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(7) ABSTRACT

Disclosed is a thin film transistor substrate which facilitates
to realize a bottom gate structure where a gate electrode is
disposed below an active layer, and to increase an area for
a storage capacitor, and a display device including the same,
wherein the thin film transistor substrate may include a light
shielding layer, a buffer layer for covering the light shielding
layer, and a driving transistor prepared on the buffer layer
while being overlapped with the light shielding layer, and
provided to supply a driving current to an organic light
emitting device.
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THIN FILM TRANSISTOR SUBSTRATE AND
DISPLAY DEVICE INCLUDING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2016-0172913 filed on Dec. 16,
2016, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND

Technical Field

[0002] Embodiments of the present disclosure relate to a
thin film transistor substrate and a display device including
the same.

Description of the Related Art

[0003] With the advancement of multimedia, the impor-
tance of display devices has increased. Thus, various flat
display devices of a liquid crystal display device, a plasma
display device, and an organic light emitting display device
have been utilized. Among the flat display devices, the liquid
crystal display device and the organic light emitting display
device are widely used for display devices of a notebook
computer, a television, a tablet computer, a monitor, a smart
phone, and a mobile display apparatus.

[0004] A display panel used for the liquid crystal display
device and the organic light emitting display device includes
a thin film transistor (TFT) and a storage capacitor (Cst). In
case of the thin film transistor (TFT), it is very important to
maintain the electrical reliability and durability for a long
lifespan as well as the elemental properties such as mobility
and leakage current.

[0005] The thin film transistor (TFT) includes an active
layer for a channel area, a source area, and a drain area. The
active layer of the thin film transistor (TFT) is formed of a
semiconductor material such as amorphous silicon or poly-
silicon. If the active layer is formed of the amorphous
silicon, its mobility is low so that it is difficult to realize a
driving circuit which is driven at high speed. If the active
layer is formed of the polysilicon, its mobility is high.
However, a threshold voltage is not uniform, so it becomes
necessary to provide an additional compensation circuit. In
order to overcome this problem, an oxide thin film transistor
having an active layer of an oxide semiconductor has been
researched actively.

[0006] If a related art driving transistor is formed of the
thin film transistor (TFT), it is designed in a top gate
structure where a gate electrode is disposed above the active
layer. In case of the driving transistor with the top gate
structure, it has a large inclination in a S-factor graph. The
S-factor graph shows a ratio of a change of a gate voltage to
a change of a driving current in the driving transistor. If the
inclination of the S-factor graph of the driving transistor is
large, a usable range of a data voltage becomes small,
whereby it is disadvantageous in low grayscale expression.
Also, if the driving transistor has a small S-factor, it may
cause a large error of the driving current.

[0007] In case of the related art driving transistor, a source
node is realized in a source/drain metal thin film. In this
case, the number of contact holes (CNT) is large, resulting
in a complicated structure. Also, it is difficult to have a large
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area of the storage capacitor due to the contact holes
prepared in the source/drain metal thin film adjacent to the
source node.

BRIEF SUMMARY

[0008] Accordingly, embodiments of the present disclo-
sure are directed to a thin film transistor substrate that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art, and a display
device including the same.

[0009] An aspect of embodiments of the present disclosure
is directed to provide a thin film transistor substrate which
facilitates a bottom gate structure where a gate electrode is
disposed below an active layer. It provides an increased area
for a storage capacitor, and a display device including the
same.

[0010] Additional advantages and features of embodi-
ments of the disclosure will be set forth in the description
which follows and will also become apparent to those
having ordinary skill in the art upon examination of the
following or may be learned from practice of embodiments
of the disclosure. The objectives and other advantages of
embodiments of the disclosure may be realized and attained
by the structure particularly pointed out in the written
description and claims hereof as well as the appended
drawings

[0011] To achieve these and other advantages and in
accordance with the purpose of embodiments of the disclo-
sure, as embodied and broadly described herein, there is
provided a film transistor substrate that may include a light
shielding layer, a buffer layer for covering the light shielding
layer, and a driving transistor prepared on the buffer layer
while being overlapped with the light shielding layer, and
provided to supply a driving current to an organic light
emitting device. At this time, the driving transistor receives
a first voltage through the light shielding layer.

[0012] In another aspect of an embodiment of the present
disclosure, there is provided a display device that may
include a thin film transistor substrate, and an opposite
substrate bonded to the thin film transistor substrate.
[0013] It is to be understood that both the foregoing
general description and the following detailed description of
embodiments of the present disclosure are exemplary and
explanatory and are intended to provide further explanation
of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included
to provide a further understanding of embodiments of the
disclosure and are incorporated in and constitute a part of
this application, illustrate embodiment(s) of the disclosure
and together with the description serve to explain the
principle of embodiments of the disclosure. In the drawings:
[0015] FIG. 1 is a plan view illustrating a display device
according to one embodiment of the present disclosure;
[0016] FIG. 2 is a circuit diagram illustrating a thin film
transistor substrate according to one embodiment of the
present disclosure;

[0017] FIG. 3 is a plan view illustrating a thin film
transistor substrate according to one embodiment of the
present disclosure;

[0018] FIG. 4 is a cross sectional view along I-I' of FIG.
3;
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[0019] FIG. 5 is a cross sectional view illustrating a thin
film transistor substrate according to another embodiment of
the present disclosure;

[0020] FIG. 6 is a plan view illustrating a light shielding
layer of the thin film transistor substrate according to one
embodiment of the present disclosure;

[0021] FIG. 7 is a plan view illustrating a light shielding
layer and an active layer in the thin film transistor substrate
according to one embodiment of the present disclosure;
[0022] FIG. 8 is a plan view illustrating a light shielding
layer, an active layer, a driving transistor upper electrode, a
switching transistor gate electrode, and an initialization
transistor gate electrode in the thin film transistor substrate
according to one embodiment of the present disclosure;
[0023] FIG. 9 is a plan view illustrating a light shielding
layer, an active layer, a driving transistor upper electrode, a
switching transistor gate electrode, an initialization transis-
tor gate electrode, and an upper capacitor electrode in the
thin film transistor substrate according to one embodiment
of the present disclosure; and

[0024] FIG. 10 illustrates a S-factor graph of the related art
thin film transistor substrate and a S-factor graph of the thin
film transistor substrate according to one embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to the
example embodiments of the present disclosure, examples
of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
Advantages and features of the present disclosure, and
implementation methods thereof will be clarified through
following embodiments described with reference to the
accompanying drawings. The present disclosure may, how-
ever, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the present disclosure to those skilled in the art.
Further, the present invention is only defined by scopes of
claims.

[0026] A shape, a size, a ratio, an angle, and a number
disclosed in the drawings for describing embodiments of the
present disclosure are merely an example, and thus, the
present disclosure is not limited to the illustrated details.
Like reference numerals refer to like elements throughout. In
the following description, when the detailed description of a
known function or configuration is determined to unneces-
sarily obscure the important point of the present disclosure,
the detailed description of such known items will be omitted.
[0027] In acase where “comprise”, “have”, and “include”
described in the present specification are used, another part
may be added unless “only-" is used. The terms of a singular
form may include plural forms unless referred to the con-
trary.

[0028] In construing an element, the element is construed
as including an error region although there is no explicit
description.

[0029] In describing a position relationship, for example,
when the positional order is described as “on~”, “above~",
“below~", “overlapped”, “overlying” and “next~", a case
which is not contact may be included unless “just” or
“direct” is used.
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[0030] In describing a time relationship, for example,
when the temporal order is described as “after~", “subse-
quent~", “next~", and “before~", a case which is not con-

tinuous may be included unless “just” or “direct” is used.

[0031] It will be understood that, although the terms
“first”, “second”, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed
a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present disclosure.

[0032] Also, “X-axis direction”, “Y-axis direction”, and
“Z-axis direction” are not limited to a perpendicular geo-
metric configuration. That is, “X-axis direction”, “Y-axis
direction”, and “Z-axis direction may include an applicable
wide range of a functional configuration.

[0033] Also, it should be understood that the term “at least
one” includes all combinations related with any one item.
For example, “at least one among a first element, a second
element and a third element” may include all combinations
of two or more elements selected from the first, second and
third elements as well as each element of the first, second
and third elements. Also, if it is mentioned that a first
element is positioned “on or above” a second element, it
should be understood that the first and second elements may
be brought into contact with each other, or a third element
may be interposed between the first and second elements.

[0034] Features of various embodiments of the present
disclosure may be partially or overall coupled to or com-
bined with each other, and may be variously inter-operated
with each other and driven technically as those skilled in the
art can sufficiently understand. The embodiments of the
present disclosure may be carried out independently from
each other, or may be carried out together in co-dependent
relationship.

