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7) ABSTRACT

Provided is a thin film semiconductor device such as an
organic light-emitting display which includes a thin film tran-
sistor (TFT) having a lightly doped region. The thin film
semiconductor includes a substrate, a first active pattern, a
first lower conductive pattern, and a first upper conductive
pattern. The first active pattern is disposed on the substrate
and includes a channel region, a lightly doped region, and a
heavily doped region. The first lower conductive pattern is
disposed on the first active pattern and covers the channel
region. The first upper conductive pattern is disposed on the

HOIL 51/52 (2006.01) first lower conductive pattern and covers the channel region
HOIL 29/786 (2006.01) and the lightly doped region.
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THIN FILM SEMICONDUCTOR DEVICE,
ORGANIC LIGHT-EMITTING DISPLAY
DEVICE, AND METHOD OF
MANUFACTURING THE THIN FILM
SEMICONDUCTOR DEVICE

CLAIM OF PRIORITY

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. §119 of Korean Patent Application
No. 10-2013-0016052, filed on Feb. 14, 2013, the contents of
which are hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the present invention generally
relates to a thin film semiconductor device such as an organic
light-emitting display device, and more particularly, to a thin
film semiconductor device such as an organic light-emitting
display which includes a thin film transistor (TFT) having
improved electrical characteristics.

[0004] 2. Description of the Related Art

[0005] Compared to a semiconductor device using a semi-
conductor substrate, when a thin film transistor (TFT) is
formed by using a semiconductor thin film formed on a glass
substrate, manufacturing costs may be reduced and a process
for a large area may be easily performed, so that a thin film
semiconductor device such as a flat panel display device is
used in various fields.

[0006] An organic light-emitting display device is a self-
emissive display apparatus that emits light and has character-
istics of high brightness and a low operating voltage, so that
the organic light-emitting display device has an excellent
contrast ratio, can be formed as an ultra slim display appara-
tus, and is stable in realizing a moving picture at a response
time of about several microseconds (its). Also, the organic
light-emitting display device does not have a limit in a view-
ing angle, is stable at low temperatures, and is driven with a
low voltage of about 5 to 15V (direct current (DC)), so that it
is easy to manufacture and design a driving circuit for the
organic light-emitting display device, and the manufacturing
process is simple.

[0007] The organic light-emitting display device includes
TFTs and a capacitor so as to control emission by pixels. For
example, a TFT includes a semiconductor pattern formed of
polysilicon. The semiconductor pattern includes a channel
region and impurity regions that are doped with impurity at
sides of the channel region. Since a doping density sharply
changes at a boundary between the impurity region and the
channel region, a strong electric field may be induced. The
strong electric field causes a short channel effect or a hot
electron effect, such that leakage current is increased and an
off-current characteristic deteriorates.

SUMMARY OF THE INVENTION

[0008] The present invention provides a thin film semicon-
ductor device such as an organic light-emitting display
device, and a method of manufacturing the thin film semicon-
ductor device, whereby an electrical characteristic such as an
off-current characteristic of a thin film transistor (TFT) can be
improved while a total number of mask processes is not
increased.

[0009] According to an aspect of the present invention,
there is provided a thin film semiconductor device including
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a substrate, a first active pattern, a first lower conductive
pattern, and a first upper conductive pattern. The first active
pattern is disposed on the substrate and includes a channel
region, a lightly doped region, and a heavily doped region.
The first lower conductive pattern is disposed on the first
active pattern and covers the channel region. The first upper
conductive pattern is disposed on the first lower conductive
pattern and covers the channel region and the lightly doped
region.

[0010] A boundary between the lightly doped region and
the heavily doped region may correspond to an edge of the
first upper conductive pattern. Also, a boundary between the
channel region and the lightly doped region may correspond
to an edge of the first lower conductive pattern.

[0011] Thefirstactive pattern and the first lower conductive
pattern may configure a first thin film transistor (TFT), and
the first lower conductive pattern may function as a gate
electrode of the first TFT.

[0012] The first lower conductive pattern and the first upper
conductive pattern may configure a capacitor.

[0013] The thin film semiconductor device may further
include a lower gate insulating layer between the first active
pattern and the first lower conductive pattern, and an upper
gate insulating layer between the first lower conductive pat-
tern and the first upper conductive pattern.

[0014] Theheavily doped region may include a first heavily
doped region and a second heavily doped region which are
disposed at sides of the channel region. The lightly doped
region may include a first lightly doped region between the
channel region and the first heavily doped region, and a sec-
ond lightly doped region between the channel region and the
second heavily doped region.

[0015] The thin film semiconductor device may further
include a second active pattern formed from the same layer as
the first active pattern and including a source region, a drain
region, and a channel region between the source region and
the drain region, and a second lower conductive pattern
formed from the same layer as the first lower conductive
pattern and covering the channel region of the second active
pattern. The second active pattern and the second lower con-
ductive pattern may configure a second TFT. The second
lower conductive pattern may function as a gate electrode of
the second TFT.

[0016] The second active pattern may further include a
lightly doped region between the channel region and one of
the source region and the drain region. The thin film semi-
conductor device may include a second upper conductive
pattern formed from the same layer as the first upper conduc-
tive pattern and covering the channel region and the lightly
doped region of the second active pattern.

[0017] The second upper conductive pattern may be elec-
trically connected to the second lower conductive pattern and
thus may function as a common gate electrode of the second
TFT.

[0018] The second upper conductive pattern may float.
[0019] According to another aspect of the present inven-
tion, there is provided an organic light-emitting display
device including a substrate, a plurality of thin film transistors
(TFTs) and a capacitor on the substrate, a pixel electrode
electrically connected to one of the plurality of TFTs, a com-
mon electrode on the pixel electrode, and an intermediate
layer disposed between the pixel electrode and the common
electrode and including an emission layer (EML). A first TFT
that is one of the plurality of TFTs includes a first active
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pattern including a channel region, a lightly doped region, and
a heavily doped region, and a first lower conductive pattern
disposed on the first active pattern and covering the channel
region. The capacitor includes the first lower conductive pat-
tern, and a first upper conductive pattern that is disposed on
the first lower conductive pattern and that covers the channel
region and the lightly doped region.

[0020] A boundary between the lightly doped region and
the heavily doped region may be positioned in correspon-
dence to an edge of the first upper conductive pattern. A
boundary between the channel region and the lightly doped
region may be positioned in correspondence to an edge of the
first lower conductive pattern.

[0021] The first lower conductive pattern may function as a
gate electrode of the first TFT and a lower electrode of the
capacitor.

[0022] The heavily doped region may include a source
region and a drain region which are disposed at sides of the
channel region. Also, the lightly doped region may include a
low-density source region between the channel region and the
source region, and a low-density drain region between the
channel region and the drain region.

[0023] The first TFT may be a driving TFT that supplies
driving current to the EML.

[0024] A second TFT that is one of the plurality of TFTs
may include a second active pattern that is formed from the
same layer as the first active pattern and that includes a source
region, a drain region, and a channel region between the
source region and the drain region, and a second lower con-
ductive pattern that is formed from the same layer as the first
lower conductive pattern, that covers the channel region of the
second active pattern, and that functions as a gate electrode of
the second TFT.

[0025] The second active pattern may further include a
lightly doped region between the channel region and one of
the source region and the drain region. The organic light-
emitting display device may include a second upper conduc-
tive pattern formed from the same layer as the first upper
conductive pattern and covering the channel region and the
lightly doped region of the second active pattern.

[0026] According to another aspect of the present inven-
tion, there is provided a method of manufacturing a thin film
semiconductor device, the method including operations of
forming an active pattern on a substrate, forming a lower
conductive pattern on the active pattern, lightly injecting
impurities into the active pattern by using the lower conduc-
tive pattern as a doping mask, forming an upper conductive
pattern on the lower conductive pattern, and heavily injecting
impurities into the active pattern by using the lower conduc-
tive pattern and the upper conductive pattern as doping
masks, thus forming the active pattern including a channel
region, a lightly doped region, and a heavily doped region.
[0027] Thelower conductive pattern may cover the channel
region and may not cover the lightly doped region and the
heavily doped region. Also, the upper conductive pattern may
cover the channel region and the lightly doped region, and
may not cover the heavily doped region.

