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VIA-FREE INTERCONNECT STRUCTURE
WITH SELF-ALIGNED METAL LINE
INTERCONNECTIONS

RELATED APPLICATION

[0001] This is a divisional of U.S. application Ser. No.
13/461,224, which was filed on May 1, 2012, the entire dis-
closure of which is incorporated herein by reference.

BACKGROUND

[0002] The semiconductor integrated circuit (IC) industry
has experienced rapid growth. Technological advances in IC
materials and design have produced generations of ICs where
each generation has smaller and more complex circuits than
the previous generation. However, these advances have
increased the complexity of processing and manufacturing
ICs and, for these advances to be realized, similar develop-
ments in IC processing and manufacturing are needed. In the
course of IC evolution, functional density (i.e., the number of
interconnected devices per chip area) has generally increased
while geometry size (i.e., the smallest component that can be
created using a fabrication process) has decreased.

[0003] As the semiconductor industry has progressed into
nanometer technology process nodes in pursuit of higher
device density, higher performance, and lower costs, chal-
lenges from both fabrication and design have resulted in the
development of multilayer (or three dimensional) integrated
devices. The multilayer devices may include a plurality of
interconnect layers each including one or more conductive
lines which are interconnected with conductive lines from
other interconnect layers. However, as the scaling down con-
tinues, forming and aligning these conductive lines has
proven to be difficult.

[0004] Accordingly, although existing multilayer devices
and methods of fabricating multilayer devices have been gen-
erally adequate for their intended purposes, they have not
been entirely satisfactory in all respects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Aspects of the present disclosure are best under-
stood from the following detailed description when read with
the accompanying figures. It is emphasized that, in accor-
dance with the standard practice in the industry, various fea-
tures are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0006] FIG. 1 is a flowchart illustrating a method of fabri-
cating a semiconductor device according to various aspects of
the present disclosure.

[0007] FIGS. 2-5 and 8-10 are diagrammatic fragmentary
cross-sectional side views of a semiconductor device at vari-
ous stages of fabrication in accordance with various aspects
of the present disclosure.

[0008] FIGS. 6-7 and 11 are diagrammatic fragmentary top
views of a semiconductor device at various stages of fabrica-
tion in accordance with various aspects of the present disclo-
sure.

DETAILED DESCRIPTION

[0009] It is understood that the following disclosure pro-
vides many different embodiments, or examples, for imple-
menting different features of various embodiments. Specific
examples of components and arrangements are described
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below to simplify the present disclosure. These are, of course,
merely examples and are not intended to be limiting. For
example, the formation of a first feature over or on a second
feature in the description that follows may include embodi-
ments in which the first and second features are formed in
direct contact, and may also include embodiments in which
additional features may be formed between the first and sec-
ond features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between the
various embodiments and/or configurations discussed.
[0010] Modern semiconductor devices may utilize an inter-
connect structure to perform electrical routing between the
various components and features on a semiconductor wafer
and to establish electrical connections with external devices.
For example, an interconnect structure may include a plural-
ity of patterned dielectric layers and interconnected conduc-
tive layers. These interconnected conductive layers provide
interconnections (e.g., wiring) between circuitries, inputs/
outputs, and various doped features formed in a semiconduc-
tor substrate. In more detail, the interconnect structure may
include a plurality of interconnect layers, also referred to as
metal layers (e.g., M1, M2, M3, etc). Each of the interconnect
layers includes a plurality of interconnect features, also
referred to as metal lines. An interlayer dielectric (ILD) of the
interconnect structure provides isolation between the metal
lines.

[0011] An interconnect structure may also includes a plu-
rality of vias/contacts that provide electrical connections
between the metal lines from different interconnect layers.
For example, a via may extend vertically and therefore allows
ametal line from the M1 layer to be electrically connected to
another metal line from the M2 layer. As semiconductor
device fabrication technologies continue to evolve, the sizes
of the various features on a semiconductor device become
smaller and smaller, including the sizes of the vias and metal
lines. This leads to fabrication challenges. For example, the
formation of the vias may involve one or more lithography
and etching processes. Variations associated with these pro-
cesses (e.g., critical dimension uniformity variations or
lithography overlay errors) exacerbate via alignment prob-
lems. Alternatively stated, the device scaling down process
may place a more stringent requirement on the precise align-
ment between the via and the interconnected metal lines
above and/or below, since a small shift can cause the via to be
misaligned with the metal lines. Therefore, an improved
interconnect structure that does not suffer from these via
alignment problems is desired.