[0035] Hereinafter, a thin film transistor substrate accord-
ing to the embodiment of the present disclosure, and a
display device including the same will be described in detail
with reference to the accompanying drawings.

[0036] FIG. 1 is a plan view illustrating a display device
according to one embodiment of the present disclosure. In
FIG. 1, for convenience of explanation, a first horizontal axis
direction (X) indicates a direction parallel to a gate line, a
second horizontal axis direction (Y) indicates a direction
parallel to a data line, and a vertical axis direction (Z)
indicates a thickness direction (or height direction) of a
display device. The display device according to one embodi-
ment of the present disclosure may include a display panel
1100, a gate driver 1200, a plurality of source drive inte-
grated circuits (source 1Cs) 1300, a plurality of flexible
circuit films 1400, a circuit board 1500, and a timing
controller 1600.

[0037] The display panel 1100 according to the present
disclosure includes a thin film transistor substrate 1110, and
an opposite substrate 1120.

[0038] The thin film transistor substrate 1110 includes a
plurality of gate and data lines which are perpendicular to
each other.

[0039] Each of the plurality of gate lines extends in the
first horizontal axis direction (X) of the thin film transistor
substrate 1110, and the plurality of gate lines are provided at
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fixed intervals along the second horizontal axis direction (Y)
which is perpendicular to the first horizontal axis direction
(X).

[0040] The plurality of data lines are perpendicular to the
plurality of gate lines. Each of the plurality of data lines
extends in the second horizontal axis direction (Y), and the
plurality of data lines are provided at fixed intervals along
the first horizontal axis direction (X).

[0041] Also, pixels are respectively disposed adjacent to
intersections of the gate and data lines. Each pixel is
connected with the gate and data lines. Each pixel includes
a thin film transistor and a storage capacitor. The thin film
transistor is turned-on by a gate signal of the gate line, and
the turned-on thin film transistor supplies a data voltage of
the data line to the pixel.

[0042] The thin film transistor substrate 1110 includes a
display area (AA) and a non-display area. In the display area
(AA), there are the gate and data lines crossing each other.
The intersection areas obtained by the gate and data lines
define pixel areas.

[0043] The non-display area is disposed in the periphery
of the display area (AA). In more detail, the non-display area
indicates the remaining area of the thin film transistor
substrate 1110 except the display area (AA). For example,
the non-display area may be left, right, lower, and upper
peripheral areas of the thin film transistor substrate 1110.
[0044] The opposite substrate 1120, which is adjacent to
the thin film transistor substrate 1110, is bonded to the thin
film transistor substrate 1110, whereby the opposite sub-
strate 1120 serves as an encapsulation substrate for prevent-
ing a permeation of external moisture or foreign matters.
[0045] The gate driver 1200 generates the gate signal in
accordance with a gate control signal which is supplied from
the timing controller 1600, and supplies the generated gate
signal to the gate line. In FIG. 1, the gate driver 1200
according to one embodiment of the present disclosure is
formed of a gate in panel (GIP) circuit in the non-display
area of the thin film transistor substrate 1110.

[0046] The GIP circuit together with the thin film transis-
tor of the pixel may be provided inside the non-display area
of the thin film transistor substrate 1110. For example, the
gate driver 1200 of the GIP circuit may be prepared in the
non-display area at one side and/or the other side of the
display area (AA), but not limited to this structure. The gate
driver 1200 of the GIP circuit may be prepared in any
portion of the non-display area enabling the supply of the
gate signal to the gate line.

[0047] Each of the plurality of source drive ICs 1300 may
be mounted on the flexible circuit film 1400. Each of the
plurality of source drive ICs 1300 receives digital video data
and data control signal from the timing controller 1600,
converts the digital video data into an analog data voltage in
accordance with the data control signal, and supplies the
analog data voltage to the data lines. If the source drive IC
1300 is formed of a driving chip, each of the plurality of
source drive ICs 1300 may be mounted on the flexible circuit
film 1400 by chip on film (COF) or chip on plastic (COP)
method.

[0048] Each of the plurality of flexible circuit films 1400
is attached to a pad portion prepared in the thin film
transistor substrate 111. In this case, each of the plurality of
flexible circuit films 1400 is attached onto the pad portion by
the use of anisotropic conducting film (ACF). Each of the
flexible circuit films 1400 supplies the data voltage from the
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source drive IC 1300 to the data line through the pad portion.
Also, at least one among the plurality of flexible circuit films
1400 supplies the gate control signal from the timing con-
troller 1600 to the gate driver 1200.

[0049] The circuit board 1500 is connected with the plu-
rality of flexible circuit films 1400. The circuit board 1500
supports the plurality of circuits formed of driving chips. For
example, the timing controller 1600 may be mounted on the
circuit board 1500. The circuit board 1500 may be a printed
circuit board or a flexible printed circuit board.

[0050] The timing controller 1600 is mounted on the
circuit board 1500. The timing controller 1600 receives
digital video data and timing synchronization signals from
an external system board. In this case, the timing synchro-
nization signals may include a vertical synchronization
signal (vertical sync signal) for defining one frame period, a
horizontal synchronization signal (horizontal sync signal)
for defining one horizontal period, a data enable signal for
indicating whether data is valid, and a dot clock correspond-
ing to a clock signal with a predetermined cycle.

[0051] The timing controller 1600 generates the gate con-
trol signal for controlling an operation timing of the gate
driver 1200, and the data control signal for controlling the
source drive ICs 1300 on the basis of timing synchronization
signals. The timing controller 1600 supplies the gate control
signal to the gate driver 1200, and supplies the data control
signal to the plurality of source drive ICs 1300.

[0052] FIG. 2 is a circuit diagram illustrating a thin film
transistor substrate according to one embodiment of the
present disclosure. The thin film transistor substrate accord-
ing to one embodiment of the present disclosure may include
an organic light emitting diode (OLED), a switching tran-
sistor (Tsw), a driving transistor (Tdr), a light emitting
control transistor (Tem), an initialization transistor (Tini), a
first storage capacitor (Cstl), a second storage capacitor
(Cst2), a potential capacitor (Cv), and a light shielding layer
(LS).

[0053] An anode electrode of the organic light emitting
diode (OLED) is connected with the driving transistor (Tdr)
and a source node of the initialization transistor (Tini), and
a cathode electrode of the organic light emitting diode
(OLED) is connected with a low-potential voltage line
(VSS) supplied with a low-potential voltage which is lower
than a high-potential voltage. The organic light emitting
diode (OLED) emits light in accordance with a driving
current supplied through the driving transistor (Tdr). An
initialization voltage (Vini) is supplied to the organic light
emitting diode (OLED) through the initialization transistor
(Tini).

[0054] The organic light emitting diode (OLED) may
include the anode electrode, a hole transporting layer, an
organic light emitting layer, an electron transporting layer,
and a cathode electrode. When a voltage is applied to the
anode electrode and the cathode electrode of the organic
light emitting diode (OLED), hole and electron are trans-
ferred to the organic light emitting layer through the hole
transporting layer and the electron transporting layer,
whereby the organic light emitting diode (OLED) emits light
by a bond of the hole and electron in the organic light
emitting layer.

[0055] A gate node of the switching transistor (Tsw) is
supplied with a first scan signal (Scanl). A drain node of the
switching transistor (Tsw) is connected with a data voltage
line (Vdata). A source node of the switching transistor (Tsw)
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is connected with a second node (N2). The second node (N2)
corresponds to a node where the source node of the switch-
ing transistor (Tsw) is connected with a gate node of the
driving transistor (Tdr), and the first and second storage
capacitors (Cstl, Cst2). The switching transistor (Tsw) is
turned-on by the first scan signal (Scanl), and the turned-on
switching transistor (Tsw) supplies a first voltage to the
second node (N2). If the switching transistor (Tsw) is
turned-on, the first voltage is the same as the currently-
supplied data voltage (Vdata). Meanwhile, if the switching
transistor (Tsw) is turned-off, the first voltage is the data
voltage (Vdata) previously stored in the first and second
storage capacitors (Cstl, Cst2). On the basis of the first scan
signal (Scanl), the switching transistor (Tsw) supplies the
first voltage to the gate node of the driving transistor (Tdr),
and turns on the driving transistor (Tdr).

[0056] The light shielding layer (LS) which serves as the
gate node of the driving transistor (Tdr) is connected with
the second node (N2) in one embodiment. A drain node of
the driving transistor (Tdr) is connected with a first node
(N1). The first node (N1) corresponds to a node where the
drain node of the driving transistor (Tdr) is connected with
a source node of the light emitting control transistor (Tem).
A source node of the driving transistor (Tdr) is connected
with the anode electrode of the organic light emitting diode
(OLED). The driving transistor (Tdr) is turned-on by the first
voltage supplied from the source node of the switching
transistor (Tsw), and the turned-on driving transistor (Tdr)
supplies the driving current to the organic light emitting
diode (OLED) by the use of high-potential voltage (VDD)
supplied from a driving power source.

