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HIGH PERFORMANCE CELL DESIGN IN A TECHNOLOGY WITH HIGH
DENSITY METAL ROUTING

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims priority to and the benefit of Non-Provisional Patent
Application Serial No. 15/707,807 filed in the United States Patent and Trademark
Office on September 18, 2017, the entire content of which is incorporated herein as if

fully set forth below in its entirety and for all applicable purposes.

BACKGROUND
Field
[0002] Aspects of the present disclosure relate generally to metal routing on a die, and
more particularly, to reducing parasitic capacitance caused by high-density metal

routing.

Background

[0003] A semiconductor die typically includes many cells, where each cell includes
two or more transistors that are interconnected to form a circuit (e.g., logic gate). In
deep sub-micron technologies, the metal routing density within a cell is high. The high-
density metal routing can cause severe parasitic capacitance, which negatively impacts

cell performance.

SUMMARY

[0004] The following presents a simplified summary of one or more embodiments in
order to provide a basic understanding of such embodiments. This summary is not an
extensive overview of all contemplated embodiments, and is intended to neither identify
key or critical elements of all embodiments nor delineate the scope of any or all
embodiments. Its sole purpose is to present some concepts of one or more embodiments
in a simplified form as a prelude to the more detailed description that is presented later.

[0005] According to a first aspect, a semiconductor die is provided. The semiconductor
die includes a first doped region, a second doped region, and an interconnect formed
from a first middle of line (MOL) layer, wherein the interconnect electrically couples

the first doped region to the second doped region. The semiconductor die also includes
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a first metal line formed from a first interconnect metal layer, and a first via electrically
coupling the interconnect to the first metal line.

[0006] According to a second aspect, a semiconductor die is provided. The
semiconductor die includes an N-type field effect transistor (NFET) having a drain, a P-
type field effect transistor (PFET) having a drain, and an interconnect formed from a
first middle of line (MOL) layer, wherein the interconnect electrically couples the drain
of the NFET to the drain of the PFET. The semiconductor die also includes a first metal
line formed from a first interconnect metal layer, and a first via electrically coupling the

interconnect to the first metal line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows a side view of an example of metal routing within a cell resulting
in parasitic capacitance according to certain aspects of the present disclosure.

[0008] FIG. 2A shows a top view of a portion of the metal routing within the cell
according to certain aspects of the present disclosure.

[0009] FIG. 2B shows a top view of another portion of the metal routing within the cell
according to certain aspects of the present disclosure.

[0010] FIG. 3 shows a side view of an example of metal routing within a cell with
reduced parasitic capacitance according to certain aspects of the present disclosure.

[0011] FIG. 4A shows a top view of a portion of the metal routing in FIG. 3 according
to certain aspects of the present disclosure.

[0012] FIG. 4B shows a top view of another portion of the metal routing in FIG. 3
according to certain aspects of the present disclosure.

[0013] FIG. 5A shows a top view of a portion of a second example of metal routing
with reduced parasitic capacitance according to certain aspects of the present disclosure.

[0014] FIG. 5B shows a top view of another portion of the second example of metal
routing according to certain aspects of the present disclosure.

[0015] FIG. 6A shows a top view of a portion of a third example of metal routing with
reduced parasitic capacitance according to certain aspects of the present disclosure.

[0016] FIG. 6B shows a top view of another portion of the third example of metal

routing according to certain aspects of the present disclosure.
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DETAILED DESCRIPTION

[0017] The detailed description set forth below, in connection with the appended
drawings, is intended as a description of various configurations and is not intended to
represent the only configurations in which the concepts described herein may be
practiced. The detailed description includes specific details for the purpose of providing
a thorough understanding of the various concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without these specific details. In
some instances, well-known structures and components are shown in block diagram
form in order to avoid obscuring such concepts.

[0018] A semiconductor die includes multiple interconnect metal layers in a back end of
line (BEOL) of the die, in which adjacent interconnect metal layers are separated by one
or more insulating layers. The different interconnect metal layers may include copper
and/or other metal materials or compounds, and may be interconnected using vias
and/or other structures. The bottom-most interconnect metal layer may be labeled MO
or M1. The description below uses the convention in which the bottom-most
interconnect metal layer is labeled MO.