[0012] According to the various aspects of the present dis-
closure, a via-free interconnect structure is disclosed. The
via-free interconnect structure contains metal layers where
the metal lines are directly coupled to other metal lines from
different metal layers, thereby obviating the need for vias to
perform the interconnections. In other words, the metal lines
are self-aligned. The various aspects of such interconnect
structure is described in more detail below.

[0013] FIG. 1is a flowchart of a method 20 for fabricating
an interconnect structure of the present disclosure. The
method 20 includes a block 25 in which a first metal layer is
formed over a substrate. The first metal layer contains a
plurality of first metal lines extending in a first direction. The
method 20 includes a block 30 in which a second metal layer
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is formed over the first metal layer. The second metal layer
contains a plurality of second metal lines extending in a
second direction different from the first direction. The second
metal lines are separated by one or more dielectric compo-
nents. A first subset of the second metal lines is located
directly on a first subset of the first metal lines. One of the
dielectric components separating a second subset of the sec-
ond metal lines is located directly on a second subset of the
first metal lines. The method 20 includes a block 35 in which
a third metal layer is formed over the second metal layer. The
third metal layer contains at least one third metal line that is
located over the second subset of the second metal lines and
over the dielectric component of the second metal layer. The
second subset of the second metal lines are electrically
coupled together by the third metal line. In some embodi-
ments, the first metal layer, the second metal layer, and the
third metal layer are formed to be free of electrical vias.
[0014] FIGS. 2-5 are diagrammatic fragmentary cross-sec-
tional side views of a semiconductor device 40 (that includes
an interconnect structure) at various stages of fabrication in
accordance with various aspects ofthe present disclosure. Itis
understood that FIGS. 2-5 have been simplified for a better
understanding of the inventive concepts of the present disclo-
sure. Accordingly, it should be noted that additional processes
may be provided before, during, and after the processes
shown in FIGS. 2-5, and that some other processes may only
be briefly described herein.

[0015] Referring to FIG. 2, the semiconductor device 40
may be a semiconductor Integrated Circuit (IC) chip, system
on chip (SoC), or portion thereof, that may include memory
circuits, logic circuits, high frequency circuits, image sen-
sors, and various passive and active components such as
resistors, capacitors, and inductors, P-channel field effect
transistors (pFET), N-channel FET (nFET), metal-oxide
semiconductor field effect transistors (MOSFET), or comple-
mentary metal-oxide semiconductor (CMOS) transistors,
bipolar junction transistors (BJT), laterally diffused MOS
(LDMOS) transistors, high power MOS transistors, or other
types of transistors. It should be noted that some features of
the semiconductor device 40 may be fabricated witha CMOS
process flow.

[0016] The semiconductor device 40 includes a substrate
50. In the embodiment shown, the substrate 50 is a silicon
substrate that is doped with a P-type dopant such as boron. In
another embodiment, the substrate 50 is a silicon substrate
that is doped with an N-type dopant such as arsenic or phos-
phorous. The substrate may alternatively be made of some
other suitable elementary semiconductor material, such as
diamond or germanium; a suitable compound semiconductor,
such as silicon carbide, indium arsenide, or indium phos-
phide; or a suitable alloy semiconductor, such as silicon ger-
manium carbide, gallium arsenic phosphide, or gallium
indium phosphide. Further, in some embodiments, the sub-
strate 50 could include an epitaxial layer (epi layer), may be
strained for performance enhancement, and may include a
silicon-on-insulator (SOI) structure.

[0017] Isolationstructures are formed in the substrate 50. In
some embodiments, the isolation structures include shallow
trench isolation (STI) devices. The STI devices contain a
dielectric material, which may be silicon oxide, silicon
nitride, silicon oxy-nitride, fluoride-doped silicate (FSG),
and/or a low-k dielectric material known in the art. The STI
devices are formed by etching trenches in the substrate 50 and
thereafter filling the trenches with the dielectric material. In
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other embodiments, deep trench isolation (DTT) devices may
also be formed in place of (or in combination with) the STI
devices as the isolation structures. For reasons of simplicity,
the isolation structures are not specifically herein.

