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(57) ABSTRACT

A semiconductor device includes an active region in a
substrate. The active region extends in a first direction. The
semiconductor device further includes a gate structure
extending in a second direction different from the first
direction. The gate structure extends across the active
region. The semiconductor device further includes a plural-
ity of source/drain contacts extending in the second direction
and overlapping a plurality of source/drain regions in the
active region on opposite sides of the gate structure. A first
source/drain contact of the plurality of source/drain contacts
has a first width, and a second source/drain contact of the
plurality of source/drain contacts has a second width less
than the first width.
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INTEGRATED CIRCUIT LAYOUTS WITH
SOURCE AND DRAIN CONTACTS OF
DIFFERENT WIDTHS

PRIORITY CLAIM

[0001] This application claims the priority of U.S. Appli-
cation No. 62/753,460, filed Oct. 31, 2018, which is incor-
porated herein by reference in its entirety.

BACKGROUND

[0002] The semiconductor industry is producing smaller
and faster electronic devices for portable electronic, such as
personal computers, cell phones and digital cameras appli-
cations. In order to produce these devices, the semiconduc-
tor manufacturer is striving to produce low-cost, high-
performance, and low-power integrated circuits. Smaller
and faster electronic devices are produced in large part by
scaling down the size of circuit components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0004] FIG. 1A is a diagram of a layout of a semiconduc-
tor device, in accordance with some embodiments.

[0005] FIGS. 1B-1D are views of a semiconductor device
having the layout of FIG. 1A, in accordance with some
embodiments.

[0006] FIG. 2A is a diagram of a layout of a semiconduc-
tor device, in accordance with some embodiments.

[0007] FIGS. 2B-2D are views of a semiconductor device
having the layout of FIG. 2A, in accordance with some
embodiments.

[0008] FIG. 3Ais a diagram of a layout of a semiconduc-
tor device, in accordance with some embodiments.

[0009] FIGS. 3B-3D are views of a semiconductor device
having the layout of FIG. 3A, in accordance with some
embodiments.

[0010] FIG. 4 is a schematic diagram of a system for
designing a layout of a semiconductor device, in accordance
with some embodiments.

[0011] FIG. 5 is a block diagram of a semiconductor
device manufacturing system, in accordance with some
embodiments.

DETAILED DESCRIPTION

[0012] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components, materials, values, steps, operations, materials,
arrangements, or the like, are described below to simplify
the present disclosure. These are, of course, merely
examples and are not intended to be limiting. Other com-
ponents, values, operations, materials, arrangements, or the
like, are contemplated. For example, the formation of a first
feature over or on a second feature in the description that
follows may include embodiments in which the first and
second features are formed in direct contact, and may also
include embodiments in which additional features may be
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formed between the first and second features, such that the
first and second features may not be in direct contact. In
addition, the present disclosure may repeat reference numer-
als 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.

[0013] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

[0014] Field effect transistors (FETs) are components of
some integrated circuits. A FET includes a channel region
and also a source region and a drain region (collectively
referred to source/drain regions) spaced apart by the channel
region. A gate electrode is over the channel region. By
applying a voltage to the gate electrode, the conductivity of
the channel region increases to allow current to flow from
the source region to the drain region. A FET utilizes con-
ductive contacts (i.e., source/drain contacts) that electrically
connect to source/drain regions to conduct current to and
from the FET. A source/drain contact resistance in a FET is
proportional to the size of the source/drain contact. A
source/drain contact with a larger footprint provides a
greater electrical contact area, thus reducing the contact
resistance between the source/drain contact and a corre-
sponding source/drain region. Reduced contact resistance at
the source/drain regions of the FET facilitates current pass-
ing into/out of the FET through the source/drain contacts,
which leads to an increase in switching speed for the FET.
[0015] Scaling of FETs reduces the source/drain contract
areas. The contact resistance thus increases, which limits the
performance of the FETs. In some approaches, the source/
drain contacts formed over a same active region have a
uniform width, the FETs formed on the same active region
thus have the same source/drain contact resistance. In some
instances, FETs formed on the same active region perform
different functions which have different design specifica-
tions for source/drain contact resistance. For example,
source/drain contacts for FETs used for high speed switch-
ing are specified to have a low source/drain contact resis-
tance, while source/drain contacts for FETs used for feed-
back have a design specification that permits a higher
source/drain contact resistance. A layout design which
allows tailoring source/drain contact resistance for different
types of FETs on the same active region helps to maximize
performance of integrated circuits.

[0016] In the present disclosure, in a layout design of a
semiconductor device, each of one or more source/drain
contact layout patterns of a plurality of source/drain contact
layout patterns for FETs formed on a same active region
layout pattern is marked by a mark layer. The mark layer is
usable to indicate that when fabricating the semiconductor
device based on the layout design, each of one or more
source/drain contacts of the plurality of source/drain con-
tacts corresponding to a source/drain layout pattern marked
by the mark layer has a width greater than a width of
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source/drain contacts corresponding to the non-marked
source/drain layout patterns. Selectively labeling source/
drain contact layout patterns formed on the same active
region layout pattern using the mark layers at the layout
design stage helps to generate FETs with tailored contact
resistance, which in turn helps to improve the overall
performance of the FETs.

