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(57 ABSTRACT

Abackplane fora flat panel display apparatus, includes: a thin
film transistor (TFT) on a substrate and including an active
layer, a gate electrode, a source electrode, and a drain elec-
trode; a light-blocking layer between the substrate and the
TFT; a first insulating layer between the light-blocking layer
and the TFT; a capacitor including a first electrode on the
same plane as the light-blocking layer, and a second electrode
on the first electrode, wherein the first insulating layer is
between the first electrode and the second electrode; and a
pixel electrode on the same plane as the light-blocking layer.
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BACKPLANE FOR FLAT PANEL DISPLAY
APPARATUS, METHOD OF
MANUFACTURING THE BACKPLANE, AND
ORGANIC LIGHT EMITTING DISPLAY
APPARATUS INCLUDING THE BACKPLANE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/705,152, filed on Dec. 4, 2012, which
claims priority to and the benefit of Korean Patent Applica-
tion No. 10-2012-0038168, filed on Apr. 12, 2012, in the
Korean Intellectual Property Office, the disclosures of both of
which are incorporated herein in their entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Thepresentinvention relates to a backplane for a flat
panel display apparatus, amethod of manufacturing the back-
plane, and an organic light-emitting display apparatus includ-
ing the backplane.

[0004] 2. Description of the Related Art

[0005] A flat display apparatus, such as an organic light-
emitting display apparatus, a liquid crystal display apparatus,
or the like, is manufactured on an active-drive backplane
including a plurality of pixels each including a thin film
transistor (TFT) and a capacitor so as to embody a high-
resolution display. In particular, a TFT using an oxide semi-
conductor has excellent device characteristics, and is manu-
factured at low temperature. Due to such features, sucha TFT
1s regarded as an optimal device for a backplane of a flat panel
display.

SUMMARY

[0006] Embodiments of the present invention provide a
backplane that has a simple manufacturing process and excel-
lent display qualities and may be used in a flat panel display
apparatus, a method of manufacturing the backplane, and an
organic light-emitting display apparatus including the back-
plane.

[0007] According to an embodiment, there is provided a
backplane for a flat panel display apparatus, including a thin
film transistor (TFT) on a substrate and including an active
layer, a gate electrode, a source electrode, and a drain elec-
trode; a light-blocking layer between the substrate and the
TFT; a first insulating layer between the light-blocking layer
and the TFT; and a capacitor including a first electrode on the
same plane as the light-blocking layer, a second electrode on
the first electrode, wherein the first insulating layer is between
the first electrode and the second electrode; and a pixel elec-
trode on the same plane as the light-blocking layer.

[0008] Theactive layer may include oxygen (O) and at least
one element selected from the group consisting of gallium
(Ga), phosphorus (In), zinc (Zn), hafnium (Hf), and tin (Sn).
[0009] Both the first electrode of the capacitor and the pixel
electrode may include the same material as that of the light-
blocking layer.

[0010] Thelight-blocking layer may include a material that
has a smaller light transmission ratio than that of the active
layer.

[0011] The backplane may further include a second insu-
lating layer between the active layer and the gate electrode,
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and the first insulating layer may have a higher dielectric
constant than that of the second insulating layer.

[0012] The second electrode of the capacitor may be
formed on the same plane as the active layer, and the second
insulating layer may be disposed on the second electrode.
[0013] The second electrode of the capacitor may be
formed on the same plane as the active layer, and etched
surfaces of the second insulating layer and the gate electrode
may be flush with each other.

[0014] The backplane may further include a metal oxide
layer on the gate electrode, and the metal oxide layer may
extend to cover the second electrode.

[0015] The second electrode of the capacitor may be on the
same plane as the active layer, and the second insulating layer
may be on the second electrode.

[0016] The backplane may further include an alignment
key on the same plane as the light-blocking layer.

[0017] Thealignment key may include the same material as
that of the light-blocking layer.

[0018] Thebackplane may further include a third electrode
of the capacitor which is on the same plane as the source
electrode and the drain electrode.

[0019] According to an embodiment, there is provided an
organic light-emitting display apparatus including a thin film
transistor (TFT) on a substrate and including an active layer,
a gate electrode, a source electrode, and a drain electrode; a
light-blocking layer between the substrate and the TFT; a first
insulating layer between the light-blocking layer and the
TFT; a capacitor including a first electrode on the same plane
as the light-blocking layer, a second electrode on the first
electrode, and the first insulating layer between the first elec-
trode and the second electrode; and a pixel electrode on the
same plane as the light-blocking layer; an opposite electrode
on the pixel electrode; and an organic emission layer between
the pixel electrode and the opposite electrode.

[0020] Theactive layer may include oxygen (O) and at least
one element selected from the group consisting of gallium
(Ga), phosphorus (In), zinc (Zn), hafnium (Hf), and tin (Sn).
[0021] Both the first electrode of the capacitor and the pixel
electrode may include the same material.

[0022] The backplane may include a second insulating
layer between the active layer and the gate electrode, and the
first insulating layer may have a higher dielectric constant
than that of the second insulating layer.

[0023] The pixel electrode may include a semi-transmis-
sive metal layer.