[0018] A plurality of microelectronic components is also
formed in the substrate. For example, source and drain
regions of FET transistor devices may be formed in the sub-
strate 50 by one or more ion implantation and/or diffusion
processes. As another example, radiation-sensitive image
pixels may be formed in the substrate 50. For reasons of
simplicity, these microelectronic components are not specifi-
cally illustrated herein either.

[0019] An interconnect layer 100 is formed over the sub-
strate 50. The interconnect layer 100 may also be referred to
as a conductive layer or a metal layer, since it contains a
plurality of metal lines 110. The metal lines 110 may be
aluminum interconnect lines or copper interconnect lines,
and may include conductive materials such as aluminum,
copper, aluminum alloy, copper alloy, aluminum/silicon/cop-
per alloy, titanium, titanium nitride, tantalum, tantalum
nitride, tungsten, polysilicon, metal silicide, or combinations
thereof. The metal lines 110 may be formed by a plurality of
processes including, but not limited to, physical vapor depo-
sition (PVD), chemical vapor deposition (CVD), sputtering,
plating, etching, polishing, etc. For example, the metal lines
110 may be formed by a damascene process.

[0020] The interconnect layer 100 also contains a dielectric
material 120 (also referred to as an inter-layer dielectric, or
ILD) that provides isolation between the metal lines 110. The
dielectric material 120 may include a dielectric material such
as an oxide material. Alternatively, the dielectric material 120
may include silicon oxynitride, a low-k material such as flu-
orinated silica glass (FSG), carbon doped silicon oxide, Black
Diamond® (Applied Materials of Santa Clara, Calif.), Xero-
gel, Aerogel, amorphous fluorinated carbon, Parylene, BCB
(bis-benzocyclobutenes), SiLK (Dow Chemical, Midland,
Mich.), polyimide, and/or other suitable materials. The
dielectric material 120 may be formed by any suitable pro-
cessing including CVD, PVD, sputtering high density plasma
CVD (HDP-CVD), spin-on, or other suitable methods. The
CVD process, for example, may use chemicals including
Hexachlorodisilane (HCD or Si2C16), Dichlorosilane (DCS
or SiH2Cl12), Bis(TertiaryButylAmino) Silane (BTBAS or
C8H22N2Si) and Disilane (DS or Si2H6).

[0021] A higher level interconnect layer is then formed
over the interconnect layer 100. As part of the formation of the
higher level interconnect layer, a dielectric layer 150 is first
formed onthe interconnect layer 100. The dielectric layer 150
has substantially the same material composition as the dielec-
tric material 120.

[0022] A patterned photoresist layer 160 is then formed on
the dielectric layer 150 to define regions where the dielectric
layer 150 will be subsequently etched. The patterned photo-
resist layer 160 may be formed by a plurality of lithography
processes that may include: spin coating a layer of photoresist
material on the surface of the dielectric layer 150; exposing
the photoresist material to a mask pattern; performing a post-
exposure bake process; developing the photoresist material,
thereby forming the patterned photoresist layer 160. In other
embodiments, the patterning may also be implemented or
replaced by other suitable methods, such as maskless photo-
lithography, electron-beam writing, ion-beam writing, and
molecular imprint.
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[0023] Referring now to FIG. 3, the dielectric layer 150 is
patterned by the patterned photoresist layer 160, thereby
forming one or more openings 170 that expose the top surface
of one or more lines 110 of interconnect layer 100. The
patterning of the dielectric layer 150 may include an etching
process that uses the patterned photoresist layer 160 as a mask
to define the area to be etched. The etching process may be a
single step or a multiple step etching process. Further, the
etching process may include wet etching, dry etching, or a
combination thereof. The dry etching process may be an
anisotropic etching process. The etching process may use
reactive ion etch (RIE) and/or other suitable process. In one
example, a dry etching process is used to etch the dielectric
layer 150 that includes a chemistry including fluorine-con-
taining gas.

[0024] After the etching process is completed and the
dielectric layer 150 is defined, the photoresist layer 160 may
be removed by any suitable process. For example, the photo-
resist layer 160 may be removed by a liquid “resist stripper”,
which chemically alters the resist so that it no longer adheres
to the underlying layer. Alternatively, the photoresist layer
160 may be removed by a plasma containing oxygen, which
oxidizes it.