[0017] FIG. 1A is a diagram of a layout 100 of a semi-
conductor device, in accordance with some embodiments.
The layout 100 is usable to manufacture a semiconductor
device 100A (FIGS. 1B-1D).

[0018] Referring to FIG. 1A, the layout 100 includes an
active region layout pattern 110. The active region layout
pattern 110 defines a corresponding active region 110A
(FIGS. 1B-1D) of the semiconductor device 100A. The
active region layout pattern 110 extends along a first direc-
tion of the layout 100, e.g., the X direction. In some
embodiments, the active region layout pattern 110 is also
referred to as an oxide-definition (OD) region layout pattern.
The active region layout pattern 110 is identified in the
legend in the drawings with label “Active Region.” The
active region layout pattern 110 includes source region
layout patterns and drain region layout patterns (collectively
referred to as source/drain region layout patterns 112) that
define corresponding source/drain regions 112A of the semi-
conductor device 100A.

[0019] The active region layout pattern 110 is separated
from other components of the layout 100 on the same layout
level by an isolation structure layout pattern 104. The
isolation structure layout pattern 104 defines a correspond-
ing isolation structure 104 A (FIGS. 1B-1D) of the semicon-
ductor device 100A.

[0020] The layout 100 further includes a plurality of gate
layout patterns 120 over the active region layout pattern 110.
The gate layout patterns 120 define corresponding gate
structures 120A (FIGS. 1B-1D) of the semiconductor device
100A. Each of the gate layout patterns 120 extends along a
second direction of the layout 100, e.g., the Y-direction
across the active region layout pattern 110. In some embodi-
ments, the second direction Y is perpendicular to the first
direction X. Each gate layout pattern 120 is separated from
an adjacent gate layout pattern 120 in the first direction X by
a pitch P1. The gate layout patterns 120 and corresponding
source/drain region layout patterns 112 on opposite sides of
the gate layout patterns 120 form a plurality of FETs. In
some embodiments, the gate layout patterns 120 are also
referred to as POLY layout patterns and are identified in the
legend in the drawings with label “POLY.”

[0021] The layout 100 further includes a plurality of
source/drain contact layout patterns 132 overlying the
source/drain region layout patterns 112 to provide electrical
connections to the source/drain region layout patterns 112.
The source/drain contact layout patterns 132 define corre-
sponding source/drain contacts 132A of the semiconductor
device 100A (FIGS. 1B-1D). Each of the source/drain
contact layout patterns 132 extends in the second direction
Y and overlaps a corresponding source/drain region layout
pattern 112 between a corresponding pair of adjacent gate
layout patterns 120. The source/drain contact layout patterns
132 are set to have a uniform width W1 in the first direction
X. In some embodiments, the source/drain contact layout
patterns 132 are also referred to as metal over diffusion
layout patterns and are identified in the legend in the
drawings with label “M0.”
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[0022] The layout 100 further includes a plurality of via
layout patterns 142 overlying source/drain contact layout
patterns 132. The via layout patterns 142 define correspond-
ing vias 142A (FIGS. 1B-1D) of the semiconductor device
100A. The via layout patterns 142 overlaps corresponding
source/drain contact layout patterns 132, providing electrical
connections to the corresponding source/drain contact pat-
terns 132.

[0023] The layout 100 further includes a metal layer
layout pattern 150 overlying via layout patterns 142. The
metal layer layout pattern 150 defines a corresponding metal
layer 150A (FIGS. 1B-1D) of the semiconductor device
100A. The metal layer layout pattern 150 extends in the first
direction X and is electrically coupled to the corresponding
source/drain contact layout patterns 132 by via layout pat-
terns 142. The metal layer layout pattern 150 is identified in
the legend in the drawing with label “Metal.”

[0024] The layout 100 further includes one or more mark
layers 160. Each of the mark layers 160 is used to label a
corresponding source/drain contact layout pattern 132. Each
of one or more mark layers 160 is usable to indicate that a
corresponding source/drain contact layout pattern 132
labeled by a mark layer 160 (herein referred to as marked
source/drain contact layout pattern 132-1) has a width
greater than a width (i.e., W1) of a source/drain contact
layout pattern 132 that is not labeled by a mark layer 160
(herein referred to as non-marked source/drain contact lay-
out pattern 132-2). Each of one or more mark layers 160 is
also usable to indicate that a corresponding via layout
pattern 142 overlying the marked source/drain contact lay-
out pattern 132-1 (herein referred to as marked via layout
pattern 142-1) has a dimension greater than a dimension of
a via layout patterns 142 overlying a non-marked source/
drain contact layout pattern 132-2 (herein referred to as
non-marked via pattern 142-2). The number of mark layers
160 employed in the layout 100 is determined based on the
circuit design. In the layout 100, by using one or more mark
layers 160 to indicate that when fabricating a semiconductor
device 100A (FIGS. 1B-1D) based on the layout 100, one or
more source/drain contacts 132A in the semiconductor
device 100A are formed with an increased width, the layout
design of the present disclosure allows forming a semicon-
ductor device 100A with a reduced overall contact resis-
tance. As a result, the performance of the semiconductor
device 100A is enhanced.