[0019] The die also includes transistors formed in a front end of line (FEOL) of the die,
which is below the BEOL. The transistors may be fabricated on the substrate of the die
using a planar process and/or a non-planar process. The transistors may include planar
field effect transistors, FinFETs, and/or other types of transistors. Two or more
transistors may be grouped together to form a cell, in which the transistors in the cell are
interconnected to form a circuit (e.g., a logic gate, a multiplexer, etc.).

[0020] The die also includes contacts in a middle of line (MOL) between the BEOL and
the FEOL. The contacts in the MOL are used to electrically couple the transistors to
interconnect metal layers in the BEOL, as discussed further below. The contacts may
include tungsten and/or other conductive materials or compounds.

[0021] In deep sub-micron technologies, interconnect metal layers MO and M1 are used
to form metal lines for metal routing within a cell. In certain aspects, metal layer MO is
used to form unidirectional metal lines that run (extend) in one lateral direction, and
metal layer M1 (which lies above metal layer MO) is used to form unidirectional metal
lines that run (extend) in a lateral direction that is substantially perpendicular to the
lateral direction of the metal lines in metal layer MO. As used herein, the term “lateral”
refers to a direction that is horizontal with respect to the substrate of the die. The use of

unidirectional metal lines allows advanced processes to achieve higher resolution.
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[0022] In deep sub-micron technologies, metal routing density is high with pitches
between metal lines on the order of a few tens of nanometers in metal layer MO and
metal layer M1. The high-density routing can cause severe parasitic capacitance, which
negatively impacts cell performance. An example of this is discussed below with
reference to FIG. 1.

[0023] FIG. 1 shows a side view of a portion of an exemplary cell on a die. In this
example, the cell includes an N-type field effect transistor (NFET) and a P-type field
effect transistor (PFET) that are interconnected to form an inverter, in which the gates of
the NFET and the PFET are coupled together at the input of the inverter, and the drains
of the NFET and the PFET are coupled together at the output of the inverter.

[0024] As shown in FIG. 1, the cell includes an N-type doped region 110 of the NFET,
and a P-type doped region 115 of the PFET. In the discussion below, the N-type doped
region 110 is referred to simply as the N region 110, and the P-type doped region 115 is
referred to simply as the P region 115.

[0025] In this example, the N region 110 acts as a drain of the NFET, and the P region
115 acts as a drain of the PFET. The N and P regions 110 and 115 may be doped using
diffusion, implantation, plasma doping, in situ doping, and/or other another doping
technique.

[0026] The cell includes a contact 120 formed over the N region 110 of the NFET, and
a contact 125 formed over the P region 115 of the PFET. The contacts 120 and 125 are
formed from a first MOL contact layer (e.g., using photolithographic and etching
processes). The first MOL contact layer may also be referred to as an MD layer, a CA
layer, or another term. The contacts 120 and 125 provide electrical contacts for the N
region 110 and the P region 115, respectively.

[0027] The contacts 120 and 125 are electrically coupled to an output metal line 160
formed from metal layer M1 (e.g., using photolithographic and etching processes).
More particularly, the contact 120 of the N region 110 is electrically coupled to the
output metal line 160 by a structure that includes via 130, a first metal line 140 formed
from metal layer MO (e.g., using photolithographic and etching processes), and via 150.
Via 130 couples the contact 120 to the first metal line 140, and via 150 couples the first
metal line 140 to the output metal line 160.  The contact 125 of the P region 115 is
electrically coupled to the output metal line 160 by a structure that includes via 135, a

second metal line 145 formed from metal layer MO (e.g., using photolithographic and
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etching processes), and via 155. Via 135 couples the contact 125 to the second metal
line 145, and via 155 couples the second metal line 145 to the output metal line 160.

