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CONDUCTIVE PATTERN, DISPLAY DEVICE
INCLUDING THE SAME, AND METHOD OF
MANUFACTURING CONDUCTIVE PATTERN

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2017-0160172,
filed on Nov. 28, 2017, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

Field

[0002] Exemplary implementations of the invention relate
generally to a conductive pattern, a display device including
the same, and a method of manufacturing a conductive
pattern.

Discussion of the Background

[0003] Electronic devices generally employ a conductive
pattern, such as wirings or electrodes, to transmit signals.
For example, a display device, such as an organic light
emitting display device or a liquid crystal display device,
may include a plurality of conductive patterns for driving a
thin film transistor (TFT). When the length of a signal wiring
is increased, however, a signal delay may occur due to the
internal resistance of the signal wiring. Delay of a scanning
signal in a high-resolution display device may deteriorate
display quality due to difficulties in securing a sufficient
gate-on time.

[0004] Accordingly, efforts have been made to form a
conductive pattern with a low-resistance material. However,
signal wirings may be exposed to various environments
during manufacture. For example, an annealing process, an
etching process, or the like may cause damage to the
material of the signal wiring. As such, even when the signal
wiring includes a low-resistance material well known in the
art, it is generally difficult to secure process reliability when
the low-resistance material is directly used as a conductive
pattern.

[0005] The above information disclosed in this Back-
ground section is only for understanding of the background
of the inventive concepts, and, therefore, it may contain
information that does not constitute prior art.

SUMMARY

[0006] Display devices constructed according to exem-
plary implementations of the invention include a low-resis-
tance conductive pattern having excellent reliability. In
addition, methods according to exemplary implementations
of the invention are capable of providing a low-resistance
conductive pattern with excellent reliability.

[0007] According to some exemplary embodiments, the
capping layer may be formed of multiple component layers
and a first capping component layer disposed on the main
conductive layer is made of titanium nitride, thereby pre-
venting or mitigating the diffusion of the metal components
at the interface with the main conductive layer as compared
to when the first capping component layer is made of
titanium. Further, since titanium nitride does not easily react
with fluoric acid or the like compared to titanium, the
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surface of the main conductive layer may be protected
during a cleaning process to reduce or prevent surface
damage.

[0008] According to some exemplary embodiments, the
capping layer may effectively prevent the damage of the
main conductive layer from a cleaning process or an etching
process while forming the main conductive layer with a
low-resistance material, such as aluminum or an aluminum
alloy. Since the taper angle of the capping layer is relatively
small, it is possible to prevent the insulating material from
not being charged (or filled) in the vicinity of the side surface
of the conductive pattern, or prevent a film disposed on the
conductive pattern from being non-uniform.

[0009] According to some exemplary embodiments, when
the taper angles of multiple capping component layers
gradually decrease from the lower toward the upper layer
and an insulating film or the like is formed on the conductive
pattern, the insulating material may even more be filled in
the side surface of the conductive pattern, which may
improve the film quality of the insulating film.

[0010] The principles and exemplary embodiments of the
invention are particularly advantageous when implemented
in display devices, such as high resolution, organic light
emitting diode display devices. When display devices
include a conductive pattern according to exemplary
embodiments, signal delay may be significantly reduced due
to the low resistance of the pattern, thereby improving
display quality.

[0011] According to an exemplary embodiment, a conduc-
tive pattern for a display device includes a first layer
including aluminum or an aluminum alloy disposed on a
substrate and forming a first taper angle with the substrate,
and a second layer disposed on the first layer forming a
second taper angle with the first layer, in which wherein the
second taper angle is smaller than the first taper angle.
[0012] The second layer may include a first component
layer disposed on the first layer and including titanium
nitride, and a second component layer disposed on the first
component layer and including titanium.

[0013] The second layer may further include a third com-
ponent layer disposed on the second component layer and
including titanium nitride, and a fourth component layer
disposed on the third component layer and including tita-
nium.

[0014] The first component layer may have a thickness in
a range of about 150 A to about 400 A, and each of the
second component layer, the third component layer, and the
fourth component layer may have a thickness in a range of
about 50 A to about 200 A.

[0015] The second layer may have a thickness of at least
about 800 A.
[0016] The second layer may further include a fifth com-

ponent layer disposed on the fourth component layer and
including titanium nitride.

[0017] A thickness the fifth component layer may be less
than a thickness of each of the first to fourth capping
component layers.

[0018] An atomic ratio of nitrogen to titanium of the first
component layer may be in a range of about 0.9 to about 1.2.
[0019] The first layer may include a plurality of sequen-
tially laminated component layers, and a taper angle of each
of the component layers may be substantially the same or
progressively decreases in a direction away from the first
layer.
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[0020] The taper angle of the first layer may be less than
about 60°.

[0021] The taper angle of the second layer may be less
than about 50°.

[0022] The second layer may include a tantalum layer and
a titanium layer alternately laminated with each other, and a
top surface of the first layer may contact the tantalum layer.
[0023] The first layer may include a conductive layer, and
the second layer may include a capping layer.

[0024] At least one of the first and second component
layers may include a tip or undercut portion at a side portion
thereof.

[0025] According to an exemplary embodiment, a display
device includes a substrate, a thin film transistor disposed on
the substrate, and a conductive pattern connected to the thin
film transistor. The conductive pattern includes a first layer
including aluminum or an aluminum alloy and forming a
first taper angle with the substrate, and a second layer
disposed on the first layer and forming a second taper angle
smaller than the first taper angle.

[0026] The second layer may include a first component
layer disposed on the first layer and including titanium
nitride, a second component layer disposed on the first
component layer and including titanium, a third component
layer disposed on the second component layer and including
titanium nitride, and a fourth component layer disposed on
the third component layer and including titanium.

[0027] The first layer may have a thickness of at least
about 800 A, the first component layer may have a thickness
in a range of about 150 A to about 400 A, and each of the
second component layer, the third component layer, and the
fourth component layer may have a thickness in a range of
about 50 A to about 200 A.

[0028] The first taper angle may be less than about 60°,
and the second taper angle may be less than about 50 the first
taper angle is less than about 60°, and the second taper angle
is less than about 50°.

[0029] The conductive pattern may include at least one of
a scan signal line to transmit a scan signal to the thin film
transistor and a data signal line to transmit a data signal to
the thin film transistor.

[0030] According to an exemplary embodiment, a method
of manufacturing a conductive pattern for a display device
includes the steps of: forming a conductive layer including
aluminum or an aluminum alloy; forming a capping layer on
the conductive layer; forming a photoresist pattern on the
capping layer; etching the capping layer and the conductive
layer under a first condition; and etching the capping layer
and the conductive layer under a second condition, in which
the first condition has a higher etching rate for the capping
layer and the conductive layer than the second condition,
and a lower consumption rate for the photoresist pattern than
the second condition.

[0031] A first etchant may be used for etching under the
first condition, a second etchant may be used for etching
under the second condition, and each of the first etchant and
the second etchant may include chlorine and boron chloride.
[0032] The amount of chlorine in the first etchant may be
greater than that in the second etchant, and the amount of
boron chloride in the first etchant may be less than that in the
second etchant.

[0033] Each of the first etchant and the second etchant
may further include nitrogen, and the amount of nitrogen in
the first etchant may be less than that in the second etchant.
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[0034] The step of forming the capping layer may further
include the steps of: forming a first layer including titanium
nitride on the conductive layer; and forming a second layer
including titanium on the first layer.

[0035] The step of forming the first layer and the forming
layer may be continuously performed in the same sputtering
apparatus.

[0036] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The accompanying drawings, which are included
to provide a further understanding of the inventive concept,
and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the inventive
concept, and, together with the description, serve to explain
principles of the inventive concept.

[0038] FIG. 1 is a cross-sectional view of an exemplary
embodiment of a conductive pattern constructed according
to the principles of the invention.

[0039] FIG. 2 is an enlarged view of area A of FIG. 1.
[0040] FIGS. 3, 4, 5, 6, 7, 8, 9, and 10 are partial
cross-sectional views of conductive patterns constructed
according to exemplary embodiments of the invention.
[0041] FIG. 10 is a cross-sectional view of a conductive
pattern according to an exemplary embodiment of the inven-
tion.

[0042] FIGS. 11, 12, 13, 14, and 15 are cross-sectional
views illustrating the steps of manufacturing a conductive
pattern according to an exemplary embodiment of the inven-
tion.