[0025] FIGS. 1B-1D are views of a semiconductor device
100A having the layout 100, in accordance with some
embodiments. FIG, 1B is a top view of the semiconductor
device 100A. FIG. 1C is a cross-sectional view of the
semiconductor device 100A of FIG. 1B taken along line
C-C'. FIG. 1D is a cross-sectional view of the semiconductor
device 100A of FIG. 1B taken along line D-D'. The semi-
conductor device 100A is a non-limiting example for facili-
tating the illustration of the present disclosure.

[0026] Referring to FIGS. 1B-1D, the semiconductor
device 100A includes a substrate 102A over which various
elements of the semiconductor device 100A are formed. The
substrate 102A includes, but is not limited to, a bulk silicon
substrate, a silicon-on-insulator (SOI) substrate, or a silicon
geranium substrate. Other semiconductor materials includ-
ing group 111, group IV, and group V elements are within the
scope of various embodiments.
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[0027] The semiconductor device 100A further includes
an active region 110A over the substrate 102A, and a
plurality of gate structures 120A over the active region
110A.

[0028] The active region 110A extends in the first direc-
tion X and includes a plurality of source/drain regions 112A.
The source/drain regions 112A are doped semiconductor
regions located on opposite sides of the gate structures
120A. In some embodiments, the source/drain regions 112A
include p-type dopants such as boron for formation of p-type
FETs. In other embodiments, the source/drain regions 112A
include n-type dopants such as phosphorus for formation of
n-type FETs. The active region 110A is electrically isolated
for other elements of the semiconductor device 100A by an
isolation structure 104A. In some embodiments, the isola-
tion structure 104A is a shallow trench isolation (STI)
structure including a trench filled with one or more dielectric
material. In some embodiments, the STI structure includes
silicon dioxide, silicon nitride, silicon oxynitride, or any
other suitable insulating materials.

[0029] The gate structures 120A are over respective chan-
nel regions of the active region 110A. The gate structures
120A extend in the second direction Y and are separated
from each other by a pitch P2. In some embodiments, the
pitch P2 of the gate structures 120A is equal to the pitch P1
of the gate layout patterns 120 of layout 100 (FIG. 1A). In
some embodiments, in order to accommodate one or more
source/drain contacts 132A-1 having an increased width W2
(described below), the pitch P2 of the gate structure 120A is
set to be greater than the pitch P1 of the gate layout patterns
120 of layout 100 (FIG. 1A).

[0030] In some embodiments, each of the gate structures
120A includes a gate dielectric and a gate electrode. The gate
dielectric is formed over a corresponding channel region of
the active region 110A. In some embodiments, the gate
dielectric includes a high-k dielectric material. Exemplary
high-k dielectric materials include, but are not limited to,
silicon nitride, silicon oxynitride, hafnium oxide (HfO,),
hafnium silicon oxide (HfSiO), hatnium silicon oxynitride
(HfSiON), hafnium tantalum oxide (HfTaO), hafnium tita-
nium oxide (HfTiO), hafnium zirconium oxide (H{ZrO),
metal oxides, metal nitrides, metal silicates, transition metal-
oxides, transition metal-nitrides, transition metal-silicates,
oxynitrides of metals, metal aluminates, zirconium silicate,
zirconium aluminate, zirconium oxide, titanium oxide, alu-
minum oxide, hafnium dioxide-alumina (HfO,-Al,0;)
alloy, other suitable high-k dielectric materials, and/or com-
binations thereof. In some embodiments, the gate dielectric
includes a stack of an interfacial dielectric material and a
high-k dielectric material. In some embodiments, the inter-
facial dielectric material includes silicon dioxide. The gate
electrode is formed over the gate dielectric. In some embodi-
ments, the gate electrode includes a doped polysilicon. In
other embodiments, the gate electrode includes a conductive
material such as, for example copper (Cu), aluminum (Al),
titanium (T1), titanium nitride (TiN), tantalum (Ta), tantalum
nitride (TaN), tantalum carbide (TaC), tantalum silicon
nitride (TaSiN), tungsten (W), tungsten nitride (WN), or
molybdenum nitride (MoN).

[0031] The semiconductor device 100A further includes a
plurality of source/drain contacts 132A overlying corre-
sponding source/drain regions 112A. In some embodiments,
source/drain contacts 132A include a conductive material
such as, for example, cobalt (Co), Cu, or W. The source/
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drain contacts 132A include a first set of source/drain
contacts 132A-1 corresponding to the marked source/drain
contact layout patterns 132-1 of layout 100 and a second set
of source/drain contacts 132A-2 corresponding to the non-
marked source/drain contact layout patterns 132-2 of layout
100 (FIG. 1A).

