SEMICONDUCTOR DEVICE

[0001] This application claims priority to Korean Patent Application No. 10-2017-0098008
filed on August 2, 2017, in the Korean Intellectual Property Office, the disclosure of which
is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a semiconductor device.

BACKGROUND

[0003] As electronic technology evolves, down-scaling of semiconductor devices has been
rapidly progressed. Accordingly, it is required to fabricating semiconductor chips having
high integration and low power consumption. To do so, the spacing between the circuit
elements such as the wires become smaller, and thus there may be a problem of leakage. In
addition, to fabricate semiconductor chips having high integration and low power
consumption, the aspect ratio of the wire layer is increased. Various studies have been

made to form a wire layer having increased aspect ratio without a defect.

SUMMARY

[0004] Aspects of the present disclosure provide a semiconductor device capable of
suppressing leakage between a lower wire and a via.

[0005] According to some embodiments of the present inventive concepts, there is provided
a semiconductor device comprising a substrate comprising a lower wire, an etch stop layer
on the substrate, an interlayer insulating layer on the etch stop layer, an upper wire disposed
in the interlayer insulating layer and separated from the lower wire and a via formed in the
interlayer insulating layer and the etch stop layer and connecting the lower wire with the

upper wire, wherein the via comprises a first portion in the etch stop layer and a second



portion in the interlayer insulating layer, and wherein a sidewall of the first portion of the via
increases stepwise.

[0006] According to some embodiments of the present inventive concepts, there is provided
a semiconductor device comprising a substrate comprising a lower wire, an etch stop layer
comprising a lower etch stop pattern and an upper etch stop pattern stacked on the substrate
sequentially, an interlayer insulating layer on the upper etch stop pattern, a trench formed in
the interlayer insulating layer and in the etch stop layer to expose the lower wire, a via used
to fill the trench defined by the etch stop layer and a part of the interlayer insulating layer
and an upper wire disposed on and connected to the via and used to fill the trench, wherein a
width of the trench defined by the lower etch stop pattern is smaller than a width of the
trench defined by the upper etch stop pattern at a boundary between the lower etch stop
pattern and the upper etch stop pattern.

[0007] According to some embodiments of the present inventive concepts, there is provided
a semiconductor device comprising a substrate comprising a lower wire, an etch stop layer
comprising first to third etch stop patterns stacked on the substrate sequentially, an interlayer
insulating layer disposed on the third etch stop pattern, an upper wire disposed in the
interlayer insulating layer and separated from the lower wire and a via formed in the
interlayer insulating layer and the etch stop layer and connecting the lower wire with the
upper wire, wherein the first etch stop pattern and the third etch stop pattern comprises a
same material, and wherein the second etch stop pattern comprises a different material from
the material of the first and third etch stop pattern.

[0008] According to some embodiments of the present inventive concepts, there is provided
a semiconductor device comprising a substrate comprising a lower wire, an etch stop layer
comprising a lower etch stop pattern and an upper etch stop pattern stacked on the substrate
sequentially, an interlayer insulating layer disposed on the upper etch stop pattern, an upper
wire disposed in the interlayer insulating layer and comprising a longer side extended in a
first direction and a via formed in the interlayer insulating layer and in the etch stop layer
and connecting the lower wire with the upper wire, wherein a first width of the via in the

lower etch stop pattern in the first direction is smaller than a second width of the via in the



upper etch stop pattern in the first direction at a boundary between the lower etch pattern and

the upper etch stop pattern.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The above and other aspects and features of the present disclosure will become more
apparent by describing in detail exemplary embodiments thereof with reference to the
attached drawings, in which:
[0010] FIG. 1 is a diagram for illustrating a layout of a semiconductor device according to
some exemplary embodiments of the present disclosure;
[0011] FIG. 2 is a cross-sectional view taken along line A — A' of FIG. 1 according to an
embodiment;
[0012] FIG. 3is a plan view taken along line C - C' of FIG. 2;
[0013] FIG. 4 is an enlarged view of area | of FIG. 2;
[0014] FIG. 5is a plan view taken along line D — D' of FIG. 2;
[0015] FIG. 6 is a cross-sectional view taken along line A — A" of FIG. 1 according to an
embodiment;
[0016] FIGS. 7 to 10, respectively, are cross-sectional views taken along line B — B' of FIG.
1 according to embodiment;
[0017] FIG. 11 is a cross-sectional view taken along line A — A' of FIG. 1 according to
embodiment;
[0018] FIG. 12 is an enlarged view of area J of FIG. 11;
[0019] FIGS. 13 to 16, respectively, are cross-sectional views taken along line B — B' of
FIG. 1 according to an embodiment;
[0020] FIG. 17 is a cross-sectional view taken along line A — A’ of FIG. 1 according to an
embodiment;
[0021] FIG. 18 is an enlarged view of area K of FIG. 17; and
[0022] FIGS. 19 to 22, respectively, are cross-sectional views taken along line B — B' of
FIG. 1 according to an embodiment.