[0057] A gate node of the light emitting control transistor
(Tem) is supplied with a light emitting control signal (EM).
A drain node of the light emitting control transistor (Tem) is
supplied with the high-potential voltage (VDD). A source
node of the light emitting control transistor (Tem) is con-
nected with the second node (N2). The light emitting control
transistor (Tem) is turned-on by the light emitting control
signal (EM), and the turned-on light emitting control tran-
sistor (Tem) provides the high-potential voltage (VDD) in
the first node (N1).

[0058] A gate node of the initialization transistor (Tini) is
supplied with the second scan signal (Scan2). A drain node
of the initialization transistor (Tini) is connected with an
initialization voltage (Vini) line. The source node of the
initialization transistor (Tini) is connected with the anode
electrode of the organic light emitting diode (OLED). The
initialization transistor (Tini) is turned-on by the second scan
signal (Scan2), and the turned-on initialization transistor
(Tini) supplies a second voltage to a third node (N3), which
is also the anode electrode of the organic light emitting diode
(OLED). If the initialization transistor (Tini) is turned-on,
the second voltage at N3 corresponds to the current initial-
ization voltage (Vini). If the initialization transistor (Tini) is
turned-off, the second voltage at N3 corresponds to the
differential voltage between the first voltage and the voltage
stored in the first and second storage capacitors (Cstl, Cst2).
[0059] The first storage capacitor (Cstl) is connected
between the second node (N2) and the source node of the
driving transistor (Tdr). The first storage capacitor (Cstl)
stores the first voltage supplied from the switching transistor
(Tsw).

[0060] The second storage capacitor (Cst2) is connected
between the second node (N2) and the source node of the
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driving transistor (Tdr). The second storage capacitor (Cst2)
is connected with the first storage capacitor (Cstl) in pat-
allel, whereby the first voltage supplied from the switching
transistor (Tsw) is stored in the second storage capacitor
(Cst2). If the first storage capacitor (Cstl) and the second
storage capacitor (Cst2) are connected with each other in
parallel, it is possible to increase the capacity of the storage
capacitot.

[0061] The potential capacitor (Cv) is connected between
the high-potential voltage line for supplying the high-poten-
tial voltage (VDD) and the source node of the driving
transistor (Tdr). The high-potential voltage (VDD) is stored
in the potential capacitor (Cv).

[0062] The light shielding layer (LS) is continuously dis-
posed below the driving transistor (Tdr), the first and second
storage capacitors (Cstl, Cst2), the first node (N1), and the
second node (N2). The light shielding layer (LS) is electri-
cally connected with the source node of the switching
transistor (Tsw) in the second node (N2) in a first embodi-
ment. In case of the driving transistor (Tdr) according to one
embodiment of the present disclosure, the gate node of the
driving transistor (Tdr) is not connected with the second
node (N2); however, in this embodiment, the light shielding
layer (LS) serves as the gate node of the driving transistor
(Tdr). The light shielding layer (LS) is formed of a metal
material with good electrical conduction.

[0063] FIG. 3 is a plan view illustrating a thin film
transistor substrate according to one embodiment of the
present disclosure. FIG. 4 is a cross sectional view along I-I'
of FIG. 3.

[0064] The thin film transistor substrate according to one
embodiment of the present disclosure may include a lower
substrate 110, a light shielding layer (LS), a buffer layer 130,
a driving transistor (Tdr), a switching transistor (Tsw), an
initialization transistor (Tini), first and second insulating
interlayers 151 and 152, first and second source/drain con-
tact patterns 161 and 162, a protection layer 170, a storage
capacitor (Cst), and an upper capacitor electrode 180.
[0065] The lower substrate 110 supports elements for
forming the driving transistor (Tdr), the storage capacitor
(Cst), and the initialization transistor (Tini) provided
thereon.

[0066] The light shielding layer (LS) is disposed on the
lower substrate 110. The light shielding layer (LS) is con-
tinuously disposed on an entire area for the driving transistor
(Tdr), and an entire area for the first storage capacitor (Cst1).
The area for the driving transistor (Tdr) corresponds to a
right area with respect to a central area, and the area for the
first storage capacitor (Cst1) corresponds to a left area with
respect to the central area. The light shielding layer (LS) is
disposed onto a boundary line of an area for the initialization
transistor (Tini). The light shielding layer (LS) may be
formed of a metal material with good electrical conduction.
[0067] The light shielding layer (LS) receives the first
voltage through the first source/drain contact pattern 161.
The light shielding layer (LS) is connected with the first
source/drain contact pattern 161 via a third contact hole
(CNT3). The first source/drain contact pattern 161 is con-
nected with a source electrode of the switching transistor
(Tsw) via a first contact hole (CNT1). The source electrode
of the switching transistor (Tsw) is supplied with the first
voltage. The light shielding layer (LS) may receive the first
voltage supplied from the source electrode of the switching
transistor (Tsw). Accordingly, the light shielding layer (LS)
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serves as a bottom gate of the driving transistor (Tdr).
Additionally, the light shielding layer (LS) is used as a lower
capacitor electrode of the storage capacitor (Cst).

[0068] The buffer layer 130 is disposed on the light
shielding layer (L.S) and the lower substrate 110. The buffer
layer 130 is continuously disposed below areas for the
driving transistor (Tdr), the switching transistor (Tsw), the
storage capacitor (Cst), and the initialization transistor
(Tini). The buffer layer 130 may be formed of an insulating
material such as silicon oxide or silicon nitride, but is not
limited to these materials. For example, the buffer layer 130
may be formed of an insulating material such as photo acryl
or benzocyclobutene (BCB).

[0069] The driving transistor (Tdr) is disposed on the
buffer layer 130. The driving transistor (Tdr) includes a
driving transistor active layer 140, a driving transistor gate
insulating film 141, and a driving transistor upper electrode
142.

[0070] The driving transistor active layer 140 is disposed
on the buffer layer 130. The driving transistor active layer
140 may be formed of an oxide such as zinc oxide, tin oxide,
Ga—In—7n oxide, In—7n oxide, or In—Sn oxide, or may
be formed of an oxide doped with a material of Al, Ni, Cu,
Ta, Mo, Zr, V, Hf| or Ti. The driving transistor active layer
140 may include a driving transistor channel layer 140ch, a
driving transistor drain layer 1404, and a driving transistor
source layer 140s. The driving transistor drain layer 1404
and the driving transistor source layer 140s are disposed to
be parallel to each other under the condition that the driving
transistor channel layer 140c/ is interposed between the
driving transistor drain layer 1404 and the driving transistor
source layer 140s. In this case, each of the driving transistor
drain layer 1404 and the driving transistor source layer 140s
becomes a conductor by an electrical-conducting process.
[0071] The driving transistor channel layer 140ck is
formed below an area for the driving transistor upper
electrode 142. The driving transistor gate insulating film 141
is disposed on the driving transistor channel layer 140c%.
The driving transistor gate insulating film 141 is formed of
a material with good electric insulation. The driving tran-
sistor upper electrode 142 is disposed on the driving tran-
sistor gate insulating film 141.

[0072] In one embodiment, the driving transistor upper
electrode 142 is connected with the second source/drain
contact pattern 162 via a fourth contact hole (CNT4). The
second source/drain contact pattern 162 is connected with
the driving transistor source layer 140s via a fifth contact
hole (CNTS5). Accordingly, the second source/drain contact
pattern 162 is connected with the driving transistor source
layer 140s, whereby the driving transistor upper electrode
142 is capable of receiving the source voltage.

[0073] For the embodiment of the present disclosure in
which the upper electrode 142 is connected to the source
140s, the driving transistor upper electrode 142 is not used
as a gate electrode; therefore a transistor drive signal is not
applied to the driving transistor upper electrode 142. How-
ever, if the driving transistor upper electrode 142 is in a
floating state, it may cause a problem related with the
driving of the driving transistor (Tdr). In order to prevent the
driving transistor upper electrode 142 from being in the
floating state, as shown in FIG. 4, the driving transistor
upper electrode 142 may be connected with the driving
transistor source layer 140s, but is not limited to this
structure. For example, the fourth contact hole (CNT4)
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connected with the driving transistor upper electrode 142
may be provided so as to receive the second voltage at N3
from the initialization transistor (Tini). In this case, although
not shown, an area for the fourth contact hole (CNT4) is
separated from an area for the fifth contact hole (CNT5), and
a different conductor pattern is used, so that the source
voltage is supplied to the source/drain pattern connected
with the fifth contact hole (CNTS5), and the second voltage
from N3 is supplied to the source/drain pattern from Tini that
is connected with the fourth contact hole (CNT4), thus
connecting CNT4 with N3, instead of to 140s for this
embodiment. Namely, while, in the embodiment shown in
FIG. 4, the same source pattern is shown connecting 140s of
Tdr to 340s of Tini, in another embodiment, source 140s is
provided a separate voltage via CNT5, and it is not con-
nected to 340s.

