 150 as
illustrated in FIG. 5, and may further include the planariza-
tion layer 160 as illustrated in FIG. 6. In the latter case, the
passivation layer 150 may not be formed when required.
Under different conditions, the TFT substrate according to
the current embodiment may also include the pixel electrode
410 disposed on the planarization layer 160 so as to be elec-
trically connected to the TFT 200 through a via hole.

[0111] The height hl of the height adjustment layer 120
may correspond to the height of the TFT 200. Thus, a differ-
ence in height between the top surface in the second area A2
in which the TFT 200 is located and the top surface in the first
area Al in which the TFT 200 is not located may be mini-
mized when the TFT 200 is disposed in the second area A2 of
the substrate 110, which is an area where the height adjust-
ment layer 120 is not present.

[0112] The correspondence of the height hl of the height
adjustment layer 120 to the height of the TFT 200 does not
mean that the heighth1 of the height adjustment layer 120 is
substantially the same as the height of the TFT 200, as
described in the method of manufacturing an OLED display.
[0113] A TFT substrate according to another embodiment
may not include the substrate 110 as a component in the TEFT
substrate described above. In this case, the buffer layer 115
may serve as a substrate. In addition, other configurations of
the TFT substrate are the same as or similar to the configura-
tions of the TFT substrate according to the previous embodi-
ment described above.

[0114] Since the TFT substrate according to the current
embodiment does not include the substrate 110, a thin TFT
substrate may be realized. In addition, the TFT substrate may
be configured in such a manner the substrate 110 having a low
flexibility is not formed and a considerable number of com-
ponents of the TFT substrate are formed to have flexibility,
and thus a flexible TFT substrate may be realized.

[0115] As described above, according to at least one
embodiments, a TFT substrate, which has a reduced height
difference so as to facilitate a subsequent process, an OLED
display including the TFT substrate, a method of manufac-
turing the TFT substrate, and a method of manufacturing the
OLED display may be realized.
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[0116] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should be con-
sidered as interchangeable with other similar features or
aspects in other embodiments.

[0117] While embodiments of the described technology
have been described with reference to the figures, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the described technol-
ogy as defined by the accompanying claims.

What is claimed is:

1. A thin film transistor (TFT) substrate comprising;

a substrate including first and second areas which do not

overlap each other;

a height adjustment layer formed over the substrate in an

area corresponding to at least a part of the first area; and
aTFT formed over the substrate in an area corresponding to
the second area.

2. The TFT substrate of claim 1, wherein the height of the
height adjustment layer is substantially similar to the height
of the TFT.

3. The TFT substrate of claim 1, wherein the height adjust-
ment layer is formed of metal or an inorganic material.

4. The TFT substrate of claim 1, further comprising a
planarization layer substantially covers the height adjustment
layer and the TFT.

5. The TFT substrate of claim 4, further comprising a
passivation layer formed between 1) the height adjustment
layer and the TFT and ii) the planarization layer.

6. The TFT substrate of claim 1, wherein the height adjust-
ment layer comprises first and second height adjustment lay-
ers which have different heights.

7. The TFT substrate of claim 1, wherein the height adjust-
ment layer comprises first and second height adjustment lay-
ers which are separated from each other.

8. The TFT substrate of claim 1, further comprising a buffer
layer formed between the substrate and the height adjustment
layer.

9. The TFT substrate of claim 1, wherein the TFT com-
prises:

a gate insulating layer formed over the substrate;

a semiconductor layer; and

a gate electrode,

wherein the gate insulating layer is formed between the

semiconductor layer and the gate electrode, and
wherein the height adjustment layer is formed over the gate
insulating layer.

10. The TFT substrate of claim 1, wherein the TFT com-
prises:

an insulating interlayer formed over the substrate;

source and drain electrodes; and

a gate electrode,

wherein the insulating interlayer is formed between the

gate electrode and the source and drain electrodes, and
wherein the height adjustment layer is formed over the
insulating interlayer.

11. The TFT substrate of claim 1, further comprising a
pixel electrode electrically connected to the TFT.
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12. An organic light-emitting diode (OLED) display, com-
prising:

a thin film transistor (TFT) substrate comprising:

asubstrate including first and second areas which do not
overlap each other;

aheight adjustment layer formed over the substrate in an
area corresponding to at least a part of the first area;

a TFT formed over the substrate in an area correspond-
ing to the second area; and

a pixel electrode electrically connected to the TFT;

an intermediate layer formed over the pixel electrode and

comprising an emission layer; and

a counter electrode formed over the intermediate layer.

13. The OLED display of claim 12, wherein the emission
layer is configured to emit light to the environment through
the counter electrode.

14. A method of manufacturing a thin film transistor (TFT)
substrate, the method comprising:

providing a substrate including first and second areas

which do not overlap each other;

forming a height adjustment layer over the substrate in an

area corresponding to at least a part of the first area; and
forming a TFT over the substrate in an area corresponding
to the second area.

15. The method of claim 14, wherein the height of the
height adjustment layer is substantially similar to the height
of the TFT.

16. The method of claim 14, wherein the height adjustment
layer is formed of metal or an inorganic material.

17. The method of claim 14, wherein the forming the TFT
comprises:

forming a semiconductor layer;

forming a gate insulating layer over the semiconductor

layer;

forming a gate electrode over the gate insulating layer;

forming an insulating interlayer over the gate electrode;

and

forming source and drain electrodes over the insulating

interlayer to be electrically connected to the semicon-
ductor layer,

wherein the forming of the height adjustment layer is per-

formed: 1) before the forming of the semiconductor
layer, ii) between the forming of the gate insulating layer
and the forming of the insulating interlayer, or iii) after
the forming of the insulating interlayer.

18. The method of claim 14, further comprising forming a
planarization layer over the height adjustment layer and the
TFT.

19. The method of claim 14, further comprising:

forming a passivation layer over the height adjustment

layer and the TFT; and

forming a planarization layer over the passivation layer.

20. The method of claim 14, further comprising removing
the substrate.

21. The method of claim 14, further comprising forming a
pixel electrode to be electrically connected to the TFT.

22. The method of claim 21, further comprising removing
the substrate.

23. A method of manufacturing an organic light-emitting
diode (OLED) display, the method comprising:

providing a substrate including first and second areas

which do not overlap each other;

forming a height adjustment layer over the substrate in an

area corresponding to at least a part of the first area;,
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forming a thin film transistor (TFT) over the substrate in an
area corresponding to the second area;
forming a pixel electrode so as to be electrically connected
to the TFT;
forming an intermediate layer comprising an emission
layer over the pixel electrode; and
forming a counter electrode on the intermediate layer.
24. The method of claim 23, further comprising removing
the substrate.
25. The method of claim 23, wherein the forming of the
intermediate layer comprises a liquid phase process.
26. A method of manufacturing an OLED display, the
method comprising:
providing a substrate including first and second areas
which do not overlap each other;
forming a height adjustment layer over the substrate in an
area corresponding to at least a part of the first area;,
forming a thin film transistor (TFT) over the substrate in an
area corresponding to the second area;
forming a pixel electrode to be electrically connected to the
TFT,
removing the substrate;
forming an intermediate layer comprising an emission
layer over the pixel electrode; and
forming a counter electrode over the intermediate layer.
27. The method of claim 26, wherein the forming of the
intermediate layer comprises a liquid phase process.

I I T T
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