[0032] The source/drain contacts 132A-1 in the first set are
configured to have a width W2, while the source/drain
contacts 132A-2 in the second set are configured to have a
width W1 smaller than W2. The spacing S2 between each
source/drain contact 132A-1 in the first set and a corre-
sponding adjacent gate structure 120A thus is smaller than
the spacing S1 between each source/drain contact 132A-2 in
the second set and a corresponding adjacent gate structure
120A. Precise dimensions for pitch P1, pitch P2, width W1,
width W2, spacing S1 and spacing S2 are determined based
on a node size of the FET being manufactured. In some
embodiments, P1 ranges from about 40 nm to about 90 nm.
If P1 is too small, then manufacturing of the device asso-
ciated with the layout 100 has a higher risk of a defect, in
some instances. If P1 is too large, then a size of the device
associated with the layout 100 is unnecessarily increased, in
some instances. In some embodiments, P2 ranges from
about 40 nm to about 90 nm. If P2 is too small, then
manufacturing of the device associated with the layout 100
has a higher risk of a defect, in some instances. If P2 is too
large, then a size of the device associated with the layout 100
is unnecessarily increased, in some instances. In some
embodiments, W1 ranges from about 16 nm to about 54 nm.
If W1 is too small, then contact resistance is increased and
a risk of the device associated with the layout 100 not
meeting design specifications increases, in some instances.
If W1 is too large then a size of the device associated with
the layout 100 is unnecessarily increased, in some instances.
In some embodiments, a ratio between W2 and W1 ranges
from about 1 to about 5. If W2 is too small, then contact
resistance is increased and a risk of the device associated
with the layout 100 not meeting design specifications
increases, in some instances. If W2 is too large then a size
of'the device associated with the layout 100 is unnecessarily
increased, in some instances. In some embodiments, S1
ranges from about 10 nm to about 74 nm. If Si is too small,
then manufacturing of the device associated with the layout
100 has a higher risk of a defect, in some instances. If S1 is
too large, then a size of the device associated with the layout
100 is unnecessarily increased, in some instances. In some
embodiments, a ratio between S2 and S1 ranges from about
1 to about 5. If S2 is too small, then manufacturing of the
device associated with the layout 100 has a higher risk of a
defect, in some instances. If S2 is too large, then a size of the
device associated with the layout 100 is unnecessarily
increased, in some instances. Forming source/drain contacts
132A of different widths on a same active region 110A helps
to reduce the overall contact resistance of the semiconductor
device 100A, which helps to improve device performance.

[0033] The semiconductor device 100A further includes a
plurality of vias 142 A overlying corresponding source/drain
contacts 132A to provide electrical connections to corre-
sponding source/drain contacts 132A. In some embodi-
ments, the vias 142A include a conductive material such as,
for example, cobalt (Co), copper (Cu), or tungsten (W). The
vias 142A includes a first set of vias 142A-1 overlying
corresponding first set of source/drain contacts 132A-1 of
greater width W2 and a second set of vias 142A-2 overlying



US 2020/0135869 Al

corresponding second set of source/drain contacts 132A-2 of
smaller width W1. In some embodiments, the first set of vias
142A-1 are also formed to have an increased dimension in
the first direction X and/or the second direction Y. Forming
vias 142A-1 with the increased dimension helps to further
reduce the overall contact resistance of the semiconductor
device 1-0A, which helps to further improve device perfor-
mance.

[0034] The semiconductor device 100A further includes a
metal layer 150A overlying the vias 142A to provide elec-
trical connections to the corresponding vias 142A. The metal
layer 150A is a second metal layer M1, which is the second
lowermost metal layer above the elements formed over the
substrate 102A. In some embodiments, the metal layer 150A
include a conductive material such as, for example, Co, Cu,
or W.

[0035] FIG. 2A is a diagram of a layout 200 of a semi-
conductor device, in accordance with some embodiments.
The layout 200 is usable to manufacture a semiconductor
device 200A (FIGS. 2B-2D).

[0036] Referring to FIG. 2A, the layout 200 includes a
plurality of active region layout patterns. A first active region
layout pattern 210 and a second active region layout pattern
210" are included in FIG. 2A. The first and second active
region layout patterns 210 and 210" define corresponding
first and second active regions 210A and 210A' of the
semiconductor device 200A (FIGS. 2B-2D). The active
region layout patterns 210 and 210' each extend along a first
direction of the layout 200, e.g., the X direction, and are
separated from each other in a second direction of the layout
200, e.g., the Y direction. In some embodiments, the active
region layout patterns 210 and 210" are also referred to as
oxide-definition (OD) region layout patterns. The active
region layout patterns 210 are identified in the legend in the
drawing with the label “Active Region.” The first active
region layout pattern 210 includes first source region layout
patterns and first drain region layout patterns (collectively
referred to as first source/drain region layout patterns 212)
that define corresponding first source/drain regions 212A of
the semiconductor device 200A (FIGS. 2B-2D). The second
active region layout pattern 210' includes second source
region layout patterns and second drain region layout pat-
terns (collectively referred to as second source/drain region
layout patterns 212') that define corresponding second
source/drain regions 212A' of the semiconductor device
200A (FIGS. 2B-2D).

[0037] Adjacent active region layout patterns (e.g., active
region layout patterns 210, 210') of the plurality of active
region layout patterns are separated from each other by an
isolation structure layout pattern 204. The isolation structure
layout patterns 204 define corresponding isolation structures
204A of the semiconductor device 200A (FIGS. 2B-2D).