[0043] FIG. 16 is an equivalent circuit diagram of one
pixel of an organic light emitting display device according
to an exemplary embodiment of the invention.

[0044] FIG. 17 is a cross-sectional view of one pixel of an
organic light emitting display device according to an exem-
plary embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0045] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments or implementations of the invention. As used
herein “embodiments” and “implementations” are inter-
changeable words that are non-limiting examples of devices
or methods employing one or more of the inventive concepts
disclosed herein. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments. Further, various
exemplary embodiments may be different, but do not have
to be exclusive. For example, specific shapes, configura-
tions, and characteristics of an exemplary embodiment may
be used or implemented in another exemplary embodiment
without departing from the inventive concepts.

[0046] Unless otherwise specified, the illustrated exem-
plary embodiments are to be understood as providing exem-
plary features of varying detail of some ways in which the
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inventive concepts may be implemented in practice. There-
fore, unless otherwise specified, the features, components,
modules, layers, films, panels, regions, and/or aspects, etc.
(hereinafter individually or collectively referred to as “ele-
ments”), of the various embodiments may be otherwise
combined, separated, interchanged, and/or rearranged with-
out departing from the inventive concepts.

[0047] The use of cross-hatching and/or shading in the
accompanying drawings is generally provided to clarify
boundaries between adjacent elements. As such, neither the
presence nor the absence of cross-hatching or shading
conveys or indicates any preference or requirement for
particular materials, material properties, dimensions, pro-
portions, commonalties between illustrated elements, and/or
any other characteristic, attribute, property, etc., of the
elements, unless specified. Further, in the accompanying
drawings, the size and relative sizes of elements may be
exaggerated for clarity and/or descriptive purposes. When
an exemplary embodiment may be implemented differently,
a specific process order may be performed differently from
the described order. For example, two consecutively
described processes may be performed substantially at the
same time or performed in an order opposite to the described
order. Also, like reference numerals denote like elements.
[0048] When an element, such as a layer, is referred to as
being “on,” “connected to,” or “coupled to”” another element
or layer, it may be directly on, connected to, or coupled to
the other element or layer or intervening elements or layers
may be present. When, however, an element or layer 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. To this end, the term
“connected” may refer to physical, electrical, and/or fluid
connection, with or without intervening elements. Further,
the D1-axis, the D2-axis, and the D3-axis are not limited to
three axes of a rectangular coordinate system, such as the x,
y, and z—axes, and may be interpreted in a broader sense.
For example, the D1-axis, the D2-axis, and the D3-axis may
be perpendicular to one another, or may represent different
directions that are not perpendicular to one another. For the
purposes of this disclosure, “at least one of X, Y, and Z” and
“at least one selected from the group consisting of X, Y, and
7Z” may be construed as X only, Y only, Z only, or any
combination of two or more of X, Y, and Z, such as, for
instance, XYZ, XYY, YZ, and ZZ. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items.

[0049] Although the terms “first,” “second,” etc. may be
used herein to describe various types of elements, these
elements should not be limited by these terms. These terms
are used to distinguish one element from another element.
Thus, a first element discussed below could be termed a
second element without departing from the teachings of the
disclosure.

[0050] Spatially relative terms, such as “beneath,”
“below,” “under,” “lower,” “above,” “upper,” “over,”
“higher,” “side” (e.g., as in “sidewall”), and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one elements relationship to another element(s) as
illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the
orientation depicted in the drawings. For example, if the
apparatus in the drawings is turned over, elements described

May 30, 2019

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. Furthermore, the apparatus
may be otherwise oriented (e.g., rotated 90 degrees or at
other orientations), and, as such, the spatially relative
descriptors used herein interpreted accordingly.

[0051] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. 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. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. It is also noted that, as used herein, the terms
“substantially,” “about,” and other similar terms, are used as
terms of approximation and not as terms of degree, and, as
such, are utilized to account for inherent deviations in
measured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

[0052] Various exemplary embodiments are described
herein with reference to sectional and/or exploded illustra-
tions that are schematic illustrations of idealized exemplary
embodiments and/or intermediate structures. As such, varia-
tions from the shapes of the illustrations as a result, for
example, of manufacturing techniques and/or tolerances, are
to be expected. Thus, exemplary embodiments disclosed
herein should not necessarily be construed as limited to the
particular illustrated shapes of regions, but are to include
deviations in shapes that result from, for instance, manufac-
turing. In this manner, regions illustrated in the drawings
may be schematic in nature and the shapes of these regions
may not reflect actual shapes of regions of a device and, as
such, are not necessarily intended to be limiting.

[0053] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and should not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0054] FIG. 1 is a cross-sectional view of an exemplary
embodiment of a conductive pattern constructed according
to the principles of the invention.

[0055] Referring to FIG. 1, a conductive pattern 100 may
be disposed on a base member 200. The base member 200
provides a space on which the conductive pattern 100 is
disposed, and may include various materials. For example,
the base member 200 may be an insulating substrate made
of an inorganic material, such as glass or quartz, or an
insulating substrate made of an organic material, such as
polyimide. As another example, the base member 200 may
be an inorganic insulating film, such as a silicon oxide film,
a silicon nitride film, or a silicon oxynitride film, or may be
an organic insulating film. As another example, the base
member 200 may be a layer (or a film) made of a semicon-
ductor material, such as polysilicon or an oxide semicon-
ductor, or a conductive material, such as metal.



US 2019/0165083 Al

[0056] The conductive pattern 100 may have conductivity,
as a whole, and may have a specific planar shape. The
conductive pattern 100 may be used in various electronic
devices. For example, the conductive pattern 100 may be
used as an electrode, a floating electrode, or the like, as well
as a wiring for transmitting an electrical signal. The con-
ductive pattern 100 may be used as a gate wiring, a data
wiring, or a signal connecting wiring of a thin film transistor,
and may also be used as a gate electrode, a source electrode,
and a drain electrode. Further, the conductive pattern 100
may be applied to a power supply voltage line, anode
electrode, cathode electrode, auxiliary electrode, or holding
capacitor electrode of an organic light emitting display
device, and may also be applied to a pixel electrode,
common electrode, holding capacitor wiring, or holding
capacitor electrode of a liquid crystal display device. More-
over, the conductive pattern 100 may be used as a light
blocking pattern or a reflective pattern.

[0057] The conductive pattern 100 includes a main con-
ductive layer 110 and a capping layer 120 disposed on the
main conductive layer 110.

[0058] The main conductive layer 110 may be a layer
providing conductivity to the conductive pattern 100. The
main conductive layer 110 may include a low-resistance
material. For example, the main conductive layer 110 may
include aluminum (Al) or an aluminum alloy, which
includes aluminum and an additive material. The additive
material may include at least one of nickel (Ni), lanthanum
(La), neodymium (Nd), and germanium (Ge). The additive
material may be about 2 at % or less, or 1 at % or less, of
total amount of the aluminum alloy, but the inventive
concepts are not limited thereto.

[0059] Since aluminum is a relatively low-resistance
material having a surface resistance of about 0.15Q/[]
(based on thickness of 3 kA), which is lower than that of
molybdenum (Mo) as it has a surface resistance of about
0.55Q/[] (based on thickness of 2.5 kA), a conductive layer
including aluminum or an aluminum alloy may have a
sufficient level of conductivity even when the conductive
layer is formed thinly with a small thickness.

[0060] The thickness t1 of the main conductive layer 110
may be, for example, in a range of about 1000 A to about
3000 A, or about 1500 A to about 2000 A. However, the
inventive concepts are not limited thereto.

[0061] The main conductive layer 110 may be a single-
layer film or a multilayer film. When the main conductive
layer 110 is a multilayer film, at least one of the layers of the
multilayer film may include aluminum or an aluminum
alloy.

[0062] The capping layer 120 is disposed on the top
surface of the main conductive layer 110. The capping layer
120 covers the top surface of the main conductive layer 110
to protect the main conductive layer 110. As described
above, the main conductive layer 110 may include alumi-
num, which is vulnerable to forming a hillock or the like.
More particularly, when a wiring is formed by disposing a
layer on an aluminum single layer, one or more hillocks may
be generated on the surface of an aluminum wiring during a
high temperature (for example, 400° C. to 580° C.) anneal-
ing process. Further, when an insulating film is formed on an
aluminum wiring and a contact hole exposing the aluminum
wiring is formed in the insulating film, the surface of the
aluminum wiring may be exposed to an etching material or
plasma for forming the contact hole. In this case, the surface
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of the aluminum wiring may be damaged or the resistance
thereof may be increased. As such, the capping layer 120
constructed according to the principles of the invention may
prevent or mitigate defects on the surface of the main
conductive layer 110 and/or prevent increase in the resis-
tance of the main conductive layer 110, thereby increasing
the reliability of the conductive pattern 100.

