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(57) ABSTRACT

A thin film transistor array substrate comprises a substrate
including a driving transistor region and a switching tran-
sistor region, an additional layer disposed in the driving
transistor region on the substrate, a buffer layer disposed on
the substrate to cover the additional layer, and a driving
transistor and a switching transistor disposed in the driving
transistor region and the switching transistor region, respec-
tively, on the buffer layer.
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THIN FILM TRANSISTOR, METHOD OF
MANUFACTURING THE SAME, AND
ORGANIC LIGHT-EMITTING DISPLAY

CLAIM OF PRIORITY

[0001] This application claims priority to and claims all
benefits accruing under 35 U.S.C. §119 from an application
earlier filed in the Korean Patent Application No. 10-2015-
0118878 filed on Aug. 24, 2015 in the Korean Intellectual
Property Office, the disclosure of which is incorporated
herein in its entirety by reference thereto.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] The present invention relates to a thin film transis-
tor array substrate, a method of manufacturing the same, and
an organic light-emitting display apparatus having the thin
film transistor array substrate, and more particularly, to a
thin film transistor array substrate having an improved
driving range of a thin film transistor, a method of manu-
facturing the same, and an organic light-emitting display
apparatus having the thin film transistor array substrate.
[0004] Description of the Related Art

[0005] A display apparatus, such as an organic light-
emitting display apparatus and a liquid crystal display
apparatus, includes a thin film transistor (TFT), a capacitor,
and a plurality of wirings. A substrate usable in manufac-
turing the display apparatus may be formed with fine pat-
terns such as the thin film transistor (TFT), the capacitor, and
the wirings, and the display apparatus operates according to
complicated connections between the thin film transistor, the
capacitor, and the wirings.

[0006] Recently, according to increased demands for a
compact display apparatus having a high resolution,
demands for an efficient space arrangement and connecting
structure among the thin film transistor (TFT), the capacitor,
and the wirings of the display apparatus have also increased.
[0007] Meanwhile, the organic light-emitting display
apparatus includes a hole injection electrode, an electron
injection electrode, and an organic light-emitting device
having an organic light-emitting layer which is disposed
between the hole injection electrode and the electron imjec-
tion electrode. The organic light-emitting display apparatus
is a self-luminous type of display apparatus which emits
light when electrons of the electron injection electrode and
holes of the hole injection electrode combine in the organic
light-emitting layer so as to generate excitons, and when the
generated excitons are changed from an excited state to a
ground state.

[0008] Since the organic light-emitting display apparatus
of the self-luminous type does not need a back light source,
the organic light-emitting display apparatus operates with a
low voltage and becomes thin and lightweight. Since the
organic light-emitting display apparatus has excellent char-
acteristics in viewing angles, contrast and response times,
the organic light-emitting display apparatus is applied to
various apparatuses, for example, a personal portable
device, such as an MP3 player and a smart phone, and a
television (TV).

[0009] The organic light-emitting display apparatus may
include a driving circuit to drive an organic light-emitting
device and a driving transistor to control a current flowing
through the organic light-emitting device.

Mar. 2, 2017

[0010] The driving transistor includes a predetermined
driving range. When the driving range is widened, the
gradation of light emitted from the organic light-emitting
device may be fine-controlled so as to increase the resolution
of the organic light-emitting display apparatus and to
improve display quality. However, when a channel area
included in the thin film transistor is lengthened, it is difficult
to realize an organic light-emitting display apparatus having
a high resolution since a space occupied by the lengthened
channel area is enlarged.

SUMMARY OF THE INVENTION

[0011] One or more exemplary embodiments of the inven-
tion include a thin film transistor array substrate having an
improved driving range of a thin film transistor, a method of
manufacturing the same, and an organic light-emitting dis-
play apparatus having the same.

[0012] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments of the invention.

[0013] According to one or more exemplary embodiments
of the invention, a thin film transistor array substrate may
include a substrate including a driving transistor region and
a switching transistor region, an additional layer in the
driving transistor region on the substrate, a buffer layer
covering the additional layer on the substrate, and a driving
transistor and a switching transistor in the driving transistor
region and the switching transistor region, respectively, on
the buffer layer.

[0014] According to one or more exemplary embodiments
of the invention, the additional layer may have a thermal
conductivity in a range from about 104 W/m-° C. through
about 106 W/m-° C.

[0015] According to one or more exemplary embodiments
of the invention, the additional layer may have a thermal
conductivity higher than that of the buffer layer.

[0016] According to one or more exemplary embodiments
of the invention, the additional layer may have a thermal
conductivity higher than that of at least one material selected
from a group consisting of silicon oxide (SiO,), silicon
nitride (SiN,), amorphous silicon, and polysilicon.

[0017] According to one or more exemplary embodiments
of the invention, the additional layer may include at least one
selected from a group consisting of siloxane-based materi-
als, graphene, carbon nanotubes, aluminum (Al), molybde-
num (Mo), chrome (Cr), silver (Ag), and copper (Cu).
[0018] According to one or more exemplary embodiments
of the invention, the buffer layer may include at least one of
silicon oxide (810,) and silicon nitride (SiN,).

[0019] According to one or more exemplary embodiments
of the invention, the driving transistor may include a driving
active layer on the buffer layer so as to correspond to the
additional layer and a driving gate electrode on a portion of
the driving active layer, The switching transistor may
include a switching active layer on the buffer layer and a
switching gate electrode on a portion of the switching active
layer, and the driving active layer may include crystals
having non-uniform dimensions more than those of the
switching active layer.

[0020] According to one or more exemplary embodiments
of the invention, the thin film transistor array substrate may
further include a capacitor overlapping the driving transistor
in a direction perpendicular to the substrate, and the capaci-
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tor may include the driving gate electrode functioning as a
lower electrode of the capacitor, and an upper electrode
corresponding to the driving gate electrode.

[0021] According to one or more exemplary embodiments
of the invention, the driving active layer may include a
driving source area, a driving drain area spaced apart from
the driving source area, and a driving channel area between
the driving source area and the driving drain area, and the
additional layer may be between the substrate and at least a
portion of the driving channel area.

[0022] According to one or more exemplary embodiments
of the invention, a manufacturing method of a thin film
transistor array substrate includes forming an additional
layer in a driving transistor region on a substrate having the
driving transistor region and a switching transistor region,
forming a buffer layer on the substrate so as to cover the
additional layer, forming an amorphous silicon layer on the
buffer layer, irradiating the amorphous silicon layer with a
laser beam so as to crystallize the amorphous silicon layer
into polysilicon, patterning a polysilicon layer and forming
a driving semiconductor layer and a switching semiconduc-
tor layer in the driving transistor region and the switching
transistor region, respectively. forming a lower gate insula-
tion film so as to cover the driving semiconductor layer and
the switching semiconductor layer, forming a driving gate
electrode and a switching gate electrode on the lower gate
insulation film so as to correspond to a portion of the driving
semiconductor layer and a portion of the switching semi-
conductor layer, respectively, doping the driving semicon-
ductor layer and the switching semiconductor layer by using
the driving gate electrode and the switching gate electrode as
corresponding masks, forming a driving active layer includ-
ing a driving source area, a driving drain area and a driving
channel area, and forming a switching active layer including
a switching source area, a switching drain area and a
switching channel area.

[0023] According to one or more exemplary embodiments
of the invention, the forming of the additional layer may
include forming a thermal conductive material on the sub-
strate, removing the thermal conductive material from the
switching transistor region, and forming the additional layer
s0 as to correspond to the driving transistor region.

[0024] According to one or more exemplary embodiments
of the invention, the additional layer may have a thermal
conductivity higher than that of the buffer layer.

[0025] According to one or more exemplary embodiments
of the invention, the additional layer may have a thermal
conductivity higher than that of at least one material selected
from a group consisting of amorphous silicon, polysilicon,
silicon oxide (8i0,), and silicon nitride (SiN_).

[0026] According to one or more exemplary embodiments
of the invention, the additional layer may have a thermal
conductivity in a range from about 104 W/m-° C. through
about 106 W/m-° C.