[0074] The driving transistor drain layer 1404 is disposed
adjacent to the driving transistor channel layer 140ch. The
driving transistor drain layer 1404 forms a drain electrode of
the driving transistor (Tdr).

[0075] The driving transistor source layer 140s is disposed
adjacent to the driving transistor channel layer 140ch. The
driving transistor source layer 140s forms a source electrode
of the driving transistor (Tdr). The driving transistor source
layer 140s is connected with the second source/drain contact
pattern 162 via the fifth contact hole (CNT5). The driving
transistor source layer 140s is supplied with the second
voltage of N3 from the initialization transistor (Tini) in one
embodiment.

[0076] Additionally, the driving transistor source layer
140s extends to an area for the storage capacitor (Cst). The
driving transistor source layer 140s is used as a common
capacitor electrode of the storage capacitor (Cst).

[0077] The switching transistor (Tsw) is disposed on the
buffer layer 130. The switching transistor (Tsw) includes a
switching transistor active layer 240, a switching transistor
gate insulating film 241, and a switching transistor gate
electrode 242.

[0078] The switching transistor active layer 240 is dis-
posed on the buffer layer 130. The switching transistor
active layer 240 may be formed of an oxide such as zinc
oxide, tin oxide, Ga—In—Zn oxide, In—Zn oxide, or
In—Sn oxide, or may be formed of an oxide doped with a
material of Al, Ni, Cu, Ta, Mo, Zr, V, Hf, or Ti. The
switching transistor active layer 240 includes a switching
transistor channel layer 240ch, a switching transistor drain
layer 240d, and a switching transistor source layer 240s. The
switching transistor drain layer 2404 and the switching
transistor source layer 240s are disposed to be parallel to
each other under the condition that the switching transistor
channel layer 240ck is interposed between the switching
transistor drain layer 2404 and the switching transistor
source layer 240s. In this case, each of the switching
transistor drain layer 2404 and the switching transistor
source layer 240s becomes a conductor by an electrical-
conducting process.

[0079] The switching transistor channel layer 240ch is
formed below an area for the switching transistor gate
electrode 242. The switching transistor gate insulating film
241 is disposed on the switching transistor channel layer
240ch. The switching transistor gate insulating film 241 is
formed of a material with good electric insulation. The
switching transistor gate electrode 242 is disposed on the
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switching transistor gate insulating film 241. The switching
transistor gate electrode 242 receives the first scan signal
(Scanl).

[0080] The switching transistor drain layer 2404 is dis-
posed adjacent to the switching transistor channel layer
240ch. The switching transistor drain layer 2404 forms a
drain electrode of the switching transistor (Tsw). The
switching transistor drain layer 240d receives the data
voltage (Vdata).

[0081] The switching transistor source layer 240s is dis-
posed adjacent to the switching transistor channel layer
240ch. The switching transistor source layer 240s forms a
source electrode of the switching transistor (Tsw). The
switching transistor source layer 240s has the first voltage.
The switching transistor source layer 240s is connected with
the first source/drain contact pattern 161 via a first contact
hole (CNT1). Accordingly, the switching transistor source
layer 240s may supply the first voltage to the first source/
drain contact pattern 161.

[0082] The initialization transistor (Tini) is disposed on
the buffer layer 130. The initialization transistor (Tini)
includes an initialization transistor active layer 340, an
initialization transistor gate insulating film 341, and an
initialization transistor gate electrode 342.

[0083] The initialization transistor active layer 340 is
disposed on the buffer layer 130. The initialization transistor
active layer 340 may be formed of an oxide such as zinc
oxide, tin oxide, Ga—In—7n oxide, In—Z7n oxide, or
In—Sn oxide, or may be formed of an oxide doped with a
material of Al, Ni, Cu, Ta, Mo, Zr, V, Hf, or Ti. The
initialization transistor active layer 340 may include an
initialization transistor channel layer 340c#, an initialization
transistor drain layer 340d, and an initialization transistor
source layer 340s. The initialization transistor drain layer
340d and the initialization transistor source layer 340s are
disposed to be parallel to each other under the condition that
the initialization transistor channel layer 340c# is interposed
between the initialization transistor drain layer 3404 and the
initialization transistor source layer 340s. In this case, each
of the initialization transistor drain layer 340d and the
initialization transistor source layer 340s becomes a con-
ductor by an electrical-conducting process.

[0084] The initialization transistor channel layer 340ch is
formed below an area for the initialization transistor gate
electrode 342. The initialization transistor gate insulating
film 341 is disposed on the initialization transistor channel
layer 340ck. The initialization transistor gate insulating film
341 is formed of a material with good electric insulation.
The initialization transistor gate electrode 342 is disposed on
the initialization transistor gate insulating film 341. The
initialization transistor gate electrode 342 receives the sec-
ond scan signal (Scan2).

[0085] The initialization transistor drain layer 340d is
disposed adjacent to the initialization transistor channel
layer 340ck. The initialization transistor drain layer 3404
forms a drain electrode of the initialization transistor (Tini).
The initialization transistor drain layer 3404 receives the
initialization voltage (Vini).

[0086] The initialization transistor source layer 340s is
disposed adjacent to the initialization transistor channel
layer 340ch. The initialization transistor source layer 340s
forms a source electrode of the initialization transistor
(Tini). The initialization transistor source layer 340s has the
second voltage.
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[0087] The initialization transistor source layer 340s is
connected with the driving transistor source layer 140s in
one embodiment. For this, the driving transistor source layer
140s and the initialization transistor source layer 340s are
arranged as a single continuous layer. Accordingly, the
initialization transistor source layer 340s may supply the
first voltage to the driving transistor source layer 140s.

[0088] Additionally, the initialization transistor source
layer 1405 extends to an area for the storage capacitor (Cst),
whereby the initialization transistor source layer 140s is
used as a common capacitor electrode of the storage capaci-
tor (Cst).

[0089] The first insulating interlayer 151 is disposed on
the buffer layer 130, the driving transistor (Tdr), the switch-
ing transistor (Tsw), and the initialization transistor (Tini).
The second insulating interlayer 152 is disposed on the first
insulating interlayer 151. Insulation layer 152 also overlays
capacitor electrode 180. The first and second insulating
interlayers 151 and 152 are formed of a material with good
electric insulation.

[0090] The first source/drain contact pattern 161 is dis-
posed on the second insulating interlayer 152. The first
source/drain contact pattern 161 has the first to third contact
holes (CNT1~CNT3). The first source/drain contact pattern
161 is connected with the switching transistor source layer
240s via the first contact hole (CNT1). The first source/drain
contact pattern 161 is supplied with the first voltage from the
switching transistor source layer 240s. The first source/drain
contact pattern 161 is connected with the upper capacitor
electrode 180 via the second contact hole (CNT2). The first
source/drain contact pattern 161 supplies the first voltage to
the upper capacitor electrode 180.

[0091] The first source/drain contact pattern 161 is con-
nected with the light shielding layer (LS) via the third
contact hole (CNT3). The first source/drain contact pattern
161 supplies the first voltage to the light shielding layer
(LS). The first source/drain contact pattern 161 may be
formed in a single-layered structure of molybdenum (Mo),
aluminum (Al), chrome (Cr), aurums (Au), titanium (Ti),
nickel (Ni), neodymium (Nd), copper (Cu), or their alloys,
or a multi-layered structure including at least two layers of
metal materials selected from molybdenum (Mo), aluminum
(Al), chrome (Cr), aurums (Au), titanium (Ti), nickel (Ni),
neodymium (Nd), copper (Cu), or their alloys.