[0063] The capping layer 120 may have a multilayer
structure, in which layers of different materials are lami-
nated. Specifically, the capping layer 120 may include a
plurality of laminated layers. As used herein, the layer(s)
forming the capping layer 120 will be referred to as a
capping component layer in order to distinguish it from the
capping layer 120. The neighboring capping component
layers may include different materials from each other. The
capping layer 120 includes two or more capping component
layers. FIG. 1 illustrates a capping layer 120 having four
capping component layers 121 to 124, however, the inven-
tive concepts are not limited thereto, and the capping layer
120 my include four or more capping component layers.
[0064] Each of the capping component layers 121 to 124
forming the multilayer structure of the capping layer 120
may include a conductive material. Each of the capping
component layers 121 to 124 may include, for example,
titanium (T1), titanium nitride (TiN), tantalum (Ta), or the
like. For example, the capping layer 120 may have a
structure in which a titanium nitride layer and a titanium
layer are alternately laminated. Although the titanium nitride
layer and the titanium layer are heterogeneous material
layers having different physical properties, since both of
these layers include titanium, a film may be formed by a
continuous process, which will be described in more detail
later.

[0065] As another example, the capping layer 120 may
have a structure in which a tantalum layer and a titanium
layer are alternately stacked. The overall electrical conduc-
tivity of the capping layer 120 may be less than the electrical
conductivity of the main conductive layer 110.

[0066] The capping layer 120 may have a sufficient thick-
ness to effectively protect the main conductive layer 110.
More particularly, the thickness t2 of the entire capping layer
120 may be at least about 400 A to protect the main
conductive layer 110. When a contact hole is formed on a
layer disposed on the conductive pattern 100 for electrical
connection, an etching material for etching an insulation
layer may also remove the capping layer 120, which may
expose the surface of the main conductive layer 110 to the
etching material or plasma. Furthermore, layers may be
generally over-etched to completely expose the conductive
pattern 100 through the contact hole. As such, the thickness
12 of the entire capping layer 120 may be at least about 800
A to prevent the capping layer 120 from being completely
removed from over-etching and stably protect the surface of
the main conductive layer 110.

[0067] The thickness t2 of the capping layer 120 may be
less than the thickness t1 of the main conductive layer 110.
According to an exemplary embodiment, the thickness t2 of
the capping layer 120 may be less than or equal to about half
the thickness t1 of the main conductive layer 110.

[0068] The taper angle 0, of the conductive pattern 100,
which is the angle of inclination of the side surface (side
wall) of the conductive pattern 100 relative to the top surface
of the base member 200, may be about 70° or less, and
preferably about 60° or less. As the taper angle 6, of the
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conductive pattern 100 decreases, it is possible to prevent an
insulating material from not being charged (or filled) in the
vicinity of the side surface of the conductive pattern 100,
and to prevent the quality of a film disposed on the conduc-
tive pattern 100 from being non-uniform. In order to form a
more uniform film on the conductive pattern 100, the taper
angle 0, of the capping layer 120 relative to the top surface
of'the main conductive layer 110 on which it is disposed may
be less than the taper angle 0, of the main conductive layer
110. The taper angle 6, of the capping layer 120 may be
about 50° or less, or about 45° or less. For example, the taper
angle 0, of the main conductive layer 110 may be about
57.3°, while the taper angle 0, of the capping layer 120 may
be about 21.4°. As the side surface of the first conductive
pattern 100 has taper angles 6, and 0, the average line width
of the capping layer 120 disposed on the main conductive
layer 110 may be less than the average line width of the main
conductive layer 110.

[0069] FIG. 2 is an enlarged view of area A in FIG. 1.
According to an exemplary embodiment, the main conduc-
tive layer 110 illustrated in FIG. 2 includes an aluminum
alloy and the capping layer 120 has a four-layer structure, in
which titanium nitride layers and titanium layer are alter-
nately laminated.

[0070] Referring to FIG. 2, the capping layer 120 may
include a first capping component layer 121, a second
capping component layer 122, a third capping component
layer 123, and a fourth capping component layer 124, which
are sequentially laminated. The first capping component
layer 121 may be disposed directly on the main conductive
layer 110. The bottom surface of the first capping component
layer 121 is in contact with the top surface of the main
conductive layer 110. The bottom surface of the first capping
component layer 121 and the top surface of the main
conductive layer 110 may be aligned without protruding
from each other. For example, side surfaces of the first
capping component layer 121 and the main conductive layer
110 may be formed substantially along an imaginary line.
[0071] When each of the capping component layers 121 to
124 includes one of titanium nitride and titanium, the first
capping component layer 121 directly in contact with the
main conductive layer 110 may include a titanium nitride
layer.

[0072] More particularly, when the first capping compo-
nent layer 121 is made of titanium, the aluminum component
of the main conductive layer 110 may directly contact the
titanium component of the first capping component layer
121, which may cause diffusion of the metal components at
the interface therebetween during a subsequent annealing
process. In this manner, an aluminum-titanium alloy may be
formed at the interface, which may adversely increase the
resistance of the conductive pattern 100.

[0073] In addition, titanium can be easily corroded by 0.9
wt % of hydrofluoric acid (HF) or the like used as a cleaning
liquid in a cleaning process, such as buffer oxide etching
(BOE), thereby inducing undercuts on the main conductive
layer 110 and deteriorate the quality of the film. Further,
when the surface of the main conductive layer 110 is
exposed to the hydrofiuoric acid (HF) by the corrosion of
titanium, the aluminum component of the main conductive
layer 110 may react with hydrofluoric acid and cause surface
damage.

[0074] Accordingly, the first capping component layer 121
according to an exemplary embodiment is made of titanium
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nitride, thereby preventing or mitigating the diffusion of the
metal components at the interface with the main conductive
layer 110 as compared to when the first capping component
layer 121 is made of titanium. Further, since titanium nitride
does not easily react with fluoric acid or the like compared
to titanium, the surface of the main conductive layer 110
may be protected during a cleaning process that uses BOE
as a cleaning liquid.

[0075] The thickness 121 of the first capping component
layer 121 may be at least about 150 A. When the thickness
121 of the first capping component layer 121 is at least about
150 A, diffusion of the aluminum component in the main
conductive layer 110 may be effectively suppressed.
[0076] Meanwhile, when the thickness t21 of the first
capping component layer 121 is too large, process efficiency
may be deteriorated. For example, the first capping compo-
nent layer 121 made of titanium nitride may be formed by
reactive sputtering using titanium as a target and nitrogen as
a sputtering gas. However, if the titanium nitride layer were
formed excessively thick, reactive sputtering would be con-
tinued for a long time, which may form redeposited particles
on the inner wall of the titanium target or the sputtering
chamber. Further, when a plurality of conductive patterns
100 are formed through a sputtering apparatus, redeposited
particles may be accumulated, which may function as a
contamination source. Although a part of the contamination
source from the redeposited particles may be removed
through a dummy conductive pattern forming process, such
process would be an additional process that lowers process
efficiency. Therefore, it is not preferable to form a thick
single titanium nitride layer. As such, the thickness 121 of the
first capping component layer 121 may be about 400 A or
less. Accordingly, the thickness of the first capping compo-
Igent layer 121 may be in a range of about 150 A to about 400

[0077] The atomic ratio (the number of nitrogen atoms/the
number of titanium atoms) of nitrogen (N) and titanium (Ti)
in the first capping component layer 121 may be about 0.9
to about 1.2. When the atomic ratio of nitrogen (N) to
titanium (T1) is greater than about 0.9, the formation of an
aluminum-titanium alloy can be effectively prevented. In an
exemplary embodiment, the first capping component layer
121 may be made of titanium nitride (N rich TiN_ ) having a
larger number of nitrogen atoms than titanium atoms (e.g.,
the atomic ratio of nitrogen to titanium is 1 or more). When
the atomic ratio of nitrogen (N) to titanium (T1) is about 1.2
or less, an excessive increase in resistance may be prevented
and the formation of redeposited particles may be sup-
pressed as described above.

