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(57) ABSTRACT

A display substrate includes a driving element, a switching
element, a gate line, a data line, a driving voltage line and an
electroluminescent element. The driving element includes a
driving control electrode formed from a first conductive layer,
and a driving input electrode and a driving output electrode
formed from a second conductive layer. The switching ele-
ment includes a switching control electrode formed from the
second conductive layer, and a switching input electrode and
a switching output electrode formed from a third conductive
layer. The gate and data lines are formed from the second and
third conductive layers, respectively. The driving voltage line
is formed from the third conductive layer. Thus, misalign-
ment between upper and lower patterns may be prevented to
improve the reliability of a manufacturing process and
increase an aperture ratio, thereby enhancing display quality.
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FIG. 2
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DISPLAY SUBSTRATE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority under 35
U.S.C. § 119 to Korean Patent Application No. 2008-13953,
filed on Feb. 15, 2008 in the Korean Intellectual Property
Office (KTPO), the contents of which are herein incorporated
by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display substrate
and a method of manufacturing the display substrate. More
particularly, the present invention relates to a display sub-
strate for an electroluminescent display device and a method
of manufacturing the display substrate.

[0004] 2. Description of the Related Art

[0005] Nowadays, organic light-emitting diode (OLED)
display devices are attracting attention as display devices that
can overcome problems of liquid crystal display (LCD)
devices. An OLED device includes two electrodes and an
organic light-emitting layer disposed between the two elec-
trodes. An electron injected from one electrode and a hole
injected from the other electrode are combined with each
other in the organic light-emitting layer to form an exciton,
and the exciton discharges energy and emits light. The OLED
device corresponds to a self-light-emitting device, and does
not require a separate light source. Thus, power consumption
is low, and display quality, including factors such as response
time, viewing angle, contrast ratio, etc., is excellent.

[0006] The OLED device of an active matrix type includes
a switching thin-film transistor (TFT) connected to a signal
line to control a data voltage and a driving TFT receiving the
data voltage and applying the data voltage to a control elec-
trode, so that current passes through a light-emitting element.
[0007] In order to obtain optimized characteristics of the
OLED device, the switching TFT and the driving TF T require
different characteristics from each other. The switching TFT
requires a high on/off current ratio (I,,/1, 2. In contrast, the
driving TFT requires high electric mobility and stability so
that sufficient current may pass through a light-emitting ele-
ment.

[0008] Thus, the driving TFT typically employs a polysili-
con TFT having high electric mobility. In order to manufac-
ture the polysilicon TFT, a method in which amorphous sili-
con is heat-treated in a furnace at a high temperature of about
600° C. to about 700° C. to be crystallized into polysilicon is
usually used. However, a glass substrate is expanded during
the above heat-treatment process, so that misalignment
between upper and lower patterns is generated to deteriorate
the reliability of a manufacturing process.

SUMMARY OF THE INVENTION

[0009] The present invention obviates the above problems,
and thus the present invention provides a display substrate
capable of preventing misalignment and increasing an aper-
ture ratio.

[0010] The present invention also provides a method of
manufacturing the above-mentioned display substrate.
[0011] In one aspect of the present invention, a display
substrate includes a driving element, a switching element, a
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gate line, a data line, a driving voltage line and an electrolu-
minescent element. The driving element includes a driving
control electrode formed from a first conductive layer, and a
driving input electrode and a driving output electrode that are
formed from a second conductive layer and formed on the
driving control electrode. The switching element includes a
switching control electrode formed from the second conduc-
tive layer, and a switching input electrode and a switching
output electrode that are formed from a third conductive layer
and formed on the switching control electrode. The gate line
is formed from the second conductive layer and connected to
the switching control electrode. The data line is formed from
the third conductive layer and connected to the driving input
electrode. The driving voltage line is formed from the third
conductive layer and electrically connected to the driving
input electrode. The electroluminescent element is electri-
cally connected to the driving output electrode.

[0012] The driving element may include a first active pat-
tern formed on the driving control electrode. The first active
pattern may include polysilicon.

[0013] The switching element may include a second active
pattern formed on the switching control electrode. The sec-
ond active pattern may include amorphous silicon.

[0014] The switching output electrode may make direct
contact with the driving control electrode, and thus the driv-
ing element may be electrically connected to the switching
element. The driving voltage line may make direct contact
with the driving input electrode, and thus the driving element
may be electrically connected to the driving voltage line.