DETAILED DESCRIPTION OF THE EMBODIMENTS
[0023] Hereinafter, a semiconductor device according to some exemplary embodiments of
the present disclosure will be described with reference to FIGS. 1 to 10.
[0024] FIG. 1 is a diagram for illustrating a layout of a semiconductor device according to
some exemplary embodiments of the present disclosure. FIG. 2 is a cross-sectional view
taken along line A — A’ of FIG. 1 according to an embodiment.
[0025] Referring to FIGS. 1 and 2, a semiconductor device according to some exemplary
embodiments of the present disclosure may include a substrate 100, a lower wire 110, an
upper wire 430, an etch stop layer 200, and a via 440.
[0026] According to some exemplary embodiments of the present disclosure, the upper wire
430 and the lower wire 110 may extend in directions intersecting with each other. For
example, the upper wire 430 may include a longer side 430_1 extending in a first direction
D1 and a shorter side 430_2 extending in a second direction D2. The lower wire 110 may
extend in the second direction D2 in which the shorter side 430 2 of the upper wire 430
extends. The via 440 may extend in a third direction D3 at a region where the upper wire
430 and the lower wire 110 overlap with each other.
[0027] For example, the first direction D1 may be substantially parallel to an upper surface
100U of the substrate 100. For example, the third direction D3 may be perpendicular to
and away from the upper surface 100U of the substrate 100. The second direction D2 may
intersect with the first direction D1 and the third direction D3.
[0028] The substrate 100 may have, but is not limited to, a structure in which a base
substrate and an epitaxial layer are stacked. The substrate 100 may be a silicon substrate, a
gallium arsenide substrate, a silicon germanium substrate, a ceramic substrate, a quartz
substrate, a glass substrate for a display, or a semiconductor on insulator (SOI) substrate.
In the following description, a silicon substrate will be described as an example of the
substrate 100. In an embodiment, the substrate 100 may be formed by disposing an
insulating layer on a silicon substrate.
[0029] The substrate 100 may include the lower wire 110. In an embodiment, the lower

wire 110 is a metal wire. The lower wire 110 may be a transistor, a diode, or the like formed



in the substrate 100, and may be, for example, a gate electrode or a source/drain of a
transistor.

[0030] The lower wire 110 may include a conductive material.

[0031] The lower wire 110 may include a lower barrier layer 111 and a lower wire layer
112.

[0032] The lower barrier layer 111 may be formed between the lower wire layer 112 and
the substrate 100. The lower barrier layer 111 may be formed along a recess in the
substrate 100, for example. Although the lower barrier layer 111 is shown as a single layer,
it is to be understood that it may include a plurality of layers.

[0033] The lower barrier layer 111 may include, but is not limited to, at least one of
tantalum, tantalum nitride, titanium, titanium nitride, ruthenium, cobalt, nickel, nickel boron
(NiB) and tungsten nitride.

[0034] For example, the recess in the substrate 100 may be filled with the lower wire layer
112 after the lower barrier layer 111 is formed in the recess.

[0035] The lower wire layer 112 may include at least one of aluminum (Al), copper (Cu),
tungsten (W), cobalt (Co), and a combination thereof, for example.

[0036] The capping layer 120 may be disposed on a part of the upper surface of the lower
wire layer 112. The capping layer 120 may protrude from the upper surface 100U of the
substrate 100 according to an embodiment.  Although the capping layer 120 is illustrated as
being disposed only on a part of the upper surface of the lower wire layer 112 and not
extending to the upper surface of the lower barrier layer 111 in the drawings, this is merely
illustrative. For example, it is to be understood that the capping layer 120 may be disposed
such that it extends to the upper surface of the lower barrier layer 111 from the part of the
upper surface of the lower wire layer 112.

[0037] Further, the capping layer 120 may be omitted according to an embodiment.

[0038] The etch stop layer 200 may be disposed on the substrate 100 including the lower
wire 110. The etch stop layer 200 may include, for example, a portion of a trench 600T
penetrating the etch stop layer 200.

[0039] The etch stop layer 200 may include, for example, a first etch stop pattern 201, a
second etch stop pattern 202 and a third etch stop pattern 203. The first etch stop pattern



201, the second etch stop pattern 202 and the third etch stop pattern 203 may be stacked on
the substrate 100 in this order. In some exemplary embodiment of the present disclosure, a
lower etch stop pattern may include the first etch stop pattern 201, and an upper etch stop
pattern may include the second etch stop pattern 202 and the third etch stop pattern 203.f
[0040] In some exemplary embodiment of the present disclosure, the first etch stop pattern
201 and the third etch stop pattern 203 may comprise a same element.