[0078] The ratio of nitrogen atoms in the first capping
component layer 121 may be substantially uniform regard-
less of their position in the first capping component layer
121, but the inventive concepts are not limited thereto. The
degree of distribution of nitrogen atoms may be changed
depending on the position in the thickness direction of the
first capping component layer 121.

[0079] The second capping component layer 122 is dis-
posed directly on the first capping component layer 121. The
bottom surface of the second capping component layer 122
is in contact with the top surface of the first capping
component layer 121 to form an interface. The bottom
surface of the second capping component layer 122 and the
top surface of the first capping component layer 121 may be
aligned without protruding from each other. As described
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above, when the first capping component layer 121 is a
titanium nitride layer, the second capping component layer
122 may be a titanium layer, which is a heterogeneous
material layer. As used herein, the titanium layer may refer
to a layer including titanium as a main component, which
may include an insignificant amount of nitrogen. Even when
an extremely small amount of nitrogen is included in the
titanium layer, or nitrogen is partially added as impurities,
such that the atomic ratio of nitrogen (N) to titanium (T1) is
about 0.02 or less, or about 0.01 or less, the effect of nitrogen
on the physical properties of the corresponding layer may
not be substantial.

[0080] The second capping component layer 122 may be
formed by sputtering using titanium as a target. The sput-
tering gas used to form the second capping component layer
122 may be an inert gas, such as argon or helium.

[0081] The second capping component layer 122 may be
formed by a continuous sputtering process subsequent to the
formation of the first capping component layer 121. For
example, in one sputtering apparatus including a titanium
target, sputtering may be first performed while supplying
nitrogen as a sputtering gas to form the first capping com-
ponent layer 121 made of titanium nitride, and then, in the
same sputtering apparatus, the sputtering gas may be
changed to an inert gas and sputtering may continued to
form the second capping component layer 122 made of
titanium. As described above, since redeposited particles,
which are partially formed while forming the first capping
component layer 121, can be removed at least partially
through a subsequent process of forming the second capping
component layer 122, and thus, the accumulation of rede-
posited particles in the sputtering apparatus can be pre-
vented.

[0082] The thickness t22 of the second capping compo-
nent layer 122 may be in a range of about 50 A to about 200
A. When the thickness t22 of the second capping component
layer 122 is less than about 50 A, it may be difficult to
control film uniformity, and the effect of removing redepos-
ited particles may be insignificant. As such, the thickness t22
of the second capping component layer 122 may be at least
about 100 A to improve film uniformity and process effi-
ciency.

[0083] As described above, the titanium layer of the
second capping component layer 122 is vulnerable to hydro-
fluoric acid. Therefore, when the thickness 122 of the second
capping component layer 122 is too large, undercuts may be
caused, which may deteriorate the quality of the film
formed. In addition, titanium can be more easily oxidized as
titanium oxide than titanium nitride in the manufacturing
process. Therefore, as the thickness of the titanium layer
increases, the degree of oxidation of titanium and the content
of titanium oxide may be increased, which may increase the
resistance of the second capping component layer 122. As
such, the thickness of the second capping component layer
122 may be adjusted within a range of about 200 A or less.
[0084] The third capping component layer 123 is disposed
directly on the second capping component layer 122. The
bottom surface of the third capping component layer 123 is
in contact with the top surface of the second capping
component layer 122. The bottom surface of the third
capping component layer 123 and the top surface of the
second capping component layer 122 may be aligned with-
out protruding from each other. The third capping compo-
nent layer 123, similarly to the first capping component layer
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121, includes titanium nitride. The third capping component
layer 123 covers the second capping component layer 122 to
prevent the second capping component layer 122 from being
excessively etched by hydrofluoric acid or the like.

[0085] The third capping component layer 123 may be
formed by a continuous sputtering process. That is, after the
formation of the second capping component layer 122 in the
sputtering apparatus, the sputtering gas may be changed
from an inert gas to a nitrogen gas, and reactive sputtering
may be performed to form the third capping component
layer 123.

[0086] Since the third capping component layer 123 is not
in direct contact with the main conductive layer 110, unlike
the first capping component layer 121, the third capping
component layer 123 may have a thickness less than or equal
to the thickness of the first capping component layer 121.
The thickness 123 of the third capping component layer 123,
similarly to thickness of the second capping component
layer 122, may be adjusted to be in a range of about 50 A
to about 200 A, or about 100 A to about 200 A. When the
thickness t23 of the third capping component layer 123 is at
least about 50 A or about 100 A, the film uniformity may be
improved. When the thickness t23 of the third capping
component layer 123 is set to about 200 A or less, the
accumulation of redeposited particles in the sputtering appa-
ratus can be effectively prevented.

[0087] The atomic ratio of nitrogen to titanium in the third
capping component layer 123 may be substantially the same
as that in the first capping component layer 121. However,
unlike the first capping component layer 121, the content of
nitrogen in the third capping component layer 123 may be
lower than that in the first capping component layer 121 as
diffusion of the aluminum component is less likely to occur
in the third capping component layer 123.

[0088] The fourth capping component layer 124 is dis-
posed directly on the third capping component layer 123.
The bottom surface of the fourth capping component layer
124 is in contact with the top surface of the third capping
component layer 123. The bottom surface of the fourth
capping component layer 124 and the top surface of the third
capping component layer 123 may be aligned without pro-
truding from each other. The fourth capping component
layer 124, similarly to the second capping component layer
122, includes titanium, and the thickness thereof may be in
a range of about 50 A to about 200 A, or about 100 A to
about 200 A.

[0089] The fourth capping component layer 124 may be
formed by a continuous sputtering process. That is, after the
formation of the third capping component layer 123 in the
sputtering apparatus, the sputtering gas may be changed
from a nitrogen gas to an inert gas, and reactive sputtering
may be performed to form the fourth capping component
layer 124.

[0090] In some exemplary embodiments, the thicknesses
121 to t24 of all of the capping component layers 121-124
may be substantially the same. For example, the total
thickness 2 of the capping layer 120 may be about 800 A,
and the first capping component layer 121, the second
capping component layer 122, the third capping component
layer 123, and the fourth capping component layer 124 may
all have substantially the same thickness of about 200 A. In
another exemplary embodiment, the thickness t21 of the first
capping component layer 121 may be greater than each of
the thicknesses 122 to 124 of the other capping component
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layers 122 to 124. The thicknesses 122 to 124 of the remain-
ing capping component layers 122 to 124 other than the first
capping component layer 121 may be substantially the same,
but the inventive concepts are not limited thereto.

[0091] The taper angles 6, of all of the capping component
layers 121 to 124 may be substantially the same. Among the
capping component layers, the first capping component
layer 121 may have the widest average line width, and the
second capping component layer 122, the third capping
component layer 123, and the fourth capping component
layer 124 may have successively reduced average line
widths. According to an exemplary embodiment, side sur-
faces of the capping component layers 121 to 124 may all be
on substantially the same plane.

[0092] The conductive pattern 100 constructed according
to the principles of the invention may effectively prevent the
damage of the main conductive layer 110 from a cleaning
process or an etching process while forming the main
conductive layer 110 with a low-resistance material, such as
aluminum or an aluminum alloy. Since the taper angle 6, of
the capping layer 120 is relatively small, it is possible to
prevent the insulating material from not being charged (or
filled) in the vicinity of the side surface of the conductive
pattern 100, or prevent a film disposed on the conductive
pattern 100 from being non-uniform.

[0093] According to an exemplary embodiment, tantalum
may be alternately laminated with titanium, instead of
titanium nitride. In this case, similarly to titanium nitride,
diffusion of aluminum into tantalum may be suppressed
compared to diffusion of aluminum into titanium, and tan-
talum does not easily react with hydrofluoric acid compared
to titanium. Therefore, with reference to FIG. 2, tantalum
may be disposed in layers indicated with titanium nitride
(TiN). That is, in FIG. 2, the first capping component layer
121 and the third capping component layer 123 may be made
of tantalum, and the second capping component layer 122
and the fourth capping component layer 124 may be made
of titanium.

[0094] Hereinafter, a conductive pattern according to
another exemplary embodiments will be described.