[0015] Inanother aspect of the present invention, a method
of manufacturing a display substrate is provided as follows. A
first conductive layer, an insulation interlayer and an active
layer are successively formed on a base substrate. The active
layer, the insulation interlayer and the first conductive layer
are simultaneously patterned to form a first active pattern, an
insulation pattern and adriving control electrode. A switching
control electrode connected to a gate line, and a driving input
electrode and a driving output electrode overlapping the first
active pattern are formed on the base substrate having the first
active pattern. Here, the switching control electrode, the driv-
ing input electrode and the driving output electrode corre-
spond to a second conductive layer. A data line crossing the
gate line, a switching input electrode, a switching output
electrode and a driving voltage line electrically connected to
the driving input electrode are formed on the base substrate
having the driving output electrode. Here, the data line, the
switching input electrode, the switching output electrode and
the driving voltage line correspond to a third conductive layer.
An electroluminescent element electrically connected to the
driving output electrode is formed.

[0016] The active layer may be crystallized, before the
driving control electrode is formed. The active layer may
include amorphous silicon, and may be crystallized to include
polysilicon. The first active pattern may include polysilicon.
[0017]  According to the present invention, a driving control
electrode, an insulation pattern and a first active pattern of a
driving element are patterned by using one mask to prevent
misalignment between the driving control electrode and the
first active pattern. Thus, the reliability of products and manu-
facturing processes thereof may be improved.

[0018] In addition, the driving element and a switching
element are directly contacted with and electrically con-
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nected to each other to increase an aperture ratio of the display
substrate and enhance display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other features and advantage points
of the present invention will become more apparent by
describing in detailed exemplary embodiments thereof with
reference to the accompanying drawings, in which:

[0020] FIG.1is a plan view illustrating a display substrate
according to an exemplary embodiment of the present inven-
tion;

[0021] FIG.2isacross-sectional view takenalong aline I-I'
in FIG. 1; and
[0022] FIGS.3to 12 are cross-sectional views illustrating a

method of manufacturing the display substrate illustrated in
FIGS.1and 2.

DESCRIPTION OF THE EMBODIMENTS

[0023] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many 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 invention to those skilled in the art. In the draw-
ings, the size and relative sizes of layers and regions may be
exaggerated for clarity.

[0024] It will be understood that when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0025] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
[0026] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
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degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0027] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0028] Embodiments of the invention are described herein
withreference to cross-sectionillustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
butare to include deviations in shapes that result, for example,
from manufacturing. For example, an implanted region illus-
trated as a rectangle will, typically, have rounded or curved
features and/or a gradient of implant concentration at its
edges rather than a binary change from implanted to non-
implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of the invention.
[0029] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0030] FIG. 1isa plan view illustrating a display substrate
according to an exemplary embodiment of the present inven-
tion. FIG. 2 is a cross-sectional view taken along a line I-I' in
FIG. 1.

[0031] Referring to FIGS. 1 and 2, a display substrate
according to an exemplary embodiment of the present inven-
tion includes an electroluminescent element 200 formed in a
unit pixel. The display substrate includes a plurality of signal
lines 132, 162 and 166 and a plurality of unit pixels connected
to the signal lines 132, 162 and 166 and arranged in a sub-
stantially matrix shape. Each unit pixel includes a switching
element Qs, a driving element Qd, an electroluminescent
element 200 and a storage capacitor Cst.

[0032] Thedisplay substrate includes a gate line 132, a data
line 162, a driving voltage line 166, a driving element Qd, a
switching element Qs, an anode PE, a partition pattern 182, a
light-emitting layer 202 and a cathode CE, which are formed
on or over a base substrate 110.

[0033] The anode PE, the light-emitting layer 202 and the
cathode CE define the electroluminescent element 200.
[0034] The gate line 132 corresponds to a signal line trans-
ferring agate signal or a scan signal. The gate line 132 extends
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in a first direction D1 of the display substrate, and a plurality
of gate lines 132 may be arranged in parallel in a second
direction D2 that is different from the first direction D1. The
first direction D1 and the second direction D2 may be sub-
stantially perpendicular to each other.

[0035] The dataline 162 corresponds to a signal line trans-
ferring a data signal. The data line 162 extends in the second
direction D2, and a plurality of the data lines 162 may be
arranged in parallel in the first direction D1. The data line 162
crosses the gate line 132.