[0028] The operation of forming the lower conductive pat-
tern may include operations of forming a lower gate insulat-
ing layer on the active pattern, and forming the lower con-
ductive pattern on the lower gate insulating layer. Also, the
operation of forming the upper conductive pattern may
include operations of forming an upper gate insulating layer
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on the lower conductive pattern, and forming the upper con-
ductive pattern on the upper gate insulating layer.

[0029] The active pattern and the lower conductive pattern
may configure a thin film transistor (TFT). The lower con-
ductive pattern and the upper conductive pattern may config-
ure a capacitor. The lower conductive pattern may function as
a gate electrode of the TFT and a lower electrode of the
capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:

[0031] FIG. 1 is a cross-sectional view illustrating a thin
film semiconductor device constructed as an embodiment
according to the principles of the present invention;

[0032] FIGS. 2A through 2C are cross-sectional views
showing a method of manufacturing the thin film semicon-
ductor device of FIG. 1, according to an embodiment of the
present invention;

[0033] FIG. 3A is a cross-sectional view of a thin film
semiconductor device constructed as another embodiment
according to the principles of the present invention;

[0034] FIG. 3B is a cross-sectional view of a thin film
semiconductor device constructed as another embodiment
according to the principles of the present invention;

[0035] FIG. 4 is an equivalent circuit diagram illustrating
one pixel of an organic light-emitting display device, accord-
ing to an embodiment of the present invention;

[0036] FIG. 5 is a plane view illustrating a pixel of the
organic light-emitting display device shown in FIG. 4; and
[0037] FIG. 6 is a cross-sectional view illustrating the
organic light-emitting display device of FIG. 5, taken along
line VI-VL

DETAILED DESCRIPTION OF THE INVENTION

[0038] The present invention will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. The
invention may, however, be embodied in many different
forms, and should not be construed as being limited to the
embodiments set forth herein. Thus, the invention may
include all revisions, equivalents, or substitutions which are
included in the concept and the technical scope related to the
invention.

[0039] Like reference numerals in the drawings denote like
elements. In the drawings, the dimension of structures may be
exaggerated for clarity.

[0040] Furthermore, all examples and conditional language
recited herein are to be construed as being without limitation
to such specifically recited examples and conditions.
Throughout the specification, a singular form may include
plural forms, unless there is a particular description contrary
thereto. Also, terms such as “comprise” or “comprising” are
used to specify existence of a recited form, a number, a
process, an operation, a component, and/or groups thereof,
not excluding the existence of one or more other recited
forms, one or more other numbers, one or more other pro-
cesses, one or more other operations, one or more other com-
ponents and/or groups thereof. As used herein, the term “and/
or” includes any and all combinations of one or more of the
associated listed items. Throughout the specification, while
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terms “first” and “second” are used to describe various com-
ponents, it is obvious that the components are not limited to
the terms “first” and “second”. The terms “first” and “second”
are used only to distinguish between each component. As
used herein, it will also be understood that when a first feature
is referred to as being “connected to”, “combined with”, or
“interfaced with” a second feature, intervening third features
may also be present. Also, throughout the specification, it will
also be understood that when an element such as layer, region,
or substrate is referred to as being “on”, “connected to” or
“coupled with” another element, it can be directly on the other
element, or intervening elements may also be present. How-
ever, when an element is referred to as being “directly on”,
“directly connected to” or “directly coupled with” another
element, it will be understood that there are no intervening
elements.

[0041] Unless expressly described otherwise, all terms
including descriptive or technical terms which are used herein
should be construed as having meanings that are obvious to
one of ordinary skill in the art. Also, terms that are defined in
a general dictionary and that are used in the following
description should be construed as having meanings that are
equivalent to meanings used in the related description, and
unless expressly described otherwise herein, the terms should
not be construed as being ideal or excessively formal.
[0042] FIG. 1 is a cross-sectional view illustrating a thin
film semiconductor device 100 constructed as an embodi-
ment according to the principles of the present invention.
[0043] Referring to FIG. 1, the thin film semiconductor
device 100 includes a substrate 110 and a first thin film
transistor (TFT) TFTa on the substrate 110. The thin film
semiconductor device 100 may further include a capacitor Cst
on the first TEFT TFTa. The thin film semiconductor device
100 may further include a second TFT TFTb. The thin film
semiconductor device 100 indicates all devices that include
the first TFT TFTa. For example, the thin film semiconductor
device 100 may be a flat panel display device such as an
organic light-emitting display device, a liquid crystal display
device, or the like.

[0044] The substrate 110 may be an insulating substrate
formed of a transparent glass material containing SiO2 as a
main constituent or a transparent plastic material. The sub-
strate 110 may be a conductive substrate formed of a thin film
metal material. The substrate 110 may be a flexible substrate
or a rigid substrate.

[0045] A buffer layer 115 may be disposed on the substrate
110 so as to prevent diffusion of impurity ions or penetration
of exterior air and to provide a planarized surface. The first
and second TFTs TFTa and TFTb may be disposed on the
buffer layer 115.

[0046] Thefirst TFT TFTaincludes afirstactive pattern 121
in which a channel is formed, a first lower conductive pattern
131 to which an electric field is applied to allow the channel
to be formed, and a lower gate insulating layer 127 that is
interposed between the first active pattern 121 and the first
lower conductive pattern 131.

[0047] The first active pattern 121 includes a channel
region 121¢ in which the channel is formed, and a source
region 121s and a drain region 1214 that are respectively
disposed at opposite sides of the channel region 121¢. The
first active pattern 121 further includes a low-density source
region 121/s between the channel region 121¢ and the source
region 121s, and a low-density drain region 121/d between
the channel region 121¢ and the drain region 121d. A channel
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length of the channel region 121c¢ that is defined by the low-
density source region 121/s and the low-density drain region
121d may be a first length 11, and a length of the low-density
source region 121/s, the channel region 121¢, and the low-
density drain region 121/d that are defined by the source
region 1215 and the drain region 1214 may be a second length
12.

[0048] The low-density source region 121/s and the low-
density drain region 121/d have a doping density that is lower
than an impurity doping density of the source region 121s and
the drain region 1214. In this regard, the low-density source
region 121/s and the low-density drain region 121/d may be
collectively referred as a lightly doped region. Also, since the
source region 121s and the drain region 1214 have an impu-
rity doping density higher than the doping density of the
lightly doped region, the source region 121s and the drain
region 1214 may be collectively referred as a heavily doped
region.

[0049] IntheembodimentofFIG. 1, the low-density source
region 121/s and the low-density drain region 121/d are dis-
posed between the channel region 121¢ and the source region
121s and between the channel region 121¢ and the drain
region 1214, respectively; however, in other embodiments of
the present invention, only one of the low-density source
region 121/s and the low-density drain region 121/d may be
arranged. For example, the low-density source region 1211s
may be omitted and only the low-density drain region 121/d
may be disposed.

[0050] The first lower conductive pattern 131 may function
as a gate electrode of the first TFT TFTa. A width of the first
lower conductive pattern 131 in a channel length direction
may correspond to the first length 11 that is the channel length
of the channel region 121¢. Both edges of the first lower
conductive pattern 131 in the channel length direction may
define the channel length of the channel region 121¢. That is,
a boundary between the low-density source region 121/s and
the channel region 121¢, and a boundary between the low-
density drain region 121/d and the channel region 121¢ may
be defined by the edges of the first lower conductive pattern
131.