[0028] Thus, the N region 110 and the P region 115 are coupled together at the output
metal line 160 in metal layer M1. Since the N region 110 acts as the drain of the NFET
and the P region 115 acts as the drain of the PFET in this example, the drains of the
NFET and PFET are coupled together at the output line 160, which provides the output
of the inverter formed by the NFET and the PFET.

[0029] The cell also includes a gate contact 165, a third metal line 175 formed from
metal layer MO, and via 170 coupling the gate contact 165 to the third metal line 175.
The third metal line 175 is coupled to an input metal line (not shown in FIG. 1) formed
from metal layer M1 by a via (not shown in FIG. 1). The gate contact 165 may be
formed from a second MOL contact layer over a gate (e.g., using photolithographic and
etching processes). An example of the gate is shown in FIG. 2A, as discussed further
below. The second MOL contact layer may also be referred to as an MP layer, a CB
layer, or another term.

[0030] As discussed above, the space between metal lines in metal layer MO is small
for deep sub-micron technologies (e.g., on the order of a few tens of nanometers). As a
result, the output metal routing of the cell is in close proximity to the input metal
routing of the cell at metal layer MO. The close proximity of the output metal routing
and the input metal routing at metal layer MO results in large parasitic capacitance
between the metal routings. In FIG. 1, the parasitic capacitance between the first metal
line 140 and the third metal line 175 in metal layer MO is labeled Cp1, and the parasitic
capacitance between the second metal line 145 and the third metal line 175 in metal
layer MO is labeled Cp2. The large parasitic capacitance can severely degrade the
performance of the cell.

[0031] FIG. 2A shows a top view of the metal routing within the cell up to metal layer
MO. More particularly, FIG. 2A shows a top view of the N and P regions 110 and 115,
the contacts 120, 125 and 165, the vias 130, 135 and 170, and the first, second and third
metal lines 140, 145 and 175. In this example, the cell also includes a fourth metal line
220 formed from metal layer MO, which is not shown in FIG. 1. Note that structures
underneath the first, second and third metal lines 140, 145 and 175 are shown with
dashed lines. As shown in FIG. 2A, the cell also includes a gate 225 that extends in a
lateral direction. The gate 225 is common to the PFET and NFET, in which a portion of
the gate 225 lies within the PFET and another portion of the gate 225 lies within the
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NFET. The cell also includes a P doped region 215 that acts as a source of the PFET,
and is located on an opposite side of the gate 225 as the P doped region 115. The source
of the PFET may be coupled to a voltage supply rail of the die through a vertical
interconnect structure (not shown). The cell also includes an N doped region 210 that
acts as a source of the NFET and is on an opposite side of the gate 225 as the N doped
region 110. The source of the NFET may be coupled to a ground rail of the die through
a vertical interconnect structure (not shown).

[0032] As shown in FIG. 2A, the first metal line 140 in the output metal routing and the
third metal line 175 in the input metal routing run parallel to each other in the horizontal
direction, which substantially increases the parasitic capacitance Cpl between the first
metal line 140 and the third metal line 175.

[0033] FIG. 2B shows a top view of the metal routing within the cell from metal layer
MO to metal layer M1. More particularly, FIG. 2B shows a top view of the first, second,
third and fourth metal lines 140, 145, 175 and 220, the vias 150 and 155, and the output
line 160. FIG. 2B also shows the input line 240 (which is in metal layer M1) and the
via 230 coupling the third metal line 175 to the input line 240. Note that structures
underneath the output line 160 and the input line 240 are shown with dashed lines.

[0034] The large arrows in FIGS. 2A and 2B indicate the direction in which the cell is
viewed in the side view of the cell shown in FIG. 1.

[0035] Thus, the high-density metal routing in the cell discussed above results in large
parasitic capacitance between the input and output metal routings at metal layer MO.
Accordingly, there is a need to reduce the high parasitic capacitance due to high-density
metal routing to improve cell performance.

[0036] Embodiments of the present disclosure reduce the parasitic capacitance
discussed above by moving a portion of the output metal routing down to the MOL
where parasitic capacitance is less dominant, as discussed further below.