[0025] Referring now to FIG. 4, a conductive material 180
is formed to fill the openings 170 (shown in FIG. 3) by a
suitable deposition process. In various embodiments, the con-
ductive material 180 includes metal, such as copper, alumi-
num, tungsten, or combinations thereof. As illustrated in F1G.
4, a portion of the conductive material 180 is directly formed
on a desired one of the metal lines 110. Thus, an interface
between the conductive material 180 and the metal line 110
therebelow effectively constitutes a self-aligned interconnect
mechanism. The reason for the self-alignment is because no
via is required to be defined or formed between the metal line
110 and the conductive material 180. Instead, the metal line
110 and the conductive material 180 are in direct physical
contact and are thus electrically coupled together.

[0026] Referring now to FIG. 5, a polishing process 190 is
performed to remove portions of the conductive material 180
outside the openings 170 and to planarize the surface of the
dielectric layer 150 and the conductive material 180. In some
embodiments, the polishing process 190 includes a chemical-
mechanical-polishing (CMP) process. It is understood that in
some embodiments, the photoresist material is not necessar-
ily removed before the conductive material 180 is deposited
into the openings 170, and that the photoresist material may
be removed by the polishing process 190 along with the
excess conductive material 180.

[0027] At this stage of fabrication, an interconnect layer
200 is formed. The interconnect layer 200 includes the con-
ductive material 180, which are metal lines (similar to the
metal lines 110) and may be referred to as such. The inter-
connect layer 200 also includes the dielectric layer 150 which
provides physical and electrical isolation to the metal lines
180. Once again, one or more of the metal lines 110 from the
interconnect layer 100 are in direct physical contact with one
or more of the metal lines 180 from the interconnect layer
200. As such, these metal lines are “self-aligned” since their
interconnection requires no electrical vias. To achieve the
interconnection between these metal lines 110 or 180 from
different interconnect layers 100 and 200, the location and
size of the opening 170 (in which the metal lines 180 are
formed) are configured to expose a desired metal line 110
from the lower interconnect layer 100. In this manner, the
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direct physical and electrical contact between the metal lines
110 and 180 can be guaranteed.

[0028] The routing approach discussed above eliminates
actual vias in the interconnect structure, since the interface or
interconnection between metal lines from different adjacent
interconnect layers effectively constitute self-aligned vias.
However, sometimes this routing approach may result in an
“unwanted via.” This “unwanted via” situation is illustrated
more clearly in FIG. 6, which is a simplified diagrammatic
fragmentary top view of an interconnect structure.

[0029] AsshowninFIG. 6, the metal line 110 belongs to the
lower level interconnect layer 100 (FIG. 5), and the metal
lines 180 and 210 belong to the upper level interconnect layer
200 (FIG. 5). From the top view of FIG. 6, the metal line 110
extends (or is oriented in) a Y-direction, and the metal lines
180 and 210 each extend in an X-direction. The X-direction
and the Y-direction are perpendicular to one another. Since the
metal line 110 and the metal lines 180 and 210 are in direct
physical contact wherever they overlap or intersect, effective
“self-aligned vias™ 220 and 230 are formed by the interfaces
or interconnections between the metal line 110 and the metal
lines 210 and 180. Of these “vias” 220 and 230, suppose the
via 220 is a desired via, but the via 230 is an unwanted or
undesired via. Therefore, measures need to be taken to ensure
that the unwanted via 230 is eliminated so that it does not lead
to unintended electrical consequences.

[0030] FIG. 7 illustrates a routing scheme that solves the
unwanted via issue discussed above according to various
aspects of the present disclosure. In more detail, FI1G. 7 illus-
trates a simplified diagrammatic fragmentary top view of an
interconnect structure that eliminates the unwanted vias.
Referring to FIG. 7, the metal line 180 that would have led to
the unwanted via 230 of FIG. 6 is now broken up (physically
divided) into metal line segments 180A and 180B. By doing
this, there is no longer any overlap or intersection between the
metal line 180 and the metal line 110, thereby eliminating the
unwanted via 230 of FIG. 6. Nevertheless, the original layout
may call for a single metal line 180 with electrical continuity.
Therefore, a metal line 250 is formed in another interconnect
layer to electrically couple together the metal line segments
180A and 180B. The metal line 250 extends in the same
direction as the metal line segments 180A-180B, since the
metal line 250 acts as a bridge for coupling together the metal
line segments 180A-180B. The interconnect layer in which
the metal line 250 resides may be located one level or several
levels above the interconnect layer (e.g., the interconnect
layer 200 of FIG. 5) in which the metal line segments 180A-
1808 reside. Note that in certain embodiments, the metal line
250 may alternatively reside in an interconnect layer below
the interconnect layer 100. Similarly, in some embodiments,
instead of breaking up the metal line 180, the metal line 110
may be broken up as well to avoid an undesired via, and a
“bridging” metal segment may be implemented in an inter-
connect layer above the metal line 180 (for example the
interconnect layer 300) or in an interconnect layer below the
metal line 110 (for example an interconnect layer below the
interconnect layer 100).