[0038] The layout 200 further includes a plurality of gate
layout patterns 220 over the first and second active region
layout patterns 210 and 210'. The gate layout patterns 220
define corresponding gate structures 220A of the semicon-
ductor device 200A (FIGS. 2B-2D). Each of the gate layout
patterns 220 extends along the second direction Y across the
first and second active region layout patterns 210 and 210'.
Each gate layout pattern 220 is separated from an adjacent
gate pattern 220 in the first direction X by a pitch P1. The
gate layout patterns 220 and corresponding first source/drain
region layout patterns 212 on opposite sides of the gate
layout patterns 220 form a plurality of first FETs in the first
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active region layout pattern 210. The gate layout patterns
220 and corresponding second source/drain region layout
patterns 212' on opposite sides of the gate patterns 220 form
a plurality of second transistors in the second active region
layout pattern 210'. In some embodiments, the gate layout
patterns 220 are also referred to as POLY layout patterns and
are identified in the legend in the drawings with label
“POLY.”

[0039] The layout 200 further includes a plurality of first
source/drain contact layout patterns 232 overlying the first
source/drain region layout patterns 212 and a plurality of
second source/drain contact layout patterns 232' overlying
the second source/drain region layout patterns 212'. The first
source/drain contact layout patterns 232 provides electrical
connections to the first source/drain region layout patterns
212. The first source/drain contact layout patterns 232 define
corresponding first source/drain contacts 232A of the semi-
conductor device 200A (FIGS. 2A-2C). Each of the first
source/drain contact layout patterns 232 extends in the
second direction Y and overlaps a corresponding first
source/drain region layout pattern 212 between a corre-
sponding pair of adjacent gate layout patterns 220. The first
source/drain contact layout patterns 232 are set to have a
uniform width W1 in the first direction X. The second
source/drain contact layout patterns 232' provides electrical
connections to the second source/drain region layout pat-
terns 212'. The second source/drain contact layout patterns
232' define corresponding second source/drain contacts
232A" of the semiconductor device 200A (FIGS. 2B-2D).
Each of the second source/drain contact layout patterns 232"
extends in the second direction Y and overlaps a correspond-
ing second source/drain region layout pattern 212' between
a corresponding pair of adjacent gate layout patterns 120.
The second source/drain contact layout pattern 232' are set
to have a width W1 in the first direction X. In some
embodiments, source/drain contact layout patterns 232 and
232' are also referred to as metal over diffusion layout
patterns and are identified in the legend in the drawings with
label “MO.”

[0040] The layout 200 further includes a plurality of first
via layout patterns 242 and a plurality of second via layout
patterns 242'. The first via layout patterns 242 define cor-
responding first vias 242A of the semiconductor device
200A (FIGS. 2B-2D). The first via layout patterns 242
overlap corresponding first source/drain contact layout pat-
terns 232 to provide electrical connections to the corre-
sponding first source/drain contact layout patterns 232. The
second via layout patterns 242' define corresponding second
vias 242A' of the semiconductor device 210A (FIGS.
2B-2D). The second via layout patterns 242 overlap corre-
sponding second source/drain contact patterns 232 to pro-
vide electrical connections to the corresponding second
source/drain contact layout patterns 232.

[0041] The layout 200 further includes a plurality of
interconnect layout patterns 250. The interconnect layout
patterns 250 define corresponding interconnect structures
250A of the semiconductor device 200A (FIGS. 2B-2D).
Each of the interconnect layout patterns 250 extends in the
second direction Y across a corresponding pair of a first
source/drain contact layout pattern 232 and a second source/
drain contact layout pattern 232', thereby electrically cou-
pling the corresponding pair of the first source/drain contact
pattern 232 and the second source/drain contact patterns
232'. The interconnect layout patterns 250 are electrically
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coupled to corresponding first source/drain contact layout
patterns 232 through first via layout patterns 242, and
electrically coupled to corresponding second source/drain
contact layout patterns 232' through second via layout
patterns 242'. The interconnect layout patterns 250 are also
referred to metal interconnect layout patterns and are iden-
tified in the legend in the drawing with label “Metal.”

[0042] The layout 200 further includes one or more mark
layers 260 each of which is used to label a corresponding
pair of a first source/drain contact layout pattern 232 and a
second source/drain contact layout pattern 232'. Each of one
or more mark layers 260 is usable to indicate that a corre-
sponding pair of a first source/drain contact layout pattern
232 and a second source/drain contact layout pattern 232"
labeled by a mark layer 160 (herein referred to as marked
first source/drain contact layout pattern 232-1 and marked
second source/drain contact layout pattern 232'-1) have a
width greater than a width (e.g., W1) of a pair of a first
source/drain contact layout pattern 232 and a second source/
drain contact layout patterns 232 that are not labeled by a
mark layers 260 (herein referred to as non-marked first
source/drain contact layout patterns 232-2 and non-marked
second source/drain contact layout pattern 232'-2, respec-
tively). Each of one or more mark layers 260 is also usable
to indicate that a first via layout pattern 242 overlying a
corresponding marked first source/drain contact layout pat-
tern 232-1 (herein referred to as marked first via layout
pattern 242-1) and a second via layout pattern 242' overlying
a corresponding marked second source/drain contact layout
pattern 232'-1 (herein referred to as marked second via
layout pattern 242'-1) each have a dimension greater than a
dimension of a first via layout pattern 242 overlying a
corresponding non-marked first source/drain contact layout
pattern 232-2 (herein referred to non-marked first via layout
pattern 242-2) and a second via layout pattern 242' overlying
a corresponding non-marked second source/drain contact
layout pattern 232-2' (herein referred to non-marked second
via layout pattern 242'-2). The number of mark layers 260
employed in the layout 200 is determined based on the
circuit design. In the layout 200, by using one or more mark
layers 260 to indicate that when fabricating a semiconductor
device 200A (FIGS. 2B-2D) based on the layout 200, one or
more source/drain contacts 232A in the semiconductor
device 200A are formed with an increased contact area, the
layout design of the present disclosure allows forming a
semiconductor device 200A with a reduced overall contact
resistance. As a result, the performance of the semiconductor
device 200A is enhanced.