[0024] The opposite electrode may be a reflective elec-
trode.
[0025] According to an embodiment, there is provided a

method of manufacturing a backplane for a flat panel display
apparatus, the method including: in a first mask process,
forming a light-blocking layer, a pixel electrode, and a first
capacitor electrode; in a second mask process, forming a first
insulating layer on the result of the first mask process, and
forming an active layer of a thin film transistor (TFT) and a
second capacitor electrode on the first insulating layer; in a
third mask process, forming a second insulating layer on the
result of the second mask process, and forming a gate elec-
trode of the TFT on the second insulating layer; in a fourth
mask process, forming a third insulating layer on the result of
the third mask process, and forming an opening exposing a
portion of the active layer in the third insulating layer; in a
fifth mask process, forming a source electrode and a drain
electrode of the TFT on the result of the fourth mask process;
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and in a sixth mask process, forming a fourth insulating layer
on the result of the fifth mask process, and forming an open-
ing exposing the pixel electrode in the fourth insulating layer.
[0026] According to an embodiment, there is provided a
method of manufacturing a backplane for a flat panel display
apparatus, the method including: in a first mask process,
forming a light-blocking layer, a pixel electrode, and a first
capacitor electrode; in a second mask process, forming a first
insulating layer on the result of the first mask process, and
forming a gate electrode of a thin film transistor (TFT) and a
second capacitor electrode on the first insulating layer; in a
third mask process, forming a second insulating layer on the
result of the second mask process, and forming an active layer
of the TFT on the second insulating layer; in a fourth mask
process, forming a third insulating layer on the result of the
third mask process, and forming an opening exposing a por-
tion of the active layer in the third insulating layer; in a fifth
mask process, forming a source electrode and a drain elec-
trode of the TFT on the result of the fourth mask process; and
in a sixth mask process, forming a fourth insulating layer on
the result of the fifth mask process, and forming an opening
exposing the pixel electrode in the fourth insulating layer.
[0027] In the first mask process, the light-blocking layer,
the pixel electrode, and the first electrode may be formed of
the same material on the same plane.

[0028] In the second mask process, the active layer of the
TFT and the second capacitor electrode may be formed of the
same material on the same plane.

[0029] In the third mask process, the active layer and the
second capacitor electrode may be doped with ion impurities.
[0030] Inthe third mask process, the gate electrode and the
second insulating layer may be etched so that etched surfaces
thereof are flush with each other, and a metal oxide layer may
be further formed on the gate electrode.

[0031] In the second mask process, the active layer of the
TFT and the second capacitor electrode may be formed of the
same material on the same plane.

[0032] In the first mask process, an alignment key may be
further formed of the same material on the same plane as the
light-blocking layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other features and aspects of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:

[0034] FIG. 1 isa schematic plan view illustrating a back-
plane for a flat panel display apparatus, according to an
embodiment of the present invention;

[0035] FIG. 2 is a cross-sectional view illustrating a pixel
and an alignment key region illustrated in FIG. 1

[0036] FIG. 3 is a schematic cross-sectional view illustrat-
ing a pixel having a bottom gate structure of a backplane for
a flat panel display apparatus, according to a comparative
embodiment;

[0037] FIGS. 4A-4F are schematic cross-sectional views
illustrating a method of manufacturing a backplane for a flat
panel display apparatus, according to an embodiment of the
present invention;

[0038] FIG.5isaschematic cross-sectional view of a pixel
of an organic light-emitting display apparatus formed by
separating a display region of the backplane of F1G. 1,
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[0039] FIG. 6is a schematic cross-sectional view of a pixel
and an alignment key region of a backplane for a flat panel
display apparatus, according to another embodiment of the
present invention;

[0040] FIGS. 7A to 7C are cross-sectional views illustrat-
ing a third mask process for forming the backplane of FIG. 6;
and

[0041] FIG. 8is a schematic cross-sectional view of a pixel
and an alignment key region of a backplane for a flat panel
display apparatus, according to another embodiment of the
present invention.

DETAILED DESCRIPTION

[0042] Hereinafter, embodiments of the present invention
are described in detail with reference to the attached draw-
ings.

[0043] FIG. 1 is a schematic plan view illustrating a back-

plane 1 for a flat panel display apparatus, according to an
embodiment of the present invention, and FIG. 2 is a cross-
sectional view illustrating a pixel P and an alignment key
region AK both illustrated in FIG. 1.

[0044] Referring to FIG. 1, the backplane 1 according to the
present embodiment includes a plurality of display regions D
each including a plurality of pixels P, and an alignment key
region AK including an alignment key 411 near an edge of the
backplane 1.

[0045] When a manufacturing process is completed, the
display regions D of the backplane 1 are separated as a plu-
rality of display panels, and the alignment key region AK is
used as an alignment key during patterning of the backplane
1, and after the display regions D are separated as display
panels, the alignment key region AK does not remain on the
display panels.

[0046] Referring to FIG. 2, each of the pixels P included in
each of the display regions D may include a transistor region
TR including a thin film transistor (TFT), a capacitor region
CAP including a capacitor, and a pixel electrode unit PXL
including apixel electrode 111. The pixel Pillustrated in FIG.
2 includes one pixel electrode 111, one capacitor, and one
TFT, but the structure of the pixel P is not limited thereto. For
example, the pixel P may include at least one capacitor and at
least one TFT.