[0041] The first etch stop pattern 201 and the third etch stop pattern 203 may comprise, for
example, a metal. For example, the first etch stop pattern 201 and the third etch stop
pattern 203 may contain a same metal. The second etch stop pattern 202 may not include
the metal element included in the first etch stop pattern 201 and the third etch stop pattern
203.

[0042] For example, the first etch stop pattern 201 and the third etch stop pattern 203 may
include aluminum (Al) element, while the second etch stop pattern 202 may include oxide
doped carbon (ODC) and/or SiCN. The first etch stop pattern 201 may include AIN, and
the third etch stop pattern may include AIOC.

[0043] The second etch stop pattern 202 may include a material different from the material
included in the first etch stop pattern 201 and the third etch stop pattern 203.

[0044] For example, the first etch stop pattern 201 and the third etch stop pattern 203 may
include a material having an etch selectivity with the second etch stop pattern 202.

[0045] An interlayer insulating layer 300 may be disposed on the etch stop layer 200. In
an embodiment, the interlayer insulating layer 300 may be disposed on the third etch stop
pattern 203. The interlayer insulating layer 300 may include at least one of, for example,
silicon oxide, silicon nitride, silicon oxynitride and a low-k material. The interlayer
insulating layer 300 may include a material having an etch selectivity with the third etch stop
pattern 203

[0046] FIG. 3is a plan view taken along line C - C' of FIG. 2.

[0047] Referring to FIGS. 2 and 3, the trench 600T may be formed in the interlayer
insulating layer 300 and the etch stop layer 200. The trench 600T may be formed by
penetrating the interlayer insulating layer 300 and the etch stop layer 200 to expose the

lower wire 110.



[0048] In the semiconductor process for forming the trench 600T, a top corner rounding
(TCR) process may be performed on the interlayer insulating layer 300 exposed via the
trench 600T.

[0049] By performing the TCR process, the corner portions where the upper surface of the
interlayer insulating layer 300 meet the sidewalls of the trench 600T may be rounded. That
is, by performing the TCR process, the top of the trench 600T may be rounded.

[0050] According to some exemplary embodiments of the present disclosure, by performing
the TCR process during the process of fabricating a semiconductor device, the rounded top
of the trench 600T may facilitate the formation of the via 440 and the upper wire 430 during
subsequent processes. For example, as the top of the trench 600T is rounded, the width of
the top of the trench 600T may be increased, so that the trench 600T can be filled with the
via 440 and the upper wire 430.

[0051] Although it has been described that the portions where the upper surface of the
interlayer insulating layer 300 meets the sidewalls of the trench 600T are rounded by the
TCR process of the processes of fabricating semiconductor devices according to some
exemplary embodiments of the present disclosure, it is to be understood that this is merely
illustrative. That is, it is to be noted that the TCR process may be an optional process, and
thus may be omitted.

[0052] The edges of the first etch stop pattern 201 exposed via the trench 600T may be
rounded by an etching process or the like of the processes of fabricating semiconductor
devices.

[0053] The trench 600T may include the portion penetrating the interlayer insulating layer
300 and the portion penetrating the etch stop layer 200. According to some exemplary
embodiments of the present disclosure, the portion of the trench 600T that penetrates the
etch stop layer 200 may include a portion defined by the first etch stop pattern 201 and a
portion defined by the second etch stop pattern 202 and the third etch stop pattern 203.
[0054] According to some exemplary embodiments of the present disclosure, at the
boundary between the first etch stop pattern 201 and the second etch stop pattern 202, the
width of the portion of the trench 600T defined by the first etch stop pattern 201 may be



smaller than the width of the portion of the trench 600T defined by the second etch stop
pattern 202 and the third etch stop pattern 203.

[0055] The portion of the trench 600T defined by the first etch stop pattern 201 included in
the lower etch stop pattern may correspond to a third portion 441_1 (see FIG. 4) of the via
440. The portion of the trench 600T defined by the second etch stop pattern 202 and the
third etch stop pattern 203 included in the upper etch stop pattern may correspond to a fourth
portion 441 2 of the via 440 (see FIG. 4).

[0056] Referring back to FIGS. 1 and 2, upper barrier layers 410a, 410b and 410c may be
formed along the sidewalls and the bottom surface of the trench 600T.

[0057] The upper barrier layers 410a, 410b and 410c may include a first portion 410a of the
upper barrier layer adjacent to an upper wire layer 420a, a second portion 410b of the upper
barrier layer adjacent to a second via material 420b of the via 440, and a third portion 410c
of the upper barrier layer adjacent to a first via material 420c of the via 440.

[0058] The remaining portion of the trench 600T after the upper barrier layers 410a, 410b
and 410c are formed may be filled with the upper wire layer 420a, the first via material 420c
and the second via material 420b.