[0037] FIG. 3 shows a side view of a cell with reduced parasitic capacitance according
to aspects of the present disclosure. The cell includes the NFET and the PFET discussed
above with reference to FIG. 1.

[0038] Instead of routing the N region 110 to the output line 160 through the first metal
line 140, the cell in FIG. 3 includes an interconnect 310 formed in the MOL which
electrically couples the N region 110 of the NFET to the P region 115 of the PFET. In
other words, the interconnect 310 provides an electrical connection (metal routing)

between the N region 110 and the P region 115 in the MOL. Since the interconnect 310
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couples the N region 110 to the P region 115 in the MOL, the N region 110 does not
need to be electrically coupled to the output line 160 through the first metal line 140
shown in FIG. 1. Thus, the first metal line 140 is no longer part of the output metal
routing. This substantially removes the parasitic capacitance Cpl between the input
metal routing and the output metal routing discussed above.

[0039] As a result, the parasitic capacitance between the output metal routing and the
input metal routing at metal layer MO is reduced (e.g., by 30%), thereby improving the
performance of the cell (e.g., by 5%). In this example, parasitic capacitance Cpl shown
in FIG. 1 is substantially removed by coupling the N region and P region in the MOL
using the interconnect 310. The interconnect 310 may be formed from the first MOL
contact layer discussed above, which is the same MOL contact layer used to form the
contacts 120 and 125.

[0040] Thus, aspects of the present disclosure provide metal routing between an N
region of an NFET and a P region of a PFET in the MOL to reduce the parasitic
capacitance at metal layer MO.

[0041] FIG. 4A shows a top view of the metal routing within the cell up to metal layer
MO according to certain aspects of the present disclosure. More particularly, FIG. 4A
shows a top view of the N regions 110 and 210, the P regions 115 and 215, the gate 225,
the contacts 120, 125 and 165, the vias 135 and 170, and the metal lines 140, 145, 175
and 220 in metal layer MO. Note that structures underneath the metal lines 140, 145,
175 and 220 are shown with dashed lines.

[0042] FIG. 4A also shows the interconnect 310 which extends in a direction
substantially perpendicular to the direction of the metal lines 140, 145, 175 and 220. In
this example, the length of the interconnect 310 spans the distance between the contact
120 of the N region 110 and the contact 125 of the P region 115. Also, in this example,
the interconnect 310 is spaced apart from the contacts 120 and 125 in the horizontal
direction (i.e., same lateral direction as the metal lines in metal layer M0). This may be
done, for example, due to layout restrictions that prevent placing the interconnect 310
directly between the contacts 120 and 125. In certain aspects, the contacts 120 and 125
and the interconnect 310 are coplanar.

[0043] As shown in FIG. 4A, the cell also includes a first bridge 410 and a second
bridge 415. The first bridge 410 is disposed between the contact 120 of the N region
110 and the interconnect 310, and electrically couples the contact 120 to the

interconnect 310. In one example, the first bridge 410 may be formed from the second
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MOL contact layer discussed above. In this example, the second MOL contact layer
may be coplanar with the first MOL contact layer used to form the contact 120. It is to
be appreciated that the present disclosure is not limited to this example, and that the first
bridge 410 may be formed using another MOL layer.

[0044] A first end of the first bridge 410 contacts the contact 120 and a second end of
the bridge 410 contacts the interconnect 310. For example, the first end of the first
bridge 410 may contact a sidewall of the contact 120, and the second end of the first
bridge 410 may contact a sidewall of the interconnect 310.

[0045] The second bridge 415 is disposed between the contact 125 of the P region 115
and the interconnect 310, and electrically couples the contact 125 to the interconnect
310. The second bridge 415 may be formed in the second MOL contact layer discussed
above or another MOL layer.

[0046] A first end of the first bridge 415 contacts the contact 125 and a second end of
the bridge 410 contacts the interconnect 310. For example, the first end of the second
bridge 415 may contact a sidewall of the contact 125, and the second end of the second
bridge 415 may contact a sidewall of the interconnect 310.