[0043] FIGS. 2B-2D are views of a semiconductor device
200A having the layout 200, in accordance with some
embodiments. FIG. 2B is a top view of the semiconductor
device 200A. FIG. 2C is a cross-sectional view of the
semiconductor device 200A of FIG. 2B taken along line
C-C'. FIG. 2D is a cross-sectional view of the semiconductor
device 200A of FIG. 2B taken along line D-D'. The semi-
conductor device 200A is a non-limiting example for facili-
tating the illustration of the present disclosure.

[0044] Referring to FIGS. 2B-2D, the semiconductor
device 200A includes a substrate 202A over which various
elements of the semiconductor device 200A are formed. The
substrate 202A includes, but is not limited to, a bulk silicon
substrate, an SOI substrate, or a silicon geranium substrate.
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Other semiconductor materials including group III, group
1V, and group V elements are within the scope of various
embodiments.

[0045] The semiconductor device 200A further includes a
plurality of active regions, e.g., a first active region 210A
and a second active region 210A' extending along the first
direction X, and a plurality of gate structures 220A extend-
ing along the second direction Y across the first active region
210A and the second active region 210A'".

[0046] The first active region 210A includes a plurality of
first source/drain regions 212A on opposite sides of the gate
structures 220A. The first source/drain regions 212A are
doped semiconductor regions including a semiconductor
material doped with dopants of a first conductivity type. The
second active region 210A' includes a plurality of second
source/drain regions 212A' on opposite sides of the gate
structures 220A. The second source/drain regions 112A" are
doped semiconductor regions including a semiconductor
material doped with dopants of a second conductivity type.
In some embodiments, the second conductivity type is the
same as the first conductivity type. For example, in some
embodiments, both of the first source/drain regions 212A
and the second source/drain regions 212A' include p-type
dopants for formation of p-type FETs. In other embodi-
ments, both of the first source/drain regions 212A and the
second source/drain regions 212A' include n-type dopants
for formation of n-type FETs. In some embodiments, the
second conductivity type is different from the first conduc-
tivity type. For example, in some embodiments, the first
source/drain regions 212A includes p-type dopants for for-
mation of p-type FETs, while the second source/drain
regions 212A' includes n-type dopants for formation of
n-type FETs, or vice versa.

[0047] The first active region 210A and the second active
region 212 A' are electrically isolated from each other by one
or more isolation structures 204A. In some embodiments,
each of the one or more isolation structures 204A is a
shallow trench isolation (STI) structure including a trench
filled with one or more dielectric material. In some embodi-
ments, the STI structures include silicon dioxide, silicon
nitride, silicon oxynitride, or any other suitable insulating
materials.

[0048] The gate structures 220A are over respective chan-
nel regions of the first active region 210A and second active
regions 210A". The gate structures 220A are separated from
each other in the first direction X by a pitch P2. In some
embodiments, the pitch P2 of the gate structures 220A is
equal to the pitch P1 of the gate layout patterns 220 (FIG.
2A). In some embodiments, in order to accommodate one or
more source/drain contacts 230A-1 having an increased
width W2 (described below), the pitch P2 of the gate
structure 220A is set to be greater than the pitch P1 of the
gate layout patterns 220.

[0049] In some embodiments, each of the gate structures
220A includes a gate dielectric and a gate electrode. The gate
dielectric is formed over a corresponding channel region of
the first active region 210A and a corresponding channel
region of the second active region 210A". In some embodi-
ments, the gate dielectric includes a high-k dielectric mate-
rial. Exemplary high-k dielectric materials include, but are
not limited to, silicon nitride, silicon oxynitride, HfO,,
HfSi0, HfSiON, HfTaO, HfTiO, HfZrO, metal oxides,
metal nitrides, metal silicates, transition metal-oxides, tran-
sition metal-nitrides, transition metal-silicates, oxXynitrides
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of metals, metal aluminates, zirconium silicate, zirconium
aluminate, zirconium oxide, titanium oxide, aluminum
oxide, HfO,—Al,Oj; alloy, other suitable high-k dielectric
materials, and/or combinations thereof. In some embodi-
ments, the gate dielectric includes a stack of an interfacial
dielectric material and a high-k dielectric material. In some
embodiments, the interfacial dielectric material includes
silicon dioxide. The gate electrode is formed over the gate
dielectric. In some embodiments, the gate electrode includes
a doped polysilicon. In other embodiments, the gate elec-
trode includes a conductive material such as, for example
Cu, Al, Ti, TiN, Ta, TaN, TaC, TaSiN, W, WN, or MoN.
[0050] The semiconductor device 200A further includes a
plurality of first source/drain contacts 232A overlying cor-
responding first source/drain regions 212A and a plurality of
second source/drain contacts 232A" overlying corresponding
second source/drain regions 212A". In some embodiments,
the first and second source/drain contacts 232A and 232A'
each include a conductive material such as, for example, Co,
Cu, or W.