[0027] According to one or more exemplary embodiments
of the invention, the additional layer may include at least one
selected from a group consisting of siloxane-based materi-
als, graphene, carbon nanotubes, aluminum (Al), molybde-
num (Mo), chrome (Cr), silver (Ag). and copper (Cu).
[0028] According to one or more exemplary embodiments
of the invention, the buffer layer may include at least one of
silicon oxide (8i0,) and silicon nitride (SiN,).

[0029] According to one or more exemplary embodiments
of the invention, an organic light emitting display apparatus
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may include a substrate including a driving transistor region
and a switching transistor region, an additional layer in the
driving transistor region on the substrate, a buffer layer
covering the additional layer on the substrate, a driving
transistor and a switching transistor in the driving transistor
region and the switching transistor region, respectively, on
the buffer layer, a pixel electrode electrically connected to
the driving transistor, a common electrode corresponding to
the pixel electrode, and an organic emission layer between
the pixel electrode and the common electrode.

[0030] According to one or more exemplary embodiments
of the invention, the additional layer may have a thermal
conductivity in a range from about 104 W/m-° C. through
about 106 W/m-° C.

[0031] According to one or more exemplary embodiments
of the invention, the driving transistor may include a driving
active layer on the buffer layer so as to correspond to the
additional layer and a driving gate electrode on a portion of
the driving active layer. The switching transistor may
include a switching active layer on the buffer layer and a
switching gate electrode on a portion of the switching active
layer, and the driving active layer may include crystals
having non-uniform dimensions which are greater than those
of the switching active layer.

[0032] According to one or more exemplary embodiments
of the invention, the organic light emitting display apparatus
may include a capacitor overlapping the driving transistor in
a direction perpendicular to the substrate, and the capacitor
may include the driving gate electrode functioning as a
lower electrode of the capacitor and an upper electrode
corresponding to the driving gate electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the exemplary embodiments of the invention, taken in
conjunction with the accompanying drawings in which:
[0034] FIG. 11is an equivalent circuit diagram of a pixel of
an organic light-emitting display apparatus;

[0035] FIG. 2 is a cross-sectional view schematically
illustrating an organic light-emitting display apparatus
according to one exemplary embodiment of the invention;
[0036] FIGS. 3A thru 3F are cross-sectional views illus-
trating a manufacturing method of the organic light-emitting
display apparatus of FIG. 2;

[0037] FIG. 4 is an equivalent circuit diagram of a pixel of
an organic light-emitting display apparatus according to
another exemplary embodiment of the invention; and
[0038] FIG. 5 is a cross-sectional view schematically
illustrating an organic light-emitting display apparatus
according to another exemplary embodiment of the inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

[0039] The present exemplary embodiments of the inven-
tion may have different forms and embodiments of the
invention and should not be construed as being limited to the
descriptions set forth herein. Accordingly, the exemplary
embodiments of the invention are merely described below
by referring to the figures in order to explain aspects of the
present description.
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[0040] Reference will now be made in detail to exemplary
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings, wherein like reference
numerals refer to like elements throughout.

[0041] It will be understood that, although the terms
“first”, “second”, etc. may be used herein to describe various
components, these components should not be limited by
these terms. These terms are only used to distinguish one
component from another.

[0042] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well unless
the context clearly indicates otherwise.

[0043] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the pres-
ence of stated features or components, but do not preclude
the presence or addition of one or more other features or
components.

[0044] It will be understood that, when a layer, region or
component is referred to as being “formed on,” another
layer, region or component, it can be directly or indirectly
formed on the other layer, region or component. That is, for
example, intervening layers, regions or components may be
present.

[0045] In exemplary embodiments of the invention, when
a film, layer, region and component are connected to each
other, “connection” may include a direct connection
between the film, layer, region and component, and may also
include an indirect connection between the film, layer,
region and component through another film, layer, region or
component. For example, when the present disclosure states
that a film, layer, region and component are electrically
connected to each other, the connection may include not
only a direct connection between the film, layer, region and
component, but also an indirect connection between the film,
layer, region and component though another film, layer,
region or component.

[0046] Sizes of elements in the drawings may be exag-
gerated for convenience of explanation. In other words,
since sizes and thicknesses of components in the drawings
are arbitrarily illustrated for convenience of explanation, the
following embodiments of the invention are not limited
thereto.

[0047] When a certain embodiment of the invention may
be implemented differently, a specific process order may be
performed differently from the described order. For
example, two consecutively described processes may be
performed substantially at the same time or may be per-
formed in an order opposite to the described order.

[0048] Indrawings, although an active matrix type organic
light-emitting display apparatus including a 2Tr-1Cap struc-
ture, which has two thin film transistors TFTs and one
capacitor in a single pixel, and a 7Tr-1Cap structure, which
has seven thin film transistors TFTs and one capacitor in a
single pixel, is illustrated, the present invention is not
limited thereto. Accordingly, the organic light-emitting dis-
play apparatus may include a plurality of thin film transistors
and one or more capacitors in each pixel, and also may have
various structures, for example, including an additional
wiring or omitting a conventional wiring. The pixel may
mean a minimum unit to display an image, and the organic
light-emitting display apparatus may display an image by
using a plurality of pixels.

[0049] FIG. 1 is an equivalent circuit diagram of a pixel of
an organic light-emitting display apparatus.
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[0050] Referring to FIG. 1, the organic light-emitting
display apparatus 1 according to one embodiment of the
invention may include a thin film transistor array substrate
11 and an organic light-emitting device OLED arranged on
the thin film transistor array substrate 11. The organic
light-emitting display apparatus 1 may include a plurality of
pixels, each having the organic light-emitting device OLED.
The thin film transistor array substrate 11 may include a
pixel circuit to drive each pixel and a plurality of wirings to
apply electrical signals to the pixel circuit.

[0051] The wirings may include a scan line SLn to trans-
mit a scan signal Scan, a data line DL.m to transmit a data
signal Data, and a driving voltage line PL to transmit a
driving voltage ELVDD. Each pixel may be disposed at a
position where the scan line SLn extending in a first direc-
tion intersects the data line DLm extending in a second
direction.

[0052] Each pixel may include the organic light-emitting
device OLED and the pixel circuit to receive signals through
the wirings and to drive the organic light-emitting device
OLED. According to one embodiment of the invention, the
pixel circuit may include two transistors T11 and T12 and
one capacitor Cstl. The transistor T11 may be referred to as
a driving transistor T11 and the transistor T12 may be
referred to as a switching transistor T12.

[0053] A driving gate electrode G11 of the driving tran-
sistor T11 is connected to a lower electrode Cstll of the
capacitor Cstl, a driving source electrode S11 of the driving
transistor T11 is connected to a driving power line PL, and
a driving drain electrode D11 of the driving transistor T11 is
electrically connected to a pixel electrode 211 (see FIG. 2)
of the organic light-emitting device OLED of FIG. 2. The
driving transistor T11 receives the data signal Data accord-
ing to a switching operation of the switching transistor T12
and supplies a driving current Id to the organic light-emitting
device OLED.

[0054] A switching gate electrode G12 of the switching
transistor T12 is connected to the scan line SLn, a switching
source electrode S12 of the switching transistor T12 is
connected to the data line DLm, and a switching drain
electrode D12 of the switching transistor T12 is connected
to the driving gate electrode G11 of the driving transistor
T11. The switching transistor T12 receives the scan signal
Scan through the scan line SLn, is turned on according to the
scan signal Scan, and performs the switching operation to
receive the data signal Data through the data line DL.m and
to transmit the received data signal Data to the driving gate
electrode G11 of the driving transistor T11.

[0055] An upper electrode Cst12 of the capacitor Cstl is
connected to the driving power line PL and the lower
electrode Cst11 of the capacitor Cstl is connected to the
driving gate electrode G11 of the driving transistor T11. The
capacitor Cstl charges the data signal Data applied to the
driving gate electrode G11 of the driving transistor T11 and
maintains the data signal Data after the switching transistor
T12 is turned off.