[0047] Thus, in this example, the contact 120 of the N region 110 is electrically coupled
to the contact 125 of the P region 115 in the MOL through the interconnect 310 and the
first and second bridges 410 and 415.

[0048] As shown in FIG. 4A, the cell also includes via 135, which electrically couples
the interconnect 310 to the second metal line 145 in metal layer MO. The via 130 used
to couple the contact 120 of the N region 110 to the first metal line 140 in FIG. 2A 1is
not present in this example. This is because the contact 120 of the N region 110 is now
electrically coupled to the output line 160 through the interconnect 310 in the MOL.
Thus, the first metal line 140 is no longer part of the output metal routing of the cell.
This substantially removes the parasitic capacitance Cpl between the input metal
routing and the output metal routing discussed above. The first metal line 140 is not
shown in FIG. 3 because it is no longer part of the output metal routing.

[0049] FIG. 4B shows a top view of the metal routing from metal layer MO to metal
layer M1 according to certain aspects of the present disclosure. More particularly, FIG.
4B shows a top view of the first, second, third and fourth metal lines 140, 145, 175 and
220, vias 230 and 155, the output line 160, and the input line 240. In this example, the
via 150 used to couple the first metal line 140 to the output line 160 in FIG. 2B is not

present. This is because the first metal line 140 is no longer part of the output metal
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routing, as discussed above. Also, in this example, the output metal line 160 does not
extend over the first metal line 140.

[0050] FIG. 5A shows a top view of metal routing within the cell up to metal layer MO
according to other aspects of the present disclosure. Similar to the cell shown in FIG.
4A, the cell in FIG. 5A includes the N regions 110 and 210, the P regions 115 and 215,
the gate 225, the contacts 120, 125 and 165, the vias 135 and 170, the first and second
bridges 410 and 415, and the interconnect 310. As discussed above, the interconnect
310 electrically couples the N and P regions 110 and 115 in the MOL.

[0051] In the example shown in FIG. 5A, the metal lines 145, 175 and 220 shown in
FIG. 4A are cut in the vertical direction. More particularly, metal line 175 shown in
FIG. 4A is cut to form metal lines 510 and 515. Metal lines 510 and 515 extend
laterally along a common line since they are formed by cutting metal line 175, and are
spaced apart by a gap 512. Metal line 220 shown in FIG. 4A is cut to form metal lines
520 and 525. Metal lines 520 and 525 extend laterally along a common line and are
spaced apart by a gap 522. Lastly, metal line 145 shown in FIG. 4A is cut to form metal
lines 530 and 535. Metal lines 530 and 535 extend laterally along a common line and
are spaced apart by a gap 532. In this example, the metal lines 145, 175 and 220 may
be cut, for example, using a cut mask in a photolithographic process.

[0052] As shown in FIG. 5A, via 135 electrically couples the interconnect 310 to metal
line 535 (which is formed by cutting metal line 145). In this example, the cell also
includes via 540, which electrically couples the interconnect 310 to metal line 515. As
discussed further below, the output metal routing in this example also includes metal
line 515. Via 170 electrically couples the gate contact 165 to metal line 510, which is
part of the input metal routing. Although there is some parasitic capacitance between
metal lines 510 and 515, the parasitic capacitance is much less than parasitic
capacitance Cpl discussed above. This is because one end of metal line 510 is adjacent
to one end of metal line 515, which results in relatively small capacitance. In contrast,
metal line 140 and metal line 175 in FIG. 2A run parallel to each other in the horizontal
direction, which substantially increases parasitic capacitance Cpl.

[0053] FIG. 5B shows a top view of the metal routing within the cell from metal layer
MO to metal layer M1 according to certain aspects of the present disclosure. More
particularly, FIG. 5B shows a top view of the metals lines 140, 510, 515, 520, 525, 530
and 535 in metal layer MO. FIG. 5B also shows a top view of the output line 160, and
the input line 240, both of which are in metal layer M1.
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[0054] As shown in FIG. 5B, via 155 couples metal line 535 to the output line 160, and
via 230 couples metal line 510 to the input line 240. In this example, the cell also
includes via 555, which couples metal line 515 to the output line 160. This, in this
example, the output metal routing includes two structures coupling the interconnect 310
to the output line 160. The first structure includes via 135 (shown in FIG. 5A), metal
line 535 and via 155, and the second structure includes via 540 (shown in FIG. 5A),
metal line 515 and via 555.