[0036] The driving voltage line 166 corresponds to a signal
line transferring a driving voltage. The driving voltage line
166 is disposed between adjacent data lines 162, and transfers
adriving voltage to pixels that are adjacent to each other in the
first direction D1. Alternatively, one driving voltage line 166
may be formed corresponding to one data line 162.

[0037] The driving element Qd includes a driving control
electrode 121, a driving input electrode 1365 and a driving
output electrode 136a. The driving element Qd is electrically
connected to the switching element Qs, the electrolumines-
cent element 200 and the driving voltage line 166.

[0038] The driving input electrode 1364 and the driving
output electrode 1364 are formed on the driving control elec-
trode 121, and spaced apart from each other. The driving
element Qd is formed between the driving control electrode
121 and the driving input electrode 1365. The driving element
Qd includes a first active pattern AP1 formed between the
driving control electrode 121 and the driving output electrode
136a. The first active pattern AP1 may have substantially the
same shape as the shape of the driving control electrode 121.
In other words, sidewalls of the first active pattern AP1 may
be coincident with sidewalls of the driving control electrode
121.

[0039] The first active pattern AP1 includes a first semicon-
ductor layer 127 and a first ohmic contact layer 129. The
driving element Qd may have high electric mobility to apply
a driving voltage to the electroluminescent element 200.
Thus, the first semiconductor layer 127 may include fine
crystalline silicon or polysilicon, and the first ohmic contact
layer 129 may include fine crystalline silicon or polysilicon
doped with n-type impurities at a high concentration.

[0040] The switching element Qs includes a switching con-
trol electrode 134, a switching input electrode 164a and a
switching output electrode 1645. The switching output elec-
trode 1645 makes contact with the driving control electrode
121 to thereby electrically connect the switching element Qs
to the driving element Qd. The switching element Qs transfers
a data signal from the data line 162 to the driving element Qd
in response to a gate signal from the gate line 132.

[0041] The switching control electrode 134 is electrically
connected to the gate line 132, the switching input electrode
164a is electrically connected to the data line 162, and the
switching output electrode 164b is spaced apart from the
switching input electrode 164a. The switching element Qs is
formed between the switching control electrode 134 and the
switching input electrode 164a. The switching element Qs
includes a second active pattern AP2 formed between the
switching control electrode 134 and the switching output
electrode 1645.

[0042] The second active pattern AP2 includes a second
semiconductor layer 152 and a second ohmic contact layer
154. The second semiconductor layer 152 includes amor-
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phous silicon. The second ohmic contact layer 154 includes
amorphous silicon doped with n-type impurities at a high
concentration.

[0043] The driving control electrode 121 is formed by pat-
terning a first conductive layer, and corresponds to a first
pattern. An insulation pattern 123 is formed on the first pat-
tern. The first active pattern AP1 is formed on the insulation
pattern 123. The insulation pattern 123 may have substan-
tially the same shape as the shape of the driving control
electrode 121 and the shape of the first active pattern AP1. In
other words, sidewalls of the insulation pattern 123 may be
coincident with sidewalls of the driving control electrode 121
and sidewalls of the first active pattern AP1.

[0044] The driving control electrode 121, the insulation
pattern 123 and the first active pattern AP1 may have substan-
tially the same shape, because the driving control electrode
121, the insulation pattern 123 and the first active pattern AP1
are formed using one mask during a forming process. The
driving control electrode 121, the insulation pattern 123 and
the first active pattern AP1 are formed using one mask, to
thereby prevent misalignment between the driving control
electrode 121 and the first active pattern AP1.

[0045] The gate line 132, the switching control electrode
134, the driving input electrode 1365 and the driving output
electrode 1364 are formed by patterning a second conductive
layer, and correspond to a second pattern. A first insulation
layer 140 may be formed on the second pattern. The second
active pattern AP2 may be formed on the first insulation layer
140.

[0046] The data line 162, the switching input electrode
1644, the switching output electrode 1645 and the driving
voltage line 166 are formed by patterning a third conductive
layer, and correspond to a third pattern. A second insulation
layer 170 may be formed on the third pattern. The anode PE,
the partition pattern 182, the light-emitting layer 202 and the
cathode CE may be formed on the second insulation layer
170.

[0047] The storage capacitor Cst is formed corresponding
to the driving control electrode 121 and the driving input
electrode 1364 of the driving element Qd. The storage capaci-
tor Cst is defined by the driving control electrode 121, the
driving input electrode 1366 and the insulation pattern 123.
The driving control electrode 121 and the driving input elec-
trode 13654 serve as a couple of electrodes, and the insulation
pattern 123 serves as a dielectric layer between the couple of
electrodes. The storage capacitor Cst may charge the data
signal applied to the driving control electrode 121.