[0092] The second source/drain contact pattern 162 is
disposed on the second insulating interlayer 152. The second
source/drain contact pattern 162 has the fourth and fifth
contact holes (CNT4, CNT5). The second source/drain
contact pattern 162 is connected with the driving transistor
upper electrode 142 via the fourth contact hole (CNT4). The
second source/drain contact pattern 162 supplies the second
voltage to the driving transistor upper electrode 142 in one
embodiment. The second source/drain contact pattern 162 is
connected with the driving transistor source layer 140s via
the fifth contact hole (CNTS). The second source/drain
contact pattern 162 is supplies with the second voltage from
the driving transistor source layer 140s. The second source/
drain contact pattern 162 may be formed in a single-layered
structure of molybdenum (Mo), aluminum (Al), chrome
(Cr), aurums (Au), titanium (T1), nickel (Ni), neodymium
(Nd), copper (Cu), or their alloys, or a multi-layered struc-
ture including at least two layers of metal materials selected
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from molybdenum (Mo), aluminum (Al), chrome (Cr),
aurums (Au), titanium (T1), nickel (Ni), neodymium (Nd),
copper (Cu), or their alloys.

[0093] The protection layer 170 is disposed on the first and
second source/drain contact patterns 161 and 162. The
protection layer 170 prevents external moisture, oxygen, or
foreign matters from being permeated into the inside of the
thin film transistor.

[0094] The storage capacitor (Cst) is disposed between the
driving transistor (Tdr) and the initialization transistor
(Tini). The storage capacitor (Cst) includes the first and
second storage capacitors (Cstl, Cst2).

[0095] The first storage capacitor (Cstl) is formed by the
driving transistor source layer 140s and the light shielding
layer (LS) being the two electrodes and the buffer layer 130
being the dielectric of that first capacitor. The second storage
capacitor (Cst2) is formed by the driving transistor source
layer 140s and the upper capacitor electrode 180 being the
two electrodes and the insulation layer 151 being the dielec-
tric of that second capacitor. The driving transistor source
layer 140s becomes a common electrode of the first and
second storage capacitors (Cstl, Cst2).

[0096] The upper capacitor electrode 180 is disposed on
the first insulating interlayer 151. The upper capacitor elec-
trode 180 is connected with the first source/drain contact
pattern 161 via the second contact hole (CNT2). The upper
capacitor electrode 180 is supplied with the first voltage
from the first source/drain contact pattern 161. The upper
capacitor electrode 180 is formed of a material with good
electrical conduction.

[0097] The first source/drain contact pattern 161 connects
the source electrode of the switching transistor (Tsw) and the
light shielding layer (LS) with each other. The first source/
drain contact pattern 161 supplies the first voltage to the
light shielding layer (LS).

[0098] The second source/drain contact pattern 162 con-
nects the driving transistor upper electrode 142 and the
source electrode of the driving transistor (Tdr) with each
other. In the thin film transistor substrate according to one
embodiment of the present disclosure, the source electrode
of the driving transistor (Tdr) is connected with the source
electrode of the initialization transistor (Tini). Accordingly,
the second source/drain contact pattern 162 may be supplied
with the second voltage at node N3 from the source elec-
trode of the initialization transistor (Tini).

[0099] The first and second source/drain contact patterns
161 and 162 may be formed in a single-layered structure of
molybdenum (Mo), aluminum (Al), chrome (Cr), aurums
(Au), titanium (T1), nickel (Ni), neodymium (Nd), copper
(Cu), or their alloys, or a multi-layered structure including at
least two layers of metal materials selected from molybde-
num (Mo), aluminum (Al), chrome (Cr), aurums (Au),
titanium (T1), nickel (N1), neodymium (Nd), copper (Cu), or
their alloys.

[0100] Via the second contact hole (CNT2), the upper
capacitor electrode 180 and the first source/drain contact
pattern 161 are connected with each other. The first source/
drain contact pattern 161 connected with the second contact
hole (CNT2) is supplied with the first voltage from the
source electrode of the switching transistor (Tsw). The
second contact hole (CNT2) supplies the first voltage to the
upper capacitor electrode 180.

[0101] The third contact hole (CNT3) is provided in such
a way that the third contact hole (CNT3) is present only at
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a predetermined location outside the active layer (ACT) in
the area for the driving transistor (Tdr) on the light shielding
layer (LS). Via the third contact hole (CNT3), the light
shielding layer (LS) and the first source/drain contact pattern
161 are connected with each other. The first source/drain
contact pattern 161 connected with the third contact hole
(CNT3) is supplied with the first voltage from the switching
transistor (Tsw). The first voltage is supplied to the light
shielding layer (LS) via the third contact hole (CNT3) so that
the light shielding layer (LS) may be used as a bottom gate
to control the turning on and off operation of transistor Tdr.
[0102] Via the fourth contact hole (CNT4), the upper
electrode 142 of the driving transistor (Tdr) and the second
source/drain contact pattern 162 are connected with each
other. The second source/drain contact pattern 162 is sup-
plied with the second voltage. Accordingly, the second
source/drain contact pattern 162 may supply the second
voltage to the driving transistor upper electrode 142.
[0103] Via the fifth contact hole (CNTS5), the second
source/drain contact pattern 162 and the source electrode of
the initialization transistor (Tini) are connected with each
other. Accordingly, the second source/drain contact pattern
162 may be supplied with the second voltage from the
source electrode of the initialization transistor (Tini) in one
embodiment.

[0104] It should be noted that individual features of FIG.
4 are not drawn to the same relative scale as those same
features in FIG. 3. This permits more clearly showing the
connections of the different layers in FIG. 4 in a more
compact space according to the inventive disclosure herein.
As one example, the relative distance along line I'I" of in
FIG. 3 between different elements, such as contacts CNT1
and CNT2 is different than the relative distance between
these same two contacts in FIG. 4. As a second example, in
FIG. 4, the contact CNT2 1s shown in the center of layer 180,
but when viewed along line I'-I" of FIG. 3, it is not in the
center of this layer 180 at this location. Thus, FIG. 4 shows
the proper connections according to one embodiment, but
not all layers and connection locations are to the same
relative scale as the same elements in FIG. 3.

[0105] The thin film transistor substrate according to one
embodiment of the present disclosure includes the light
shielding layer (LS), the buffer layer 130 for covering the
light shielding layer (LS), and the driving transistor (Tdr)
prepared on the buffer layer 130 so as to be overlapped with
the light shielding layer (LS) and provided to supply the
driving current to the organic light emitting diode (OLED).
[0106] The driving transistor (Tdr) according to one
embodiment of the present disclosure receives the first
voltage through the light shielding layer (LS). In this case,
the light shielding layer (LS) of the driving transistor (Tdr)
serves as the gate electrode. Also, if the light shielding layer
(LS) serves as the gate electrode, the buffer layer 130 serves
as the gate insulating film. Accordingly, the driving transis-
tor according to one embodiment of the present disclosure
may realize the transistor operation of being turned on by the
bottom gate method without an additional electrode layer
required.

[0107] The driving transistor (Tdr) according to one
embodiment of the present disclosure includes the driving
transistor active layer 140 having the driving transistor
source layer 140s, the driving transistor drain layer 1404,
and the driving transistor channel layer 140c%, wherein the
driving transistor active layer 140 is overlapped with the
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light shielding layer (LS), the driving transistor gate insu-
lating film 141 overlapped with the driving transistor chan-
nel layer 140ch, and the driving transistor upper electrode
142 prepared on the driving transistor gate insulating film
141.

[0108] The driving transistor upper electrode 142 accord-
ing to one embodiment of the present disclosure receives the
second voltage which is different from the first voltage. In
this case, the voltage received in the driving transistor upper
electrode 142 is different from the voltage received in the
light shielding layer (LS). Also, the driving transistor upper
electrode 142 may serve as the electrode for another func-
tion instead of the gate electrode.

[0109] The driving transistor upper electrode 142 accord-
ing to one embodiment of the present disclosure may be
electrically connected with the driving transistor source
layer 140s. The driving transistor upper electrode 142 is
connected with the second source/drain contact pattern 162
via the fourth contact hole (CNT4). The driving transistor
source layer 140s is connected with the second source/drain
contact pattern 162 via the fifth contact hole (CNT$). If the
driving transistor upper electrode 142 is electrically con-
nected with the driving transistor source layer 140s, it is
possible to prevent the electrically-floating state of the
driving transistor upper electrode 142.

[0110] A thickness of the buffer layer 130 according to one
embodiment of the present disclosure is larger than a thick-
ness of the driving transistor gate insulating film 141. Owing
to the physical properties of the transistor, according as the
thickness of the layer which functions as the gate insulating
film becomes larger, an inclination of S-factor graph in the
transistor is decreased so that it is possible to realize a
delicate grayscale expression. Also, the buffer layer 130 is
relatively thicker than the driving transistor gate insulating
film 141. Accordingly, in case of the driving transistor (Tdr)
according to one embodiment of the present disclosure in
which the light shield LS acts as the gate electrode, the gate
insulating film 130 is relatively thicker so that it is possible
to realize a delicate grayscale expression.