[0051] A first upper conductive pattern 141 may be dis-
posedon the first lower conductive pattern 131. An upper gate
insulating layer 137 may be disposed between the first lower
conductive pattern 131 and the first upper conductive pattern
141. The first upper conductive pattern 141 and the first lower
conductive pattern 131 may configure the capacitor Cst. The
upper gate insulating layer 137 may function as a dielectric
layer of the capacitor Cst, and the first upper conductive
pattern 141 and the first lower conductive pattern 131 may
function as an upper electrode and a lower electrode of the
capacitor Cst, respectively. As described above, the first lower
conductive pattern 131 may simultaneously function as the
lower electrode of the capacitor Cst and the gate electrode of
the first TFT TFTa.

[0052] As illustrated in FIG. 1, the first upper conductive
pattern 141 may have a width 12 that is greater than the width
of the first lower conductive pattern 131. The first upper
conductive pattern 141 may define the boundary between the
low-density source region 121/s and the source region 121s,
and the boundary between the low-density drain region 121/d
and the drain region 121d. That is, the second length 12 that is
the length of the low-density source region 121/s, the channel
region 121¢, and the low-density drain region 121/d in the
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channel length direction may be defined by the width 12 of the
first upper conductive pattern 141.

[0053] The second TFT TFTb includes a second active
pattern 123 in which a channel is formed, a second lower
conductive pattern 133 to which an electric field is applied to
allow the channel to be formed, and the lower gate insulating
layer 127 that is interposed between the second active pattern
123 and the second lower conductive pattern 133. The second
active pattern 123 may be formed from the same material
layer as the first active pattern 121. Also, the second lower
conductive pattern 133 may be formed from the same mate-
rial layer as the first lower conductive pattern 131.

[0054] The second active pattern 123 includes a channel
region 123¢ in which the channel is formed, and a source
region 123s and a drain region 1234 that are respectively
disposed at opposite sides of the channel region 123¢. The
second lower conductive pattern 133 may be disposed on the
channel region 123¢. A channel length of the channel region
123c that is defined by the source region 123s and the drain
region 123d may be determined by a width of the second
lower conductive pattern 133. The second lower conductive
pattern 133 may function as a gate electrode of the second
TFT TFTb.

[0055] An interlayer insulating layer 147 may be disposed
on the upper gate insulating layer 137 and the first upper
conductive pattern 141. Although not illustrated in FIG. 1,
electrode patterns that function as wires may be disposed on
the interlayer insulating layer 147, and may be electrically
connected to the first and second TFTs TFTa and TFTb and
the capacitor Cst via contact plugs that penetrate through the
interlayer insulating layer 147. The electrode patterns may be
the wires that are connected to a source electrode that is
connected to the source regions 1215 and 123s; a drain elec-
trode that is connected to the drain electrodes 1214 and 1234,
a gate wire that is connected to the first and second lower
conductive patterns 131 and 133; and a wire that is connected
to the first upper conductive pattern 141.

[0056] Although not illustrated in FIG. 1, the thin film
semiconductor device 100 may further include a TFT that
uses both the lower gate insulating layer 127 and the upper
gate insulating layer 137 as a gate insulating layer. The TFT
may include an active pattern formed from the same layer as
the first and second active patterns 121 and 123, and a gate
electrode formed from the same layer as the first upper con-
ductive pattern 141. Here, only the lower gate insulating layer
127 and the upper gate insulating layer 137 may be disposed
between the active pattern and the gate electrode. A channel
of the TFT is formed by applying a higher voltage to the gate
electrode, compared to the first and second TFTs TFTa and
TFTb that use only the lower gate insulating layer 127 as a
gate insulating layer, so that the TFT is advantageous in its
broad operational range.

[0057] FIGS. 2A through 2C are cross-sectional views
showing a method of manufacturing the thin film semicon-
ductor device 100 of FIG. 1, according to an embodiment of
the present invention.

[0058] Referring to FIG. 2A, the substrate 110, the buffer
layer 115 on the substrate 110, and the first and second active
patterns 121 and 123 on the buffer layer 115 are arranged.
[0059] The substrate 110 may be formed of a transparent
glass material containing SiO2 as a main constituent. How-
ever, a material of the substrate 110 is not limited thereto and
thus the substrate 110 may be formed of a transparent plastic
material. Here, the transparent plastic material that forms the
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substrate 110 may include one or more materials selected
from among various organic materials.

[0060] The buffer layer 115 may be formed on the substrate
110. The buffer layer 115 may include an inorganic insulating
material such as silicon oxide, silicon nitride, silicon oxyni-
tride, aluminum oxide, aluminum nitride, titanium oxide, or
titanium nitride. The buffer layer 115 may include an organic
insulating material such as polyimide, polyester, acryl, or the
like and may be formed as a stack including the aforemen-
tioned materials or including the organic insulating material
and the inorganic insulating material. Since the buffer layer
115 is not an essential element, the buffer layer 115 may be
omitted according to a process condition.

[0061] The first and second active patterns 121 and 123
may be formed on the buffer layer 115. In more detail, a
semiconductor material layer (not shown), e.g., an amor-
phous silicon layer, is first deposited on the buffer layer 115
and then is crystallized into a polysilicon layer (not shown).
The amorphous silicon may be crystallized by using various
methods including a rapid thermal annealing (RTA) method,
a solid phase crystallization (SPC) method, an excimer laser
annealing (ELA) method, a metal-induced crystallization
(MIC) method, a metal-induced lateral crystallization
(MILC) method, a sequential lateral solidification (SLS)
method, and the like. The polysilicon layer may be patterned
into the first and second active patterns 121 and 123 via a
photolithography process using a first mask (not shown).
[0062] Referring to FIG. 2A, the first and second active
patterns 121 and 123 are separated from each other. However,
portions of the first and second active patterns 121 and 123,
which are not shown in FIG. 2A, may be connected to each
other. Also, in another embodiment, the first and second
active patterns 121 and 123 that are formed of polysilicon
may be formed in a manner that an amorphous silicon layer is
first patterned and then is crystallized.

[0063] The first and second active patterns 121 and 123
may be formed as a silicon-based element semiconductor, but
in other embodiments, the firstand second active patterns 121
and 123 may be formed as a compound semiconductor, e.g,,
an oxide semiconductor or an organic semiconductor.
[0064] FIG. 2B illustrates the lower gate insulating layer
127 that covers the first and second active patterns 121 and
123, and the first and second lower conductive patterns 131
and 133. The first and second active patterns 121 and 123 may
be divided into the channel regions 121¢ and 123¢ and lightly
doped regions 1217 and 123/, respectively.

[0065] The lower gate insulating layer 127 may be formed
on the buffer layer 115 so as to cover the first and second
active patterns 121 and 123. The lower gate insulating layer
127 may be formed of oxide, nitride, oxynitride, or a compo-
sition thereof.

[0066] The first and second lower conductive patterns 131
and 133, which overlap with the channel regions 121¢ and
123¢ of the first and second active patterns 121 and 123,
respectively, may be formed on the lower gate insulating layer
127. In more detail, a first conductive layer (not shown) may
be stacked on the lower gate insulating layer 127 and then
may be patterned into the first and second lower conductive
patterns 131 and 133 via a photolithography process and an
etching process which use a second mask (not shown).
[0067] An ion implantation process may be performed by
using the first and second lower conductive patterns 131 and
133 as adoping mask. Impurity ions with low density may be
injected into portions of the first and second active patterns



US 2014/0225075 Al

121 and 123 that are not covered by the first and second lower
conductive patterns 131 and 133. As a result, the lightly doped
regions 121/ and 123/ are formed on the portions of the first
and second active patterns 121 and 123 which are not covered
by the first and second lower conductive patterns 131 and 133,
and the channel regions 121¢ and 123¢, to which the impurity
ions are not injected, are formed on portions of the first and
second active patterns 121 and 123 that are covered by the
first and second lower conductive patterns 131 and 133.
[0068] FIG. 2C illustrates the upper gate insulating layer
137 that covers the first and second lower conductive patterns
131 and 133, and the first upper conductive pattern 141. The
first active pattern 121 may be divided into the channel region
121¢ and the lightly doped regions 1217

[0069] The upper gate insulating layer 137 may be formed
on the lower gate insulating layer 127 so as to cover the first
and second lower conductive patterns 131 and 133. The upper
gate insulating layer 137 may be formed of oxide, nitride,
oxynitride, or a composition thereof. The upper gate insulat-
ing layer 137 may be formed of the same material as the lower
gate insulating layer 127, but in another embodiment, the
upper gate insulating layer 137 may be formed of a different
material from the lower gate insulating layer 127.