[0048] The insulation pattern 123, the first active pattern
AP1 and the first insulation layer 140 have a first contact hole
CNT1 partially exposing the driving control electrode 121.
The driving control electrode 121 makes direct contact with
the switching output electrode 1645 via the first contact hole
CNT1 to thereby electrically connect the driving element Qd
to the switching element Qs.

[0049] The first insulation layer 140 has a second contact
hole CNT2 partially exposing the driving input electrode
1365. The driving input electrode 1365 makes direct contact
with the driving voltage line 166 via the second contact hole
CNT?2 to thereby electrically connect the driving element Qd
to the driving voltage line 166.

[0050] The first insulation layer 140 and the second insu-
lation layer 170 have a third contact hole CNT3 partially
exposing the driving output electrode 1364. The driving ele-
ment Qd makes direct contact with the anode PE via the third
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contact hole CNT3, so that the driving element Qd is electri-
cally connected to the anode PE.

[0051] The partition pattern 182 covers the gate line 132,
the data line 162, the driving voltage line 166, the switching
element Qs and the driving element Qd, and has an opening
OP partially exposing the anode PE.

[0052] The electroluminescent element 200 may display a
desired image by controlling optical intensity in accordance
with an output current from the driving element Qd. The
light-emitting layer 202 is formed in the opening OP. The
output current from the driving element Qd is applied to the
anode PE, and the light-emitting layer 202 receives the output
current from the anode PE. The anode PE transfers a plurality
of holes to the light-emitting layer 202. The cathode CE
covers the partition pattern 182 and the light-emitting layer
202. The cathode CE faces the anode PE, and provides elec-
trons to the light-emitting layer 202. The electroluminescent
element 200 is driven by the following method.

[0053] Firstly, when a gate signal is applied to the gate line
132, a timing signal is applied to the switching output elec-
trode 1644 from the switching input electrode 164a con-
nected to the data line 162. Thus, the timing signal is applied
to the driving control electrode 121 connected to the switch-
ing output electrode 1645. When the timing signal is applied
to the driving control electrode 121, an electric channel is
generated at the first active pattern AP1 of the driving element
Qd, so that a driving voltage is applied to the anode PE from
the driving voltage line 166.

[0054] After receiving the driving voltage, the anode PE
provides a hole to the light-emitting layer 200. The cathode
CE receives a common voltage from an external driving cit-
cuit part (not shown), and then provides an electron to the
light-emitting layer 200. In the light-emitting layer 200, the
hole and the electron provided from the anode PE and the
cathode CE, respectively, are combined with each other to
generate an exciton. The exciton falls to the ground state to
generate light. Thus, the light is externally emitted from the
light-emitting layer 200 through the anode PE.

[0055] In FIGS. 1 and 2, although one switching element
and one driving element are illustrated, the display substrate
may further include at least one thin-film transistor (TFT) and
a plurality of wirings to drive the TFT, so that the electrolu-
minescent element 200 and the driving element Qd may be
prevented from being heated after a long time to prevent the
lifetime of the display substrate from being shortened.
[0056] Hereinafter, a method of manufacturing a display
substrate according to an exemplary embodiment of the
present invention will be described with reference to FIGS. 3
to 12.

[0057] FIGS. 3 to 12 are cross-sectional views illustrating a
method of manufacturing the display substrate illustrated in
FIGS. 1 and 2.

[0058] Referring to FIG. 3, a first conductive layer 120, an
insulation interlayer 122 and first active layers 124 and 126
are successively formed on a base substrate 110.

[0059] The base substrate 110 may include a transparent
and electrically insulated substrate. The base substrate 110
may include, for example, a glass substrate, a plastic sub-
strate, etc.

[0060] The first conductive layer 120 may include a con-
ductive material through which electrons may pass. The first
conductive layer 120 may include a metal layer. Alternatively,
the first conductive layer 120 may include a semiconductor
layer doped with n-type impurities at a high concentration.
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Since the first conductive layer 120 may be patterned and only
used as a driving control electrode of a driving element,
whether the first conductive layer 120 is made to be of low
resistance may not be a critical factor. The first conductive
layer 120 may be formed on the base substrate 110 with a
thickness of, for example, about 500 A.