[0056] The pixel electrode 211 of the organic light-emit-
ting device OLED of FIG. 2 is connected to the driving drain
electrode D11 of the driving transistor T11 of FIG. 1, and a
common electrode 231 of the organic light-emitting device
OLED of FIG. 2 receives a common voltage ELVSS.
Accordingly, the organic light-emitting device OLED
receives the driving current Id from the driving transistor
T11 and emits light to display an image.
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[0057] FIG. 2 is a cross-sectional view schematically
illustrating the organic light-emitting display apparatus
according to one exemplary embodiment of the invention.
[0058] Referring to FIG. 2, the organic light-emitting
display apparatus 1 according to one exemplary embodiment
of the invention may include the thin film transistor array
substrate 11 and the organic light-emitting device OLED.
The thin film transistor array substrate 11 may include a
substrate 111 including a driving transistor region R11 and
a switching transistor region R12, an additional layer H1
disposed on the substrate 111, a buffer layer 131 disposed on
the substrate 111 and covering the additional layer H1, and
the driving transistor T11 and the switching transistor T12
disposed in the driving transistor region R11 and the switch-
ing transistor region R12, respectively, on the buffer layer
131.

[0059] The substrate 111 may include the driving transis-
tor T11 which is disposed in the driving transistor region
R11 and the switching transistor T12 which is disposed in
the switching transistor region R12. The substrate 111 may
include various materials, for example, glass, material or
plastic such as polyethylene terephthalate (PET), polyeth-
ylene naphthalate (PEN) or polyimide.

[0060] The additional layer H1 is disposed in the driving
transistor region R11 on the substrate 111. The additional
layer H1 may include a material having a high thermal
conductivity. For example, the additional layer H1 may
include a material having a thermal conductivity in a range
from about 104 W/m-° C. to about 106 W/m-° C. The
additional layer H1 may be disposed in the driving transistor
region R11, but may not be disposed in the switching
transistor region R12.

[0061] The buffer layer 131 is disposed on the substrate
111 and covers the additional layer H1. The buffer layer 131
may prevent permeation of impurities and flatten a surface
of the substrate 111. The buffer layer 131 may include at
least one of silicon oxide (SiO,) and silicon nitride (SiN_,).
According to one exemplary embodiment of the invention,
the buffer layer 131 may include a single film of silicon
oxide (Si0,), a single film of silicon nitride (SiN,), or a
multi-film structure including silicon oxide (Si0,) and sili-
con nitride (SiN_).

[0062] The additional layer H1 may have a higher thermal
conductivity than that of the buffer layer 131. That is, the
additional layer H1 may have a thermal conductivity higher
than that of the silicon oxide (Si0,) and/or the silicon nitride
(SiN,) which may be included in the buffer layer 131.
[0063] The additional layer H1 may have a higher thermal
conductivity than amorphous silicon and/or polysilicon
crystallized from the amorphous silicon, which are usable to
form a driving active layer A11 of the driving transistor T11,
as described below.

[0064] The additional layer H1 may include at least one of
an organic compound and an inorganic compound. Accord-
ing to one exemplary embodiment of the invention, the
additional layer H1 may include at least one selected from
a group consisting of siloxane-based materials, graphene,
carbon nanotubes, aluminum (Al), molybdenum (Mo),
chrome (Cr), silver (Ag), and copper (Cu).

[0065] Although not illustrated, a lower buffer layer (not
illustrated) may be disposed on the substrate 111. The
additional layer H1 may be disposed in the driving transistor
region R11 on the lower buffer layer. That is, the lower
buffer layer, the additional layer H1, and the buffer layer 131
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may be sequentially disposed in the driving transistor region
R11 on the substrate 111. When an adhesive force is weak
between the substrate 111 and the additional layer HI,
intermittent contact phenomena of the additional layer H1
may be prevented by forming the lower buffer layer between
the additional layer H1 and an upper side of the substrate
111. The adhesive force between the lower buffer layer and
the additional layer H1 may be greater than that between the
substrate 111 and the additional layer H1. According to one
exemplary embodiment of the invention, the lower buffer
layer may include a signal film or a multi film including
silicon oxide (810,) and/or silicon nitride (SiN,).

[0066] The driving transistor T11 is disposed in the driv-
ing transistor region R11 on the buffer layer 131, and the
switching transistor T12 is disposed in the switching tran-
sistor region R12 on the buffer layer 131. The driving
transistor T11 and the switching transistor T12 may include
the driving active layer A1l and a switching active layer
A12, respectively.

[0067] The driving active layer A11 may include a driving
source area SR11 and a driving drain area DR11, which are
doped with impurities, have conductivity, and are spaced
apart from each other, and a driving channel area CR11
having a semiconductor material and disposed between the
driving source area SR11 and the driving drain area DR11.
The switching active layer A12 may include a switching
source area SR12 and a switching drain area DR12, which
are doped with impurities, have conductivity, and are spaced
apart from each other, and a switching channel area CR12
having a semiconductor material and disposed between the
driving source area SR12 and the driving drain area DR12.
[0068] The driving active layer A1l and the switching
active layer A12 may be formed from a driving semicon-
ductor layer A11' of FIG. 3C and a switching semiconductor
layer A12' of FIG. 3C, respectively. The driving semicon-
ductor layer A11' of FIG. 3C and the switching semicon-
ductor layer A12' of FIG. 3C may be formed by irradiating
with a laser beam an amorphous silicon layer 141 of FIG. 3B
disposed on the buffer layer 131, crystallizing the amor-
phous silicon layer 141 of FIG. 3B into polysilicon, and
patterning a polysilicon layer. The laser beam may have an
energy density which is sufficient to completely melt the
amorphous silicon layer 141 of FIG. 3B.

[0069] According to one exemplary embodiment of the
invention, the laser beam may be irradiated from above or
below the amorphous silicon layer 141 of FIG. 3B in a
direction of the amorphous silicon layer 141 of FIG. 3B, as
explained below.

[0070] Here, since the energy of the laser beam is trans-
mitted to the additional layer H1 disposed in the driving
transistor region R11, the dimensions of crystals of the
polysilicon forming the driving active layer All of the
driving transistor T11 may become non-uniform. When the
thermal conductivity of the additional layer H1 is increased,
the dimensions of the crystals of polysilicon forming the
driving active layer A1l of the driving transistor T11 may
become more non-uniform.

[0071] As stated above, the additional layer H1 may have
a higher conductivity than those of the buffer layer 131,
which may include silicon oxide (SiO,) and/or silicon
nitride (SiN_), and the amorphous silicon to form the driving
active layer A1l. Accordingly, during a process of irradiat-
ing the amorphous silicon layer 141 of FIG. 3B with the
laser beam, heat caused by the laser beam may be transmit-
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ted to the additional layer H1 easier than to the amorphous
silicon layer 141 of FIG. 3B and the buffer layer 131.
[0072] When the amorphous silicon is crystallized into the
polysilicon, the heat of the laser beam is easily transmitted
to the additional layer H1 during the crystallizing process
since the additional layer H1 has a higher thermal conduc-
tivity than the polysilicon, and thus a smaller amount of the
heat is transmitted to the amorphous silicon layer 141 of
FIG. 3 corresponding to the driving transistor region R11
than to other regions.

[0073] On the other hand, dimensions of crystals of the
polysilicon forming the switching active layer A12 of the
switching transistor T12 disposed in the switching transistor
region R12, in which the additional layer is not disposed,
may be substantially uniform.

[0074] Similarly, when the dimensions of the crystals of
the polysilicon forming the driving active layer A1l become
non-uniform, the number of boundaries among crystal
grains is increased. That is, transmitting characteristics of
the driving channel area CR11 of the driving active layer
All, including the non-uniform polysilicon crystals, may
decrease according to the increased nuniber of boundaries of
the crystal grains. Therefore, a driving range of the driving
transistor T11 may be increased.

[0075] The additional layer H1 is disposed on the buffer
layer 131 so as to correspond to at least the driving channel
area CR11 of the driving active layer A11 and may make the
dimensions of the crystals of the polysilicon forming the
driving channel area CR11 non-uniform.