[0070] The first upper conductive pattern 141 that overlaps
with the channel region 121¢ and the lightly doped regions
121/ of the first active pattern 121 may be formed on the upper
gate insulating layer 137. In more detail, a second conductive
layer (not shown) may be stacked on the upper gate insulating
layer 137 and may be patterned into the first upper conductive
pattern 141 via a photolithography process and an etching
process which use a third mask (not shown).

[0071] An ion implantation process may be performed by
using the first and second lower conductive patterns 131 and
133 and the first upper conductive pattern 141 as doping
masks. Impurity ions with high density may be injected into
portions of the first and second active patterns 121 and 123
which are not covered by the first and second lower conduc-
tive patterns 131 and 133 and the first upper conductive pat-
tern 141. As a result, portions of the first and second active
patterns 121 and 123 that are covered by the first and second
lower conductive patterns 131 and 133 are formed as the
channel regions 121¢ and 123¢; portions of the first and
second active patterns 121 and 123 that are not covered by the
firstand second lower conductive patterns 131 and 133 but are
covered by the first upper conductive pattern 141 are formed
as the lightly doped regions 121/; and portions of the first and
second active patterns 121 and 123 that are not covered by the
first and second lower conductive patterns 131 and 133 and
the first upper conductive pattern 141 are formed as heavily
doped regions 121% and 1234.

[0072] Referring back to FIG. 1, the heavily doped regions
1214 of the first active pattern 121 become the source region
121s and the drain region 1214, and the lightly doped regions
1217 of the first active pattern 121 become the low-density
source region 121/s and the low-density drain region 121/d.
Similarly, the heavily dopedregions 1234 of the second active
pattern 123 become the source region 1235 and the drain
region 123d.

[0073] Afterward, the interlayer insulating layer 147 of
FIG. 1 may be formed on the upper gate insulating layer 137
so as to cover the first upper conductive pattern 141.

[0074] FIG. 3A is a cross-sectional view of a thin film
semiconductor device 100a constructed as another embodi-
ment according to the principles of the present invention.
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[0075] Referring to FIG. 3A, the thin film semiconductor
device 100a may include not only a first TFT TFTa and a
capacitor Cst on the first TFT TFTa but may also include a
third TFT TFTec. The thin film semiconductor device 100q is
substantially the same as the thin film semiconductor device
100 of FIG. 1 except that the thin film semiconductor device
100q includes the third TFT TFTc. Thus, the present embodi-
ment will be described in terms of features different from
those of the previous embodiment. Referring to FIG. 3A, the
third TFT TFTec replaces the second TFT TFTb of FIG. 1.
However, the present embodiment is not limited thereto and
thus the thin film semiconductor device 1004 may include
both the second TFT TFTb and the third TFT TFTc.

[0076] The third TFT TFTc includes a third active pattern
125 in which a channel is formed, a third lower conductive
pattern 135 that functions as a gate electrode of the third TFT
TFTec, and the lower gate insulating layer 127 that is inter-
posed between the third active pattern 125 and the third lower
conductive pattern 135.

[0077] Similar to the first active pattern 121, the third active
pattern 125 may include a source region 125s, a low-density
source region 125/s, a channel region 125¢, a low-density
drain region 125/d, and a drain region 1254, which are
sequentially formed. Referring to FIG. 3A, the low-density
source region 125/s and the low-density drain region 125/d
are disposed between the channel region 125¢ and the source
region 1255 and between the channel region 125¢ and the
drain region 1254, respectively. However, according to other
embodiments of the present invention, only one of the low-
density source region 125/s and the low-density drain region
125/d may be disposed. For example, only the low-density
drain region 125/d may be disposed, and the source region
125s may be disposed adjacent to the channel region 125¢
instead of the low-density source region 125/s.

[0078] The third lower conductive pattern 135, the upper
gate insulating layer 137, and a second upper conductive
pattern 145a may be sequentially stacked on the third active
pattern 125. At least one portion of the third lower conductive
pattern 135 may overlap with the channel region 125¢ of the
third active pattern 125. The third lower conductive pattern
135 does not overlap with the source region 125s, the low-
density source region 1255, the low-density drain region
125/d, and the drain region 1254 of the third active pattern
125.

[0079] At least one portion of the second upper conductive
pattern 145a may overlap with the low-density source region
1255, the channel region 125¢, and the low-density drain
region 125/d of the third active pattern 125. The second upper
conductive pattern 145a does not overlap with the source
region 125s and the drain region 1254 of the third active
pattern 125.

[0080] Thus, a boundary between the low-density source
region 125/s and the channel region 125¢, and a boundary
between the channel region 125¢ and the low-density drain
region 125/d are defined in correspondence to edges of the
third lower conductive pattern 135. Also, a boundary between
the source region 125s and the low-density source region
1255, and a boundary between the low-density drain region
125/d and the drain region 1254 are defined in correspon-
dence to edges of the second upper conductive pattern 1454.
[0081] The third lower conductive pattern 135 and the sec-
ond upper conductive pattern 1454 may also configure a
capacitor. However, unless there is a demand for a circuit
configuration in which a gate electrode of the third TFT TFTc
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is connected to the capacitor, the capacitance formed between
the third lower conductive pattern 135 and the second upper
conductive pattern 145a may exist as a parasitic capacitance
that causes a delay. In order to prevent this problem, the
second upper conductive pattern 145a may be directly and
electrically connected to the third lower conductive pattern
135, thereby functioning as a common gate electrode of the
third TFT TFTe. In another embodiment, the second upper
conductive pattern 145a may float so as to decrease the para-
sitic capacitance that is formed between the third lower con-
ductive pattern 135 and the second upper conductive pattern
145a.

[0082] FIG. 3B is a cross-sectional view of a thin film
semiconductor device 1005 constructed as another embodi-
ment according to the principles of the present invention.
[0083] Referring to FIG. 3B, the thin film semiconductor
device 100 may include not only the first TFT TFTa, the
capacitor Cst, and the third TFT TFTc but may also include a
third upper conductive pattern 1455 on the third TFT TFTc.
Except that the thin film semiconductor device 1005 includes
the third upper conductive pattern 1455, instead of the second
upper conductive pattern 145a, the thin film semiconductor
device 1005 is substantially the same as the thin film semi-
conductor device 100a of FIG. 3A. Thus, the present embodi-
ment will be described in terms of features different from
those of the previous embodiment.

[0084] The third upper conductive pattern 1455 overlaps
with the low-density source region 125/s and the low-density
drain region 125/d of the third active pattern. The third upper
conductive pattern 1455 does not overlap with the source
region 125s and the drain region 1254 of the third active
pattern 125. The third upper conductive pattern 1456 may not
overlap with the channel region 125¢ of the third active pat-
tern 125. In another embodiment, the third upper conductive
pattern 145b may partially overlap with the channel region
125¢ of the third active pattern 125.

[0085] Since the third upper conductive pattern 1455 does
not overlap with the third lower conductive pattern 135, the
parasitic capacitance between the third lower conductive pat-
tern 135 and the second upper conductive pattern 145a may
be minimized.

[0086] FIG. 4 is an equivalent circuit diagram illustrating
one pixel of an organic light-emitting display device, accord-
ing to an embodiment of the present invention.

[0087] As illustrated in FIG. 4, one pixel of the organic
light-emitting display device includes a plurality of signal
lines 12, 14, 16, 32, 34, and 42, and a pixel circuit that is
connected to the plurality of signal lines 12, 14, 16, 32, 34,
and 42 and that includes a plurality of TFTs T1, T2, T3, T4,
T5, and T6, and a storage capacitor Cst. Also, the pixel
includes an organic light-emitting diode (OLED) that
receives driving current via the pixel circuit and thus emits
light.