[0061] The insulation interlayer 122 electrically insulates
the first conductive layer 120 from the first active layers 124
and 126. The insulation interlayer 122 may include, for
example, silicon nitride, silicon oxide, etc. The insulation
interlayer 122 may be formed on the first conductive layer
120 with a thickness of, for example, about 1,000 A to about
2,000 A.

[0062] The first active layers 124 and 126 include a pre-
liminary semiconductor layer 124 and a preliminary ohmic
contact layer 126 successively formed on the insulation inter-
layer 122. The preliminary semiconductor layer 124 may
include amorphous silicon. The preliminary ohmic contact
layer 126 may include amorphous silicon doped with n-type
impurities at a high concentration. The first active layers 124
and 126 may be formed on the insulation interlayer 122 with
a thickness of, for example, about 500 A to about 1,000 A.

[0063] Thereafter, the first active layers 124 and 126 are
crystallized. The first active layers 124 and 126 may be crys-
tallized by using, for example, a solid phase crystallization
(SPC) method. That is, the base substrate 110 having the first
conductive layer 120, the insulation interlayer 122 and the
first active layers 124 and 126 is heat-treated. The tempera-
ture of the heat-treatment may be in a range of, for example,
about 600° C.toabout 700° C. Thus, the first active layers 124
and 126 including amorphous silicon are crystallized into
polysilicon.

[0064] Referring to FIG. 4, a photoresist film (not shown) is
formed on the base substrate 110 having the crystallized first
active layers 124 and 126, and the photoresist film is patterned
using one mask to form a photo pattern (not shown). Herein-
after, the crystallized preliminary semiconductor layer 124 is
represented as a “first semiconductor layer 127, and the
crystallized preliminary ohmic contact layer 126 is repre-
sented as a “first ohmic contact layer 129.”

[0065] The first ohmic contact layer 129, the first semicon-
ductor layer 127, the insulation interlayer 122 and the first
conductive layer 120 are successively etched and patterned by
using the photo pattern serving as an etch-stop layer. For
example, the first ohmic contact layer 129, the first semicon-
ductor layer 127 and the insulation interlayer 122 may be
patterned through a dry etch process using dry gas. The first
conductive layer 120 may be patterned by using dry etch or
wet etch.

[0066] Thus, the first ohmic contact layer 129 and the first
semiconductor layer 127 are patterned to form a first active
pattern AP1, the insulation interlayer 122 is patterned to form
an insulation pattern 123 disposed beneath the first active
pattern AP1, and the first conductive layer 120 is patterned to
form a driving control electrode 121 disposed beneath the
insulation pattern 123.

[0067] As described above, the first conductive layer 120,
the insulation interlayer 122 and the first active layers 124 and
126 are entirely formed on the base substrate 110, and the first
active layers 124 and 126 are crystallized. After the firstactive
layers 124 and 126 are crystallized, the driving control elec-
trode 121, the insulation pattern 123 and the first active pat-
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tern AP1 are formed. Thus, misalignment between the driving
control electrode 121 and the first active pattern AP1 may be
prevented.

[0068] Referringto FIG. 5, asecond conductive layer 130 is
formed on the base substrate 110 having the driving control
electrode 121, the insulation pattern 123 and the first active
pattern AP1. The second conductive layer 130 may include,
for example, a single metal such as aluminum (Al), molyb-
denum (Mo), neodymium (Nd), chromium (Cr), tantalum
(Ta), titanium (Ti), tungsten (W), copper (Cu), silver (Ag),
etc., or an alloy thereof. In addition, the second conductive
layer 130 may include at least two metal layers, physical
properties of which are different from each other.

[0069] A photoresist pattern (not shown) is formed on the
base substrate 110 having the second conductive layer 130,
and the second conductive layer 130 is patterned by using the
photoresist pattern serving as an etch-stop layer. For example,
the second conductive layer 130 may be patterned through a
wet etch process.

[0070] Referring to FIG. 6, the second conductive layer 130
is patterned to form a gate line 132 (not shown), a switching
control electrode 134, a driving output electrode 136a and a
driving input electrode 136b. Thus, a driving element Qd of
the display substrate may be completed by forming the driv-
ing output electrode 136a and the driving input electrode
136b.

[0071] The gate line 132 and the switching control elec-
trode 134 may make direct contact with the base substrate
110. In a process of forming the first active pattern AP1, the
insulation interlayer 122 exists only on the driving control
electrode 121 as insulation pattern 123, and the insulation
interlayer 122 on the base substrate 110 except for the driving
control electrode 121 is removed. Thus, the gate line 132 and
the switching control electrode 134 may make direct contact
with the base substrate 110. The switching control electrode
134 is connected to the gate line 132.