[0047] The transistor region TR includes the TFT that is
disposed on a substrate 10 and includes an active layer 213, a
gate electrode 215, a source electrode 2184, a drain electrode
218b, and a light-blocking layer 211 that is between the TFT
and the substrate 10.

[0048] Inoneembodiment, the substrate 10 may be formed
of a glass material that mainly includes SiO2. According to
another embodiment, the substrate 10 may also be formed of
other materials, such as a plastic material.

[0049] Theactive layer 213 may include an oxide semicon-
ductor. The oxide semiconductor may include at least one
element selected from the group consisting of gallium (Ga),
indium (In), zinc (Zn), hafnium (Hf), and tin (Sn). For
example, the active layer 213 may include a material selected
from InGaZnO, ZnSnO, InZn0O, InGaO, 7ZnO, TiO, and
hafnium-indium-zinc oxide (HIZO).

[0050] Inthe present embodiment, the active layer 213 may
include a channel region 213¢, a source region 213a, and a
drain region 2135 that are outside the channel region 213¢. In
one embodiment, the source region 2134 and the drain region



US 2015/0357393 Al

2135 are n+ type or p+ type ion impurity-doped regions, and
may have improved current mobility to improve device char-
acteristics of the TFT.

[0051] The gate electrode 215 is disposed on the active
layer 213, and a second insulating layer 14 functioning as a
gate insulating film is disposed between the active layer 213
and the gate electrode 215.

[0052] A third insulating layer 17 functioning as an inter-
layer insulating film is disposed on the second insulating
layer 14, and the source electrode 218« and the drain elec-
trode 2186 are disposed on the third insulating layer 17. The
source electrode 2184 and the drain electrode 2185 are
respectively connected to the source region 213a and the
drain region 2135 of the active layer 213 through openings C2
passing through the second insulating layer 14 and the third
insulating layer 17.

[0053] A TFT including an oxide semiconductor as
described above has excellent device characteristics, and can
be manufactured at low temperature. Due to such features,
such a TFT is regarded as an optimal device for a backplane
for a flat panel display. Also, a TFT including an oxide semi-
conductor may have transparent characteristics in a visible
light region and flexibility, and thus, is used in a transparent
display apparatus or a flexible display apparatus. However,
the TFT including an oxide semiconductor is susceptible to
light.

[0054] However, the backplane 1 according to the present
embodiment includes the light-blocking layer 211 between
the substrate 10 and the TFT, in particular, between the sub-
strate 10 and the active layer 213, so that light reliability of the
TFT may be improved. In this aspect, the light-blocking layer
211 may be formed of a material that has a small light trans-
mission ratio.

[0055] Also, one of the source electrode 2184 and the drain
electrode 2185 is connected to the pixel electrode 111 of the
pixel electrode unit PXL through an opening C3. In the
present embodiment, the source electrode 218a is connected
to the pixel electrode 111, but this structure is an example
only. For example, according to another embodiment, the
pixel electrode 111 may be connected to the drain electrode
218b.

[0056] Also, the TFT according to the present embodiment
is adriving TFT inwhich one of the source electrode 218a and
the drain electrode 2186 is directly connected to the pixel
electrode 111. However, as described above, the backplane 1
according to the present embodiment may further include
other TFTs.

[0057] Thepixel electrode 111 and the light-blocking layer
211 may be formed of the same material on the same plane. In
one embodiment, the pixel electrode 111 may also be formed
of a material that has a small light transmission ratio.

[0058] Inthe capacitor region CAP, a first electrode 311 and
a second electrode 313 of the capacitor are disposed on the
substrate 10 with the first insulating layer 12 interposed ther-
ebetween.

[0059] The first electrode 311, the pixel electrode 111, and
the light-blocking layer 211 may be formed of the same
material on the same plane. The second electrode 313 and the
active layer 213 may be formed of the same material on the
same plane. Since the second electrode 313 is doped with ion
impurities, the capacitance of a capacitor may be increased
compared to when ion impurities are not doped.

[0060] Also, since the first electrode 311 and the light-
blocking layer 211 may be formed on the same plane, and the
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second electrode 313 and the active layer 213 may be formed
on the same plane, the first insulating layer 12 that is disposed
between the light-blocking layer 211 and the active layer 213,
extends to the capacitor region CAP and functions as a dielec-
tric film of the capacitor. That is, in the present embodiment,
the second insulating layer 14 functioning as a gate insulating
film is disposed on the second electrode 313 and does not
function as a dielectric film of the capacitor.

[0061] InaTFT including an oxide semiconductor, a bot-
tom gate structure is often used. However, a typical bottom
gate structure is not suitable for a large-size display. Herein-
after, some reasons therefore are described below with refer-
ence to FIG. 3.

[0062] FIG. 3 is a schematic cross-sectional view illustrat-
ing a pixel having a bottom gate structure of a backplane for
a flat panel display apparatus, according to a comparative
example.

[0063] Referring to FIG. 3, a gate electrode 21 of a TFT and
a first electrode 31 of a capacitor are disposed on a substrate
20 and are formed of the same material, and a first insulating
layer 22 is disposed on the gate electrode 21 and the first
electrode 31. An active layer 23 is disposed on the first insu-
lating layer 22, and a source electrode 254 and a drain elec-
trode 2556 are disposed on the active layer 23. A second
insulating layer 25 is disposed between the active layer 23 and
both the source electrode 25a and the drain electrode 255, and
a second electrode 35 of the capacitor is disposed on the
second insulating layer 25. A third insulating layer 26 is
disposed on the source electrode 254, the drain electrode 255,
and the second electrode 35, and a pixel electrode 27 is
disposed on the third insulating layer 26. A fourth insulating
layer 28 exposing a portion of the pixel electrode 27 is dis-
posed on the third insulating layer 26.