[0088] The plurality of TFTs T1, T2, T3, T4, T5, and T6
may include a driving TFT T1, a switching TFT T2, a com-
pensation TFT T3, an initialization TFT T4, an operation
control TFT T5, and an emission control TFT Té6.

[0089] The plurality of signal lines 12, 14, 16, 32, 34, and
42 may include a previous scan line 12 for transmitting a
previous scan signal Sn—1 to the initialization TFT T4, a scan
line 14 for transmitting a scan signal Sn, an emission control
line 16 for transmitting an emission control signal En to the
operation control TFT T5 and the emission control TFT T6, a
data line 32 crossing the scan line 14 and for transmitting a
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data signal Dm, a driving voltage line 34 for transmitting a
driving voltage ELVDD and extending in parallel with the
data line 32, and an initialization voltage line 42 for transmit-
ting an initialization voltage Vint to initialize the driving TFT
T1.

[0090] A gate G1 of the driving TFT T1 is connected to an
electrode Cstl of the storage capacitor Cst. A source S1 of the
driving TFT T1 is connected to the driving voltage line 34 via
the operation control TFT T5. A drain D1 of the driving TFT
T1 is electrically connected to an anode of the OLED via the
emission control TFT T6. The driving TFT T1 receives the
data signal Dm according to a switching operation of the
switching TFT T2 and supplies driving current Id to the
OLED.

[0091] A gate G2 of the switching TFT T2 is connected to
the scan line 14, and a source S2 of the switching TFT T2 is
connected the data line 32. A drain D2 of the switching TFT
T2 is connected to the source S1 of the driving TFT T1 and to
the driving voltage line 34 via the operation control TFT T5.
The switching TFT T2 is turned on in response to the scan
signal Sn that is transmitted via the scan line 14, and then
transmits the data signal Dm, which s transmitted via the data
line 32, to the source S1 of the driving TFT T1.

[0092] A gate G3 of the compensation TFT T3 is connected
to the scan line 14. A source S3 of the compensation TFT T3
is connected to the drain D1 of the driving TFT T1 and to the
anode of the OLED via the emission control TFT T6. A drain
D3 of the compensation TFT T3 is commonly connected to
the electrode Cstl of the storage capacitor Cst, a drain D4 of
the initialization TFT T4, and the gate G1 of the driving TFT
T1. The compensation TFT T3 is turned on in response to the
scan signal Sn thatis transmitted via the scan line 14, and then
diode-connects the driving TFT T1 by connecting the gate G1
and the drain D1 of the driving TFT T1.

[0093] A gate G4 of the initialization TFT T4 is connected
to the previous scan line 12, and a source S4 of the initializa-
tion TFT T4 is connected to the initialization voltage line 42.
The drain D4 of the initialization TFT T4 is commonly con-
nected to the electrode Cst1 of the storage capacitor Cst, the
drain D3 of the compensation TFT T3, and the gate G1 of the
driving TFT T1. The initialization TFT T4 performs an ini-
tialization operation in which the initialization TFT T4 is
turned on in response to the previous scan signal Sn-1 that is
transmitted via the previous scan line 12, and then transmits
the initialization voltage Vint to the gate G1 of the driving
TFT T1 and thus initializes a voltage of the gate G1 of the
driving TFT T1.

[0094] A gate G5 of the operation control TFT T5 is con-
nected to the emission control line 16, a source S5 of the
operation control TFT T5 is connected to the driving voltage
line 34, and a drain D5 of the operation control TFT T5 is
commonly connected to the source S1 of the driving TFT T1
and the drain D2 of the switching TFT T2.

[0095] A gate G6 of the emission control TFT T6 is con-
nected to the emission control line 16, and a source S6 of the
emission control TFT T6 is commonly connected to the drain
D1 of the driving TFT T1 and the source S3 of the compen-
sation TFT T3. A drain D6 of the emission control TFT T6 is
connected to the anode of the OLED. The operation control
TFT T5 and the emission control TFT T6 are simultaneously
turned on in response to the emission control signal En that is
transmitted via the emission control line 16, so that the driv-
ing current Id flows in the OLED.
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[0096] Theotherelectrode Cst2 of the storage capacitor Cst
is connected to the driving voltage line 34. The electrode Cstl
of the storage capacitor Cst is commonly connected to the
gate G1 of the driving TFT T1, the drain D3 of the compen-
sation TFT T3, and the drain D4 of the initialization TFT T4.
[0097] A commonvoltage ELVSS is applied to a cathode of
the OLED. The OLED emits light by receiving the driving
current Id from the driving TFT T1, and thus displays an
image.

[0098] Hereinafter, an operation procedure of the pixel of
the organic light-emitting display device shown in FIG. 4 will
be described in detail.

[0099] First, during an initialization period, the previous
scan signal Sn-1 at a low level is supplied via the previous
scan line 12. Then, the initialization TFT T4 is turned on in
response to the previous scan signal Sn-1 at a low level, the
initialization voltage Vint from the initialization voltage line
42 1s applied to the gate G1 of the driving TFT T1 via the
initialization TFT T4, and the driving TFT T1 is initialized
due to the initialization voltage Vint.

[0100] Afterward, the scan signal Sn at a low level is sup-
plied via the scan line 14 during a data programming period.
Thus, the switching TFT T2 and the compensation TFT T3
are turned on in response to the scan signal Sn at a low level.
Here, the driving TFT T1 is diode-connected due to the turned
oncompensation TFT T3, and is biased in a forward direction.
[0101] Then, a compensation voltage Dm-Vth, which is
obtained by subtracting a threshold Vth of the driving TFT T1
from the data signal Dm that is supplied from the data line 32,
is applied to the gate G1 of the driving TFT T1.

[0102] The driving voltage ELVDD and the compensation
voltage Dm-Vth are applied to terminals of the storage
capacitor Cst, respectively, and charge that corresponds to a
voltage difference (i.e., ELVDD-Dm+Vth) between the ter-
minals is stored in the storage capacitor Cst. Afterward, the
emission control signal En that is supplied from the emission
control line 16 is changed from a high level to a low level
during an emission period. Then, the operation control TFT
T5 and the emission control TFT T6 are turned on in response
to the emission control signal En at a low level during the
emission period.

[0103] Then, the driving current Id is generated due to the
voltage difference between the voltage of the gate G1 of the
driving TFT T1 and the driving voltage ELVDD, and then is
supplied to the OLED via the emission control TFT T6. A
gate-source voltage Vgs of the driving TFT T1 is maintained
at alevel of ‘ELVDD-Dm+Vth’ due to the storage capacitor
Cst level during the emission period, and according to a
current-voltage relation of the driving TFT T1, the driving
current Id is proportional to a square value ((ELVDD-Dm)2)
of avalue that is obtained by subtracting the threshold voltage
Vth from the gate-source voltage Vgs. Thus, the driving cur-
rent Id is determined regardless of the threshold voltage Vth
of the driving TFT T1.

[0104] The first TFT TFTa of FIG. 1 may correspond to the
driving TFT T1 of FIG. 4, and the second TFT TFTb of FIG.
1 may correspond to one of the other TFTs T2 through T6. For
example, the second TFT TFTb of FIG. 1 may be the switch-
ing TFT T2.

[0105] Hereinafter, a structure of the pixel of the organic
light-emitting display device shown in FIG. 4 will be
described in detail with reference to FIGS. 5 and 6. Here, it is
assumed that the driving TFT T1 has a structure of the first
TFT TFTa of FIG. 1.
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[0106] FIG. 5 is a plane view illustrating a pixel P of the
organic light-emitting display device shown in FIG. 4.
[0107] Referring to FIG. 5, the pixel P of the organic light-
emitting display device includes a driving TFT T1, a switch-
ing TFT T2, a compensation TFT T3, an initialization TFT
T4, an operation control TFT T5, an emission control TFTT6,
a storage capacitor Cst, and an OLED.