[0051] The first source/drain contacts 232 A includes a first
set of first source/drain contacts 232A-1 corresponding to
the marked first source/drain contact layout patterns 232-1
of layout 200 and a second set of first source/drain contacts
232A-2 corresponding to the non-marked first source/drain
contact layout patterns 232-2 of layout 200 (FIG. 2A). The
first source/drain contacts 232A-1 in the first set have a
width W2, while the first source/drain contacts 232A-2 in
the second set have a width W1 smaller than W2. The
spacing S2 between each first source/drain contact 232A-1
in the first set and a corresponding adjacent gate 220A thus
is smaller than the spacing S1 between each first source/
drain contact 232A-2 in the second set and a corresponding
adjacent gate structure 220A.

[0052] The second source/drain contacts 232A" includes a
first set of second source/drain contacts 232A'-1 correspond-
ing to the marked second source/drain contact layout pat-
terns 232'-1 of layout 200 and a second set of second
source/drain contacts 232A'-2 corresponding to the non-
marked second source/drain contact layout patterns 232'-2
of layout 200 (FIG. 2A). The second source/drain contacts
232A'-1 in the first set have a width W2, while the second
source/drain contacts 232A'-2 in the second set have a width
W1 smaller than W2. The spacing S4 between each second
source/drain contact 232A'-1 in the first set and a corre-
sponding adjacent gate structure 220A thus is smaller than
the spacing S3 between each second source/drain contact
232A'-2 in the second set and a corresponding adjacent gate
structure 220A. Precise dimensions for pitch P1, pitch P2,
width W1, width W2, spacing S3 and spacing S4 are
determined based on a node size of the FET being manu-
factured. In some embodiments, P1 ranges from about 40
nm to about 90 nm. If P1 is too small, then manufacturing
of'the device associated with the layout 100 has a higher risk
of a defect, in some instances. If P1 is too large, then a size
of'the device associated with the layout 100 is unnecessarily
increased, in some instances. In some embodiments, P2
ranges from about 40 nm to about 90 nm. If P2 is too small,
then manufacturing of the device associated with the layout
100 has a higher risk of a defect, in some instances. If P2 is
too large, then a size of the device associated with the layout
100 is unnecessarily increased, in some instances. In some
embodiments, W1 ranges from about 16 nm to about 54 nm.
If W1 is too small, then contact resistance is increased and
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a risk of the device associated with the layout 100 not
meeting design specifications increases, in some instances.
If W1 is too large then a size of the device associated with
the layout 100 is unnecessarily increased, in some instances.
In some embodiments, a ratio between W2 and W1 ranges
from about 1 to about 5. If W2 is too small, then contact
resistance is increased and a risk of the device associated
with the layout 100 not meeting design specifications
increases, in some instances. If W2 is too large then a size
of'the device associated with the layout 100 is unnecessarily
increased, in some instances. In some embodiments, S3
ranges from about 10 nm to about 74 nm. If S3 is too small,
then manufacturing of the device associated with the layout
100 has a higher risk of a defect, in some instances. If S3 is
too large, then a size of the device associated with the layout
100 is unnecessarily increased, in some instances. In some
embodiments, a ratio between S4 and S3 ranges from about
1 to about 5. If S4 is too small, then manufacturing of the
device associated with the layout 100 has a higher risk of a
defect, in some instances. If S4 is too large, then a size of the
device associated with the layout 100 is unnecessarily
increased, in some instances.

[0053] Forming source/drain contacts of different widths
on a same active region, e.g., forming first source/drain
contacts 232A of different widths on the first active region
210A, and forming second source/drain contacts 232A" of
different widths on the second active region 210A', helps to
reduce the overall contact resistance of the semiconductor
device 200A, which helps to improve device performance.
[0054] The semiconductor device 200A further includes a
plurality of first vias 242A overlying corresponding first
source/drain contacts 232A and a plurality of second vias
242 A’ overlying corresponding second source/drain contacts
232A'. In some embodiments, the first vias 242A and the
second vias 242A' each include a conductive material such
as, for example, Co, Cu, or W.

[0055] The first vias 242A provide electrical connections
to the corresponding first source/drain contacts 232A. The
first vias 242A includes a first set of first vias 242A-1
overlying corresponding first set of first source/drain con-
tacts 232A-1 of greater width W2 and a second set of first
vias 242A-2 overlying corresponding second set of first
source/drain contacts 232A-2 of smaller width W1. In some
embodiments, the first set of first vias 242A-1 are also
formed to have an increased dimension in the first direction
X and/or the second direction Y.