[0059] In other words, the trench 600T may be filled by the upper wire 430 and the via 440.
Specifically, the via 440 may be used to fill the trench 600T defined by the etch stop layer
200 and a part of the interlayer insulating layer 300. In an embodiment, the upper wire 430
may be connected to and disposed on the via 440 and may be used to fill the trench 600T.
[0060] The via 440 may be disposed inside the etch stop layer 200 and the interlayer
insulating layer 300 and may connect the lower wire 110 with the upper wire 430. The via
440 may be disposed at the intersection between the upper wire 430 and the lower wire 110.
[0061] The via 440 may include a first portion 441 in the etch stop layer 200 and a second
portion 443 in the interlayer insulating layer 300.

[0062] The first portion 441 of the via 440 may include the first via material 420c and the
third portion 410c of the upper barrier layer. The first portion 441 of the via 440 may be
the portion of the via 440 that overlaps the etch stop layer 200 in the first direction D1.
[0063] The second portion 443 of the via 440 may include the second via material 420b and
the second portion 410b of the upper barrier layer. The second portion 443 of the via 440



may be the portion of the via 440 that overlaps with the interlayer insulating layer 300 in the
first direction D1. The second portion 443 of the via 440 may be the portion between the
first portion 441 of the via 440 and the upper wire 430.

[0064] The upper wire 430 may be disposed in the interlayer insulating layer 300 and may
be spaced apart from the lower wire 110. The upper wire 430 may include the first portion
410a of the upper barrier layer and the upper wire layer 420a.

[0065] The upper wire 430 and the via 440 may include the same material, for example.
The upper wire 430 and the via 440 may include a conductive material, for example. The
upper wire 430 and the via 440 may include at least one of aluminum (Al), copper (Cu),
tungsten (W), cobalt (Co), and a combination thereof, according to an embodiment.

[0066] FIG. 4 is an enlarged view of area | of FIG. 2. FIG. 5 is a plan view taken along line
D-D'of FIG. 2.

[0067] Referring to FIGS. 2, 4 and 5, the sidewall 441 S of the first portion 441 of the via
440 may have a stepwise shape.

[0068] The sidewall 441 S of the first portion 441 of the via 440 may include a first
sidewall 441_S1, a second sidewall 441_S2, and a third sidewall 441 S3 connecting the first
sidewall 441 S1 with the second sidewall 441 S2. The first sidewall 441 _S1 may be
closer to the upper surface 100U of the substrate 100 than the second sidewall 441_S2 is.
[0069] The first sidewall 441_S1 may extend away from the substrate 100 and may be
inclined by a first angle with respect to the upper surface 100U of the substrate 100. The
second sidewall 441_S2 may extend away from the substrate 100 and may be inclined by a
second angle with respect to an upper surface 201U of the first etch stop pattern 201. The
first angle and the second angle may be, for example, acute angles. The first angle may or
may not be equal to the second angle.

[0070] The third sidewall 441 _S3 may extend in substantially parallel to the upper surface
100U of the substrate 100.

[0071] The first sidewall 441 S1 may meet the third sidewall 441 S3 at a first point P1.
The third sidewall 441_S3 may meet the second sidewall 441_S2 at a second point P2.



[0072] In some embodiments, the third sidewall 441_S3 may be in contact with a part of the
upper surface 201U of the first etch stop pattern 201. The second etch stop pattern 202
includes a first surface 202L and a second surface 202U opposed to each other, and the
second surface 202U of the second etch stop pattern 202 faces a lower surface 203L of the
third etch stop pattern 203, such that the upper surface 201U of the first etch stop pattern 201
may face the first surface 202L of the second etch stop pattern 202.

[0073] In some embodiments, the first portion 441 of the via 440 may include a third
portion 441 1 in the first etch stop pattern 201, and a fourth portion 441 2 in the second
etch stop pattern 202 and the third etch stop pattern 203. The fourth portion 441 2 of the via
440 may be disposed on the third portion 441 1 of the via 440.

[0074] The sidewall of the third portion 441 1 of the via 440 may be the first sidewall
441 S1. The sidewall of the fourth portion 441 2 of the via 440 may be the second
sidewall 441_S2.

[0075] The third portion 441_1 of the via 440 may include the lower portion of the first via
material 420c and the lower portion of the third portion 410c of the upper barrier layer.
The fourth portion 441 2 of the via 440 may include the upper portion of the first via
material 420c and the lower portion of the third portion 410c of the upper barrier layer.
[0076] In some embodiments, the third portion 441 1 of the via 440 may be surrounded by
the first etch stop pattern 201. The fourth portion 441_2 of the via 440 may be surrounded
by the second etch stop pattern 202 and the third etch stop pattern 203.

[0077] In some embodiments, the fourth portion 441 2 of the via 440 may include a portion
441 2P that vertically overlaps with a part 201P of the first etch stop pattern 201 when
viewed from the top. The part 201P of the first etch stop pattern 201 may be a part of the
first etch stop pattern 201 protruding from the second sidewall 441_S2 in the first direction
D1.