[0064] In the present comparative example, regarding a
bottom gate structure in which the gate electrode 21 is located
under the active layer 23, thicknesses of the gate electrode 21,
and an interconnection line (not shown) formed on the same
plane as the gate electrode 21 are increased to embody a
low-resistance interconnection line. In a subsequent process,
the thickness of the first insulating layer 22 functioning as a
gate insulating film is increased to form other device layers on
the gate electrode 21 and the interconnection line (not
shown).

[0065] In the comparative example, the first insulating
layer 22 functions as a gate insulating film and a dielectric
film of a capacitor. Accordingly, the thickness of the first
insulating layer 22 is increased, and the capacitance of the
capacitor is decreased. Also, due to the increasing demand for
an interconnection line having low resistance for large-size
displays, it becomes difficult to embody a capacitor having a
sufficient capacitance.

[0066] However, referring to FIG. 2, regarding the back-
plane 1 according to the present embodiment, the second
insulating layer 14 functioning as a gate insulating film is not
used as a dielectric film for the capacitor, so that even when
thicknesses of the gate electrode 215 and an interconnection
line (not shown) formed on the same plane as the gate elec-
trode 215 are increased, the capacitance of the capacitorisnot
substantially affected.

[0067] The first insulating layer 12 functioning as the
dielectric film for the capacitor may be formed of a material
thathas a higher dielectric constant than the second insulating
layer 14 functioning as the gate insulating film.
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[0068] Also, a backplane for a flat panel display apparatus
may be manufactured by using photo-mask processes, and an
alignment key is formed near an edge of the backplane to
accurately align patterns during the respective photo-mask
processes.

[0069] Regarding the backplane 1 according to the present
embodiment, the active layer 213 including an oxide semi-
conductor is disposed under the gate electrode 215, and when
the alignment key 411 is formed of an oxide semiconductor,
it may be difficult to use the alignment key 411 due to the
transparency of the oxide semiconductor.

[0070] However, according to the present embodiment, this
problem is addressed by forming the alignment key 411 in the
alignment key region AK by using the same material used to
form the light-blocking layer 211. Also, the alignment key
411 may be formed of a material that has a smaller light
transmission ratio than the oxide semiconductor included in
the active layer 213.

[0071] Also, thealignment key 411 illustrated in FIG. 1 has
across shape ‘+’. However, this shape is an example only, and
embodiments of the present invention are not limited thereto,
and the alignment key 411 may have various other shapes.
[0072] Also, although the capacitor illustrated in FIG. 2
includes the first electrode 311 and the second electrode 313,
embodiments of the present invention are not limited thereto.
To increase the capacitance of the capacitor, a third electrode
(not shown) may be further disposed in parallel to the first
electrode 311 and the second electrode 313. In this regard, the
third electrode, the source electrode 2184, and the drain elec-
trode 2185 may be formed of the same material on the same
plane.

[0073] Hereinafter, FIGS. 4A through 4F are schematic
cross-sectional views illustrating a method of manufacturing
abackplane for a flat panel display apparatus, according to an
embodiment of the present invention.

[0074] FIG. 4A is a schematic cross-sectional view illus-
trating the result of a first mask process performed on the
backplane 1 according to the present embodiment.

[0075] Referring to FIG. 4A, the pixel electrode 111, the
light-blocking layer 211, the first electrode 311 of the capaci-
tor, and the alignment key 411 are formed on the substrate 10
in the first mask process. Although not illustrated, a buffer
layer (not shown) including SiO2 and/or SiNx may be further
disposed between the substrate 10 and the pixel electrode
111, the light-blocking layer 211, the first electrode 311, and
the alignment key 411, so that the substrate 10 is planarized
and permeation ofion impurities can be prevented or reduced.
[0076] Inoneembodiment, a layer (not shown) for forming
the light-blocking layer is deposited on the substrate 10, a
photoresist (not shown) is deposited on the layer for forming
the light-blocking layer, and then, a photolithography process
is performed thereon by using a first mask (not shown) to
concurrently (e.g., simultaneously) form the pixel electrode
111, the light-blocking layer 211, the first electrode 311, and
the alignment key 411. The first mask process, including
photolithography, is performed by using a series of processes
including developing, etching, and stripping and ashing, and
followed by light exposure using a first mask (not shown) by
an exposing apparatus (not shown). Hereinafter, when subse-
quent mask processes are described, the same description will
be omitted.

[0077] FIG. 4B is a schematic cross-sectional view illus-
trating the result of a second mask process performed on the
backplane 1 according to the present embodiment.
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[0078] A firstinsulating layer 12 is formed on the result of
the first mask process, and an oxide semiconductor layer 13 is
formed on the first insulating layer 12. Then, the oxide semi-
conductor layer 13 is patterned to form the active layer 213 of
the TFT, and the second electrode 313 of the capacitor. In this
regard, in the alignment key region AK, the alignment key
411 formed of the same material as the light-blocking layer
311 may function as an alignment key of the second mask
process.