[0072] The driving output electrode 1364 and the driving
input electrode 1364 are formed on the first active pattern
AP1. The driving output electrode 1364 and the driving input
electrode 1364 are spaced apart from each other. The first
ohmic contact layer 129 may be exposed between the driving
output electrode 136a and the driving input electrode 1364.
[0073] Then, the exposed first ohmic contact layer 129 is
removed by using the driving output electrode 1364 and the
driving input electrode 1365 serving as an etch-stop layer, and
the first semiconductor layer 127 is exposed. Thus, a first
channel portion CHI of the driving element Qd may be
formed.

[0074] In a process of patterning the second conductive
layer 130, the second conductive layer 130 is etched so that
the first active pattern AP1 formed over the driving control
electrode 121 is partially exposed. An area corresponding to
the exposed portion of the first active pattern AP1 is defined as
a“contactarea,” and represented as “CNTA.” In the following
process, a first contact hole is formed through the contact area
(refer to F1G. 3).

[0075] Then, a first insulation layer 140 is formed on the
base substrate 110 having the switching control electrode 134
and the driving element Qd. The first insulation layer 140 may
include, for example, silicon nitride, silicon oxide, etc.
[0076] Referring to FIG. 7, a second semiconductor layer
152 and a second ohmic contact layer 154 are successively
formed on the base substrate 110 having the first insulation
layer 140. The second semiconductor layer 152 may include
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amorphous silicon. The second ohmic contact layer 154 may
include amorphous silicon doped with n-type impurities at a
high concentration.

[0077] The second semiconductor layer 152 and the second
ohmic contact layer 154 are patterned to form a second active
pattern AP2 remaining on the switching control electrode
134. The second semiconductor layer 152 and the second
ohmic contact layer 154 are partially removed corresponding
to an area of the base substrate 110 except for the switching
control electrode 134, and may remain on the first insulation
layer 140 corresponding to the switching control electrode
134 to form the second active pattern AP2.

[0078] Referringto FIG. 8, the first insulation layer 140, the
first active pattern AP1, and the insulation pattern 123 are
partially removed in the contact area CNTA to form a first
contact hole CNT1 partially exposing the driving control
electrode 121.

[0079] Through the same process as the process of forming
the first contact hole CNT1, the first insulation layer 140 is
partially removed corresponding to the driving input elec-
trode 1364 to form a second contact hole CNT2 partially
exposing the driving input electrode 1365.

[0080] Referring to FIG. 9, a third conductive layer (not
shown) is formed on the base substrate 110 having the first
contact hole CNT1 and the second contact hole CNT2. The
third conductive layer is patterned to form a data line 162, a
switching input electrode 164a, a switching output electrode
1645 and a driving voltage line 166. Thus, a switching ele-
ment Qs of the display substrate may be completed by form-
ing the switching input electrode 164a and the switching
output electrode 1645.

[0081] The data line 162 crosses the gate line 132. The
switching input electrode 164a is connected to the data line
162. The switching output electrode 1645 is spaced apart
from the switching input electrode 164a. The switching out-
put electrode 1645 extends to the driving control electrode
121 of the driving element Qd and makes contact with the
driving control electrode 121 via the first contact hole CNT1.
Since the switching output electrode 1645 makes direct con-
tact with the driving control electrode 121, the switching
element Qs may be electrically connected to the driving ele-
ment Qd.

[0082] The driving voltage line 166 makes direct contact
with the driving input electrode 1364 via the second contact
hole CNT2. Thus, the driving voltage line 166 may be elec-
trically connected to the driving element Qd.

[0083] Thereafter, the second ohmic contact layer 154
exposed between the switching input electrode 164« and the
switching output electrode 1645 is removed by using the
switching input electrode 1644 and the switching output elec-
trode 1645 serving as an etch-stop layer. Thus, the second
semiconductor layer 152 is exposed to thereby form a second
channel portion CH2 of the switching element Qs.