[0111] According to one embodiment of the present dis-
closure, there is the switching transistor (Tsw) for supplying
the first voltage to the light shielding layer (LS), wherein the
switching transistor (Tsw) is prepared on the buffer layer
130. The switching transistor (Tsw) according to the present
disclosure enables the light shielding layer (LS) to function
as the bottom gate electrode for transistor Tdr.

[0112] The switching transistor (Tsw) according to one
embodiment of the present disclosure includes the switching
transistor active layer 240 having the switching transistor
source layer 240s, the switching transistor drain layer 2404,
and the switching transistor channel layer 240¢# prepared on
the buffer layer 130, the switching transistor gate insulating
film 241 overlapped with the switching transistor channel
layer 240ch, and the switching transistor gate electrode 242
prepared on the switching transistor gate insulating film 241.

[0113] The switching transistor drain layer 2404 according
to one embodiment of the present disclosure receives the
data voltage (Vdata), and the switching transistor source
layer 240s supplies the first voltage to the light shielding
layer (LS). Accordingly, if the switching transistor source
layer 240s is turned-on, the driving transistor (Tdr) enables
the light shielding layer (LS) to function as the bottom gate
electrode.
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[0114] According to one embodiment of the present dis-
closure, there is the initialization transistor (Tini) connected
with the driving transistor source layer 140s. The initializa-
tion transistor (Tini) supplies the second voltage to the
driving transistor source layer 140s. Accordingly, the driving
transistor source layer 140s has the second voltage.

[0115] According to one embodiment of the present dis-
closure, there is the light emitting control transistor (Tem)
connected with the driving power source (VDD) and the
driving transistor drain layer 140d. The light emitting con-
trol transistor (Tem) controls the driving of the driving
transistor (Tdr) by the use of light emitting control signal
(EM). The light emitting control transistor (Tem) controls
the driving of the driving transistor (Tdr) by the use of
driving power source (VDD) as well as the first voltage
supplied from the switching transistor (Tsw). Accordingly, it
is possible to control the driving of the driving transistor
(Tdr) in various methods.

[0116] According to one embodiment of the present dis-
closure, there is the storage capacitor (Cst) prepared in the
overlap area between the light shielding layer (LS) and the
driving transistor (Tdr). If the storage capacitor (Cst) is
prepared in the overlap area between the light shielding
layer (LS) and the driving transistor (Tdr), it is possible to
improve the capacity of the storage capacitor (Cst).

[0117] According to one embodiment of the present dis-
closure, there is the upper capacitor electrode 180 over-
lapped with the driving transistor source layer 140s. The
storage capacitor (Cst) according to one embodiment of the
present disclosure includes the first storage capacitor (Cstl)
prepared between the driving transistor source layer 140s
and the light shielding layer (LS), and the second storage
capacitor (Cst2) prepared between the driving transistor
source layer 140s and the upper capacitor electrode 180.
[0118] The first and second storage capacitors (Cstl,
Cst2), which are connected with each other in parallel, uses
the driving transistor source layer 140s as the common
electrode. The capacity of the storage capacitor (Cst) cor-
responds to the total of the capacity of the first storage
capacitor (Cstl) and the capacity of the second storage
capacitor (Cst2). Accordingly, if providing the upper capaci-
tor electrode 180, it is possible to improve the capacity of the
storage capacitor (Cst).

[0119] According to one embodiment of the present dis-
closure, there is the first insulating interlayer 151 for cov-
ering the driving transistor active layer 140 and the driving
transistor upper electrode 142. The upper capacitor electrode
180 according to one embodiment of the present disclosure
is prepared on the first insulating interlayer 151 overlapped
with the driving transistor source layer 140s. Accordingly, if
the upper capacitor electrode 180 is prepared on the first
insulating interlayer 151, it is possible to improve the
capacity of the second storage capacitor (Cst2) formed by
the upper capacitor electrode 180.

[0120] FIG. 5 is a cross sectional view illustrating a thin
film transistor substrate according to another embodiment of
the present disclosure. The thin film transistor substrate
according to another embodiment of the present disclosure
includes a lower substrate 110, a light shielding layer (LS),
a buffer layer 130, a driving transistor (Tdr), an insulating
interlayer 150, a storage capacitor (Cst), first to third source/
drain contact patterns 161~163, and a protection layer 170.
The lower substrate 110, the light shielding layer (LS), the
buffer layer 130, the driving transistor (Tdr), the insulting
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interlayer 150, and the protection layer 170 in the thin film
transistor substrate according to another embodiment of the
present disclosure are the same as those of the aforemen-
tioned thin film transistor substrate according to one
embodiment of the present disclosure; therefore a detailed
description for the lower substrate 110, the light shielding
layer (LS), the buffer layer 130, the driving transistor (Tdr),
the insulting interlayer 150, and the protection layer 170 will
be omitted.

[0121] The insulating interlayer 150 is formed on the
buffer layer 130 and the driving transistor (Tdr). The insu-
lating interlayer 150 is formed of a material with good
insulating properties. Specifically, the insulating interlayer
150 may be formed of a material with a high dielectric
constant, for example, SiNx or AI203. The storage capacitor
(Cst) is formed in the insulating interlayer 150. According as
a dielectric constant of a material provided between two
electrodes of the capacitor becomes larger, the capacity of
the capacitor is improved. Thus, if the insulating interlayer
150 is formed of the material with the high dielectric
constant, it is possible to improve the capacity of the storage
capacitor (Cst).

[0122] The storage capacitor (Cst) includes a first storage
capacitor (Cstl) and a second storage capacitor (Cst2). The
first and second storage capacitors (Cst1, Cst2) use a driving
transistor source layer 140s as a common capacitor elec-
trode. The first storage capacitor (Cstl) uses the light
shielding layer (LS) as a lower capacitor electrode, and the
second storage capacitor (Cst2) uses the third source/drain
contact pattern 163 as an upper capacitor electrode.

[0123] The first to third source/drain contact patterns
161~163 are provided on the insulating interlayer 150. The
first source/drain contact pattern 161 is connected with the
light shielding layer (LS) via a sixth contact hole (CNT6).
The first source/drain contact pattern 161 supplies a first
voltage to the light shielding layer (LS). The second source/
drain contact pattern 162 is connected with a driving tran-
sistor upper electrode 142 via a seventh contact hole
(CNT?7). The second source/drain contact pattern 162 sup-
plies a second voltage to the driving transistor upper elec-
trode 142. The second source/drain contact pattern 162 is
connected with the driving transistor source layer 140s via
an eighth contact hole (CNT8). The second source/drain
contact pattern 162 receives the second voltage from the
driving transistor source layer 140s. The third source/drain
contact pattern 163 is disposed in an area for the storage
capacitor (Cst), whereby the third source/drain contact pat-
tern 163 serves as an upper capacitor electrode. The first to
third source/drain contact patterns 161~163 may be formed
in a single-layered structure of molybdenum (Mo), alumi-
num (Al), chrome (Cr), aurums (Au), titanium (Ti), nickel
(Ni), neodymium (Nd), copper (Cu), or their alloys, or a
multi-layered structure including at least two layers of metal
materials selected from molybdenum (Mo), aluminum (Al),
chrome (Cr), aurums (Au), titanium (Ti), nickel (Ni), neo-
dymium (Nd), copper (Cu), or their alloys.

[0124] Although not shown in the cross sectional view, the
first source/drain contact pattern 161 according to another
embodiment of the present disclosure is connected with the
third source/drain contact pattern 163. The third source/
drain contact pattern 163 may receive the first voltage.
Accordingly, in case of the thin film transistor substrate
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according to another embodiment of the present disclosure,
an area of the third source/drain contact pattern 163 is
increased in its size.

[0125] The thin film transistor substrate according to
another embodiment of the present disclosure includes the
first source/drain contact pattern 161 connected with the
light shielding layer (LS), the second source/drain contact
pattern 162 for electrically connecting the driving transistor
upper electrode 142 and the driving transistor source layer
140s with each other, and the third source/drain contact
pattern 163 electrically connected with the first source/drain
contact pattern 161 and prepared at the same layer as the
second source/drain contact pattern 162 so as to form the
storage capacitor (Cst). In this case, the first to third source/
drain contact patterns 161~163 are manufactured at the same
time by the same manufacturing process using the same
mask. Accordingly, it is possible to form the third source/
drain contact pattern 163 serving as the upper capacitor
electrode without an additional process.

[0126] FIG. 6is a plan view illustrating the light shielding
layer (LS) of the thin film transistor substrate according to
one embodiment of the present disclosure.