[0079] FIG. 4C is a schematic cross-sectional view illus-
trating the result of a third mask process performed on the
backplane 1 according to the present embodiment.

[0080] The second insulating layer 14 is formed on the
result of the second mask process, a conductive layer (not
shown) is formed on the second insulating layer 14, and then,
the conductive layer (not shown) is patterned to form the gate
electrode 215, and an interconnection line layer (not shown).
[0081] As described above, even when the gate electrode
215 and the interconnection line layer (not shown) formed on
the same plane as the gate electrode 215 have great thick-
nesses, since the second insulating layer 14, which is a gate
insulating film, does not function as the dielectric film of the
capacitor, a decrease in the capacitance of the capacitor may
be prevented or reduced.

[0082] Following the formation of the gate electrode 215,
the source region 213a and the drain region 2135 of the active
layer 213 may be doped with ion impurities by using the gate
electrode 215 as a self-aligned mask. In this regard, the sec-
ond electrode 313 of the capacitor formed on the same plane
as the active layer 213 may also be doped with ion impurities.
The TFT may have improved current mobility in the region
doped with ion impurities to improve device characteristics,
and the second electrode 313 of the capacitor doped with ion
impurities may improve the capacitance of the capacitor.
[0083] Also, since in the alignment key region AK, a trans-
parent oxide semiconductor layer 13 is formed on the align-
ment key 411, the alignment key 411 may still be used as an
alignment key of a third mask process.

[0084] Also, in FIG. 4C, in the alignment key region AK,
the oxide semiconductor layer 13 remains above the align-
ment key 411. However, embodiments of the present inven-
tion are not limited thereto. For example, the oxide semicon-
ductor layer 13 may be removed. However, even if the oxide
semiconductor layer 13 is not removed, the alignment key
411 may still be used as an alignment key of the third mask
process due to the transparency of the oxide semiconductor
layer 13.

[0085] FIG. 4D is a schematic cross-sectional view illus-
trating the result of a fourth mask process performed on the
backplane 1 according to the present embodiment.

[0086] A third insulating layer 17 is formed on the result of
the third mask process, and the openings C1, C2, and C3 are
formed. In the pixel electrode unit PXL, portions of the first
insulating layer 12, the second insulating layer 14, and the
third insulating layer 17 are removed to form the openings C1
and C3 exposing the pixel electrode 111. In the transistor
region TR, portions of the second insulating layer 14 and the
third insulating layer 17 are removed to form the openings C2
exposing the source region 213a and the drain region 2134.
[0087] FIG. 4E is a schematic cross-sectional view illus-
trating the result of a fifth mask process performed on the
backplane 1 according to the present embodiment.

[0088] A material for forming the source and drain elec-
trodes 218a and 2185 is deposited to cover the openings Cl1,
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C2, and C3 formed in the fourth mask process, followed by
patterning, thereby forming the source electrode 2184 and the
drain electrode 2182. In several embodiments, although not
illustrated in FIG. 4E, a third electrode (not shown) of the
capacitor may be further formed on the third insulating layer
17.

[0089] FIG. 4F is a schematic cross-sectional view illus-
trating the result of a sixth mask process performed on the
backplane 1 according to the present embodiment.

[0090] A fourth insulating layer 19 is formed on the result
of the fifth mask process, and a portion of the fourth insulating
layer 19 is removed to form an opening C4 exposing the pixel
electrode 111.

[0091] As described above, according to the method of
manufacturing the backplane 1 for a flat panel display appa-
ratus, according to the present embodiment, the backplane 1
is produced relatively simply by using a total of six mask
processes.

[0092] Thebackplane 1 formed using the method described
above is divided into a plurality of display regions D, that is,
a plurality of flat panel display apparatuses, and in this
embodiment, the alignment key region AK located at the
periphery (e.g., corners) of the backplane 1 are not present in
the final flat panel display apparatuses.

[0093] FIG.5isaschematic cross-sectional view of a pixel
P of an organic light-emitting display apparatus 100 formed
by separating the display regions D of the backplane 1 accord-
ing to the previous embodiment.

[0094] The organic light-emitting display apparatus 100
may further include an organic emission layer 120 and an
opposite electrode 121, in addition to the other structures of
the pixel P of FIG. 2.

[0095] The organic emission layer 120 is formed on the
pixel electrode 111, and the opposite electrode 121 is formed
as an opposite electrode on the organic emission layer 120.
Regarding the organic light-emitting display apparatus 100
according to one embodiment, the pixel electrode 111 may be
an anode, and the opposite electrode 121 may be a cathode.
However, according to another embodiment, polarities of
these electrodes may be reversed.

[0096] The organic emission layer 120 may be formed of a
low-molecular weight organic material or a polymer organic
material. When the organic emission layer 120 is a low-
molecular weight organic material, for example, ahole trans-
portlayer (HTL), a hole injection layer (HIL), or the like, may
be deposited on one side of the organic emission layer 120,
and an electron transport layer (ETL), an electron injection
layer (EIL), or the like may be deposited on the other side of
the organic emission layer 120. In several embodiments, vari-
ous other layers may be deposited on the organic emission
layer 120. The organic emission layer 120 may include an
organic material such as copper phthalocyanine (CuPc),
N'-Di(naphthalene-1-y1)-N,N'-diphenyl-benzidine ~ (NPB),
tris-8-hydroxyquinoline aluminum (Alg3), or the like. Also,
when the organic emission layer 120 includes a polymer
organic material, an HTL may be further included in addition
to the organic emission layer 120. Examples of a material for
forming the HIL are poly-(3.4)-ethylene-dihydroxy
thiophene (PEDOT), polyaniline (PANI), etc. The polymer
organic material may include an organic material such as
polyphenylene vinylene (PPV) or polyfluorene.