[0031] To illustrate the disposition of the metal line 250
more clearly, referring now to FIG. 8, which is a simplified
diagrammatic fragmentary cross-sectional side view of an
interconnect structure 270. The cross-sectional side view of
the interconnect structure 270 is obtained by taking a cross-
section from point A to point B in the top view of FIG. 7. The
interconnect structure 270 includes a plurality of interconnect
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layers 100, 200, and 300. The interconnect layer 100 is a
lower level interconnect layer, for example a M1 layer. The
metal line 110 is located in the interconnect layer 100 and
surrounded by the dielectric material 120. The interconnect
layer 200 is a mid level interconnect layer, for example a M2
layer. The metal line segments 180A-180B are located in the
interconnect layer 200. The dielectric material 150 isolates
the metal line segments 180A-180B and therefore constitutes
a “gap” between the metal line segments 180A-180B. The
interconnect layer 300 is an upper level interconnect layer, for
example a M3 layer. The metal line 250 is located in the
interconnect layer 300. A dielectric material 310 in the inter-
connect layer 300 provides isolation for the metal line 250.

[0032] As discussed above, the metal line segments 180A-
180B are divided into these two separate segments because a
single continuous metal line would have resulted in an
unwanted interface (or unwanted via) with the metal line 110.
To ensure that the metal line segments 180A-180B are still
electrically coupled together, the metal line 250 is formed in
the interconnect layer 300 thereabove to serve as a bridge. As
shown in FIG. 8, a portion of the metal line 250 is disposed
above the dielectric material 150, i.e., the gap between the
metal line segments 180A-180B. The end portions of the
metal line 250 are disposed above and are in physical contact
with the metal line segments 180A-180B, respectively. In this
manner, the metal line 110 is no longer electrically coupled to
the metal line segments 180A-180B—thereby eliminating
the unwanted via—but the electrical continuity of the metal
line segments 180A-180B is still preserved by the metal line
250. Once again, the configuration shown in FIG. 8 is only an
example of bypassing the unwanted interconnection to
remove the undesired via. In other embodiments, either the
metal line 110 or the metal line 180 may be broken up to avoid
the interconnection with the other, and the “bridging” metal
segment may be implemented in any interconnect layer above
or below either of the metal lines 110 or 180.

[0033] FIG.9 is another simplified diagrammatic fragmen-
tary cross-sectional side view of the interconnect structure
270. In addition to showing the same elements (e.g., the metal
lines 180A-180B or 250) from FIG. 8, the cross-sectional
view in FIG. 9 is more inclusive and also shows a metal line
110B in the interconnect layer 100 that is in direct physical
contact with a metal line 180C in the interconnect layer 200.
In other words, the interface/interconnection between the
metal lines 110B and 180C constitute a desired “self-aligned
via.” It is understood that the interconnect structure in FIG. 9
is provided simply to demonstrate the present disclosure in
greater detail (since it illustrates both a desired “self-aligned
via” as well as how to bypass an unwanted via) and is there-
fore wholly consistent with the interconnect structure of FIG.
8

[0034] FIG. 10 illustrates a simplified diagrammatic frag-
mentary cross-sectional side view of an interconnect struc-
ture 350 according to an alternative embodiment that also
overcomes the unwanted via problem. The interconnect
structure 350 includes a plurality of interconnect layers 100,
200, 300, and 400. The interconnect layers 100, 200, and 300
of the interconnect structure 350 are substantially similar to
those of the interconnect structure 270 shown in FIG. 8.
Therefore, the details of these interconnect layers and their
components are not repeated again for reasons of simplicity.
One difference, however, is that the interconnect layer 300 is
not disposed directly on top of the interconnect layer 200.
Instead, another interconnect layer 400 is sandwiched
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between the interconnect layers 200 and 300. In other words,
whereas the interconnect layer 300 was a M3 layer before
(i.e., in FIG. 8), the interconnect layer 300 of the interconnect
structure 350 is a M4 layer. The interconnect layer 400 now
constitutes the M3 layer.