[0076] Further referring to FIG. 2, a lower gate insulation
film 151 is disposed on the buffer layer 131 and covers the
driving active layer A11 and the switching active layer A12.
The driving gate electrode G11 and the switching gate
electrode G12 may be disposed on the lower gate insulation
film 151 so as to correspond to at least portions of the driving
active layer A11 and the switching active layer A12, respec-
tively.

[0077] The lower gate insulation film 151 may include a
single layer film including an inorganic compound or an
organic compound or a multilayer film. The lower gate
insulation film 151, including the single layer film, may be
disposed between the driving active layer A1l and the
driving gate electrode G11 and between the switching active
layer A12 and the switching gate electrode G12, and may
include silicon oxide (8i0,) or silicon nitride (SiN,).
[0078] Although not illustrated, the lower gate insulation
film 151 may include a multilayer film. According to one
exemplary embodiment of the invention, the lower gate
insulation film 151 may include a lower film including
silicon oxide (8i0,) and an upper film including silicon
nitride (SiN ). When the silicon nitride (SiN,) having a
higher etching resistance than the silicon oxide (Si0,) is
disposed on the silicon oxide (S10,), damage to the lower
gate electrode film 151 may be reduced during a patterning
process.

[0079] An upper gate insulation film 171 is disposed on
the lower gate insulation 151 and covers the driving gate
electrode G11 and the switching gate electrode G12.

[0080] The lower gate insulation film 151 and the upper
gate insulation film 171 may include a driving source
contact hole 181, a driving drain contact hole 183, a switch-
ing source contact hole 182, and a switching drain contact
hole 184 to expose the driving source area SR11, the driving
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drain area DR11, the switching source area SR12, and the
switching drain area DR12, respectively.

[0081] The driving source electrode S11 and the driving
drain electrode D11 of the driving transistor T11 and the
switching source electrode S12 and the switching drain
electrode D12 of the switching transistor T12 are disposed
on the upper gate insulation film 171. The driving source
electrode S11 and the driving drain electrode D11 may be
connected to the driving source area SR11 and the driving
drain area DR11 through the driving source contact hole 181
and the driving drain contact hole 183, respectively. The
switching source electrode S12 and the switching drain
electrode D12 may be connected to the switching source
area SR12 and the switching drain area DR12 through the
switching source contact hole 182 and the switching drain
contact hole 184, respectively.

[0082] A via insulation film 191 may be disposed on the
upper gate insulation film 171 and cover the driving source
electrode S11, the driving drain electrode D11, the switching
source electrode S12, and the switching drain electrode D12.
According to one exemplary embodiment of the invention,
the via insulation film 191 may include an organic com-
pound such as an acryl-based organic compound, polyimide
or benzocyclobutene (BCB). The via insulation film 191
may protect components, such as the thin film transistor of
the pixel circuit disposed below the via insulation film 191,
remove steps formed on the pixel circuit, and planarize an
upper surface of the pixel circuit.

[0083] The via insulation film 191 may include a via hole
201 to expose the driving drain electrode D11 of the driving
transistor T11. The driving drain contact hole 183 of the
upper gate insulation film 171 may be filled with the driving
drain electrode D11 of the driving transistor T11. The
driving drain electrode D11 of the driving transistor T11 and
the pixel electrode 211 of the organic light-emitting device
OLED may be electrically connected to each other through
the via hole 201. That is, the pixel electrode 211 is electri-
cally connected to the driving transistor T11 through the
driving drain contact hole 183 and the via hole 201.

[0084] The pixel electrode 211 of the organic light-emit-
ting device OLED is disposed on the via insulation film 191.
The pixel electrode 211 may include a material having a high
work function. According to one exemplary embodiment of
the invention, the organic light-emitting display apparatus 1
may be a top emission type so as to display an image in an
upper direction of the substrate 111. In this case, the pixel
electrode 211 may include a metal reflective film having
silver (Ag), magnesium (Mg), aluminum (Al), platinum (Pt),
palladium (Pd), gold (Au), nickel (Ni), neodymium (Nd),
iridium (Ir), and chrome (Cr), and a transparent conductive
film having indium tin oxide (ITO), indium zinc oxide
(IZ0), zinc oxide (ZnO), and indium tin zinc oxide (ITZ0).
According to another exemplary embodiment of the inven-
tion, the organic light-emitting display apparatus 1 may be
a bottom emission type so as to display an image in a lower
direction of the substrate 111. In this case, the pixel electrode
211 may include a transparent conductive film having
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(Zn0), and indium tin zinc oxide (ITZ0), and may include
a semi-transparent metal layer.

[0085] A pixel definition film 251 may be disposed on the
via insulation film 191 to define pixels. The pixel definition
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film 251 may include a first opening 251a to expose an upper
area of the pixel electrode 211 and may cover an edge area
of the pixel electrode 211.

[0086] An intermediate layer 221 including an organic
emission layer 2212 may be disposed on the pixel electrode
211 exposed by the pixel definition film 251. The organic
emission layer 2212 may emit red light, green light, blue
light, or white light. The intermediate layer 221 may include
a lower common layer 2211 disposed between the pixel
electrode 211 and the organic emission layer 2212 and an
upper common layer 2213 disposed between the organic
emission layer 2212 and a common electrode 231.

[0087] The lower common layer 2211 may include a hole
injection layer and/or a hole transport layer. The upper
common layer 2213 may include an electron transport layer
and/or an electron injection layer. According to one exem-
plary embodiment of the invention, one or more various
functional layers may be disposed between the pixel elec-
trode 211 and the common electrode 231.

[0088] The common electrode 231 may be disposed on the
pixel definition film 251 and the intermediate layer 221. The
common electrode 231 may include a transparent or semi-
transparent electrode if the organic light-emitting display
apparatus 1 is a top emission type. The common electrode
231 may include a reflective electrode if the organic light-
emitting display apparatus 1 is a bottom emission type.
[0089] Although not illustrated, an encapsulation substrate
(not illustrated) or an encapsulation layer (not illustrated)
may be disposed on the common electrode 231.

[0090] According to the above-described embodiment of
the invention, the organic light-emitting display apparatus 1
may include the driving transistor T11 disposed in a mini-
mum area and having a wide driving range so as to realize
high resolution and an excellent display quality.

[0091] Hereinafter, duplicate descriptions will be omitted
or briefly added.

[0092] FIGS. 3A thru 3F are cross-sectional views illus-
trating a manufacturing method of the organic light-emitting
display apparatus of FIG. 2.

[0093] Referring to FIG. 3A, the substrate 111 having the
driving transistor region R11 and the switching transistor
region R12 is provided, and the additional layer H1 is
formed in the driving transistor region R11 of the substrate
111.

[0094] After a thermal conductive material is formed on
the substrate 111, the additional layer H1 is formed so as to
correspond to the driving transistor region R11 by removing
at least the thermal conductive material which is disposed in
the switching transistor region R12. Although not illustrated,
according to one exemplary embodiment of the invention,
before the additional layer H1 is formed, a lower buffer layer
(not illustrated) may be formed on the substrate 111. An
adhesive force between the lower buffer layer and the
additional layer H1 may be greater than that between the
substrate 111 and the additional layer H1. The intermittent
contact phenomena may be prevented by forming the lower
buffer layer before forming the additional layer HI.