[0097] Light emitted from the organic emission layer 120
may progress in a direction toward the substrate 10 or in an
opposite direction thereof. When the opposite electrode 121
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is formed as a common electrode, a voltage drop of the oppo-
site electrode 121 may lead to different amplitudes of the
current applied to the respective pixels. In particular, the
larger a display apparatus, the greater the voltage drop.
Accordingly, it is desirable to reduce the resistance of the
opposite electrode 121.

[0098] As a way to reduce the resistance of the opposite
electrode 121, either the opposite electrode 121 may be
formed of a low-resistance material or the thickness of the
opposite electrode 121 may be increased. In several embodi-
ments, the opposite electrode 121 is formed of a low-resis-
tance material selected from Al, Mg, Li, Ca, LiF/Ca, and
LiF/Al, and is formed to have a set or predetermined thick-
ness. In this regard, the opposite electrode 121 may function
as a reflective electrode.

[0099] Also, since the layer for forming the pixel electrode
111 also forms the light-blocking layer 211 and the alignment
key (411, see FIG. 2), the pixel electrode 111 may be formed
of a material that has a low light transmission ratio. For
example, the pixel electrode 111 may include a semi-trans-
missive metal layer 1115. The pixel electrode 111 may be a
multi-layer including a first layer 111a including a transpar-
ent conductive oxide, the semi-transmissive metal layer 1114,
and a second layer 111¢ including a transparent conductive
oxide. In this regard, the first layer 111a and the third layer
111¢ may each include at least one selected from indium tin
oxide (ITO), indium zinc oxide (IZ0), zinc oxide (Zn0O),
indium oxide (In203), indium gallium oxide (IGO), and alu-
minum zinc oxide (AZ0). The semi-transmissive metal layer
1115 may include silver (Ag).

[0100] As described above, when the pixel electrode 111
includes the semi-transmissive metal layer 1115, and the
opposite electrode 121 is formed as a reflective electrode, the
pixel electrode 111 and the opposite electrode 121 respec-
tively function as a semi-transmissive mirror and a reflective
mirror to form a resonant structure, thereby increasing light
extraction efficiency of the organic light-emitting display
apparatus 100. That is, light emitted from the organic emis-
sion layer 120 has a resonance between the opposite electrode
121 and the pixel electrode 111, and then progresses toward
the substrate 10 through the pixel electrode 111.

[0101] Hereinafter, a backplane 2 for a flat panel display
apparatus, according to another embodiment, is described
below with reference to FIG. 6.

[0102] FIG. 6 is a schematic cross-sectional view illustrat-
ing a pixel P and an alignment key region AK of the backplane
2. Hereinafter, a description thereof is presented based on the
difference between the backplane 2 according to the present
embodiment and the backplane 1 according to the previous
embodiment.

[0103] Referring to FIG. 6, the transistor region TR
includes a TFT that is disposed on the substrate 10, and the
light-blocking layer 211 that is disposed between the TFT and
the substrate 10. Here, the TFT includes the active layer 213,
the gate electrode 215, and the source electrode 2184 and the
drain electrode 218b. The active layer 213 includes the chan-
nel region 213¢, and the source region 213a and the drain
region 2135 which are disposed outside the channel region
213¢ and are doped with ion impurities. The gate electrode
215 is disposed to correspond to the channel region 213c.

[0104] In the present embodiment, the second insulating
layer 14 disposed between the channel region 213¢ and the
gate electrode 215 is formed on the channel region 213c, but,
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unlike in the previous embodiment, the second insulating
layer 14 is not formed on the second electrode 313 of the
capacitor.

[0105] Instead, in the present embodiment, a metal oxide
layer 16 is further disposed between the gate electrode 215
and the third insulating layer 17. The metal oxide layer 16
may be formed by heat treating a metal layer (not shown),
thereby increasing concentrations of ion impurities of the
source region 2134 and the drain region 2135, the active layer
313, and the oxide semiconductor layer 13.

[0106] FIGS. 7A to 7C are cross-sectional views illustrat-
ing a third mask process to form the backplane 2. The firstand
second mask processes are the same as those described
according to the previous embodiments.

[0107] Referring to FIG. 7A, the second insulating layer 14
and a layer 15 for forming a gate electrode are sequentially
deposited on the result (see FIG. 4B) of the second mask
process, and then, are concurrently (e.g., simultaneously)
patterned.

[0108] Referring to 7B, the second insulating layer 14 is
removed (e.g., etched) except for only a portion of the second
insulating layer 14 which corresponds to the gate electrode
215. In this regard, since layer 15 and the second insulating
layer 14 are etched concurrently (e.g., simultaneously), the
etched side surfaces thereof are flush with each other.