[0108] The pixel P includes a scan line 14, a previous scan
line 12, an emission control line 16, an initialization voltage
line 42, a data line 32, and a driving voltage line 34 to which
a scan signal Sn, a previous scan signal Sn-1, an emission
control signal En, an initialization voltage Vint, a data signal
D, and a driving voltage ELVDD are applied, respectively.
The scan line 14, the previous scan line 12, the emission
control line 16, and the initialization voltage line 42 extend in
a row direction, and the data line 32 and the driving voltage
line 34 extend in a column direction.

[0109] The pixel P may include a semiconductor layer Act,
a first conductive layer M1, a second conductive layer M2, a
third conductive layer M3, and a fourth conductive layer M4.
Although not illustrated in FIG. 5, an insulating layer may be
interposed between each of the semiconductor layer Act, the
first conductive layer M1, the second conductive layer M2,
the third conductive layer M3, and the fourth conductive layer
M4. Also, the pixel P may further include an intermediate
layer (not shown) including an emission layer (EML), and a
common electrode layer (not shown).

[0110] The semiconductor layer Act includes active pat-
terns Actl through Act6 of the driving TFT T1, the switching
TFT T2, the compensation TFT T3, the initialization TFT T4,
the operation control TFT T5, and the emission control TEFT
T6, respectively. The driving TFT T1, the switching TFT T2,
the compensation TFT T3, the initialization TFT T4, the
operation control TFT T5, and the emission control TFT T6
may be disposed along the semiconductor layer Act.

[0111] Referring to FIG. 5, the semiconductor layer Act is
formed as one pattern in the pixel P. However, according to a
design, the semiconductor layer Act may be formed as at least
two separated patterns. The semiconductor layer Act may
have various forms according to designs, and may include
bent portions as shown in FIG. 5.

[0112] The first conductive layer M1 may include the pre-
vious scan line 12, the scan line 14, and the emission control
line 16. Also, the first conductive layer M1 may include gate
electrodes g1 through g6 of the driving TFT T1, the switching
TFT T2, the compensation TFT T3, the initialization TFT T4,
the operation control TFT T5, and the emission control TFT
T6, respectively.

[0113] The second conductive layer M2 may include an
upper electrode Cst2 of the capacitor Cst. The third conduc-
tive layer M3 may include the data line 32, the driving voltage
line 34, and a connection line 36. The fourth conductive layer
M4 may include the initialization voltage line 42 and a pixel
electrode 44.

[0114] The semiconductor layer Act may be formed of
polysilicon and may include a channel region that is not
doped with impurities, and a source region and a drain region
that are doped with impurities at sides of the channel region.
Also, a driving active pattern Actl of the driving TFT T1 may
include not only a channel region, a source region s1, and a
drain region d1 but may also include a low-density source
region Is1 between the channel region and the source region
s1, and a low-density drain region 1d1 between the channel
region and the drain region d1.
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[0115] Here, impurities may vary according to types of a
TFT and may be n-type impurities or p-type impurities. The
semiconductor layer Act may include the driving active pat-
tern Actl of the driving TFT T1, a switching active pattern
Act2 of the switching TFT T2, a compensation active pattern
Act3 of the compensation TFT T3, an initialization active
pattern Actd of the initialization TFT T4, an operation control
active pattern Act5 of the operation control TFT T5, and an
emission control active pattern Act6 of the emission control
TFT T6.

[0116] The driving TFT T1 includes the driving active pat-
tern Actl and a driving gate electrode gl. The driving active
pattern Actl may include a channel region that overlaps with
the driving gate electrode g1, the source and drain regions s1
and d1, the low-density source region 1s1 between the channel
region and the source region sl, and the low-density drain
region 1d1 between the channel region and the drain region
dl. The driving gate electrode gl does not overlap with the
low-density source region ls1 and the low-density drain
region 1d1. The low-density source region Is1 and the low-
density drain region 1d1 overlap with the upper electrode Cst2
of the capacitor Cst. The source and drain regions sl and d1
do not overlap with any of the driving gate electrode g1 and
the upper electrode Cst2. The driving active pattern Actl is
bent.

[0117] The upper electrode Cst2 is disposed on the driving
gate electrode gl. The upper electrode Cst2 includes an open-
ing Cst20p through which a contact plug 36p1 that is con-
nected between the driving gate electrode g1 and the connec-
tionline 36 passes. Referring to F1G. 5, a shape of the opening
Cst20p is rectangular but the shape of the opening Cst20p is
not limited thereto. The upper electrode Cst2 may maximally
overlap with the driving gate electrode gl except for the
opening Cst20p, and by doing so, a maximal capacitance may
be achieved. As described above, the upper electrode Cst2
covers the low-density source region Is1 and the low-density
drain region 1d1.

[0118] The upper electrode Cst2 and the driving gate elec-
trode gl may configure a capacitor Cst. The driving gate
electrode gl also functions as a lower electrode of the capaci-
tor Cst.

[0119] The upper electrode Cst2 may be connected to the
driving voltage line 34 via contact plugs 34p1.

[0120] Theswitching TFT T2 includes the switching active
pattern Act2 and a switching gate electrode g2 that is a portion
ofthe scan line 14. The switching active pattern Act2 includes
a channel region that overlaps with the switching gate elec-
trode g2, and a source region s2 and a drain region d2 at sides
of the channel region. The source region s2 may be connected
to the data line 32 via a contact plug 34p1. The drain region d2
is connected to the source region s1 of the driving TFT T1
along the semiconductor layer Act.

[0121] The compensation TFT T3 includes the compensa-
tion active pattern Act3 and a compensation gate electrode g3
that is a portion of the scan line 14. The compensation active
pattern Act3 includes a channel region that overlaps with the
compensation gate electrode g3, and a source region s3 and a
drain region d3 that are at sides of the channel region. The
source region s3 is connected to the drain region dl of the
driving TFT T1 along the semiconductor layer Act. The drain
region d3 may be connected to the connection line 36 via a
contact plug 36p2. That is, the drain region d3 of the com-
pensation TFT T3 is electrically connected to the driving gate
electrode gl via the connection line 36. As illustrated in FIG.
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5, the compensation gate electrode g3 is formed as separate
dual gate electrodes, so that leakage current may be pre-
vented.

[0122] The initialization TFT T4 may include the initial-
ization active pattern Act4 and an initialization gate electrode
g4 that is a portion of the previous scan line 12. The initial-
ization active pattern Actd includes a channel region that
overlaps with the initialization gate electrode g4, and a source
region s4 and a drain region d4 that are at sides of the channel
region. The source region s4 is connected to the initialization
voltage line 42 via a contact plug 42p. Although not illus-
trated, the contact plug 42p may include a connection mem-
ber that is formed of the third conductive layer M3, a contact
plug that connects the connection member and the source
region s4, and a contact plug that connects the connection
member and the initialization voltage line 42. The drain
region d4 is connected to the connection line 36 via the
contact plug 36p2. As illustrated in FIG. 5, the initialization
gate electrode g4 may be formed as separate dual gate elec-
trodes.

[0123] The operation control TFT TS5 includes the opera-
tion control active pattern Act5 and an operation control gate
electrode g5 that is a portion of the emission control line 16.
The operation control active pattern Act5 includes a channel
region that overlaps with the operation control gate electrode
25, and a source region s5 and a drain region d5 that are at
sides of the channel region. The drain region d5 is connected
to the source region S1 of the driving TFT T1 along the
semiconductor layer Act. The source region s5 is connected to
the driving voltage line 34 via a contact plug 34p2.

[0124] The emission control TFT T6 includes the emission
control active pattern Act6 and an emission control gate elec-
trode g6 that is a portion of the emission control line 16. The
emission control active pattern Act6é includes a channel
region that overlaps with the emission control gate electrode
26, and a source region s6 and a drain region dé that are at
sides of the channel region. The source region s6 is connected
to the drain electrode D1 of the driving TFT T1 along the
semiconductor layer Act. The drain region d6 is connected to
the pixel electrode 44 via a contact plug 44p. Although not
illustrated, the contact plug 44p may include a connection
member that is formed of the third conductive layer M3, a
contact plug that connects the connection member and the
drain region d6, and a contact plug that connects the connec-
tion member and the pixel electrode 44.