[0078] For example, the portion 441 2P of the fourth portion 441_2 of the via 440 may
come in contact with a part of the upper surface 201U of the first etch stop pattern 201.
The portion 441_2P of the fourth portion 441_2 of the via 440 may protrude from the third
portion 441 1 of the via 440 in the first direction D1.
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[0079] The width W11 of the third portion 441 1 of the via 440 may be smaller than the
width W21 of the fourth portion 441_2 of the via 440. The width W11 of the third portion
441 1 of the via 440 may be a value measured at the first point P1, and the width W21 of the
fourth portion 441 2 of the via 440 may be a value measured at the second point P2. In
other words, the width W11 of the third portion 441_1 of the via 440 and the width W21 of
the fourth portion 441 2 of the via 440 may be values measured at the boundary between the
first etch stop pattern 201 and the second etch stop pattern 202.

[0080] In the semiconductor device according to some exemplary embodiments of the
present disclosure, the first etch stop pattern 201 includes the part 201P that protrudes from
the second sidewall 441_S2 of the via 440, such that the spacing between the lower wire 110
and another adjacent lower wire and between the lower wire 110 and the via 440. By doing
so, leakage between the lower wire 110 and another adjacent lower wire and between the
lower wire 110 and the via 440 can be suppressed.

[0081] Referring to FIGS. 2 and 4, the sidewall of the second portion 443 of the via 440, the
second sidewall 441 S2 of the first portion 441 of the via 440 and the first sidewall 441 S1
of the first portion 442 of the via 440 are shown as having a slope that is not perpendicular to
the upper surface 100U of the substrate 100 according to an embodiment.

[0082] FIG. 6 is a cross-sectional view taken along line A — A' of FIG. 1 according to an
embodiment.

[0083] For example, as shown in FIG. 6, the sidewall of the second portion 443 of the via
440, the second sidewall 441 _S2 of the first portion 441 of the via 440 and the first sidewall
441 S1 of the first portion 442 of the via 440 may have a slope that is perpendicular to the
upper surface 100U of the substrate 100.

[0084] According to an embodiment, the sidewall of the second portion 443 of the via 440
and the second sidewall 441 S2 of the first portion 441 of the via 440 may have a slope that
is substantially perpendicular to the upper surface 100U of the substrate 100, while the first
sidewall 441 S1 of the first portion 441 of the via 440 may have a slope that is not
perpendicular to the upper surface 100U of the substrate 100. Or, the sidewall of the second
portion 443 of the via 440 and the second sidewall 441 _S2 of the first portion 441 of the via

440 may have a slope that is not perpendicular to the upper surface 100U of the substrate
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100, while the first sidewall 441_S1 of the first portion 441 of the via 440 may have a slope
that is substantially perpendicular to the upper surface 100U of the substrate 100.

[0085] FIGS. 7 to 10, respectively, are cross-sectional views taken along line B — B' of FIG.
1 according to an embodiment.

[0086] Referring to FIGS. 7 and 8, in some embodiments, at the boundary between the first
etch stop pattern 201 and the second etch stop pattern 202, the width W12 of the via 440 in
the first etch stop pattern 201 in the second direction D2 may be smaller than the width W22
of the via 440 in the second etch stop pattern 202 and the third etch stop pattern 203 in the
second direction D2. The via 440 in the first etch stop pattern 201 may correspond to the
third portion 441 1 of the via 440 (see FIG. 4). In addition, the via 440 in the second etch
stop pattern 202 and the third etch stop pattern 203 may correspond to the fourth portion
441 2 of the via 440 (see FIG. 4).

[0087] In FIG. 7, the sidewall of the upper wire 430 and the sidewall of the via 440 have a
certain slope, this is merely illustrative. For example, it is to be understood that they may
having a shape shown in FIG. 8 depending on the semiconductor process to be applied.
[0088] Referring to FIGS. 9 and 10, in some embodiments, at the boundary between the
first etch stop pattern 201 and the second etch stop pattern 202, the width W12 of the via 440
in the first etch stop pattern 201 in the second direction D2 may be smaller than the width
W22 of the via 440 in the second etch stop pattern 202 and the third etch stop pattern 203 in
the second direction D2.

[0089] In FIG. 9, although the sidewall of the upper wire 430 and the sidewall of the via
440 are shown as having a certain slope, this is merely illustrative. It is to be understood that
they may have a shape shown in FIG. 10, for example, depending on the semiconductor
process to be applied.

[0090] Hereinafter, semiconductor devices according to some exemplary embodiments of
the present disclosure will be described with reference to FIGS. 1, 11 to 16.

[0091] FIG. 11 is a cross-sectional view taken along line A — A’ of FIG. 1 according to an
embodiment. FIG. 12 is an enlarged view of area J of FIG. 11,

[0092] Referring to FIGS. 11 and 12, in a semiconductor device according to some

embodiments of the present disclosure, a lower etch stop pattern may include a first etch
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stop pattern 201 and a second etch stop pattern 202, and a upper etch stop pattern may
include a third etch stop pattern 203.