[0084] Referring to FIG. 10, a second insulation layer 170
is formed on the base substrate 110 having the data line 162,
the switching element Qs, the driving element Qd and the
driving voltage line 166. The second insulation layer 170 may
include, for example, silicon nitride, silicon oxide, etc.
[0085] Referring to FIG. 11, the second insulation layer
170 and the first insulation layer 140 are partially removed
corresponding to the driving output electrode 136a to form a
third contact hole CN'T3 partially exposing the driving output
electrode 136a.
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[0086] Then, a pixel electrode layer (not shown) is formed
on the base substrate 110 having the third contact hole CNT3,
and the pixel electrode layer is patterned to form an anode PE.
The pixel electrode layer may make direct contact with the
driving output electrode 136a via the third contact hole
CNT3. Thus, the anode PE may be electrically connected to
the driving element Qd via the third contact hole CNT3. The
pixel electrode layer may include, for example, indium zinc
oxide (1Z0).

[0087] The anode PE may be formed, for example, corre-
sponding to an area of the base substrate 110. The gate line
132 and the data line 162 cross each other, and the gate line
132 and the driving voltage line 166 cross each other, thereby
defining the area of the base substrate 110. The area of the
base substrate 110 may have a structure in which the first
insulation layer 140 and the second insulation layer 170 are
successively formed, the anode PE may be formed on the
second insulation layer 170.

[0088] Referring to FIG. 12, a partition layer 180 is formed
on thebase substrate 110. The partition layer 180 may include
an organic material having thermal resistance and solvent
resistance such as acrylic resin, polyimide resin, etc. Alterna-
tively, the partition layer 180 may include an inorganic mate-
rial such as silicon oxide, titanium oxide, etc. The partition
layer 180 may include a single layer or atleast two layers. The
partition layer 180 may include a photosensitive material
including a black pigment.

[0089] The partition layer 180 is patterned to form a parti-
tion pattern 182 having an opening OP. The anode PE is
partially exposed via the opening OP of the partition pattern
182. The partition pattern 182 covers the gate line 132, the
data line 162, the driving voltage line 166, the switching
element Qs and the driving element Qd. The partition pattern
182 also covers the anode PE making contact with the third
contact hole CNT3.

[0090] A light-emitting layer 202 of the electroluminescent
element 200 is formed in the opening OP of the base substrate
110 having the partition pattern 182. The light-emitting layer
202 may include at least a part of a hole injection layer, a hole
transporting layer, an electron injection layer and an electron
transporting layer. The light-emitting layer 202 may be
formed, for example, by jetting a light-emitting material into
the opening OP, or by using a thermal evaporation method.

[0091] Although not shown in FIG. 12, a protective layer,
an absorption layer, etc. may be formed on the base substrate
110 having the light-emitting layer 202. In addition, a counter
substrate (not shown) may be disposed over the base substrate
110 having the light-emitting layer 202 to protect the light-
emitting layer 202 from water penetration and physical
impact.

[0092] Thereafter, a cathode CE is formed on the base
substrate 110 having the light-emitting layer 202. The cath-
ode CE may include a material having a work function
smaller than the anode PE. For example, the cathode CE may
include an alkali metal, an alkaline earth metal, etc.

[0093] As described above, the first conductive layer 120,
the insulation interlayer 122 and the first active layers 124 and
126 are entirely formed on the base substrate 110, and then the
first active layers 124 and 126 are crystallized. After the first
active layers 124 and 126 are crystallized, the driving control
electrode 121, the insulation pattern 123 and the first active
pattern AP1 are formed. Thus, misalignment between the
driving control electrode 121 and the first active pattern AP1
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may be prevented, thereby improving the reliability of prod-
ucts and manufacturing processes thereof.

[0094] In addition, the switching element Qs is directly
contacted with and electrically connected to the driving ele-
ment Qd, and the driving element Qd is directly contacted
with and electrically connected to the driving voltage line
166, to thereby improve an aperture ratio of the display sub-
strate. Thus, display quality may be enhanced.

[0095] According to the present invention, a driving control
electrode, an insulation pattern and a first active pattern of a
driving element are patterned by using one mask to prevent
misalignment between the driving control electrode and the
first active pattern. Thus, the reliability of products and manu-
facturing processes thereof may be improved.

[0096] In addition, the driving element and a switching
element are directly contacted with and electrically con-
nected to each other to increase an aperture ratio of the display
substrate and enhance display quality.

[0097] Although exemplary embodiments of the present
invention have been described. it is understood that the
present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.