[0125] Thepixel electrode 44 may be disposed on the upper
electrode Cst2 and may apply current to the intermediate
layer that includes the EML and that is disposed thereon. The
current that is applied to the intermediate layer is transmitted
to a common electrode (not shown) on the intermediate layer.
[0126] The circuit diagram of FIG. 4 and the plane view of
FIG. 5 may vary according to designs.

[0127] FIG. 6 is a cross-sectional view illustrating the
organic light-emitting display device of FIG. 5, taken along
line VI-V1.

[0128] Referring to FIG. 6, the organic light-emitting dis-
play device (hereinafter, an organic light-emitting display
device 200) includes the driving TFT T1, the storage capaci-
tor Cst, the emission control TFT T6, the pixel electrode 44,
an intermediate layer 51, and a common electrode 61.
[0129] The driving TFT T1 and the emission control TFT
T6 are disposed on a substrate 210. A buffer layer 215 may be
disposed on the substrate 210. The upper electrode Cst2 is
disposed on the driving TFT T1, and the driving gate elec-
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trode g1 and the upper electrode Cst2 configure the storage
capacitor Cst. A lower gate insulating layer 227 is interposed
between the driving active pattern Act1 and the driving gate
electrode gl and between the emission control active pattern
Act6 and the emission control gate electrode g6, and an upper
gate insulating layer 237 is interposed between the driving
gate electrode g1 and the upper electrode Cst2. The driving
TFT T1, the storage capacitor Cst, and the emission control
TFT T6 are covered by an interlayer insulating layer 247.
[0130] Thedriving TFT T1 may correspond to the first TEFT
TFTa of FIG. 1, and the emission control TFT T6 may corre-
spond to the second TFT TFTb of FIG. 1. The storage capaci-
tor Cst corresponds to the capacitor Cst of FIG. 1. The lower
gate insulating layer 227, the upper gate insulating layer 237,
and the interlayer insulating layer 247 correspond to the lower
gate insulating layer 127, the upper gate insulating layer 137,
and the interlayer insulating layer 147 of FIG. 1, respectively.
Since the driving TFT T1, the storage capacitor Cst, the
emission control TFT T6, the lower gate insulating layer 227,
the upper gate insulating layer 237, and the interlayer insu-
lating layer 247 are described above with reference to FIG. 1,
the detailed descriptions thereof are omitted here.

[0131] The driving voltage line 34, the connection line 36,
and a connection member 38 are disposed above the upper
gate insulating layer 237. The upper electrode Cst2 is con-
nected to the driving voltage line 34 via contact plugs 34p1. A
total number of the contact plugs 34p1 may vary.

[0132] The driving gate electrode g1 is connected to the
connection line 36 via a contact plug 36p1. Also, the drain
region d6 of the emission control TFT T6 is connected to the
connection member 38 via a contact plug 38p1 that penetrates
through all of the lower gate insulating layer 227, the upper
gate insulating layer 237, and the interlayer insulating layer
247.

[0133] A planarization layer 257 is disposed to cover the
driving voltage line 34, the connection line 36, and the con-
nection member 38 above the upper gate insulating layer 237.
The planarization layer 257 may be formed of an inorganic
insulating material including oxide, nitride, and/or oxynitride
or may be formed of an organic insulating material.

[0134] The pixel electrode 44 is disposed on the planariza-
tion layer 257. The pixel electrode 44 is connected to the
connection member 38 via a contact plug 38p2 that penetrates
through the planarization layer 257. The contact plug 4dp of
FIG. 5 indicates a concept including the contact plug 38p1
that is connected between the drain region d6 and the pixel
electrode 44, the connection member 38, and the contact plug
38p2.

[0135] The pixel electrode 44 may be a transparent elec-
trode or a reflective electrode. When the pixel electrode 44 is
formed as a transparent electrode, the pixel electrode 44 may
include ITO, 170, ZnO, or In203. Also, when the pixel elec-
trode 44 is formed as a reflective electrode, the pixel electrode
44 may have a multi-stack structure including a first layer that
is formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or com-
pound of any of these, and a second layer that is formed on the
first layer and that includes ITO, 120, ZnO, or In203.
[0136] A pixel-defininglayer (PDL)267 that defines a pixel
by exposing a portion of the pixel electrode 44 may be dis-
posed on the planarization layer 257. The intermediate layer
51, including an EML, may be formed on the portion the pixel
electrode 44 that is exposed through PDL 267.

[0137] The common electrode 61 may be stacked on an
entire surface of the substrate 210. Here, the common elec-
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trode 61 may be formed as a transparent electrode or a reflec-
tive electrode. When the common electrode 61 is formed as a
transparent electrode, the common electrode 61 may include
a first layer that is formed of Li, Ca, LiF/Ca, LiF/Al, Al, Mg,
or a compound of any of these, and a second layer that is
formed on the first layer and that includes ITO, IZO, ZnO, or
In203. Here, the second layer may be formed as an auxiliary
electrode or abus electrode line. When the common electrode
61 is formed as a reflective electrode, the aforementioned Li,
Ca, LiF/Ca, LiF/Al, Al, Mg, or a compound of any of these is
completely deposited.

[0138] Theintermediate layer 51 that is interposed between
the pixel electrode 44 and the common electrode 61 may
include a small molecule organic material or a polymer
organic material.

[0139] When the intermediate layer 51 includes a small
molecule organic material, the intermediate layer 51 may
have a structure in which a hole injection layer (HIL), a hole
transport layer (HTL), an EML, an electron transport layer
(ETL), and an electron injection layer (EIL) are singularly or
multiply stacked.

[0140] Also, the intermediate layer 51 may be formed of
various organic materials including copper phthalocyanine
(CuPc), N,N'-Di(naphthalene-1-y1)-N,N'-diphenyl-benzi-
dine (NPB), tris-8-hydroxyquinoline aluminum)(Alg3), or
the like, by a vacuum deposition method using masks.
[0141] When the intermediate layer 51 includes a polymer
organic material, the intermediate layer 51 may have a struc-
ture of an HTL and an EML, and in this regard, the HTT. may
be formed of poly(3,4-ethylenedioxythiophene) (PEDOT),
and the EML may be formed of a poly-phenylenevinylene
(PPV)-based material or a polyfluorene-based material.
[0142] The EML may emit light in a color selected from a
red color, a green color, and a blue color. In another embodi-
ment, the EML may emit white light, and the organic light-
emitting display device 200 may further include a color filter
layer of a red color, a green color, and a blue color so as to
output images with various colors.

[0143] Although not illustrated, an encapsulation layer (not
shown) may be formed on the common electrode 61. The
encapsulation layer may have a structure in which a plurality
of inorganic layers are stacked or an inorganic layer and an
inorganic layer are alternatively stacked.

[0144] In another embodiment, an encapsulation substrate
(not shown) may be disposed on the common electrode 61.
The substrate 210 may be encapsulated by the encapsulation
substrate.

[0145] According to the one or more embodiments of the
present invention, a lightly doped region is interposed
between a channel region and a heavily doped region of a thin
film transistor (TFT), so that a strength of an electric field that
is formed between the channel region and the heavily doped
region may be decreased. Thus, it is possible to prevent leak-
age current due to a short channel effect or a hot electron
effect which is caused by a strong electric field. Also, it is not
required to use an additional mask so as to form the lightly
doped region, so that manufacturing costs are not increased.
[0146] Also, since the lightly doped region may be
included, without a burden of additional costs, in a driving
transistor that is driven by using relatively large current in an
organic light-emitting display device, the organic light-emit-
ting display device may operate more stably.

[0147] While the present invention has been particularly
shown and described with reference to exemplary embodi-
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ments thereof, 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 present invention as defined by the following claims.