[0095] FIG. 3 is a cross-sectional view of a conductive
pattern according to another exemplary embodiment.
[0096] Referring to FIG. 3, a capping layer 120_1 of a
conductive pattern 100_1 includes eight capping component
layers. More particularly, the capping layer 120_1 includes
a first capping component layer 121, a second capping
component layer 122, a third capping component layer 123,
a fourth capping component layer 124, a fifth capping
component layer 125, a sixth capping component layer 126,
a seventh capping component layer 127, and an eighth
capping component layer 128, which are sequentially lami-
nated. The first capping component layer 121, the third
capping component layer 123, the fifth capping component
layer 125, and the seventh capping component layer 127
may be made of titanium nitride, and the second capping
component layer 122, the fourth capping component layer
124, the sixth capping component layer 126, and the eighth
capping component layer 128 may be made of titanium. The
first to eighth capping component layer 121 to 128 may be
sequentially formed by a continuous sputtering process.
[0097] In an exemplary embodiment, the thickness t2 of
the entire capping layer 120_1 may be about 800 A, and the
thicknesses 121 to t28 of the first to eighth capping compo-
nent layers may have substantially the same thickness of
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about 100 A. When the first capping component layer 121
has a thickness of about 100 A, some of an aluminum
component from the main conductive layer 110 may be
diffused into the first capping component layer 121. How-
ever, since the third capping component layer 123 is also
made of titanium nitride, further diffusion of aluminum may
be suppressed. When each of the thicknesses t21 to t28 of the
capping component layers 121 to 128 is about 100 A,
uniform film quality can be obtained, undercuts and oxida-
tion of the titanium layer can be prevented, and contamina-
tion from redeposited particles can be reduced.

[0098] According to an exemplary embodiment, in order
to sufficiently prevent the diffusion of an aluminum com-
ponent, the thickness 121 of the first capping component
layer 121 may be in a range of about 150 A to about 400 A,
and each of the thicknesses 122 to t28 of the remaining
second to eighth capping component layers 122 to 128 may
be about 100 A.

[0099] FIG. 4 is a cross-sectional view of a conductive
pattern according to still another exemplary embodiment.

[0100] Referring to FIG. 4, a conductive pattern 100_2 is
different from the conductive pattern 100 of FIG. 2 in that
a fifth capping component layer 125 is further disposed on
the fourth capping component layer 124.

[0101] The fifth capping component layer 125 is disposed
directly on the fourth capping component layer 124. The
bottom surface of the fifth capping component layer 125 is
in contact with the top surface of the fourth capping com-
ponent layer 124. The bottom surface of the fifth capping
component layer 125 and the top surface of the fourth
capping component layer 124 may be aligned without pro-
truding from each other.

[0102] The fifth capping component layer 125, similarly to
the third capping component layer 123, includes titanium
nitride. The fifth capping component layer 125 forming the
uppermost layer of the capping layer 120_2 may be made of
titanium nitride, so that the oxidation of the surface of the
capping layer 120_2 can be prevented. Since the fourth
capping component layer 124 made of titanium is covered
and protected by the fifth capping component layer 125, the
oxidation of titanium in the fourth capping component layer
124 can also be prevented. In addition, since the fifth
capping component layer 125 made of titanium nitride is
more resistant to hydrofluoric acid or an insulating film
etching material compared to the fourth capping component
layer 124, the fifth capping component layer 125 may
prevent damage to the layers thereunder.

[0103] In this case, since the primary role of the fifth
capping component layer 125 is to prevent surface oxida-
tion, the fifth capping component layer 125 may have a
thickness different from those of other capping component
layer 121 to 124. In particular, the fifth capping component
layer 125 may have a thickness sufficient to coat the fourth
capping component layer 124. As such, the fifth capping
component layer 125 may have a thickness 125 less than that
of each of the first to fourth capping component layers 121
to 124, although not limited thereto. For example, each of
the first to fourth capping component layers 121 to 124 may
have a thickness of about 200 A, whereas the fifth capping
component layer 125 may be formed to have a thickness of
about 50 A.

[0104] FIG. 5 is a cross-sectional view of a conductive
pattern according to still another exemplary embodiment.
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[0105] Referring to FIG. 5, a conductive pattern 100_4 is
different from the conductive pattern 100 of FIG. 2 in that
a capping layer 120_4 includes capping component layers
having different taper angles 6 from each other.

[0106] In particular, the taper angles 0,, to 6,, of the
conductive pattern 100_4 may be formed successively
smaller toward the upper layer. That is, the taper angle 0,,
of a first capping component layer 121_4 may be smaller
than the taper angle 0, of the main conductive layer 110, the
taper angle 6,, of a second capping component layer 122_4
may be smaller than the taper angle 0,, of the first capping
component layer 121_4, the taper angle 6,; of a third
capping component layer 123_4 may be smaller than the
taper angle 0,, of the second capping component layer
122_4, and the taper angle 0,, of a fourth capping compo-
nent layer 124_4 may be smaller than the taper angle 0,; of
the third capping component layer 123_4. In this manner,
when the taper angles 0,, to 6,, of the capping component
layers 121_4, 122_4, 123_4, and 124_4 gradually decrease
toward the upper layer, an insulating material may even
more be filled in the side surface of the conductive pattern
100_4, when an insulating film or the like is formed on the
conductive pattern 100_4, which may improve the film
quality of the insulating film or the like can be further
improved.

[0107] FIG. 6 is a cross-sectional view of a conductive
pattern according to still another exemplary embodiment.
[0108] Referring to FIG. 6, a conductive pattern 100_5 is
different from the conductive pattern 100_4 of FIG. 5 in that
the side surfaces of the capping component layers 121_5,
122 5, 123_5, and 124_5 of the capping layer 120_5 are
curved, whereas the side surfaces of the capping component
layers 121_4,122_4, 123_4, and 124_4 of the capping layer
120-4 are flat.

[0109] The taper angle of a capping component layer
having a curved side surface may be expressed by an
inclination angle of a tangential plane (e.g., tangential line
on cross-sectional view) at the side surface. When the
inclination angle of the tangential plane at the bottom point
of'the side surface is defined as the taper angle of the capping
component layer, the taper angle 0,; of the first capping
component layer 121_5 may be smaller than the taper angle
0, of the main conductive layer 110, the taper angle 0,, of
the second capping component layer 122_5 may be smaller
than the taper angle 0,, of the first capping component layer
121_5, the taper angle 0, of the third capping component
layer 123_5 may be smaller than the taper angle 0,, of the
second capping component layer 122_5, and the taper angle
0,, of the fourth capping component layer 124_5 may be
smaller than the taper angle 0,; of the third capping com-
ponent layer 123_5. In this manner, when the taper angles
0,, to 0,, of the capping component layers 121_5, 122_5,
123_5, and 124_5 gradually decreases toward the upper
layer, an insulating material may even more be filled in the
side surface of the conductive pattern 100_5 when an
insulating film or the like is formed on the conductive
pattern 100_5, which may improve the film quality of the
insulating film or the like.

[0110] FIGS. 7 to 9 are cross-sectional views of conduc-
tive patterns according to other exemplary embodiments.
FIGS. 7 to 9 illustrate that a conductive pattern is not
completely aligned (not substantially flush) at interfaces
between the layers, and may at least partially protrude
depending on manufacturing process conditions.
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[0111] In particular, referring to FIG. 7, side surfaces of
first to fourth capping component layers 121_6, 122_6,
123_6, and 124_6 forming a capping layer 120_6 of a
conductive pattern 100_6 are all formed on the same plane,
and are aligned at each interface without protruding from
each other. However, a tip protruding outwardly from the top
surface of the main conductive layer 110 is formed between
the main conductive layer 110 and the first capping com-
ponent layer 121_6.

[0112] Referring to FIG. 8, in addition to a first capping
component layer 121_7 of a capping layer 120_7 of a
conductive pattern 100_7, each of a second capping com-
ponent layer 122_7, a third capping component layer 123_7,
and a fourth capping component layer 124_7 also includes
a tip protruding outward from the top surface of a layer
thereunder.

[0113] Referring to FIG. 9, the side surface of a second
capping component layer 122_8 of a capping layer 120_8 of
a conductive pattern 100_8 includes an undercut, such that
the side surface of the second capping component layer
122_8 is disposed inwardly with respect to the side surface
of a third capping component layer 123_8 disposed thereon.
The side surface of the second capping component layer
122_8 is also disposed inwardly with respect to the side
surface of a first capping component layer 121_8 disposed
beneath the second capping component layer 122_8. Fur-
ther, the side surface of a fourth capping component layer
124_8 is disposed inwardly with respect to the side surface
of the third capping component 123_8 disposed beneath the
fourth capping component layer 124_8.