[0095] The thermal conductive material may include a
material having a thermal conductivity of about 104 W/m-°
C. to about 106 W/m-° C. and may have a higher thermal
conductivity than amorphous silicon, polysilicon, silicon
oxide (Si0,), and/or silicon nitride (SiN). The thermal
conductive material may include at least one selected from
a group consisting of siloxane-based materials, graphene,
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carbon nanotubes, aluminum (Al), molybdenum (Mo),
chrome (Cr), silver (Ag), and copper (Cu), for example.
[0096] Referring to FI1G. 3B, after the buffer layer 131 is
formed on the substrate 111 and covers the additional layer
H1, the amorphous silicon layer 141 is formed on the buffer
layer 131. The buffer layer 131 may include a material
having a lower thermal conductivity than that of the addi-
tional layer H1. The buffer layer 131 may include at least
one of silicon oxide (Si0,) and silicon nitride (SiN,).
[0097] Thereafter, the laser beam is irradiated to crystal-
lize the amorphous silicon layer 141 into polysilicon.
[0098] According to one exemplary embodiment of the
invention, the laser beam may be irradiated in a direction
toward the amorphous silicon layer 141 from above the
amorphous silicon layer 141, as illustrated in FIG. 3B.
[0099] However, the present invention is not limited
thereto. According to another exemplary embodiment of the
invention, if the additional layer H1 includes a transparent
material, such as siloxane-based materials, graphene, carbon
nanotubes, or a semitransparent material, such as aluminum
(Al), molybdenum (Mo), chrome (Cr), silver (Ag), and
copper (Cu), which is very thin and thin enough to allow
transmission of the laser beam, the laser beam may be
irradiated from below the amorphous silicon layer 141
toward the amorphous silicon layer 141. That is, the laser
beam may pass through the substrate 111, the additional
layer H1, and the buffer layer 131, and then be incident on
the amorphous silicon layer 141.

[0100] Since the additional layer H1 has a higher thermal
conductivity than the buffer layer 131 and the amorphous
silicon layer 141, heat caused by the laser beam may be
transmitted to the additional layer H1 more easily than to the
buffer layer 131 and the amorphous silicon layer 141 during
the irradiating process.

[0101] Also, the additional layer H1 may have a higher
thermal conductivity than the polysilicon. Accordingly, dur-
ing the crystallizing process, the heat caused by the laser
beam may be transmitted to the additional layer H1 more
easily than to the polysilicon.

[0102] Referring to FIG. 3C, the driving semiconductor
layer A11' and the switching semiconductor layer A12' are
respectively formed in the driving transistor region R11 and
the switching transistor region R12, respectively, by pattern-
ing a layer including the polysilicon. Here, the dimension of
crystals of the polysilicon forming the driving semiconduc-
tor layer A11' is more non-uniform than the dimension of
crystals of the polysilicon forming the switching semicon-
ductor layer A12".

[0103] By irradiating the laser beam, the amorphous sili-
con layer 141 may be crystallized into the polysilicon. Here,
a smaller amount of heat may be transmitted to the amor-
phous silicon layer 141 corresponding to the driving tran-
sistor region R11 than to the amorphous silicon layer 141
corresponding to the switching transistor region R12 since a
portion of heat is transmitted to the additional layer H1
disposed in the driving transistor region R11. Accordingly, a
sufficient amount of heat energy is not transmitted to the
amorphous silicon layer 141 corresponding to the driving
transistor region R11 so that the crystals are not formed
uniformly.

[0104] Accordingly, the polysilicon of the driving semi-
conductor layer A11' may have dimensions that are more
non-uniform than the polysilicon of the switching semicon-
ductor layer A12".
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[0105] After forming the driving semiconductor layer A11'
and the switching semiconductor layer A12', a first insula-
tion material 151' is formed so as to cover the driving
semiconductor layer A11' and the switching semiconductor
layer A12' on the buffer layer 131.

[0106] Referring to FIG. 3D, a first conductive material is
formed on the first insulation material 151' and then the first
conductive material is patterned to form the driving gate
electrode G11 and the switching gate electrode G12. The
driving gate electrode G11 and the switching gate electrode
G12 may be formed so as to correspond to portions of the
driving semiconductor layer A11' and the switching semi-
conductor layer A12', respectively.

[0107] Then, the driving semiconductor layer A11' and the
switching semiconductor layer A12' are doped with ion
impurities by using the driving gate electrode G11 and the
switching gage electrode G12, respectively, as correspond-
ing masks so as to form the driving active layer A11 and the
switching active layer A12.

[0108] The driving active layer A1l may include the
driving channel area CR11, the driving source area SR11,
and the driving drain area DR11. The switching active layer
A12 may include the switching channel area CR12, the
switching source area SR12, and the switching drain area
DR12.

[0109] Here, since a transmitting characteristic of the
driving channel area CR11 including the polysilicon having
non-uniform crystal dimensions decreases, the driving range
of the driving transistor T11 increases.

[0110] Referring to FIG. 3E, after a second insulation
material is formed on the first insulation material 151' and
covers the driving gate electrode G11 and the switching gate
electrode G12, the first insulation material 151' and the
second insulation material are patterned to form the lower
gate insulation film 151 and the upper gate insulation film
171 including the driving source contact hole 181, the
driving drain contact hole 183, the switching source contact
hole 182, and the switching drain contact hole 184.

[0111] Thereafter, after a second conductive material is
formed on the lower gate insulation film 151 and the upper
gate insulation film 171, the second conductive material is
patterned to form the driving source electrode S11 and the
driving drain electrode D11 of the driving transistor T11 and
the switching source electrode S12 and the switching drain
electrode D12 of the switching transistor T12. The driving
source electrode S11 and the driving drain electrode D11 of
the driving transistor T11 may be connected to the driving
source area SR11 and the driving drain area DR11, respec-
tively, through the driving source contact hole 181 and the
driving drain contact hole 183, respectively. The switching
source electrode S12 and the switching drain electrode D12
of the switching transistor T12 may be connected to the
switching source area SR12 and the switching drain area
DR12, respectively, through the switching source contact
hole 182 and the switching drain contact hole 184, respec-
tively.

[0112] Referring to FIG. 3F, a third insulation material is
formed on the upper gate insulation film 171 and covers the
driving source electrode S11, the driving drain electrode
D11, the switching source electrode S12, and the switching
drain electrode D12, and then the third insulation material is
patterned to form a via insulation film 191 having the via
hole 201.
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[0113] Thereafter, a third conductive material is formed on
the via insulation film 191 and is then patterned to form the
pixel electrode 211. A fourth insulation material is formed on
the pixel electrode 211 and is then patterned to form the
pixel definition film 251 including a first opening 251a to
expose a portion of the pixel electrode 211.

[0114] Referring back to FIG. 2, the lower common layer
2211 may be formed on the exposed portion of the pixel
electrode 211 via the first opening 251a of the pixel defi-
nition film 251, and the organic emission layer 2212 may be
formed on the lower common layer 2211 so as to correspond
to the pixel electrode 211.

[0115] Thereafter, the upper common layer 2213 and the
common electrode 231 may be formed so as to cover the
lower common layer 2211 and the organic emission layer
2212.

[0116] The manufacturing method of the thin film transis-
tor array substrate according to one exemplary embodiment
of the invention may form the additional layer H1 below the
driving transistor T11 without extending a length of the
driving channel area CR11 of the driving active layer A11 of
the driving transistor T11, and thus a space occupied by the
pixel circuit is minimized and a driving range of the driving
transistor is increased. That is, the image quality and the
resolution of the organic light-emitting display apparatus are
increased according to the above described structure.
[0117] FIG. 4 is an equivalent circuit diagram of a pixel of
an organic light-emitting display apparatus according to
another exemplary embodiment of the invention.

[0118] Referring to FIG. 4, the organic light-emitting
display apparatus 2 according to one exemplary embodiment
of the invention may include a thin film transistor array
substrate 12 and an organic light-emitting device OLED
arranged on the thin film transistor array substrate 12. The
organic light-emitting display apparatus 2 may include a
plurality of pixels, each having the organic light-emitting
device OLED. The thin film transistor array substrate 12
may include a pixel circuit to drive each pixel and a plurality
of wirings to apply electrical signals to the pixel circuit.
[0119] The wirings may include a scan line SLn to trans-
mit a scan signal Sn, a previous scan line SL.n-1 to transmit
a previous scan signal Sn-1, a data line DLm to transmit a
data signal Data, and a driving voltage line PL to transmit a
driving voltage ELVDD. However, the present invention is
not limited to the above described wiring. As illustrated in
FIG. 4, the wiring may further include an initializing voltage
line VL to transmit an initializing voltage VINT and an
emission control line ELn to transmit an emission control
signal En.