[0109] Referring to FIG. 7C, a metal layer (not shown) is
deposited on the result of FIG. 7B, and then, annealing is
performed thereon, thereby forming the metal oxide layer 16.
Due to the annealing and the metal oxide layer 16, concen-
trations of ion impurities of the source region 213a and the
drain region 2135, the active layer 313, and the oxide semi-
conductor layer 13 of the alignment key region AK are
increased. The metal oxide layer 16 may include various
metals, for example, aluminum (Al).

[0110] According to the present embodiment, concentra-
tions of ion impurities doped in the oxide semiconductor
layer may be increased by using the metal oxide layer 16
instead of a doping process. Also, the metal oxide layer 16
may function as a protection layer for protecting the active
layer 213 by preventing or reducing permeation of external
impurities.

[0111] Referring to FIG. 6, the third insulating layer 17
functioning as an interlayer insulating film is disposed on the
metal oxide layer 16, and the source electrode 218a and the
drain electrode 2185 are disposed on the third insulating layer
17. The source electrode 218a and the drain electrode 2185
are respectively connected to the source region 213¢ and the
drain region 2135 of the active layer 213 through the openings
C2 formed through the metal oxide layer 16 and the third
insulating layer 17.

[0112] In the present embodiment, like in the previous
embodiments, the light-blocking layer 211 is disposed
between the substrate 10 and the TFT, and in particular,
between the substrate 10 and the active layer 213 so as to
improve light reliability of the TFT.

[0113] In the capacitor region CAP. the first electrode 311
and the second electrode 313 are disposed on the substrate 10
with the first insulating layer 12 interposed therebetween, and
since the second electrode 313 includes ion impurities, the
capacitance of the capacitor is improved compared to when
ion impurities are not doped.

[0114] Also, since the second insulating layer 14 function-
ing as a gate insulating film is not included in the capacitor,
only characteristics of the second insulating layer 14 with
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respect to the TFT need to be taken into consideration. That is,
since the second insulating layer 14 functioning as a gate
insulating film does not function as a dielectric film of the
capacitor, even when the gate electrode 215 and an intercon-
nection line (not shown) formed on the same plane as the gate
electrode 215 have great thicknesses, the capacitance of the
capacitor may not be substantially affected.

[0115] Also, in the alignment key region AK, the same
material as the light-blocking layer 211 is patterned for use as
the alignment key 411 disposed under the layer 13 including
an oxide semiconductor, so that a mask process is smoothly
performed.

[0116] FIG. 8 is a schematic cross-sectional view illustrat-
ing a pixel P and an alignment key region AK of a backplane
3 for a flat panel display apparatus, according to another
embodiment of the present invention. Hereinafter, a descrip-
tion thereof is presented based on the difference between the
backplane 3 according to the present embodiment and those
according to the previous embodiments.

[0117] Referring to FIG. 8, in the transistor region TR, a
TFT is disposed on the substrate 10, and the light-blocking
layer 211 is disposed between the TFT and the substrate 10.
Here, the TFT includes a gate electrode 215, an active layer
213, and a source electrode 2184 and a drain electrode 2184.
The active layer 213 includes the channel region 213¢, and the
source region 213a and the drain region 2134 which are
disposed outside the channel region 213¢ and are doped with
ion impurities. The gate electrode 215 is disposed under the
channel region 213¢. Unlike in the previous embodiments,
the TFT according to the present embodiment has a bottom
gate structure in which the gate electrode 215 is disposed
under the active layer 213.

[0118] However, in the present embodiment, like in the
previous embodiments, the light-blocking layer 211 is
located between the substrate 10 and the TFT, in particular,
between the substrate 10 and the gate electrode 215 so as to
improve light reliability of the TFT.

[0119] In the capacitor region CAP, the first electrode 311
and the second electrode 313 of the capacitor are disposed on
the substrate 10 with the first insulating layer 12 interposed
therebetween. Here, the first electrode 311 and the light-
blocking layer 211 may be formed of the same material on the
same plane, and the second electrode 313 and the gate elec-
trode 215 may be formed of the same material on the same
plane. Accordingly, the capacitance of the capacitor accord-
ing to the present embodiment may be increased compared to
a capacitor having an electrode that includes an oxide semi-
conductor that is not doped with ion impurities.

[0120] Also, since the second insulating layer 14 function-
ing as a gate insulating film is disposed on the second elec-
trode 313 of the capacitor and is not used as a dielectric film
of the capacitor, the second insulating layer 14 is designed in
consideration of the characteristics of the TFT. That is, since
the second insulating layer 14 functioning as the gate insu-
lating film does not function as a dielectric film of the capaci-
tor, even when the gate electrode 215 and an interconnection
line (not shown) formed on the same plane as the gate elec-
trode 215 have great thicknesses, the capacitance of the
capacitor is not substantially affected.