[0114] The shapes illustrated in FIGS. 7 to 9 may occur
during an etching process for forming a conductive pattern
or a subsequent process, when layers including different
materials are etched by an etching material or a cleaning
solution, or corroded at different rates. Although such tips
and undercuts may adversely affect the quality of a film
formed thereon, the tips and undercuts may function as
keeping the overall taper angle small, and form the taper
angle of the capping layer to be smaller than the taper angle
of the main conductive layer, thereby minimizing defects
during film formation.

[0115] FIG. 10 is a cross-sectional view of a conductive
pattern according to still another exemplary embodiment.
[0116] Referring to FIG. 10, a conductive pattern 100_9 is
different from the conductive pattern 100 of FIG. 2 in that
the conductive pattern 100_9 further includes a barrier layer
130 in addition to the main conductive layer 110 and the
capping layer 120.

[0117] The barrier layer 130 is disposed on the bottom
surface of the main conductive layer 110. As such, the
conductive pattern 100_9 includes the barrier layer 130, the
main conductive layer 110, and the capping layer 120
laminated on each other. The barrier layer 130 may prevent
the components of the main conductive layer 110 from being
diffused into the base member 200, or prevent an organic
material, an inorganic material, moisture, oxygen or the like
from permeating into the main conductive layer 110 through
the base member 200.

[0118] The barrier layer 130 may include titanium, tita-
nium nitride, tantalum, or the like. The barrier layer 130 may
have a structure in which heterogeneous materials are alter-
nately laminated. For example, the barrier layer 130 may
have a first barrier component layer including titanium
nitride contacting the bottom surface of the main conductive
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layer 110, a second barrier component layer including tita-
nium disposed beneath the first barrier component layer.
[0119] The taper angle of the barrier layer 130 may be
smaller than the taper angle of the main conductive layer
110, and substantially equal to the taper angle of the capping
layer 120. However, the inventive concepts are not limited
thereto.

[0120] Hereinafter, a method of manufacturing a conduc-
tive pattern according to the principles of the invention will
be described.

[0121] FIGS. 11 to 15 are cross-sectional views illustrat-
ing the steps of manufacturing a conductive pattern accord-
ing to an exemplary embodiment.

[0122] Referring to FIG. 11, a main conductive material
layer 110a including aluminum or an aluminum alloy is
formed on a base member 200. The main conductive mate-
rial layer 110a may be formed by performing a sputtering
process in a first sputtering apparatus including an aluminum
target.

[0123] Referring to FIG. 12, a capping material layer
including first to fourth capping component material layers
121a to 124a is formed on the main conductive material
layer 110qa. The first to fourth capping component material
layers 121a to 124a may be formed by a continuous sput-
tering process.

[0124] More particularly, the base member 200 provided
with the main conductive material layer 1104 is placed in a
second sputtering apparatus including a titanium target.
Then, reactive sputtering is performed using nitrogen gas as
sputtering gas to form a first capping component material
layer 121a including titanium nitride.

[0125] Subsequently, in the second sputtering apparatus,
sputtering gas is replaced by argon gas from nitrogen gas,
and sputtering continuously proceeds to form the second
capping component material layer 122¢ including titanium.
[0126] Subsequently, in the second sputtering apparatus,
argon gas is again replaced by nitrogen gas as sputtering gas,
and reactive sputtering continuously proceeds to form a third
capping component material layer 123¢ including titanium
nitride.

[0127] Subsequently, in the second sputtering apparatus,
nitrogen gas is again replaced by argon gas as sputtering gas,
and sputtering continuously proceeds to form a fourth cap-
ping component material layer 124a including titanium.
[0128] Referring to FIG. 13, a photoresist pattern 250 is
formed on the fourth capping component material layer
124a. Subsequently, an etching process of etching the cap-
ping component material layers 121a to 1244 and the main
conductive material layer 110a is performed using the
photoresist pattern 250 as an etching mask. The etching
process may be performed by dry etching. The etching
process can be divided into a primary etching process and a
secondary etching process which have different in etching
conditions.

[0129] FIG. 14 shows a primary etching process, and FIG.
15 shows a secondary etching process according to exem-
plary embodiments.

[0130] Referring to FIGS. 13 and 14, the primary etching
process is performed under a first etching condition. The first
etching condition may have a higher etching rate for the
capping component material layers 121a to 124a and the
main conductive material layer 110a than that used in the
secondary etching process, and may have lower consump-
tion rate for the photoresist pattern 250 than that used in the
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secondary etching process. During the primary etching pro-
cess, the photoresist pattern 250 substantially keeps the
original shape, whereas the fourth capping component mate-
rial layer 124aq, the third capping component material layer
123a, the second capping component material layer 122aq,
the first capping component material layer 121a, and the
main conductive material layer 110a are etched by using the
photoresist pattern 250 as an etching mask. The taper angle
a of the etched capping material layers 1215 to 1245 and the
main conductive material layer 1105 may be relatively large.
For example, the taper angle o may be greater than about
70°, but the inventive concepts are not limited thereto. When
the primary etching is completed, the taper angle c of the
capping component material layers 1215 to 1245 and the
main conductive material layer 1105 may be substantially
the same.

[0131] Referring to FIGS. 14 and 15, the secondary etch-
ing process is performed after the primary etching process.
The secondary etching process is performed under a second
etching condition, in which the etching rate for the capping
component material layer 121a to 124a and the main con-
ductive material layer 110q is relatively lower than that in
the primary etching process, and the consumption rate for
the photoresist pattern 250 is higher than that in the primary
etching process. During the secondary etching, the photo-
resist pattern 251 decreases in size according to the second
etching condition. As such, the capping component material
layers 1215 to 1245 covering the periphery of the photoresist
pattern 251 are sequentially exposed. The exposed capping
component material layers 1215 to 1245 and the main
conductive material layer 1105 may be further etched by an
etching material to reduce the taper angle. The taper angles
0, and 6, of the capping layer 120 and the main conductive
layer 110 formed through this step may be about 70° or less,
and further, about 60° or less.

[0132] Meanwhile, the capping component material layers
1215 to 1245 are actively etched as the surfaces thereof are
exposed to an etching material since the photoresist pattern
251 becomes smaller, whereas the main conductive material
layer 1105 disposed under the capping component material
layers 1215 to 124b is relatively slowly etched because the
capping component material layers 1215 to 1245 can func-
tion as a hard mask. Therefore, the taper angle of the capping
component material layers 1216 to 1245 may become
smaller than the taper angle of the main conductive material
layer 1105 disposed thereunder. In this manner, the taper
angle 0, of the capping component material layers 1215 to
1245 may become smaller than the taper angle 6, of the main
conductive material layer 11054. Subsequently, the remaining
photoresist pattern 251 may be removed by an ashing or
stripping process, thereby forming the conductive pattern
100 shown in FIG. 2.

[0133] Although FIG. 15 illustrates that the taper angles 0,
of the first to fourth capping component layers 121 to 124
are substantially the same as each other as those shown in
FIG. 2, the first to fourth capping component layers 121 to
124 may be formed to have decreasing taper angles 0, as
shown in FIG. 5 or FIG. 6, according to the different etching
conditions.

[0134] The above-described primary etching process and
secondary etching process may be performed using an
etching composition including the same material but having
different material contents.
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[0135] For example, the etching composition may include
chlorine (Cl,), boron chloride (BCl;), and nitrogen (N,). In
order to satisfy the first etching condition and the second
etching condition as described above, the etching composi-
tion (or etchant) having a higher chlorine content than the
boron chloride content may be used in the primary etching
process. In the secondary etching process, the etching com-
position (or etchant) may have lower chlorine content and
higher boron chloride content that that of the primary
etching process. Moreover, in the secondary etching process,
the content of boron chloride may be higher than the content
of chlorine. In the secondary etching process, the content of
nitrogen increases compared to that in the primary etching
process.

[0136] Hereinafter, an organic light emitting display
device will be described as an exemplary application includ-
ing a conductive pattern according to an exemplary embodi-
ment.

[0137] FIG. 16 is an equivalent circuit diagram of one
pixel of an organic light emitting display according to an
exemplary embodiment. Referring to FIG. 16, the circuit of
one pixel of an organic light emitting display according to an
exemplary embodiment may include an organic light emit-
ting diode OLED, a plurality of transistors T1 to T7, and a
storage capacitor Cst. In the circuit of one pixel, a first scan
signal SL.1j, a second scan signal SL2j, a third scan signal
SL3j, a light emission control signal EM, a first power
supply voltage ELVDD, a second power supply voltage
ELVSS, and an initialization voltage VINT are applied.