[0055] In certain aspects, the first structure coupling the interconnect 310 to the output
metal line 160 may be omitted. In this regard, FIGS. 6A and 6B show the cell in FIGS.
5A and 5B in which the first structure coupling the interconnect 310 to the output metal
line 160 is omitted. More particularly, the via 135 coupling the interconnect 310 to
metal line 535 is omitted and the via 155 coupling metal line 535 to the output line 160
is omitted. Thus, in this example, the interconnect 310 is coupled to the output line 160
through via 540, metal line 515 and via 555.

[0056] Although aspects of the present disclosure are described above using the
convention in which the bottom-most interconnect metal layer in the BEOL is labeled
MO, it is to be appreciated that the present disclosure is not limited to this convention.
For example, the present disclosure also covers the convention in which the bottom-
most metal layer in the BEOL is labeled M1. In this example, the MO and M1 metal
layers discussed above are labeled M1 and M2, respectively. Also, it is to be
appreciated that the present disclosure is not limited to the terminology used above to
describe aspects of the present disclosure. For example, the middle of line (MOL) may
also be referred to as the middle end of line (MEOL) or another terminology.

[0057] Although aspects of the present disclosure are described above using the
example in which region 110 is N-type doped and region 115 is P-type doped, it is to be
appreciated that the present disclosure is not limited to this example. For example,
region 110 may be P-type doped and region 115 may be N-type doped, both regions 110
and 115 may be N-type doped, or both regions 110 and 115 may be P-type doped.

[0058] It is to be appreciated that the exemplary structures discussed above are subject
to a small degree of process variation on a physical chip, which is unavoidable in
semiconductor fabrication processes. Therefore, the exemplary structures described
above are intended to cover structures on a physical chip that vary slightly from the
exemplary structures due to the process variation of the fabrication process used to

fabricate the chip.
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[0059] Within the present disclosure, the term “coplanar” does not require that two
layers have the same thickness to be coplanar. Rather, the term “coplanar” is intended
to cover two layers that are intersected by a common plan that is horizontal with respect
the substrate of the die.

[0060] Within the present disclosure, the word “exemplary” is used to mean “serving as
an example, instance, or illustration.” Any implementation or aspect described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects of the disclosure. Likewise, the term “aspects™ does not require that all aspects
of the disclosure include the discussed feature, advantage or mode of operation. The
term “electrically coupled™ is used herein to refer to the direct or indirect electrical
coupling between two structures.

[0061] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples
described herein but is to be accorded the widest scope consistent with the principles

and novel features disclosed herein.
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CLAIMS

1. A semiconductor die, comprising: a first doped region; a second doped region; a first contact
over the first doped region; a second contact over the second doped region, wherein the first
contact and the second contact are in a first contact middle of line (MOL) layer of the
semiconductor die; an interconnect formed from the first contact MOL layer, wherein the
interconnect is spaced apart from the first contact and the second contact in a first lateral
direction, and the interconnect extends in a second lateral direction that is perpendicular to the
first lateral direction; a first bridge between the first contact and the interconnect, wherein the
first bridge electrically couples the first contact to the interconnect; a second bridge between the
second contact and the interconnect, wherein the second bridge electrically couples the second
contact to the interconnect; a first metal line formed from a first interconnect metal layer; and a
first via electrically coupling the interconnect to the first metal line, wherein the first and second
contacts are formed from the first contact MOL layer, and the first and second bridges are
formed from a second MOL layer.

2. The semiconductor die of claim 1, wherein the first doped region comprises an N-type doped
region, and the second doped region comprises a P-type doped region.