[0120] Each pixel may include the organic light-emitting
device OLED and the pixel circuit to receive signals through
the wirings and to drive the organic light-emitting device
OLED according to the received signals. According to one
exemplary embodiment of the invention, the pixel circuit
may include seven transistors T21 thru T27 and one capaci-
tor Cst2. The transistors T21 thru T27 may be referred to as
a driving transistor T21, a switching transistor T22, a
compensating transistor 123, a first initializing transistor
T24, an operation controlling transistor T25, an emission
controlling transistor T26, and a second initializing transis-
tor T27.

[0121] A driving gate electrode G21 of the driving tran-
sistor T21 is connected to a lower electrode Cst21 of the
capacitor Cst2, a driving source electrode S21 of the driving
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transistor T21 is connected to a driving power line PL
through an operation controlling transistor T25, and a driv-
ing drain electrode D21 of the driving transistor T21 is
electrically connected to a pixel electrode 212 of the organic
light-emitting device OLED of FIG. 5 through an emission
controlling transistor T26. The driving transistor T21
receives the data signal Data according to a switching
operation of the switching transistor T22 and supplies a
driving current 1d to the organic light-emitting device OLED
via emission controlling transistor T26.

[0122] A switching gate electrode G22 of the switching
transistor T22 is connected to the scan line SLn, a switching
source electrode S22 of the switching transistor T22 is
connected to the data line DLm, and a switching drain
electrode D22 of the switching transistor T22 is connected
to the driving source electrode S21 of the driving transistor
T21, and is also connected to the driving power line PL
through the operation controlling transistor T25. The switch-
ing transistor T22 receives the scan signal Sn through the
scan line SLn, is turned on according to the scan signal Sn,
and performs the switching operation to receive the data
signal Data through the data line DLm and to transmit the
received data signal Data to the driving source electrode S21
of the driving transistor T21.

[0123] A compensating gate electrode G23 of the com-
pensating transistor T23 is connected to the scan line SLn,
a compensating source electrode S23 of the compensating
transistor T23 is connected the driving drain electrode D21
of the driving transistor T21 and is also connected to the
pixel electrode 212 of the organic light-emitting device
OLED of FIG. 5 through the emission controlling transistor
T26. A compensating drain electrode D23 of the compen-
sating transistor T23 is connected to the lower electrode
Cst21 of the capacitor Cst2, to a first initializing source
electrode S24 of the first initializing transistor T24, and to
the driving gate electrode G21 of the driving transistor T21.
The compensating transistor 123 receives the scan signal Sn
through the scan line SLn, is turned on according to the
received scan signal Sn, and connects the driving gate
electrode G21 of the driving transistor T21 to the driving
drain electrode D21 of the driving transistor T21 so as to
form a diode connection of the driving transistor T21.
[0124] A first initializing gate electrode G24 of the first
initializing transistor T24 is connected to the previous scan
line SL.n-1, and a first initializing drain electrode D24 of the
first initializing transistor T24 is connected to the initializing
voltage line VL. The initializing source electrode S24 of the
first initializing transistor T24 is connected to the lower
electrode Cst21 of the capacitor Cst2, to the compensating
drain electrode D23 of the compensating transistor T23, and
to the driving gate electrode G21 of the driving transistor
T21. The first initializing transistor T24 receives the previ-
ous scan signal Sn—1 through the previous scan line SL.n-1,
is turned on according to the received previous scan signal
Sn-1, and transmits the initializing voltage VINT to the
driving gate electrode G21 of the driving transistor T21 so
as to perform an initializing operation to initialize a voltage
of the driving gate electrode G21 of the driving transistor
T21.

[0125] An operation controlling gate electrode G25 of the
operation controlling transistor T25 is connect to the emis-
sion controlling line ELn. An operation controlling source
electrode S25 of the operation controlling transistor T25 is
connected to the driving voltage line PL, and an operation
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controlling drain electrode D25 of the operation controlling
transistor T25 is connected to the driving source electrode
S21 of the driving transistor T21 and the switching drain
electrode D22 of the switching transistor T22. The operation
controlling transistor T25 connects the driving voltage line
PL and the driving transistor T21. The operation controlling
transistor T25 is turned on according to the emission con-
trolling signal En transmitted through the emission control-
ling line ELn and transmits the driving voltage ELVDD to
the driving transistor T21.

[0126] An emission controlling gate electrode G26 of the
emission controlling transistor T26 is connected to the
emission controlling line ELn, and an emission controlling
source electrode S26 of the emission controlling transistor
T26 is connected to the driving drain electrode D21 of the
driving transistor T21 and to the compensating source elec-
trode S23 of the compensating transistor T23. An emission
controlling drain electrode D26 of the emission controlling
transistor T26 is electrically connected to the pixel electrode
212 of the organic light-emitting device OLED of FIG. 5.
The operation controlling transistor T25 and the emission
controlling transistor T26 receive the emission controlling
signal En through the emission controlling line ELn, are
simultaneously turned on, and transmit the driving voltage
ELVDD to the organic light-emitting device OLED so that
the driving current Id flows to the organic light-emitting
device OLED.

[0127] A second initializing gate electrode G27 of the
second initializing transistor T27 is connected to the previ-
ous scan line SLn-1. A second initializing source electrode
S27 of the second initializing transistor T27 is connected to
the pixel electrode 212 of the organic light-emitting device
OLED of FIG. 5. A second initializing drain electrode D27
of the second initializing transistor T27 is connected to the
initializing voltage line VL. The second initializing transis-
tor T27 receives the previous scan signal Sn-1 through the
previous scan line SLn-1, is turned on according to the
received previous scan signal Sn—1, and initializes the pixel
electrode 212 of the organic light-emitting device OLED of
FIG. 5.

[0128] According to the present embodiments of the
invention, the first initializing transistor T24 and the second
initializing transistor T27 are connected to the previous scan
line SLn- but the present invention is not limited thereto.
According to another exemplary embodiment of the inven-
tion, the first initializing transistor T24 may be connected to
the previous scan line SLn-1 and operates according to the
previous scan signal Sn-1, and the second initializing tran-
sistor T27 may be connected to a separate wiring and operate
according to a signal transmitted through the separate wit-
ing.

[0129] An upper electrode Cst22 of the capacitor Cst2 is
connected to the driving power line PL, and a common
electrode 232 of the organic light-emitting device OLED of
FIG. 5 receives a common voltage ELVSS. Accordingly, the
organic light-emitting device OLED receives the driving
current Id from the driving transistor T21 so as to emit light
to display an image.

[0130] FIG. 5 is a cross-sectional view schematically
illustrating the organic light-emitting display apparatus
according to another exemplary embodiment of the inven-
tion.

[0131] Referring to FIG. 5, the organic light-emitting
display apparatus 2 according to another exemplary embodi-
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ment of the invention may include the thin film transistor
array substrate 12 and the organic light-emitting device
OLED disposed on the thin film transistor array substrate 12.
The thin film transistor array substrate 12 may include a
substrate 112 including a driving transistor region R21 and
a switching transistor region R22, an additional layer H2
disposed in the driving transistor region R21 on the substrate
112, a buffer layer 132 disposed on the substrate 112 and
covering the additional layer H2, and the driving transistor
T21 and the switching transistor T22 disposed in the driving
transistor region R21 and the switching transistor region
R22, respectively, on the buffer layer 132. According to one
exemplary embodiment of the invention, the organic light-
emitting display apparatus 2 further includes a capacitor
Cst2. The capacitor Cst2 may include a lower electrode
Cst21 functioning as the driving gate electrode G21 and an
upper electrode Cst22 disposed so as to correspond to the
driving gate electrode G21.

[0132] The substrate 112 may include the driving transis-
tor region R21, in which the driving transistor 121 is
disposed, and the switching transistor region R22, in which
the switching transistor T22 is disposed.