[0093] According to some exemplary embodiments of the present disclosure, the portion of
the trench 600T that penetrates the etch stop layer 200 may include a portion defined by the
first etch stop pattern 201 and the second etch stop pattern 202, and a portion defined by the
third etch stop pattern 203.

[0094] According to some exemplary embodiments of the present disclosure, at the
boundary between the first etch stop pattern 201 and the second etch stop pattern 202, the
width of the portion of the trench 600T defined by the first etch stop pattern 201 and the
second etch stop pattern 2020 may be smaller than the width of the portion of the trench
600T defined by the third etch stop pattern 203.

[0095] The portion of the trench 600T defined by the first etch stop pattern 201 and the
second etch stop pattern 202 belonging to the lower etch stop pattern may be filled with the
third portion 441 1 of the via 440. In addition, the portion of the trench 600T defined by
the third etch stop pattern 203 belonging to the upper etch stop pattern may be filled with the
fourth portion 441_2 of the via 440.

[0096] The third portion 441 1 of the via 440 may be in the first etch stop pattern 201 and
the second etch stop pattern 202. The third portion 441 1 of the via 440 may surrounded
by the first etch stop pattern 201 and the second etch stop pattern 202. The fourth portion
441 2 of the via 440 may be surrounded by the third etch stop pattern 203 in the third etch
stop pattern 203.

[0097] The third sidewall 441 _S3 of the sidewall 441_S of the via 440 may be in contact
with a part of a second surface 202U of the second etch stop pattern 202, i.e., a part of the
upper surface of the second etch stop pattern 202.

[0098] In some embodiments, the fourth portion 441 2 of the via 440 may include a portion
441 2P that vertically overlaps with a part 201P of the first etch stop pattern 201 and a part
202P of the second etch stop pattern 202 when viewed from the top. The part 201P of the
second etch stop pattern 202 may be a part of the second etch stop pattern 202 protruding
from the second sidewall 441_S2 in the first direction D1.
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[0099] The portion 441 2P of the fourth portion 441 2 of the via 440 may come in contact
with a part of the second surface 202U, i.e., the upper surface of the second etch stop pattern
202.

[00100] The width W31 of the third portion 441 _1 of the via 440 may be smaller than the
width WA41 of the fourth portion 441_2 of the via 440. The width W31 of the third portion
441 1 of the via 440 may be a value measured at the first point P1, while the width W41 of
the fourth portion 441 _2 of the via 440 may be a value measured at the second point P2. In
other words, the width W31 of the third portion 441 1 of the via 440 and the width W41 of
the fourth portion 441 2 of the via 440 may be values measured at the boundary between the
second etch stop pattern 202 and the third etch stop pattern 203.

[00101] FIGS. 13 to 16, respectively, are cross-sectional views taken along line B — B' of
FIG. 1 according to an embodiment.

[00102] Referring to FIGS. 13 and 14, at the boundary between the second etch stop pattern
202 and the third etch stop pattern 203, the width W32 of the via 440 in the first etch stop
pattern 201 and the second etch stop pattern 202 in the second direction D2 may be
substantially equal to the width W42 of the via 440 in the third etch stop pattern 203 in the
second direction D2. The via 440 in the first etch stop pattern 201 and the second etch stop
pattern may correspond to the third portion 441 1 of the via 440 (see FIG. 11). In addition,
the via 440 in the third etch stop pattern 203 may correspond to the fourth portion 441_2 of
the via 440 (see FIG. 11).

[00103] In FIG. 13, although the sidewall of the upper wire 430 and the sidewall of the via
440 are shown as having a certain slope, this is merely illustrative. It is to be understood that
they may have a shape shown in FIG. 14, for example, depending on the semiconductor
process to be applied.

[00104] Referring to FIGS. 15 and 16, in some embodiments, at the boundary between the
second etch stop pattern 202 and the third etch stop pattern 203, the width W32 of the via
440 in the first etch stop pattern 201 and the second etch stop pattern 202 in the second
direction D2 may be smaller than the width W42 of the via 440 in the third etch stop pattern
203 in the second direction D2.
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[00105] In FIG. 15, although the sidewall of the upper wire 430 and the sidewall of the via
440 are shown as having a certain slope, this is merely illustrative. It is to be understood that
they may have a shape shown in FIG. 16, for example, depending on the semiconductor
process to be applied.

[00106] Hereinafter, semiconductor devices according to some exemplary embodiments of
the present disclosure will be described with reference to FIGS. 1, 17 to 22.

[00107] FIG. 17 is a cross-sectional view taken along line A — A’ of FIG. 1. FIG. 18 is an
enlarged view of area K of FIG. 17.