[0035] The interconnect layer 400 includes a plurality of
metal lines 410 that are isolated by a dielectric material 420.
The metal lines 410 come into direct physical contact with,
and are sandwiched between, the metal line 250 and the metal
line segments 180A-180B. The dielectric material 420 pro-
vides a gap between the metal lines 410. Through the metal
lines 410, the metal line segments 180A-180B are electrically
coupled together by the metal line 250. In other words, the
routing scheme of FIG. 10 skips not one, but two interconnect
levels before the metal line segments 180A-180B are bridged
together.

[0036] To illustrate the routing scheme provided by the
interconnect structure 350 more fully, FIG. 11 shows a sim-
plified diagrammatic fragmentary top view of the intercon-
nect structure 350. The cross-sectional side view of the inter-
connect structure 350 illustrated in FIG. 10 is obtained by
taking a cross-section from point A to point B in the top view
of FIG. 11. As shown in FIG. 11, the metal lines 410 extend in
the same direction as the metal line 110, i.e., along the Y-di-
rection. The metal lines 410 provides electrical coupling
between the metal line segments 180A-180B and the metal
line 250.

[0037] Based on the discussions above, it can be seen that
the embodiments of the present disclosure offer advantages, it
being understood that different embodiments may offer dif-
ferent advantages, and not all the advantages are discussed
herein, and that no particular advantage is required for all
embodiments. One of the other advantages of certain embodi-
ments of the present disclosure is that, by forming the metal
lines from two different interconnect layers to be in physical
contact with one another, no vias are required in the intercon-
nect structure. The interface between the overlapped metal
lines effectively constitute self-aligned vias. The elimination
of'actual vias reduces fabrication defects caused by alignment
or overlay errors or by lack of process uniformity.

[0038] Another advantage of the embodiments of the
present disclosure is the elimination of “unwanted vias”,
which are unwanted interconnections between metal lines
from different metal layers. Rather than letting two metal
lines overlap to form the undesired interface/interconnection,
the present disclosure breaks up one of the metal lines into
separate metal line segments. These metal line segments are
then bridged together by another metal line located in a dif-
ferent interconnect layer. By doing this, the undesired inter-
connection or via can be obviated, and yet the electrical
integrity is still maintained since the two divided metal line
segments are still electrically joined together.

[0039] Itis understood that although the interconnect struc-
ture according to the present disclosure can be formed to be
totally via-free, it need not necessarily be implemented that
way. For example, in some alternative embodiments, some
interconnect layers may be formed to be via-free by adopting
the routing scheme of the present disclosure, while other
interconnect layers may still utilize actual vias to interconnect
their metal lines. The specific routing scheme of the intercon-
nect structure may be configured and implemented according
to design requirements and manufacturing concerns. In addi-
tion, some electrical contacts may still be employed to pro-
vide electrical connections or electrical access to the semi-



US 2014/0322910 Al

conductor features formed on a wafer, for example the source,
drain, and gate regions of a transistor device.

[0040] One of the broader forms of the present disclosure
involves a semiconductor device. The semiconductor device
includes: a substrate; a first conductive line disposed over the
substrate, wherein the first conductive line is located in a first
interconnect layer and extends along a first direction; a sec-
ond conductive line and a third conductive line each extend-
ing along a second direction different from the first direction,
wherein the second and third conductive lines are located in a
second interconnect layer different from the first interconnect
layer, and wherein the second and third conductive lines are
separated by a gap that is located over or below the first
conductive line; and a fourth conductive line electrically cou-
pling the second and third conductive lines together, the
fourth conductive line being located in a third interconnect
layer different from the second interconnect layer.

[0041] In some embodiments, the fourth conductive line
extends along the second direction.

[0042] In some embodiments, the first direction is perpen-
dicular to the second direction.

[0043] In some embodiments, the fourth conductive line is
disposed over the gap between the second and third conduc-
tive lines.

[0044] In some embodiments, the semiconductor device
further includes: a fifth conductive line being located in the
first interconnect layer; and a sixth conductive line being
located in the second interconnect layer; wherein the fifth
conductive line and the sixth conductive line are in direct
physical contact.