[0127] The light shielding layer (LS) is disposed on the
lower substrate. The light shielding layer (LS) is continu-
ously disposed on the entire area for the driving transistor
(Tdr), and the entire area for the first storage capacitor
(Cstl). The area for the driving transistor (Tdr) corresponds
to the right area with respect to the central area, and the area
for the first storage capacitor (Cstl) corresponds to the left
area with respect to the central area. The light shielding layer
(LS) is disposed onto the boundary line of the area for the
initialization transistor (Tini).

[0128] FIG. 7is a plan view illustrating the light shielding
layer (LS) and the active layer (ACT) of the thin film
transistor substrate according to one embodiment of the
present disclosure.

[0129] The active layer (ACT) is disposed on the area of
the light shielding layer (LS) except the third contact hole
(CNT3). According as the first voltage is supplied to the
light shielding layer (LS) via the third contact hole (CNT3),
the light shielding layer (LS) serves as the bottom gate
electrode.

[0130] Also, the active layer (ACT) extends to the area for
the light emitting control transistor (Tem), and the area for
the second storage capacitor (Cst2). The area for the light
emitting control transistor (Tem) corresponds to an upper
left area, and the area for the second storage capacitor (Cst2)
corresponds to a central left area.

[0131] The active layer (ACT) extends to the area for the
initialization transistor (Tini). The area for the initialization
transistor (Tini) corresponds to a central left area. The area
for the initialization transistor (Tini) corresponds to a lower
right area, and an upper right area. The active layer (ACT)
of the area for the initialization transistor (Tini) formed in
the lower right area is continuously connected with the
active layer (ACT) of the area for the initialization transistor
(Tini) formed in the upper right area.

[0132] The active layer (ACT) is additionally formed in
the area for the switching transistor (Tsw). The area for the
switching transistor (Tsw) corresponds to an upper left area,
and a lower left area. The active layer (ACT) of the area for
the switching transistor (Tsw) formed in the upper left area
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is continuously connected with the active layer (ACT) of the
area for the switching transistor (Tsw) formed in the lower
left area.

[0133] The active layer (ACT) may be formed of an oxide
such as zinc oxide, tin oxide, Ga—In—Z7n oxide, In—7n
oxide, or In—Sn oxide, or may be formed of an oxide doped
with ions of a material of Al, Ni, Cu, Ta, Mo, Zr, V, Hf, or
Ti.

[0134] FIG. 8is a plan view illustrating the light shielding
layer (LS), the active layer (ACT), the driving transistor
upper electrode 142, the switching transistor gate electrode
242, and the initialization transistor gate electrode 342 in the
thin film transistor substrate according to one embodiment
of the present disclosure.

[0135] The driving transistor upper electrode 142 is
formed at the portion for the driving transistor (Tdr) in the
overlap area between the light shielding layer (LS) and the
active layer (ACT). The switching transistor gate electrode
242 is formed in the upper area, and the initialization
transistor gate electrode 342 is formed in the lower area.
Unlike the other transistors, the driving transistor upper
electrode 142 does not function as the gate electrode. The
driving transistor (Tdr) uses the light shielding layer (LS) as
the gate electrode.

[0136] FIG.91is a plan view illustrating the light shielding
layer (LS), the active layer (ACT), the driving transistor
upper electrode 142, the switching transistor gate electrode
242, the initialization transistor gate electrode 342, and the
upper capacitor electrode 180.

[0137] The upper capacitor electrode 180 is disposed at
the area for the storage capacitor (Cst) in the area with the
active layer (ACT). The upper capacitor electrode 180 is
formed of a metal material with good electrical conduction.
The upper capacitor electrode 180 may be a metal bar or
electrode for forming the capacitor electrode on the area
corresponding to the active layer (ACT).

[0138] FIG. 10 illustrates a S-factor graph (a) of the
related art thin film transistor substrate and a S-factor graph
(b) of the thin film transistor substrate according to one
embodiment of the present disclosure.

[0139] In case of the related art driving transistor, it has a
first S-factor (S1) of FIG. 10(a) corresponding to a low
S-factor in the upper gate structure. Herein, the S-factor
indicates a ratio of a change of a gate voltage in the driving
transistor to a change of a driving current. In case of the low
S-factor, a graph of showing the S-factor has a sharp
inclination. If the driving transistor has the first S-factor
(S1), a usable range of a data voltage becomes small,
whereby it is disadvantageous in low grayscale expression.
Also, if the driving transistor has the first S-factor (S1), it
may cause a large error of the driving current.

[0140] In case of the driving transistor according to one
embodiment of the present disclosure, it has a second
S-factor (S2) corresponding to a high S-factor in the upper
gate structure. If it has the high S-factor, a graph 10(b) of
showing the S-factor has a more gentle inclination. If the
driving transistor has the second S-factor (S2), a usable
range of a data voltage becomes large, whereby it is advan-
tageous in low grayscale expression. Also, if the driving
transistor has the second S-factor (82), an error of the
driving current is small, as shown in FIG. 10(b).

[0141] According to one embodiment of the present dis-
closure, in case of the thin film transistor with the top gate
structure which uses the light shielding layer (LS) as the
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bottom gate device, or if the top gate device is in contact
with the bottom gate by the use of source/drain pattern, it is
possible to ensure a low current change rate.

[0142] The thin film transistor according to one embodi-
ment of the present disclosure has the sufficient thickness by
using the buffer layer 130 as the gate insulating film so that
it is possible to improve the capacity of the storage capacitor
(Cst) needed for the driving of the driving transistor. Accord-
ingly, it is possible to improve the S-factor properties
corresponding to the properties between the driving current
(Id) and the gate-source voltage (Vgs) of the driving tran-
sistor (Tdr).

[0143] In more detail, this effect can be obtained when the
first source/drain contact pattern 161, which corresponds to
a metal electrode of a back channel portion which is a
channel generated at an opposite side of the storage capaci-
tor (Cst) in the area for the driving transistor (Tdr), is in
contact with the light shielding layer (LS), and is then
grounded. Briefly, the top gate device is in contact with the
bottom gate, and is then grounded, or the bottom gate device
is in contact with the top gate, and is then grounded. In this
case, it is possible to maintain a uniform and constant
voltage potential of the back channel portion, to thereby
realize the good S-factor properties.

[0144] Inthe thin film transistor substrate according to one
embodiment of the present disclosure, it is possible to realize
the bottom gate device by using the light shielding layer
(LS) as the gate electrode.

[0145] Inthe thin film transistor substrate according to one
embodiment of the present disclosure, the light shielding
layer (LS) of the driving transistor (Tdr) is overlapped with
the conductive active layer (ACT) so that it is possible to
increase the area used as the storage capacitor (Cst). As is
known from the capacitor equation,

the larger the area A of the capacitor, the larger the capacitor.
The capacitance can thus be increased by having a larger
dielectric constant k, a larger area A, or a smaller distance d
between electrodes of the capacitor. The use of light shield-
ing layer LS and the common source region of transistors
Tdr and Tini provides a very large area for the capacitor as
compared to prior designs for OLED driving circuits.
[0146] In the display device using the thin film transistor
substrate according to one embodiment of the present dis-
closure, it is possible to realize a delicate grayscale expres-
sion by decreasing the inclination of the S-factor graph of
the driving transistor (Tdr).

[0147] According to the present disclosure, the driving
transistor having the bottom gate structure in the thin film
transistor substrate can be realized by the use of light
shielding layer which receives the first voltage.

[0148] According to the present disclosure, it is possible to
increase the area used as the storage capacitor in the thin film
transistor substrate by the use of driving transistor source
layer which receives the second voltage.

[0149] According to the present disclosure, the thin film
transistor has the sufficient thickness by using the buffer
layer as the gate insulating film so that it is possible to
improve the capacity of the storage capacitor needed for the
driving of the driving transistor. Accordingly, it is possible
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to improve the S-factor properties corresponding to the
properties between the driving current and the gate-source
voltage of the driving transistor.

[0150] According to the present disclosure, the thickness
of the buffer layer of the thin film transistor substrate is
larger than the thickness of the driving transistor gate
insulating film. Accordingly, in case of the display device
including the thin film transistor according to one embodi-
ment of the present disclosure, the driving transistor is
realized in the bottom gate structure which uses the buffer
layer as the gate insulating film so that it is possible to realize
a delicate grayscale expression by decreasing the inclination
of the S-factor graph of the driving transistor.

[0151] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosures. Thus, it is intended that the present
disclosure covers the modifications and variations of this
disclosure provided they come within the scope of the
appended claims and their equivalents.

[0152] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to in this specification and/
or listed in the Application Data Sheet are incorporated
herein by reference, in their entirety. Aspects of the embodi-
ments can be modified, if necessary to employ concepts of
the various patents, applications and publications to provide
yet further embodiments.