[0133] The additional layer H2 is disposed in the driving
transistor region R21 on the substrate 112. The additional
layer H2 may include a material having a high thermal
conductivity. For example, the additional layer H2 may
include a material having a thermal conductivity in a range
from about 104 Wim ° C. to about 106 W/m ° C. The
additional layer H2 may be disposed in the driving transistor
region R21, but may not be disposed in the switching
transistor region R22.

[0134] The buffer layer 132 is disposed on the substrate
112 and covers the additional layer H2. The additional layer
H2 may have a higher thermal conductivity than the buffer
layer 132.

[0135] Although not illustrated, a lower buffer layer (not
illustrated) may be disposed on the substrate 112. The
additional layer H2 may be disposed on the lower buffer
layer in the driving transistor region R21.

[0136] The additional layer H2 may include at least one of
an organic compound and an inorganic compound. Accord-
ing to one exemplary embodiment of the invention, the
additional layer H2 may include at least one selected from
a group consisting of siloxane-based materials, graphene,
carbon nanotubes, aluminum (Al), molybdenum (Mo),
chrome (Cr), silver (Ag), and copper (Cu).

[0137] The driving transistor 121 is disposed on the buffer
layer 132 in the driving transistor region R21, and the
switching transistor T22 is disposed on the buffer layer 132
in the switching transistor region R22. The driving transistor
T21 and the switching transistor T22 may include the
driving active layer A21 and a switching active layer A22,
respectively.

[0138] The driving active layer A21 may include a driving
source area SR21, a driving drain area DR21, and a driving
channel area CR21. The switching active layer A22 may
include a switching source area SR22, a switching drain area
DR22, and a switching channel area CR22.

[0139] As illustrated in FIG. 5, the driving source area
SR21 of the driving transistor T21 is electrically connected
to the switching drain area DR22 of the switching transistor
T22.

[0140] The driving active layer A21 and the switching
active layer A22 may be formed from a driving semicon-
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ductor layer (not illustrated) and a switching semiconductor
layer (not illustrated), respectively. The driving semicon-
ductor layer and the switching semiconductor layer may be
formed by irradiating with a laser beam an amorphous
silicon layer (not illustrated) disposed on the buffer layer
132, crystallizing the amorphous silicon layer into polysili-
con, and patterning a polysilicon layer. The laser beam may
have an energy density sufficient to completely melt the
amorphous silicon layer. The laser beam may be irradiated
from above or below the amorphous silicon layer in a
direction of the amorphous silicon layer.

[0141] Here, since the energy of the laser beam is trans-
mitted to the additional layer H2 disposed in the driving
transistor region R21, the dimensions of crystals of the
polysilicon forming the driving active layer A21 of the
driving transistor T21 may become non-uniform. When the
thermal conductivity of the additional layer H2 is greater, the
dimensions of the crystals of polysilicon forming the driving
active layer A21 of the driving transistor T21 may become
more non-uniform.

[0142] During a process of irradiating the amorphous
silicon layer (not illustrated) with the laser beam, heat
caused by the laser beam may be transmitted to the addi-
tional layer H2 easier than to the amorphous silicon layer
and the buffer layer 132. When the amorphous silicon is
crystallized into the polysilicon, the heat caused by the laser
beam is transmitted to the additional layer H2 more easily
than to the polysilicon during the crystallizing process.
Accordingly, a smaller amount of the heat is transmitted to
the amorphous silicon layer corresponding to the driving
transistor region R21 than other region.

[0143] On the other hand, dimensions of crystals of the
polysilicon forming the switching active layer A22 of the
switching transistor T22 disposed in the switching transistor
region R22 in which the additional layer H2 is not disposed
may be substantially uniform.

[0144] When the dimensions of the crystals of the poly-
silicon to form the driving active layer A21 become non-
uniform, transmitting characteristics of the driving channel
area CR21 decrease, and thus a driving range of the driving
transistor T21 becomes increased.

[0145] The additional layer H2 is disposed so as to cor-
respond to at least the driving channel area CR21 of the
driving active layer A21 and may make the dimensions of
the crystals of the polysilicon forming the driving channel
area CR21 non-uniform.

[0146] A lower gate insulation film 152 is disposed on the
buffer layer 132 and covers the driving active layer A21 and
the switching active layer A22. The driving gate electrode
G21 and the switching gate electrode G22 may be disposed
on the lower gate insulation film 152 so as to correspond to
at least portions of the driving active layer A21 and the
switching active layer A22, respectively.

[0147] Thedriving gate electrode G21 may function as the
lower electrode Cst21 of the capacitor Cst2.

[0148] An upper gate insulation film 172 is disposed on
the lower gate insulation film 152 and covers the driving
gate electrode G21 and the switching gate electrode G22.
[0149] The upper electrode Cst22 of capacitor Cst2 may
be disposed on the upper gate insulation film 172 in the
driving transistor region R21. The capacitor Cst2 may be
disposed so as to overlap the driving transistor T21 in a
planar view. That is, the capacitor Cst2 may include the
driving gate electrode G21 functioning as the lower elec-
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trode Cst21 and the upper electrode Cst22 disposed so as to
correspond to the driving gate electrode G21. The lower
electrode Cst21 and the upper electrode Cst22 are disposed
opposite to each other with respect to the upper gate insu-
lation film 172. When areas of the lower electrode Cst21 and
the upper electrode Cst22 of the capacitor Cst2 are
increased, the capacitance of the capacitor Cst2 becomes
increased.

[0150] According to one exemplary embodiment of the
invention, the capacitor Cst2 may be disposed so as to
overlap the driving transistor T21 to reduce a space occupied
by the capacitor Cst2 and to increase the capacitance of the
capacitor Cst2. An interlayer insulation film 173 may be
disposed on the upper gate insulation film 172 so as to cover
the upper electrode Cst22.

[0151] The lower gate insulation film 152, the upper gate
insulation film 172, and the interlayer insulation film 173
may include a switching source contact hole 185 to expose
the switching source area SR22.

[0152] The switching source electrode S22 of the switch-
ing transistor T22 may be disposed on the interlayer insu-
lation film 173. The switching source electrode S22 may be
connected to the switching source area SR22 through the
switching source contact hole 185. The switching source
electrode S22 may be electrically connected to the data line
DLm of FIG. 4.

[0153] A via insulation film 192 may be disposed on the
interlayer insulation film 173 so as to cover the switching
source electrode S22, and the pixel electrode 212 of the
organic light-emitting device OLED may be disposed on the
via insulation film 192. The pixel electrode 212 may include
a material having a high work function and may include at
least one of a metal reflective film and a transparent con-
ductive film.

[0154] Although not illustrated, a pixel definition film (not
illustrated) may be disposed on the via insulation film 192 so
as to define the respective pixels. The pixel definition film
may have an opening (not illustrated) so as to expose an
upper side of the pixel electrode 212 and may cover an edge
portion of the pixel electrode 212.

[0155] An intermediate layer 222 including an organic
emission layer 2222 may be disposed on the pixel electrode
212 which is exposed by the pixel definition film. The
intermediate layer 222 may include a lower common layer
2221 disposed between the pixel electrode 212 and the
organic emission layer 2222, and an upper common layer
2223 disposed between the organic emission layer 2222 and
the common electrode 232.

[0156] The common electrode 232 may be disposed on the
pixel definition film and the intermediate layer 222. The
organic light-emitting device OLED may include the pixel
electrode 212, the intermediate layer 222, and the common
electrode 232.

[0157] Although not illustrated, an encapsulation substrate
(not illustrated) or an encapsulation layer (not illustrated)
may be disposed on the common electrode 232.

[0158] According to the above described embodiments of
the invention, since boundaries of the polysilicon crystal
grains forming the driving active layer are increased and
transmitting characteristics of the driving channel area are
decreased, a driving range of the driving transistor may be
increased without increasing a length of the driving channel
area. According to the improved driving range of the driving
transistor, the gradation of light emitted from the organic
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light-emitting device is fine-controlled so as to facilitate a
display quality and a high resolution in the organic light-
emitting display apparatus.

[0159] It should be understood that exemplary embodi-
ments of the invention described herein should be consid-
ered in a descriptive sense only and not for purposes of
limitation. Descriptions of features or aspects within each
exemplary embodiment of the invention should typically be
considered as available for other similar features or aspects
in other exemplary embodiments of the invention.