[0045] In some embodiments, the semiconductor device
further includes: a fifth conductive line being disposed
between the second conductive line and the fourth conductive
line; and a sixth conductive line being disposed between the
third conductive line and the fourth conductive line; wherein
the fifth and sixth conductive lines are located in a fourth
interconnect layer that is disposed between the second inter-
connect layer and the third interconnect layer.

[0046] Insomeembodiments, the fifth and sixth conductive
lines each extend along the first direction.

[0047] In some embodiments, at least one of the first, sec-
ond, and third interconnect layers is free of vias.

[0048] In some embodiments, the gap between the second
and third conductive lines is filled by a dielectric component.
[0049] Another of the broader forms of the present disclo-
sure involves a semiconductor device. The semiconductor
device includes: a first metal layer formed over a substrate,
the first metal layer containing a first metal line that is ori-
ented in a first direction; a second metal layer formed over the
substrate, the second metal layer being different from the first
metal layer, the second metal layer containing a second metal
line, a third metal line, and a dielectric component separating
the second and third metal lines, the second and third metal
lines being oriented in a second direction different from the
first direction; and a third metal layer formed over the sub-
strate, the third metal layer being different from the first metal
layer and the second metal layer, the third metal layer con-
taining a fourth metal line being located over or below the
dielectric component and bridging the second and third metal
lines.

[0050] In some embodiments, the fourth metal line is ori-
ented in the second direction; and the first direction is per-
pendicular to the second direction.
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[0051] In some embodiments, the first metal layer further
contains a fifth metal line; and the second metal layer further
contains a sixth metal line that directly abuts the fifth metal
line.

[0052] In some embodiments, the semiconductor device
further includes a fourth metal layer that is formed between
the second metal layer and the third metal layer, and wherein
the fourth metal layer contains: a fifth metal line that is
formed between the second metal line and the fourth metal
line; and a sixth metal line that is formed between the third
metal line and the fourth metal line.

[0053] Insomeembodiments, the fifth and sixth metal lines
are each oriented in the first direction.

[0054] In some embodiments, at least one of the first, sec-
ond, and third metal layers is free of electrical vias.

[0055] Still another of the broader forms of the present
disclosure involves a method of fabricating a semiconductor
device. The method includes: forming a first metal layer over
a substrate, the first metal layer containing a plurality of first
metal lines extending in a first direction; forming a second
metal layer over the substrate, the second metal layer being
different from the first metal layer, the second metal layer
containing a plurality of second metal lines extending in a
second direction different from the first direction, the second
metal lines being separated by one or more dielectric compo-
nents, wherein a first subset of the second metal lines is
located directly on a first subset of the first metal lines, and
wherein one of the dielectric components separating a second
subset of the second metal lines is located directly on a second
subset of the first metal lines; and forming a third metal layer
over the substrate, the third metal layer being different from
the first metal layer and the second metal layer, the third metal
layer containing at least one third metal line that is located
over or below the second subset of the second metal lines and
over or below the dielectric component of the second metal
layer, wherein the second subset of the second metal lines are
electrically coupled together by the third metal line.

[0056] In some embodiments, the forming the first metal
layer, the forming the second metal layer, and the forming the
third metal layer are performed such that at least one of the
first metal layer, the second metal layer, and the third metal
layer is free of electrical vias.

[0057] In some embodiments, the third metal line extends
in the second direction; and the first direction is perpendicular
to the second direction.

[0058] Insome embodiments, the method further includes:
forming a fourth metal layer between the second metal layer
and the third metal layer, wherein the fourth metal layer
contains a plurality of fourth metal lines that electrically
couple together the third metal line and the second subset of
the second metal lines.

[0059] Insomeembodiments, the fourth metal lines extend
in the first direction.

[0060] The foregoing has outlined features of several
embodiments so that those skilled in the art may better under-
stand the detailed description that follows. Those skilled in
the art should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other pro-
cesses and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
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make various changes, substitutions and alterations herein
without departing from the spirit and scope of the present
disclosure.