[0153] These and other changes can be made to the
embodiments in light of the above-detailed description. In
general, in the following claims, the terms used should not
be construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with
the full scope of equivalents to which such claims are
entitled. Accordingly, the claims are not limited by the
disclosure.

What is claimed is:

1. A thin film transistor assembly, comprising:

a light shielding layer:

a buffer layer covering the light shielding layer; and

a driving transistor positioned on the buffer layer while
being overlapped with the light shielding layer, and
connected to supply a driving current to an organic light
emitting device,

wherein the driving transistor includes:

a driving transistor active layer having a driving tran-
sistor source layer, a driving transistor drain layer,
and a driving transistor channel layer, wherein the
driving transistor active layer is overlapped with the
light shielding layer;

adriving transistor gate insulating film that overlays the
driving transistor channel layer; and

a driving transistor upper electrode positioned on the
driving transistor gate insulating film,

wherein the driving transistor gate electrode is the light
shielding layer that receives a first voltage signal,
and the driving transistor upper electrode receives a
second voltage which is different from the first
voltage.
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2. The thin film transistor assembly according to claim 1,
wherein the driving transistor upper electrode is electrically
connected with the driving transistor source layer.

3. The thin film transistor assembly according to claim 1,
wherein a thickness of the buffer layer is larger than a
thickness of the driving transistor gate insulating film.

4. The thin film transistor assembly according to claim 1,
further comprising a switching transistor positioned on the
buffer layer and connected to supply the first voltage to the
light shielding layer.

5. The thin film transistor assembly according to claim 4,
wherein the switching transistor includes:

a switching transistor active layer having a switching
transistor source layer, a switching transistor drain
layer, and a switching transistor channel layer posi-
tioned on the buffer layer;

a switching transistor gate insulating film overlapped with
the switching transistor channel layer; and

a switching transistor gate electrode prepared on the
switching transistor gate insulating film,

wherein the switching transistor drain layer receives a
data voltage, and

the switching transistor source layer supplies the first
voltage to the light shielding layer.

6. The thin film transistor assembly according to claim 5,
further comprising an initialization transistor connected with
the driving transistor source layer.

7. The thin film transistor assembly according to claim 6,
wherein the driving transistor source layer and a source layer
of the initialization transistor are disposed continuously as a
single layer.

8. The thin film transistor assembly according to claim 7,
further comprising a light emitting control transistor con-
nected with a driving power voltage source and the driving
transistor drain layer.

9. The thin film transistor assembly according to claim 1,
further comprising a storage capacitor positioned in an
overlap area between the light shielding layer and the
driving transistor.

10. The thin film transistor assembly according to claim 9,
wherein the storage capacitor is continuously disposed
between the driving transistor source layer and the source
layer of the initialization transistor.

11. The thin film transistor assembly according to claim 9,
further comprising an upper capacitor electrode overlapped
with the driving transistor source layer,

wherein the storage capacitor includes:

a first storage capacitor having the driving transistor
source layer and the light shielding layer as elec-
trodes, respectively; and

a second storage capacitor having the driving transistor
source layer and the upper capacitor electrode as
electrodes, respectively.

12. The thin film transistor assembly according to claim
11, further comprising a first insulating interlayer for cov-
ering a portion of the driving transistor active layer and the
driving transistor upper electrode,

wherein the upper capacitor electrode is positioned on the
first insulating interlayer and is overlapped with the
driving transistor source layer.

13. The thin film transistor assembly according to claim 9,

further comprising:

a first source/drain contact pattern connected with the
light shielding layer;
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a second source/drain contact pattern electrically connect-
ing the driving transistor upper electrode and the driv-
ing transistor source layer with each other; and

a third source/drain contact pattern electrically connected
with the first source/drain contact pattern, and posi-
tioned to be directly on a same layer as the second
source/drain contact pattern so as to form the storage
capacitor.

14. A display device, comprising:

a thin film transistor substrate;

a light shielding layer positioned on the thin film transis-
tor substrate;

a buffer layer covering the light shielding layer; and

a driving transistor positioned on the buffer layer while
being overlapped with the light shielding layer, and
connected to supply a driving current to an organic light
emitting device,

wherein the driving transistor includes:

a driving transistor active layer having a driving tran-
sistor source layer, a driving transistor drain layer,
and a driving transistor channel layer, wherein the
driving transistor active layer is overlapped with the
light shielding layer;

a driving transistor gate insulating film that overlays the
driving transistor channel layer; and

a driving transistor upper electrode positioned on the
driving transistor gate insulating film,

wherein the driving transistor gate electrode is the light
shielding layer that receives a first voltage signal,
and the driving transistor upper electrode receives a
second voltage which is different from the first
voltage; and

a source drive IC attached to a pad portion of the thin film
transistor substrate, wherein the source drive IC
receives digital video data and a data control signal,
converts the digital video data into an analog data
voltage in accordance with the data control signal, and
supplies the analog data voltage to data lines.

15. The display device according to claim 14, further
comprising an upper capacitor electrode overlapped with a
driving transistor source layer,

wherein a storage capacitor includes:

a first storage capacitor having the driving transistor
source layer and a light shielding layer as electrodes,
respectively; and

a second storage capacitor having the driving transistor
source layer and the upper capacitor electrode as
electrodes, respectively.

16. The display device according to claim 15, further
comprising a first insulating interlayer for covering a driving
transistor active layer and a driving transistor upper elec-
trode,
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wherein the upper capacitor electrode is prepared on the
first insulating intetlaver overlapped with the driving
transistor source layer.

17. A thin film transistor substrate comprising:
a substrate;

a light shielding layer overlying the substrate, the light
shielding layer being composed of metal and connected
to be both a first electrode of a first capacitor;

a electrically insulating buffer layer covering the light
shielding layer; and

a driving transistor prepared on the buffer layer on over-
lying the light shielding layer, wherein the driving
transistor includes:

a driving transistor active layer having a driving tran-
sistor source layer and driving transistor channel
region that overlay the light shielding layer, the
driving transistor source layer connected to be a
second electrode of the first capacitor and the light
shielding layer positioned to be the gate electrode of
the driving transistor;

a first insulation layer overlying the driving transistor
source layer;

a first capacitor electrode of a second capacitor on the
first insulation layer and positioned to overlay the
driving transistor source electrode to create the sec-
ond capacitor having the driving transistor source
electrode as a second capacitor electrode of the
second capacitor and the first insulation layer as the
dielectric of the second capacitor.

18. The thin film transistor substrate of claim 17 further
comprising:
an electrical connection between the first electrode of the
first capacitor transistor and the first electrode of the
second capacitor.

19. The thin film transistor substrate of claim 17 further

comprising:

a switching transistor having a source region that is
electrically connected to the light shielding layer and a
drain region that is electrically connected to a data line
that will provide a signal on the data line to the light
shielding layer when the switching transistor is
enabled.

20. The thin film transistor substrate of claim 17 further
comprising:

an initialization transistor having a source region that is
physically and electrically continuous with the source
region of the driving transistor.

I S T



THMBW(EF)

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

FRIRBAA

RHA

S EREESE

BEG®)

ARANTF T —HERBAEEERUAR SEZERBAEERNERE
B, WEERCEERAMTRIMBRREERRE T A EENE
EEBERRNERNEMEE B BESGEERTUAIELFR
B, A ATESZARBENEHEUAREZHE LHE  ANSXRBEE
EBNRIRMEE  FEREROAEIEAFFRERS BR,

BRAEGCEERNTEENERRE

US20180175077A1 N (E)BE
US15/828207 B |
REERERAT

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

KOO HYUNGJOON
PARK SEHEE

JI KWANGHWAN
YUN PILSANG
PARK JAEYOON
CHOI HONGRAK

KOO, HYUNGJOON
PARK, SEHEE

JI, KWANGHWAN
YUN, PILSANG
PARK, JAEYOON
CHOI, HONGRAK

HO1L27/12

patsnap

2018-06-21

2017-11-30

HO1L27/1255 HO1L27/124 HO1L27/1251 HO1L27/3262 HO1L27/3265 HO1L29/78648 HO1L29/78633

HO1L27/1225 HO1L29/7869 HO1L27/127 HO1L27/3272
1020160172913 2016-12-16 KR
US10290658

Espacenet USPTO

il 2?] l

S‘ZCN]TI l?l CT\}T) CNTJCNT4I4ZI?ICNT5 ]?2 10 W



https://share-analytics.zhihuiya.com/view/9c3518cb-4838-418d-a5db-2dadc9502b57
https://worldwide.espacenet.com/patent/search/family/062561841/publication/US2018175077A1?q=US2018175077A1
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=%2220180175077%22.PGNR.&OS=DN/20180175077&RS=DN/20180175077