[0121] Also, in the alignment key region AK, the same
material used as the light-blocking layer 211 is patterned to
form the alignment key 411 disposed under the layer 13
including an oxide semiconductor, so that a mask process is
smoothly performed.
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[0122] Also, the backplanes 2 and 3 of FIGS. 6 and 8,
respectively, are divided into a plurality of display regions D
(see FIG. 1), and may also be applied to an organic light-
emitting display apparatus (not shown) wherein each pixel P
further includes the organic emission layer 120 (see FIG. 5)
and the opposite electrode 121 (see FIG. 5).
[0123] The description presented above is made with ref-
erence to an organic light-emitting display apparatus, but the
present invention is not limited thereto. For example, the
embodiments of the present invention may be applied to a
liquid crystal display apparatus including liquid crystals,
instead of an organic emission layer. Also, the embodiments
of the present invention may be applied to other display
apparatuses.
[0124] A backplane for a flat panel display apparatus, a
method of manufacturing the backplane, and an organic light-
emitting display apparatus including the backplane, accord-
ing to embodiments of the present invention, provide the
following effects:
[0125] First, a light-blocking layer is formed between a
substrate and a TFT to improve light reliability of the TFT.
[0126] Second, a dielectric film is formed under a gate
electrode, so that even when the gate electrode and an inter-
connection line formed on the same plane as the gate elec-
trode have great thicknesses, a decrease in the capacitance of
a capacitor may be prevented or reduced.
[0127] Third, a dielectric film is formed in a small thick-
ness, so that the capacitance of a capacitor may be increased
and an aperture ratio of a bottom-emission type display appa-
ratus may be increased.
[0128] Fourth, use of an alignment key that has a smaller
light transmission ratio than that of an oxide semiconductor
enables accurate alignment.
[0129] Fifth, the number of mask processes is reduced,
thereby reducing manufacturing costs.
[0130] While the present invention has been particularly
shown and described with reference to exemplary embodi-
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, and
their equivalents.
What is claimed is:
1. A backplane comprising:
a substrate;
a thin film transistor (TFT) on the substrate and the TFT
comprising;
an active layer comprising oxygen (O) and at least one
element selected from the group consisting of gallium
(Ga), indium (In), zinc (Zn), hafnium (Hf), and tin
(Sn), whetrein the active layer comprises a channel
region and a source region and a drain region withion
impurities which are disposed outside the channel
region;
a gate electrode on the active layer; and
a source electrode and a drain electrode respectively
connected to the source region and the drain region;
alight-blocking layer between the substrate and the active
layer;
a first insulating layer between the light-blocking layer and
the active layer;,
a second insulating layer between the channel region and
the gate electrode; and
apixel electrode on the substrate.
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2. The backplane of claim 1, further comprising a capacitor
comprising a first electrode and a second electrode on the first
electrode, wherein the first insulating layer is between the first
electrode and the second electrode.

3. The backplane of claim 2, wherein the first electrode of
the capacitor is disposed on the same plane as the light-
blocking layer.

4. The backplane of claim 2, further comprising a metal
oxide layer on the gate electrode, wherein the metal oxide
layer extends to cover the second electrode.

5. The backplane of claim 1, wherein the pixel electrode is
disposed on the same plane as the light-blocking layer.

6. The backplane of claim 1, wherein the pixel electrode
comprises the same material as the light-blocking layer.

7. The backplane of claim 1, wherein the light-blocking
layer comprises a material that has a smaller light transmis-
sion ratio than that of the active layer.

8. The backplane of claim 1, wherein the first insulating
layer has a higher dielectric constant than that of the second
insulating layer.

9. The backplane of claim 1, wherein etched surfaces of the
second insulating layer and the gate electrode are flush with
each other.

10. The backplane of claim 1, further comprising an align-
ment key on the same plane as the light-blocking layer.

11. The backplane of claim 10, wherein the alignment key
comprises the same material as the light-blocking layer.

12. An organic light-emitting display apparatus compris-
ing:

a substrate;

a thin film transistor (TFT) on the substrate and the TFT

comprising;

an active layer comprising oxygen (O) and at least one
element selected from the group consisting of gallium
(Ga), indium (In), zinc (Zn), hafnium (Hf), and tin
(Sn), wherein the active layer comprises a channel
region and a source region and a drain region with ion
impurities which are disposed outside the channel
region;

a gate electrode on the active layer; and

a source electrode and a drain electrode respectively
connected to the source region and the drain region;

a light-blocking layer between the substrate and the active

layer;

a first insulating layer between the light-blocking layer and

the active layer;,

a pixel electrode on the substrate;

an opposite electrode on the pixel electrode; and

an organic emission layer between the pixel electrode and

the opposite electrode.

13. The organic light-emitting display apparatus of claim
12, further comprising a capacitor comprising a first electrode
and a second electrode on the first electrode, wherein the first
insulating layer is between the first electrode and the second
electrode.

14. The organic light-emitting display apparatus of claim
13, wherein the first electrode of the capacitor is disposed on
the same plane as the light blocking layer.

15. The organic light-emitting display apparatus of claim
13, wherein the first electrode of the capacitor comprise the
same material as the light-blocking layer.

16. The organic light-emitting display apparatus of claim
12, wherein the pixel electrode is disposed on the same plane
as the light blocking layer.
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17. The organic light-emitting display apparatus of claim
12, wherein the first insulating layer has a higher dielectric
constant than that of a second insulating layer between the
channel region and the gate electrode.

18. The organic light-emitting display apparatus of claim
12, wherein etched surfaces of a second insulating layer
between the channel region and the gate electrode and the
gate electrode are flush with each other.

19. The organic light-emitting display apparatus of claim
12, further comprising an alignment key on the same plane as
the light-blocking layer.

20. The organic light-emitting display apparatus of claim
19, wherein the alignment key comprises the same material as
the light-blocking layer.
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