[0160] While one or more exemplary embodiments of the
invention 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 detail may be made therein
without departing from the spirit and scope as defined by the
following claims.

What is claimed is:

1. A thin film transistor array substrate, comprising:

a substrate including a driving transistor region and a

switching transistor region;

an additional layer disposed in the driving transistor

region on the substrate;

a buffer layer covering the additional layer on the sub-

strate; and

a driving transistor and a switching transistor in the

driving transistor region and the switching transistor
region, respectively, on the buffer layer.

2. The thin film transistor array substrate of claim 1,
wherein the additional layer has a thermal conductivity in a
range from about 104 W/m-° C. to about 106 W/m-°® C.

3. The thin film transistor array substrate of claim 1,
wherein the additional layer has a thermal conductivity
higher than a thermal conductivity of the buffer layer.

4. The thin film transistor array substrate of claim 1,
wherein the additional layer has a thermal conductivity
higher than a thermal conductivity of at least one material
selected from a group consisting of silicon oxide (Si0,),
silicon nitride (SiN,), amorphous silicon, and polysilicon.

5. The thin film transistor array substrate of claim 1,
wherein the additional layer comprises at least one selected
from a group consisting of siloxane-based materials, gra-
phene, carbon nanotubes, aluminum (Al), molybdenum
(Mo), chrome (Cr), silver (Ag), and copper (Cu).

6. The thin film transistor array substrate of claim 1,
wherein the buffer layer comprises at least one of silicon
oxide (Si0,) and silicon nitride (SiN).

7. The thin film transistor array substrate of claim 1,
wherein:

the driving transistor comprises a driving active layer

disposed on the buffer layer so as to correspond to the
additional layer and a driving gate electrode disposed
on a portion of the driving active layer;

the switching transistor comprises a switching active layer

disposed on the buffer layer and a switching gate
electrode disposed on a portion of the switching active
layer; and

the driving active layer comprises crystals having more

non-uniform dimensions than non-uniform dimensions
of the switching active layer.

8. The thin film transistor array substrate of claim 7,
further comprising a capacitor overlapping the driving tran-
sistor in a direction perpendicular to the substrate;
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wherein the capacitor comprises the driving gate electrode
functioning as a lower electrode of the capacitor, and an
upper electrode corresponding to the driving gate elec-
trode.

9. The thin film transistor array substrate of claim 7,
wherein the driving active layer comprises a driving source
area, a driving drain area spaced apart from the driving
source area, and a driving channel area disposed between the
driving source area and the driving drain area; and

wherein the additional layer is disposed between the

substrate and at least a portion of the driving channel
area.

10. A manufacturing method of a thin film transistor array
substrate, the method comprising the steps of:

forming an additional layer in a driving transistor region

on a substrate having the driving transistor region and
a switching transistor region;

forming a buffer layer on the substrate so as to cover the

additional layer;

forming an amorphous silicon layer on the buffer layer;

irradiating the amorphous silicon layer with a laser beam

so as to crystallize the amorphous silicon layer into
polysilicon;

patterning a polysilicon layer and forming a driving

semiconductor layer and a switching semiconductor
layer in the driving transistor region and the switching
transistor region, respectively;

forming a lower gate insulation film so as to cover the

driving semiconductor layer and the switching semi-
conductor layer;

forming a driving gate electrode and a switching gate

electrode on the lower gate insulation film so as to
correspond to a portion of the driving semiconductor
layer and a portion of the switching semiconductor
layer, respectively; and

doping the driving semiconductor layer and the switching

semiconductor layer by using the driving gate electrode
and the switching gate electrode as corresponding
masks, forming a driving active layer including a
driving source area, a driving drain area, and a driving
channel area, and forming a switching active layer
including a switching source area, a switching drain
area, and a switching channel area.

11. The manufacturing method of claim 10, wherein the
step of forming the additional layer comprises:

forming a thermal conductive material on the substrate;

and

removing the thermal conductive material from the

switching transistor region, and forming the additional
layer so as to correspond to the driving transistor
region.

12. The manufacturing method of claim 10, further com-
prising the step of providing the additional layer with a
thermal conductivity higher than that of the buffer layer.

13. The manufacturing method of claim 10, further com-
prising the step of providing the additional layer with a
thermal conductivity higher than a thermal conductivity of at
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least one material selected from a group consisting of
amorphous silicon, polysilicon, silicon oxide (SiO,), and
silicon nitride (SiN,).

14. The manufacturing method of claim 10, further com-
prising the step of providing the additional layer with a
thermal conductivity in a range from about 104 W/m-° C. to
about 106 W/m-° C.

15. The manufacturing method of claim 10, wherein the
additional layer comprises at least one selected from a group
consisting of siloxane-based materials, graphene, carbon
nanotubes, aluminum (Al), molybdenum (Mo), chrome (Cr),
silver (Ag), and copper (Cu).

16. The manufacturing method of claim 10, wherein the
buffer layer comprises at least one of silicon oxide (Si0,)
and silicon nitride (SiN).

17. An organic light-emitting display apparatus, compris-
ing:

a substrate including a driving transistor region and a

switching transistor region;

an additional layer disposed in the driving transistor
region on the substrate;

a buffer layer covering the additional layer on the sub-
strate;

a driving transistor and a switching transistor disposed in
the driving transistor region and the switching transis-
tor region, respectively, on the buffer layer;

a pixel electrode electrically connected to the driving
transistor;

a common electrode corresponding to the pixel electrode;
and

an organic emission layer disposed between the pixel
electrode and the common electrode.

18. The organic light-emitting display apparatus of claim
17, wherein the additional layer has a thermal conductivity
in a range from about 104 W/m-° C. to about 106 W/m-° C.

19. The organic light-emitting display apparatus of claim
17, wherein:

the driving transistor comprises a driving active layer
disposed on the buffer layer so as to correspond to the
additional layer and a driving gate electrode disposed
on a portion of the driving active layer;

the switching transistor comprises a switching active layer
disposed on the buffer layer and a switching gate
electrode disposed on a portion of the switching active
layer; and

the driving active layer comprises crystals having more
non-uniform dimensions than non-uniform dimensions
of the switching active layer.

20. The organic light-emitting display apparatus of claim
19, further comprising a capacitor overlapping the driving
transistor in a direction perpendicular to the substrate;

wherein the capacitor comprises the driving gate electrode
functioning as a lower electrode of the capacitor, and an
upper electrode corresponding to the driving gate elec-
trode.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

CPCH %S

L5
S\EReERE

BE@®F)

BESEEREREE 2R, SR REEXENTXSEEX :
IR, REEER LR SAEXERRPE  REBEERLN -
BEMMEAREHREEUARTFXREE , 2 BEBEMAETE £ m‘
HY TR IR 5 844 X 43 PR T 3% SR B K s

BRREGE  HEESFEUARBIEKLEREHF

US20170062538A1 K (2E)R
US15/019048 iR
=ZESRERAT

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

KIM JUNGHYUN
AHN KIWAN

KIM, JUNGHYUN
AHN, KIWAN

HO1L27/32 HO1L27/12 HO1L29/66 HO1L51/52

patsnap

2017-03-02

2016-02-09

HO1L27/3262 HO1L27/3265 HO1L27/3248 HO1L51/529 H01L2227/323 HO1L29/66757 HO1L27/1222

HO1L27/1274 HO1L27/1218 HO1L27/1229 HO1L27/1281

1020150118878 2015-08-24 KR

Espacenet USPTO

sﬁiﬁ\

T
T12 SR2CRI2DRI2

SRR
SRICRI1ORIY Hi Ti1


https://share-analytics.zhihuiya.com/view/c58825b5-c74a-435a-bb53-d06142ae3d2c
https://worldwide.espacenet.com/patent/search/family/058095820/publication/US2017062538A1?q=US2017062538A1
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=%2220170062538%22.PGNR.&OS=DN/20170062538&RS=DN/20170062538