[0138] The organic light emitting diode OLED includes an
anode electrode and a cathode electrode. The storage capaci-
tor Cst includes a first electrode and a second electrode.

[0139] The plurality of transistors may include first to
seventh transistors T1 to T7. Each of the transistors T1 to T7
includes a gate electrode, a source electrode, and a drain
electrode.

[0140] Each of the transistors T1 to T7 may be a thin film
transistor. Each of the transistors T1 to T7 may be any one
of a PMOS transistor and an NMOS transistor. Although
FIG. 16 shows all of the transistors T1 to T7 of the pixel as
PMOS transistors, they may be NMOS transistors or a
combination of PMOS transistors and NMOS transistors.
For example, the first transistor T1 as a driving transistor, the
second transistor T2 as a data transmission transistor, the
fifth transistor T5 as a first light emission control transistor,
and the sixth transistor T6 as a second light emission control
transistor may be PMOS transistors. On the other hand, the
third transistor T3 as a compensating transistor, the fourth
transistor T4 as a first initializing transistor, and the seventh
transistor T7 as a second initializing transistor may be
NMOS transistors.

[0141] Although FIG. 16 illustrates 7 transistors and 1
capacitor (7T1C) structure as the pixel circuit of an organic
light emitting display device, other various structures such
as 2T1C, 5T1C, and 6T1C may be applied.

[0142] In the circuit structure of FIG. 16, the gate elec-
trode of each of the transistors T1 to T7, at least some of scan
signal lines, and the first electrode of the storage capacitor
Cst may be formed as a first gate conductive layer disposed
on the same layer. Further, the second electrode of the
storage capacitor Cst may be formed as a second gate
conductive layer disposed on a layer different from the first
gate conductive layer. At least one of the first gate conduc-
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tive layer and the second gate conductive layer may be
formed as the conductive pattern according to the exemplary
embodiments.

[0143] Further, the source electrode and drain electrode of
each of the transistors T1 to T7, and/or the first power supply
voltage ELVDD, may be formed as at least one of a first
source/drain conductive layer and a second source/drain
conductive layer, which may also be formed as the conduc-
tive pattern according to the exemplary embodiments.

[0144] Details thereof will be described with reference to
FIG. 17.
[0145] FIG. 17 is a cross-sectional view of one pixel of an

organic light emitting display device according to an exem-
plary embodiment.

[0146] Referring to FIG. 17, an organic light emitting
diode display device 10 may include a substrate 20, a buffer
layer 21, a semiconductor layer PS, a first insulating layer
22, a first gate conductive layer, a second insulating layer 23,
a second gate conductive layer, a third insulating layer 24, a
first source/drain conductive layer, a fourth insulating layer
25, a second source/drain conductive layer, a fifth insulating
layer 26, an anode electrode ANO, a pixel defining layer 27,
an organic layer EL disposed in the opening of the pixel
defining layer 27, and a cathode electrode CAT disposed on
the organic layer EL and the pixel defining layer 27. Each of
the above-described layers may be formed as a single film,
but may also be formed as a laminated film including a
plurality of films. Other layers may be further disposed
between the respective layers.

[0147] The substrate 20 supports the respective layers
disposed thereon. The substrate 20 may be made of an
insulating material. The substrate 20 may be made of an
inorganic material, such as glass or quartz, or may be made
of an organic material, such as polyimide. The substrate 20
may be a rigid substrate or a flexible substrate.

[0148] The buffer layer 21 is disposed on the substrate 20.
The buffer layer 21 can prevent diffusion of impurity ions
and penetration of moisture or external air, and planarize top
surface thereof. The buffer layer 21 may include silicon
nitride, silicon oxide, silicon oxynitride, or the like. When an
organic light emitting display device includes a bending
portion, a portion of the buffer layer 21 corresponding to the
bending portion (e.g., bending opening (BOP)) may be
removed by a cleaning process using hydrofluoric acid.
During the cleaning process using the hydrofluoric acid, a
conductive layer may be damaged. As such, when the
conductive layer is formed as the conductive pattern accord-
ing to the exemplary embodiments, the capping layer can
protect the main conductive layer from hydrofluoric acid,
thereby preventing deterioration of electrical characteristics.
The buffer layer 21 may be omitted depending on the type
of the substrate 20, process conditions, and the like.
[0149] The semiconductor layer PS is disposed on the
buffer layer 21. The semiconductor layer PS forms a channel
of the thin film transistor. The semiconductor layer PS may
include polycrystalline silicon. The regions (source/drain
regions) connected to the source/drain electrodes of the thin
film transistor in the semiconductor layer PS may be doped
with impurity ions (p-type impurity ions in the case of a
PMOS transistor). In another exemplary embodiment, the
semiconductor layer PS may include monocrystalline sili-
con, low-temperature polycrystalline silicon, amorphous
silicon, or an oxide semiconductor such as indium tin zine
oxide (ITZO) or indium gallium zinc oxide (IGZO).
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[0150] The first insulating layer 22 may be a gate insu-
lating film having a gate insulating function.

[0151] The first gate conductive layer is disposed on the
first insulating layer 22. The first gate conductive layer
includes a gate electrode GE of the thin film transistor. In
addition, the first gate conductive layer may include a first
electrode of the storage capacitor and a scan signal line
transmitting a scan signal to the gate electrode GE.

[0152] The first gate conductive layer may have the struc-
ture of the conductive pattern according to the exemplary
embodiments. In particular, the first gate conductive layer
may include a main conductive layer including aluminum or
an aluminum alloy, and a capping layer for protecting the
main conductive layer.

[0153] The organic light emitting diode display device 10
may have a high resolution of 500 ppi or more. As the
resolution increases, the gate-on time of the thin film tran-
sistor may be generally decreased. When the resistance of
the scan signal line is high, the scan signal may be delayed.
In this case, sufficient gate-on time cannot be ensured, and
thus, horizontal stripes or display unevenness may be gen-
erated. Since the conductive pattern including aluminum or
an aluminum alloy according to an exemplary embodiment
has a low surface resistance of about 0.15€2/(] (based on a
thickness of 3 kA), delay of scan signal can be mitigated to
reduce such defects, as compared to when a material having
a relatively high surface resistance, for example, molybde-
num is used.

[0154] The second insulating layer 23 is disposed on the
first gate conductive layer. When the first gate conductive
layer is formed of the conductive pattern according to an
exemplary embodiment, the second insulating layer 23 can
have excellent film uniformity because the conductive pat-
tern has a gentle taper angle.

[0155] The second insulating layer 23 may include a
contact hole for transmitting a signal to the first gate
conductive layer. When forming the contact hole, layers may
be over-etched to some extent. If the first gate conductive
layer has the structure of the conductive pattern according to
the exemplary embodiments, the surface of the main con-
ductive layer can be protected due to the capping layer, and
thus, deterioration of electrical characteristics of the first
gate conductive layer can be prevented.

[0156] The second gate conductive layer is disposed on
the second insulating layer 23. The second gate conductive
layer may include a second electrode CSE of the storage
capacitor Cst. The second gate conductive layer may have
the structure of a conductive pattern according to the exem-
plary embodiments. That is, the second gate conductive
layer may include a main conductive layer and a capping
layer.

[0157] The third insulating layer 24 is disposed on the
second gate conductive layer. When the second gate con-
ductive layer is formed as the conductive pattern according
to an exemplary embodiment, the third insulating layer 24
can have excellent film uniformity because the conductive
pattern has a gentle taper angle.

[0158] The first source/drain conductive layer is disposed
on the third insulating layer 24. The first source/drain
conductive layer may include a source electrode SE, a drain
electrode DE, and a first power supply voltage electrode
ELVDDE of the thin film transistor. The source electrode SE
and drain electrode DE of the thin film transistor may be
electrically connected to the source region and drain region
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of the semiconductor layer PS through the contact hole
penetrating the third insulating layer 24, the second insulat-
ing layer 23, and the first insulating layer 22. The first
source/drain conductive layer may also have the structure of
a conductive pattern according to exemplary embodiments.
[0159] The fourth insulating layer 25 is disposed on the
first source/drain conductive layer.