What is claimed is:

1. A method of fabricating a semiconductor device, com-
prising:

forming a first metal layer over a substrate, the first metal

layer containing a plurality of first metal lines extending
in a first direction;
forming a second metal layer over the substrate, the second
metal layer being different from the first metal layer, the
second metal layer containing a plurality of second
metal lines extending in a second direction different
from the first direction, the second metal lines being
separated by one or more dielectric components,
wherein a first subset of the second metal lines is located
directly on a first subset of the first metal lines, and
wherein one of the dielectric components separating a
second subset of the second metal lines is located
directly on a second subset of the first metal lines; and

forming a third metal layer over the substrate, the third
metal layer being different from the first metal layer and
the second metal layer, the third metal layer containing
at least one third metal line that is located over or below
the second subset of the second metal lines and over or
below the dielectric component of the second metal
layer, wherein the second subset of the second metal
lines are electrically coupled together by the third metal
line.

2. The method of claim 1, wherein the forming the first
metal layer, the forming the second metal layer, and the
forming the third metal layer are performed such that at least
one of the first metal layer, the second metal layer, and the
third metal layer is free of electrical vias.

3. The method of claim 1, wherein:

the third metal line extends in the second direction; and

the first direction is perpendicular to the second direction.

4. The method of claim 1, further comprising: forming a
fourth metal layer between the second metal layer and the
third metal layer, wherein the fourth metal layer contains a
plurality of fourth metal lines that electrically couple together
the third metal line and the second subset of the second metal
lines.

5. The method of claim 11, wherein the fourth metal lines
extend in the first direction.

6. A method comprising:

providing a substrate;

disposing a first conductive line over the substrate, wherein

the first conductive line is located in a first interconnect
layer and extends along a first direction;

disposing a second conductive line and a third conductive

line each extending along a second direction different
from the first direction, wherein the second and third
conductive lines are located in a second interconnect
layer different from the first interconnect layer, and
wherein the second and third conductive lines are sepa-
rated by a gap that is located over or below the first
conductive line;

disposing a fourth conductive line electrically coupling the

second and third conductive lines together, the fourth
conductive line being located in a third interconnect
layer that is different from the first interconnect layer
and the second interconnect layer;
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disposing a fifth conductive line being located in the first

interconnect layer; and

disposing a sixth conductive line being located in the sec-

ond interconnect layer;
wherein the fifth conductive line and the sixth conductive line
are in direct physical contact.

7. The method of claim 6, wherein the second, third and
fourth conductive lines each consist of a single layer of con-
ductive material.

8. The method of claim 6, wherein the fourth conductive
line extends along the second direction.

9. The method of claim 6, wherein the first direction is
perpendicular to the second direction.

10. The method of claim 6, wherein the fourth conductive
line is disposed over the gap between the second and third
conductive lines.

11. The method of claim 6, wherein at least one of the first,
second, and third interconnect layers is free of vias.

12. The method of claim 6, wherein the gap between the
second and third conductive lines is filled by a dielectric
component.

13. A method for forming a semiconductor device, the
method comprising:

providing a substrate;

disposing a first conductive line over the substrate, wherein

the first conductive line is located in a first interconnect
layer and extends along a first direction;

disposing a second conductive line and a third conductive

line each extending along a second direction different
from the first direction, wherein the second and third
conductive lines are located in a second interconnect
layer different from the first interconnect layer, and
wherein the second and third conductive lines are sepa-
rated by a gap that is located over or below the first
conductive line; and

disposing a fourth conductive line electrically coupling the

second and third conductive lines together, the fourth
conductive line being located in a third interconnect
layer that is different from the first interconnect layer
and the second interconnect layer;

wherein at least one of the first, second, and third intercon-

nect layers is free of vias.

14. The method of claim 13, wherein the second, third and
fourth conductive lines each consist of a single layer of con-
ductive material.

15. The method of claim 13, wherein:

the first interconnect layer further contains a fitth conduc-

tive line; and

the second interconnect layer further contains a sixth con-

ductive line that is in direct physical contact with the
fifth conductive line.

16. The method of claim 13, further comprising:

forming a fourth interconnect layer between the second

interconnect layer and the third interconnect layer, and
wherein the fourth interconnect layer contains:
forming a fifth conductive line between the second con-
ductive line and the fourth conductive line; and
forming a sixth conductive line that is formed between the
third conductive line and the fourth conductive line.

17. The method of claim 16, wherein the fifth and sixth
conductive lines are each oriented in the first direction.

18. The method of claim 13, wherein the fourth conductive
line is oriented in the second direction.
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19. The method of claim 13, wherein the first direction is
perpendicular to the second direction.

20. The method of claim 13, wherein the fourth conductive
line is located over or below the gap separating the second and
third conductive lines.
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