3. A semiconductor die, comprising: a first doped region; a second doped region; a first contact
over the first doped region; a second contact over the second doped region, wherein the first
contact and the second contact are in a first contact middle of line (MOL) layer of the
semiconductor die; an interconnect formed from the first contact MOL layer, wherein the
interconnect is spaced apart from the first contact and the second contact in a first lateral
direction, and the interconnect extends in a second lateral direction that is perpendicular to the
first lateral direction; a first bridge between the first contact and the interconnect, wherein the
first bridge electrically couples the first contact to the interconnect; a second bridge between the
second contact and the interconnect, wherein the second bridge electrically couples the second
contact to the interconnect; a first metal line formed from a first interconnect metal layer; a first
via electrically coupling the interconnect to the first metal line; a gate; a gate contact over the
gate; a second metal line formed from the first interconnect metal layer; and a second via
electrically coupling the gate contact to the second metal line, wherein the first metal line and the
second metal line extend along a common line, and the first metal line and the second metal line
are spaced apart by a gap.

4. The semiconductor die of claim 3, wherein the first metal line and the second metal line
extend in a same lateral direction.
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5. A semiconductor die, comprising: a first doped region; a second doped region; a first contact
over the first doped region; a second contact over the second doped region, wherein the first
contact and the second contact are in a first contact middle of line (MOL) layer of the
semiconductor die; an interconnect formed from the first contact MOL layer, wherein the
interconnect is spaced apart from the first contact and the second contact in a first lateral
direction, and the interconnect extends in a second lateral direction that is perpendicular to the
first lateral direction; a first bridge between the first contact and the interconnect, wherein the
first bridge electrically couples the first contact to the interconnect; a second bridge between the
second contact and the interconnect, wherein the second bridge electrically couples the second
contact to the interconnect; a first metal line formed from a first interconnect metal layer; a first
via electrically coupling the interconnect to the first metal line; a gate; a gate contact over the
gate; a second metal line formed from the first interconnect metal layer; a second via electrically
coupling the gate contact to the second metal line; an input metal line formed from a second
interconnect metal layer; a third via electrically coupling the second metal line to the input metal
line; an output metal line formed from the second interconnect metal layer; and a fourth via
electrically coupling the first metal line to the output metal line.

6. The semiconductor die of claim 5, wherein the first doped region comprises an N-type doped
region of an NFET, and the second doped region comprises a P-type doped region of a PFET.

7. The semiconductor die of claim 5, wherein the first metal line and the second metal line
extend in the first lateral direction, and the input metal line and the output metal line extend in
the second lateral direction.

8. The semiconductor die of claim 1, further comprising: a second metal line formed from the
first interconnect metal layer; and a second via electrically coupling the interconnect to the
second metal line.

9. The semiconductor die of claim 8, further comprising: an output metal line formed from a
second interconnect metal layer; a third via electrically coupling the first metal line to the output
metal line; and a fourth via electrically coupling the second metal line to the output metal line.

10. The semiconductor die of claim 9, wherein the first metal line and the second metal line
extend in the first lateral direction, and the output metal line extends in the second lateral
direction.
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11. A semiconductor die, comprising: an N-type field effect transistor (NFET) having a drain; a
P-type field effect transistor (PFET) having a drain, wherein the NFET and the PFET have a
common gate, and the NFET and the PFET are interconnected to form an inverter; an
interconnect formed from a first middle of line (MOL) layer, wherein the interconnect
electrically couples the drain of the NFET to the drain of the PFET; a first metal line formed
from a first interconnect metal layer; a first via electrically coupling the interconnect to the first
metal line; a gate contact over the gate, wherein the gate contact is formed from a second MOL
layer; a second metal line formed from the first interconnect metal layer; and a second via
electrically coupling the gate contact to the second metal line; wherein the first metal line and the
second metal line extend along a common line, and the first metal line and the second metal line
are spaced apart by a gap.

12. The semiconductor die of claim 1, wherein the first and second bridges extend in the first
lateral direction.

13. The semiconductor die of claim 12, wherein the first and second contacts, the first and
second bridges, and the interconnect are coplanar.