[00108] Referring to FIGS. 17 and 18, at the boundary between the third etch stop pattern
203 and the interlayer insulating layer 300, the width W51 of the first portion 441 of the via
440 may be smaller than the width W61 of the second portion of the via 440.

[00109] The sidewalls of the via 440 may include a sidewall 441 S of the first portion 441
of the via 440 and sidewalls 443 _S1 and 443_S2 of the second portion 443 of the via 440.
The sidewall of the second portion 443 of the via 440 may include a fourth sidewall 443 S1
extending away from the third etch stop pattern 203, and a fifth sidewall 443 _S2 connecting
the sidewall 441 _S of the first portion 441 of the via 440 with the fourth sidewall 443_S1.
[00110] The sidewall 441_S of the first portion of the via 440 may extend away from the
substrate 100 and may be inclined by a third angle with respect to the upper surface 100U of
the substrate 100. The fourth sidewall 443 _S1 may be inclined at a fourth angle with
respect to the upper surface 203U of the third etch stop pattern 203. The third angle and
the fourth angle may be, for example, acute angles. The third angle may or may not be
equal to the fourth angle.

[00111] The second portion 443 of the via 440 may include a portion 443P vertically
overlapping a part 201P of the first etch stop pattern 201, a part 202P of the second etch stop
pattern 202, and a part 203P of the third etch stop pattern 203 when viewed from the top.
The part 201P of the first etch stop pattern 201, the part 202P of the second etch stop pattern
202 and the part 203P of the third etch stop pattern 203 may protrude from the sidewall of
the second portion 443 of the via 440 in the first direction D1. The sidewall of the second
portion 443 of the via 440 may be the boundary between the interlayer insulating layer 300

and the second portion 443 of the via 440, for example.
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[00112] The portion 443P of the second portion 443 of the via 440 may come in contact
with a part of the upper surface 203U of the third etch stop pattern 203.

[00113] FIGS. 19 to 22, respectively, are cross-sectional views taken along line B — B' of
FIG. 1 according to an embodiment.

[00114] Referring to FIGS. 19 and 20, in some embodiments, at the boundary between the
third etch stop pattern 203 and the interlayer insulating layer 300, the width W52 of the first
portion 441 of the via 440 in the etch stop layer 200 may be substantially equal to the width
W62 of the second portion 443 of the via 440 in the interlayer insulating layer 300 in the
second direction D2.

[00115] In FIG. 19, although the sidewall of the upper wire 430 and the sidewall of the via
440 are shown as having a certain slope, this is merely illustrative. It is to be understood that
they may have a shape shown in FIG. 20, for example, depending on the semiconductor
process to be applied.

[00116] Referring to FIG. 21, in some embodiments, at the boundary between the third etch
stop pattern 203 and the interlayer insulating layer 300, the width W52 of the first portion
441 of the via 440 in the second direction D2 may be smaller than the width W62 of the
second portion 443 of the via 440 in the second direction D2.

[00117] In FIG. 21, although the sidewall of the upper wire 430 and the sidewall of the via
440 are shown as having a certain slope, this is merely illustrative. It is to be understood that
they may have a shape shown in FIG. 22, for example, depending on the semiconductor
process to be applied.

[00118] While the present inventive concept has been particularly shown and described
with reference to exemplary embodiments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may be made therein without
departing from the spirit and scope of the present inventive concept as defined by the

following claims.
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What is claimed is:

1. A semiconductor device comprising:

a substrate comprising a lower wire;

an etch stop layer on the substrate, the etch stop layer contacts the substrate;

an interlayer insulating layer on the etch stop layer;

an upper wire disposed in the interlayer insulating layer and separated from the
lower wire; and

a via formed in the interlayer insulating layer and the etch stop layer and
connecting the lower wire with the upper wire,

wherein the via comprises a first portion in the etch stop layer and a second
portion in the interlayer insulating layer, and

wherein a sidewall of the first portion of the via comprises a step configuration.

2. The semiconductor device of claim 1, wherein the sidewall of the first portion
of the via comprises first and second sidewalls extending away from the substrate, and a
third sidewall connecting the first sidewall with the second sidewall.

3. The semiconductor device of claim 2, wherein the first sidewall is closer to
an upper surface of the substrate than the second sidewall is,

wherein the first portion of the via comprises a third portion corresponds to the
first sidewall, and a fourth portion corresponds to the second sidewall, and

wherein a width of the third portion of the via is smaller than a width of the fourth

portion of the via.

4. The semiconductor device of claim 3, wherein the etch stop layer comprises
first to third etch stop patterns stacked on one another sequentially,

wherein the first etch stop pattern surrounds the third portion of the via, and

wherein the second and third etch stop patterns surround the fourth portion of the

via.
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5. The semiconductor device of claim 2, wherein the etch stop layer comprises
first to third etch stop patterns stacked on one another sequentially, and
wherein the third sidewall comes in contact with a part of an upper surface of the

first etch stop pattern.