[0160] The second source/drain conductive layer is dis-
posed on the fourth insulating layer 25. The second source/
drain conductive layer may include a data signal line DL, a
connection electrode CE, and a first power supply voltage
line ELVDDL.

[0161] The data signal line DL may be electrically con-
nected to the source electrode SE of the thin film transistor
through the contact hole penetrating the fourth insulating
layer 25. The connection electrode CE may be electrically
connected to the drain electrode DE of the thin film tran-
sistor through the contact hole penetrating the fourth insu-
lating layer 25. The first power supply voltage line ELVDDL
may be electrically connected to the first power supply
voltage electrode ELVDDE through the contact hole pen-
etrating the fourth insulating layer 25.

[0162] As such, the fourth insulating layer 25 includes a
plurality of contact holes for exposing the first source/drain
conductive layer. When the first source/drain conductive
layer is formed as the conductive pattern according to the
exemplary embodiments, the surface of the main conductive
layer can be protected due to the capping layer, and thus,
deterioration of the electrical characteristics of the second
source/drain conductive layer can be prevented.

[0163] The fifth insulating layer 26 is disposed on the
second source/drain conductive layer.

[0164] The anode electrode ANO is disposed on the fifth
insulating layer 26. The anode electrode ANO may be
electrically connected to the connection electrode CE
through a contact hole penetrating the fifth insulating layer
26, and may be connected to the drain electrode DE of the
thin film transistor through the contact hole.

[0165] As such, the fifth insulating layer 26 includes a
contact hole for exposing the second source/drain conduc-
tive layer. When the second source/drain conductive layer is
formed as the conductive pattern according to the exemplary
embodiment, the surface of the main conductive layer can be
protected due to the capping layer, and thus, deterioration of
the electrical characteristics of the second source/drain con-
ductive layer can be prevented.

[0166] A pixel defining layer 27 may be disposed on the
anode electrode ANO. The pixel defining layer 27 may
include an opening for exposing the anode electrode ANO.

[0167] The organic layer EL is disposed in the opening of
the pixel defining layer 27. The organic layer EL. may
include an organic light emitting layer EL1, a hole injection/
transport layer EL.2, and an electron injection/transport layer
EL3. Although FIG. 17 shows that the hole injection/
transport layer EL.2 and the electron injection/transport layer
EL3 are each formed as a single layer, however, the inven-
tive concepts are not limited thereto, and these layers may
include a plurality of injection layers and a plurality of
transport layers laminated with each other, respectively.
[0168] The cathode clectrode CAT is disposed on the
organic layer EL and the pixel defining layer 27. The cathode
electrode CAT may be a common electrode disposed over a
plurality of pixels.
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[0169] As described above, when the organic light emit-
ting diode display device 10 includes the conductive pattern
according to exemplary embodiments, signal delay may be
significantly reduced due to the low resistance while having
excellent film quality, thereby improving display quality.
[0170] As described above, a conductive pattern con-
structed according to the principles of the invention is
capable of preventing damage to the conductive pattern
having a subsequent process and improve the reliability of
the conductive pattern, while using a low resistance material
such as aluminum or an aluminum alloy as the material of
the main conductive layer.

[0171] Further, a film disposed on the conductive pattern
according to exemplary embodiments may have improved
uniformity due to gentle taper angle of the conductive
pattern.

[0172] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concepts are not limited to
such embodiments, but rather to the broader scope of the
appended claims and various obvious modifications and
equivalent arrangements as would be apparent to a person of
ordinary skill in the art.

What is claimed is:

1. A conductive pattern for a display device, comprising:

a first layer comprising aluminum or an aluminum alloy

disposed on a substrate and forming a first taper angle
with the substrate; and

a second layer disposed on the first layer forming a second

taper angle with the first layer,

wherein the second taper angle is smaller than the first

taper angle.

2. The conductive pattern of claim 1, wherein the second
layer comprises:

a first component layer disposed on the first layer and

comprising titanium nitride; and

a second component layer disposed on the first component

layer and comprising titanium.

3. The conductive pattern of claim 2, wherein the second
layer further comprises:

a third component layer disposed on the second compo-

nent layer and comprising titanium nitride; and

a fourth component layer disposed on the third component

layer and comprising titanium.

4. The conductive pattern of claim 3, wherein:

the first component layer has a thickness in a range of

about 150 A to about 400 A; and

each of the second component layer, the third component

layer, and the fourth component layer has a thickness in
a range of about 50 A to about 200 A.

5. The conductive pattern of claim 4, wherein the second
layer has a thickness of at least about 800 A.

6. The conductive pattern of claim 3, wherein the second
layer further comprises a fifth component layer disposed on
the fourth component layer and comprising titanium nitride.

7. The conductive pattern of claim 6, wherein a thickness
the fifth component layer is less than a thickness of each of
the first to fourth capping component layers.

8. The conductive pattern of claim 2, wherein an atomic
ratio of nitrogen to titanium of the first component layer is
in a range of about 0.9 to about 1.2.
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9. The conductive pattern of claim 1, wherein:

the first layer comprises a plurality of sequentially lami-

nated component layers; and

a taper angle of each of the component layers is substan-

tially the same or progressively decreases in a direction
away from the first layer.

10. The conductive pattern of claim 1, wherein the taper
angle of the first layer is less than about 60°.

11. The conductive pattern of claim 10, wherein the taper
angle of the second layer is less than about 50°.

12. The conductive pattern of claim 1, wherein:

the second layer comprises a tantalum layer and a tita-

nium layer alternately laminated with each other; and

a top surface of the first layer contacts the tantalum layer.

13. The conductive pattern of claim 1, wherein:

the first layer comprises a conductive layer; and

the second layer comprises a capping layer.

14. The conductive pattern of claim 1, wherein at least one
of the first and second component layers includes a tip or
undercut portion at a side portion thereof.

15. A display device, comprising:

a substrate;

a thin film transistor disposed on the substrate; and

a conductive pattern connected to the thin film transistor

and comprising:

a first layer comprising aluminum or an aluminum alloy
and forming a first taper angle with the substrate; and

a second layer disposed on the first layer and forming
a second taper angle smaller than the first taper
angle.

16. The display device of claim 15, wherein the second
layer comprises:

a first component layer disposed on the first layer and

comprising titanium nitride;

a second component layer disposed on the first component

layer and comprising titanium;

a third component layer disposed on the second compo-

nent layer and comprising titanium nitride; and

a fourth component layer disposed on the third component

layer and comprising titanium.

17. The display device of claim 16, wherein:

the first layer has a thickness of at least about 800 A;

the first component layer has a thickness in a range of

about 150 A to about 400 A; and

each of the second component layer, the third component

layer, and the fourth component layer has a thickness in
a range of about 50 A to about 200 A.

18. The display device of claim 16, wherein the first taper
angle is less than about 60°, and the second taper angle is
less than about 50°.

19. The display device of claim 15, wherein the conduc-
tive pattern comprises at least one of a scan signal line to
transmit a scan signal to the thin film transistor and a data
signal line to transmit a data signal to the thin film transistor.

20. A method of manufacturing a conductive pattern for a
display device, the method comprising the steps of:

forming a conductive layer comprising aluminum or an

aluminum alloy;

forming a capping layer on the conductive layer;

forming a photoresist pattern on the capping layer;

etching the capping layer and the conductive layer under
a first condition; and

etching the capping layer and the conductive layer under
a second condition,
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wherein the first condition has a higher etching rate for the
capping layer and the conductive layer than the second
condition, and a lower consumption rate for the pho-
toresist pattern than the second condition.
21. The method of claim 20, wherein:
a first etchant is used for etching under the first condition;
a second etchant is used for etching under the second
condition; and
each of the first etchant and the second etchant comprises
chlorine and boron chloride.
22. The method of claim 21, wherein:
the amount of chlorine in the first etchant is greater than
that in the second etchant; and
the amount of boron chloride in the first etchant is less
than that in the second etchant.
23. The method of claim 22, wherein:
each of the first etchant and the second etchant further
comprises nitrogen; and
the amount of nitrogen in the first etchant is less than that
in the second etchant.
24. The method of claim 20, wherein the step of forming
the capping layer further comprises the steps of:
forming a first layer comprising titanium nitride on the
conductive layer; and
forming a second layer comprising titanium on the first
layer.
25. The method of claim 24, wherein the step of forming
the first layer and the forming layer are continuously per-
formed in the same sputtering apparatus.
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