What is claimed is:

1. A display substrate comprising:

a driving element comprising a driving control electrode
formed from a first conductive layer, and a driving input
electrode and a driving output electrode that are formed
from a second conductive layer and formed on the driv-
ing control electrode;

a switching element comprising a switching control elec-
trode formed from the second conductive layer, and a
switching input electrode and a switching output elec-
trode that are formed from a third conductive layer and
formed on the switching control electrode;

a gate line formed from the second conductive layer and
connected to the switching control electrode;

a data line formed from the third conductive layer and
connected to the driving input electrode;

a driving voltage line formed from the third conductive
layer and electrically connected to the driving input
electrode; and

an electroluminescent element electrically connected to
the driving output electrode.

2. The display substrate of claim 1, wherein the driving

element comprises:

a first active pattern formed on the driving control elec-
trode, the first active pattern including polysilicon; and

an insulation pattern formed between the driving control
electrode and the first active pattern.

3. The display substrate of claim 2, further comprising:

a first insulation layer covering the driving element; and

a second insulation layer formed on the first insulation
layer to cover the switching element.

4. The display substrate of claim 3, wherein the switching
output electrode makes direct contact with the driving control
electrode via a first contact hole formed through the insula-
tion pattern, the first active pattern and the first insulation
layer.

5. The display substrate of claim 4, wherein the driving
voltage line makes direct contact with the driving input elec-
trode via a second contact hole formed through the first insu-
lation layer.
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6. The display substrate of claim 5, wherein the electrolu-
minescent element comprises:

an anode making direct contact with the driving output

electrode via a third contact hole formed through the first
and second insulation layer;

a cathode facing the anode; and

alight-emitting layer interposed between the anode and the

cathode.
7. The display substrate of claim 1, wherein the switching
element comprises a second active pattern formed on the
switching control electrode, the second active pattern includ-
ing amorphous silicon.
8. A method of manufacturing a display substrate, com-
prising:
successively forming a first conductive layer, an insulation
interlayer and an active layer on a base substrate;

simultaneously patterning the active layer, the insulation
interlayer and the first conductive layer to form a first
active pattern, an insulation pattern and a driving control
electrode;
forming a switching control electrode connected to a gate
line, and a driving input electrode and a driving output
electrode overlapping the first active pattern on the base
substrate having the first active pattern, wherein the
switching control electrode, the driving input electrode
and the driving output electrode correspond to a second
conductive layer;
forming a data line crossing the gate line, a switching input
electrode, a switching output electrode and a driving
voltage line electrically connected to the driving input
electrode on the base substrate having the driving output
electrode, wherein the data line, the switching input
electrode, the switching output electrode and the driving
voltage line correspond to a third conductive layer; and

forming an electroluminescent element electrically con-
nected to the driving output electrode.

9. The method of manufacturing the display substrate of
claim 8, prior to forming the first active pattern, the insulation
pattern and the driving control electrode,

further comprising crystallizing the active layer.

10. The method of manufacturing the display substrate of
claim 9, wherein the active layer is crystallized by heat-
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treating the base substrate successively having the first con-
ductive layer, the insulation interlayer and the active layer.

11. The method of manufacturing the display substrate of
claim 10, wherein the first active pattern includes polysilicon.

12. The method of manufacturing the display substrate of
claim 8, wherein forming the driving output electrode com-
prises forming a contact area exposing the first active pattern.

13. The method of manufacturing the display substrate of
claim 12, wherein forming the driving voltage line comprises:

forming a first insulation layer on the base substrate having

the gate line, the driving input electrode and the driving
output electrode;

removing the insulation pattern, the first active pattern and

the first insulation layer to form a first contact hole in the
contact area and a second contact hole on the driving
input electrode;
forming the third conductive layer on the base substrate
having the first and second contact holes; and

patterning the third conductive layer to form the switching
output electrode making direct contact with the driving
control electrode via the first contact hole and the driving
voltage line making direct contact with the driving input
electrode via the second contact hole.

14. The method of manufacturing the display substrate of
claim 13, wherein forming the electroluminescent element
comprises:

forming a second insulation layer on the base substrate

having the driving voltage line;

removing the first and second insulation layers to form a

third contact hole;

forming an anode to make direct contact with the driving

output electrode via the third contact hole;

forming a light-emitting layer on the anode; and

forming a cathode on the light-emitting layer.

15. The method of manufacturing the display substrate of
claim 14, prior to forming the driving voltage line,

further comprising forming a second active pattern on the

first insulation layer formed on the switching control
electrode.

16. The method of manufacturing the display substrate of
claim 15, wherein the second active pattern includes amor-
phous silicon.
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