6. The semiconductor device of claim 2, wherein the etch stop layer comprises
first to third etch stop patterns stacked on one another sequentially, and
wherein the third sidewall comes in contact with a part of an upper surface of the

second etch stop pattern.

7. The semiconductor device of claim 1, wherein the etch stop layer comprises a
lower etch stop pattern and an upper etch stop pattern stacked on the substrate
sequentially,

wherein the first portion of the via comprises a third portion in the lower etch stop
pattern and a fourth portion in the upper etch stop pattern, and

wherein a width of the third portion is smaller than a width of the fourth portion at
a boundary between the lower etch stop pattern and the upper etch stop pattern.

8. The semiconductor device of claim 7, wherein the lower etch stop pattern
comprises a first etch stop pattern on the substrate, and
wherein the upper etch stop pattern comprises second and third etch stop patterns

stacked on the first etch stop pattern sequentially.

9. The semiconductor device of claim 7, wherein the lower etch stop pattern
comprises first and second etch stop patterns stacked on the substrate sequentially, and
wherein the upper etch stop pattern comprises a third etch stop pattern stacked on

the second etch stop pattern.

10. The semiconductor device of claim 1, wherein the etch stop layer comprises

first to third etch stop patterns stacked on one another sequentially,
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wherein the first etch stop pattern and the third etch stop pattern comprises a same
material, and
wherein the second etch stop pattern comprises a different material from the

material of the first and third etch stop patterns.

11. A semiconductor device comprising:

a substrate comprising a lower wire;

an etch stop layer comprising first to third etch stop patterns stacked on the
substrate sequentially;

an interlayer insulating layer disposed on the third etch stop pattern;

an upper wire disposed in the interlayer insulating layer and separated from the
lower wire; and

a via formed in the interlayer insulating layer and the etch stop layer and
connecting the lower wire with the upper wire,

wherein the first etch stop pattern and the third etch stop pattern comprises a same
material,

wherein the second etch stop pattern comprises a different material from the
material of the first and third etch stop patterns, and

wherein a lower surface of the first etch stop pattern contacts the substrate, a part

of an upper surface of the first etch stop pattern contacts the via.

12. The semiconductor device of claim 11, wherein the first etch stop pattern and
the third etch stop pattern contain a same metal element, and

wherein the second etch stop pattern does not contain the metal element contained
in the first and third etch stop patterns.

13. The semiconductor device of claim 11, wherein the first and third etch stop

patterns contain aluminum element, and

wherein the second etch stop pattern does not contain the aluminum element.
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14. The semiconductor device of claim 11, wherein the via comprises a first
portion in the etch stop layer, and a second portion in the interlayer insulating layer, and

wherein a sidewall of the first portion of the via comprises stepwise.

15. The semiconductor device of claim 11, wherein the via comprises a first
portion in the etch stop layer, and a second portion in the interlayer insulating layer,

wherein the first portion of the via comprises a third portion having a first width
and a fourth portion having a second width larger than the first width at a boundary
between the first etch stop pattern and the second etch stop pattern, and

wherein the fourth portion is disposed on the third portion.

16. A semiconductor device comprising:

a substrate comprising a lower wire;

an etch stop layer comprising a lower etch stop pattern and an upper etch stop
pattern stacked on the substrate sequentially, the lower etch stop pattern contacts the
substrate;

an interlayer insulating layer disposed on the upper etch stop pattern;

an upper wire disposed in the interlayer insulating layer and comprising a longer
side extended in a first direction; and

a via formed in the interlayer insulating layer and in the etch stop layer and
connecting the lower wire with the upper wire,

wherein a first width of the via in the lower etch stop pattern in the first direction
is smaller than a second width of the via in the upper etch stop pattern in the first
direction at a boundary between the lower etch stop pattern and the upper etch stop

pattern.

17. The semiconductor device of claim 16, wherein, at the boundary between the
lower etch stop pattern and the upper etch stop pattern, a width of the via in the upper
etch stop pattern in a second direction intersecting with the first direction is greater than a

width of the via in the lower etch stop pattern in the second direction.
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18. The semiconductor device of claim 16, wherein, at the boundary between the
lower etch stop pattern and the upper etch stop pattern, a width of the via in the upper
etch stop pattern in a second direction intersecting with the first direction is equal to a

width of the via in the lower etch stop pattern in the second direction.

19. The semiconductor device of claim 16, wherein the lower etch stop pattern
comprises a first etch stop pattern on the substrate, and
wherein the upper etch stop pattern comprises second and third etch stop patterns

stacked on the first etch stop pattern sequentially.

20. The semiconductor device of claim 16, wherein the lower etch stop pattern
comprises first and second etch stop patterns stacked on the substrate sequentially, and
wherein the upper etch stop pattern comprises a third etch stop pattern stacked on

the second etch stop pattern.
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