What is claimed is:

1. A thin film semiconductor device, comprising:

a substrate;

a first active pattern disposed on the substrate, the first
active pattern comprising a channel region, a lightly
doped region, and a heavily doped region;

a first lower conductive pattern disposed on the first active
pattern and covering the channel region; and

a first upper conductive pattern disposed on the first lower
conductive pattern and covering the channel region and
the lightly doped region.

2. The thin film semiconductor device of claim 1, wherein

a boundary between the lightly doped region and the heavily
doped region is determined in correspondence to an edge of
the first upper conductive pattern, and

a boundary between the channel region and the lightly
doped region is determined in correspondence to an
edge of the first lower conductive pattern.

3. The thin film semiconductor device of claim 1, wherein
the first active pattern and the first lower conductive pattern
configure a first thin film transistor (TFT), and the first lower
conductive pattern functions as a gate electrode of the first
TFT.

4. The thin film semiconductor device of claim 1, wherein
the first lower conductive pattern and the first upper conduc-
tive pattern configure a capacitor.

5. The thin film semiconductor device of claim 1, further
comprising:

alower gate insulating layer between the first active pattern
and the first lower conductive pattern; and

an upper gate insulating layer between the first lower con-
ductive pattern and the first upper conductive pattern.

6. The thin film semiconductor device of claim 1, wherein
the heavily doped region comprises a first heavily doped
region and a second heavily doped region which are respec-
tively disposed at opposite sides of the channel region, and

the lightly doped region comprises a first lightly doped
region between the channel region and the first heavily
doped region, and a second lightly doped region
between the channel region and the second heavily
doped region.

7. The thin film semiconductor device of claim 1, further
comprising:

asecond active pattern formed from a same layer as the first
active pattern, the second active pattern comprising a
source region, a drain region, and a channel region
between the source region and the drain region; and

a second lower conductive pattern formed from a same
layer as the first lower conductive pattern and covering
the channel region of the second active pattern,

wherein the second active pattern and the second lower
conductive pattern configure a second TFT, and the sec-
ond lower conductive pattern functions as a gate elec-
trode of the second TFT.

8. The thin film semiconductor device of claim 7, wherein
the second active pattern further comprises a lightly doped
region between the channel region and one of the source
region and the drain region, and

the thin film semiconductor device further comprises a
second upper conductive pattern formed from a same
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layer as the first upper conductive pattern and covering
the channel region and the lightly doped region of the
second active pattern.

9. The thin film semiconductor device of claim 8, wherein
the second upper conductive pattern is electrically connected
to the second lower conductive pattern and thus functions as
a common gate electrode of the second TFT.

10. The thin film semiconductor device of claim 8, wherein
the second upper conductive pattern floats.

11. An organic light-emitting display device, comprising:

a substrate;

aplurality of thin film transistors (TFTs) and a capacitor on

the substrate;

a pixel electrode electrically connected to one of the plu-

rality of TFTs;

a common electrode on the pixel electrode; and

an intermediate layer disposed between the pixel electrode

and the common electrode, the intermediate layer com-
prising an emission layer (EML),

the plurality of TFTs including a first TFT which comprises

a first active pattern comprising a channel region, a
lightly doped region, and a heavily doped region, and a
first lower conductive pattern disposed on the first active
pattern and covering the channel region, and

the capacitor comprising the first lower conductive pattern,

and a first upper conductive pattern that is disposed on
the first lower conductive pattern and that covers the
channel region and the lightly doped region.

12. The organic light-emitting display device of claim 11,
wherein a boundary between the lightly doped region and the
heavily doped region geometrically corresponds to an edge of
the first upper conductive pattern, and

a boundary between the channel region and the lightly

doped region geometrically corresponds to an edge of
the first lower conductive pattern.

13. The organic light-emitting display device of claim 11,
wherein the first lower conductive pattern functions as a gate
electrode of the first TFT and a lower electrode of the capaci-
tor.

14. The organic light-emitting display device of claim 11,
wherein the heavily doped region comprises a source region
and a drain region which are respectively disposed at opposite
sides of the channel region, and

the lightly doped region comprises a low-density source

region between the channel region and the source
region, and a low-density drain region between the chan-
nel region and the drain region.

15. The organic light-emitting display device of claim 11,
wherein the first TFT is a driving TFT that supplies driving
current to the EML.

16. The organic light-emitting display device of claim 11,
wherein the plurality of TFTs further comprises a second TFT
which comprises a second active pattern that is formed from
a same layer as the first active pattern, wherein the second
active pattern comprises a source region, a drain region, and
a channel region between the source region and the drain
region, and a second lower conductive pattern, and wherein
the second lower conductive pattern is formed from a same
layer as the first lower conductive pattern, covers the channel
region of the second active pattern, and functions as a gate
electrode of the second TFT.

17. The organic light-emitting display device of claim 16,
wherein the second active pattern further comprises a lightly
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doped region between the channel region and one of the
source region and the drain region of the second TFT, and
the organic light-emitting display device further comprises
a second upper conductive pattern formed from a same
layer as the first upper conductive pattern and covering
the channel region and the lightly doped region of the
second active pattern.
18. A method of manufacturing a thin film semiconductor
device, the method comprising:
forming an active pattern on a substrate;
forming a lower conductive pattern on the active pattern;
lightly injecting impurities into the active pattern by using
the lower conductive pattern as a doping mask;
forming an upper conductive pattern on the lower conduc-
tive pattern; and
heavily injecting impurities into the active pattern by using
the lower conductive pattern and the upper conductive
pattern as doping masks, and forming the active pattern
comprising a channel region, a lightly doped region, and
a heavily doped region.
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19. The method of claim 18, wherein the lower conductive
pattern covers the channel region and does not cover the
lightly doped region and the heavily doped region, and

the upper conductive pattern covers the channel region and

the lightly doped region, and does not cover the heavily
doped region.

20. The method of claim 18, wherein the forming of the
lower conductive pattern comprises forming a lower gate
insulating layer on the active pattern, and forming the lower
conductive pattern on the lower gate insulating layer, and

the forming of the upper conductive pattern comprises

forming an upper gate insulating layer on the lower
conductive pattern, and forming the upper conductive
pattern on the upper gate insulating layer.

21. The method of claim 18, wherein the active pattern and
the lower conductive pattern configure a thin film transistor
(TET),

the lower conductive pattern and the upper conductive

pattern configure a capacitor, and

the lower conductive pattern functions as a gate electrode

of the TFT and a lower electrode of the capacitor.

* ok %k



patsnap

TREBHR(OF) SBREXSERY , BNAXE RSB NEESEESES[GNEZE
[F(2E)F US20140225075A1 [ (r&)B 2014-08-14
BiES US13/944084 RiEH 2013-07-17

WRIRB(RFR)AGE) ‘RSB
RF(EFR)AGE) =N - -

HARBEEIROAGR) & S8

[FRI& B A ZHAN ZHI FENG

KHAA ZHAN, ZHI-FENG

IPCHEE HO1L51/52 HO1L29/786

CPCH#E HO1L29/78672 H01L2227/323 H01L27/3265 H01L27/3262 HO1L27/1255 H01L29/78621 H01L29/66757
HO1L29/78645 H01L29/78675

R 1020130016052 2013-02-14 KR

H A0 FF 3R Us9196737

NEBGELE Espacenet  USPTO

RE(GR)

REARB-MEEE SHRMN  FIUNBNEKETS  HBEERERE
BEAXBWERREE (TFT) . BR¥SEIEER , F—HRE
R, OE-TSEEARNE-LSEER, F-HRBRREETERLH
BENEX , BBRARNERRAX., F-TSRRARREEE -FRA
REABENEX, F-—LSBRRREEF - TSRRRLHERNA
BEXMEBEX,



https://share-analytics.zhihuiya.com/view/a491965d-c5a8-4cae-b7d6-90dd2671c630
https://worldwide.espacenet.com/patent/search/family/051296874/publication/US2014225075A1?q=US2014225075A1
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=%2220140225075%22.PGNR.&OS=DN/20140225075&RS=DN/20140225075