[0056] The second vias 242A' provide electrical connec-
tions to the corresponding second source/drain contacts
232A". The second vias 242A includes a first set of second
vias 242A'-1 overlying corresponding first set of second
source/drain contacts 232A'-1 of greater width W2 and a
second set of second vias 242A'-2 overlying corresponding
second set of second source/drain contacts 232A'-2 of
smaller width W1. In some embodiments, the first set of
second vias 242A'-1 are also formed to have an increased
dimension in the first direction X and/or the second direction
Y.

[0057] Forming vias 242A-1 and 242A'-1 with the
increased dimension helps to further reduce the overall
contact resistance of the semiconductor device 200A, which
helps to further improve device performance.

[0058] The semiconductor device 200A further includes a
plurality of interconnect structures 250A for signal routing.
Each of interconnects structures 250A extends in the second



US 2020/0135869 Al

direction Y across a corresponding pair of a first source/drain
contact 232 A and a second source/drain contact 242A'. Each
of interconnects structures 250A is electrically coupled to a
corresponding pair of a first source/drain contact 232A and
a second source/drain contact 242 A" via a corresponding pair
of a first via 242A and a second via 242A". The interconnect
structures 250A are in a second metal layer M1, which is the
second lowermost metal layer above the elements formed
over the substrate 202A. In some embodiments, the inter-
connect structures 250A include a conductive material such
as, for example, Co, Cu, or W.

[0059] FIG. 3A is a diagram of a layout 300 of a semi-
conductor device, in accordance with some embodiments.
The layout 300 is usable to manufacture a semiconductor
device 300A (FIGS. 3B-3D). The layout 300 is a variation
of layout 200 (FIG. 2A). Components that are the same or
similar to those in FIG. 2A and FIG. 3A are given the same
reference numbers, and detailed description thereof is thus
omitted.

[0060] In comparison with the layout 200, the layout 300
does not contain via layout patterns 242 and 242'. In the
layout 300, each of interconnect layout patterns 250 directly
contacts a corresponding pair of a first source/drain contact
layout pattern 232 and a second source/drain contact layout
pattern 232' for signal routing. Because via layout patterns
242 and 242' are no longer present in the layout 300, each
of one or more mark layers 260 in the layout 300 is only
usable to indicate that a corresponding pair of a marked first
source/drain contact layout pattern 232-1 and a marked
second source/drain contact layout pattern 232'-1 have a
width greater than a width W1 of a pair of a non-marked first
source/drain contact layout pattern 232-2 and a non-marked
second source/drain contact layout patterns 232'-2.

[0061] FIGS. 3B-3D are views of a semiconductor device
300A having the layout 300, in accordance with some
embodiments. FIG. 3B is a top view of the semiconductor
device 300A. FIG. 3C is a cross-sectional view of the
semiconductor device 300A of FIG. 3B taken along line
C-C'. FIG. 3D is a cross-sectional view of the semiconductor
device 300A of FIG. 3B taken along line D-D'. The semi-
conductor device 300A is a non-limiting example for facili-
tating the illustration of the present disclosure.

[0062] The semiconductor device 300A is a variation of
the semiconductor device 200A (FIGS. 2B-2D). Compo-
nents that are the same or similar to those in FIGS. 2B-2D
and FIGS. 3B-3D are given the same reference numbers, and
detailed description thereof is thus omitted.

[0063] In comparison with the semiconductor device
200A, the semiconductor device 300A does not contain vias
242A and 242A". In the semiconductor device 300A, each of
interconnect structures 250A directly contacts a correspond-
ing pair of a first source/drain contact 232A (e.g., 232A-1 or
232A-2) and a second source/drain contact 232A' (e.g.,
232A'-1 or 232A'-2) for signal routing.

[0064] FIG. 4 is a schematic diagram of an electronic
design automation (EDA) system 400, in accordance with
some embodiments. Methods described herein of generating
design layouts, e.g., layouts 100, 200, and 300, in accor-
dance with one or more embodiments, are implementable,
for example, using EDA system 400, in accordance with
some embodiments. In some embodiments, EDA system
400 is a general purpose computing device including a
hardware processor 402 and a non-transitory, computer-
readable storage medium 404. Computer-readable storage
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medium 404, amongst other things, is encoded with, i.e.,
stores, a set of executable instructions 406, design layouts
407, design rule check (DRC) decks 409 or any intermediate
data for executing the set of instructions. Each design layout
407 comprises a graphical representation of an integrated
chip, such as for example, a GSII file. Each DRC deck 409
comprises a list of design rules specific to a semiconductor
process chosen for fabrication of a design layout 407.
Execution of instructions 406, design layouts 407 and DRC
decks 409 by hardware processor 402 represents (at least in
part) an EDA tool which implements a portion or all of, e.g.,
the methods described herein in accordance with one or
more (hereinafter, the noted processes and/or methods).
[0065] Processor 402 is electrically coupled to computer-
readable storage medium 404 via a bus 408. Processor 402
is also electrically coupled to an I/O interface 410 by bus
408. A network interface 412 is also electrically connected
to processor 402 via bus 408. Network interface 412 is
connected to a network 414, so that processor 402 and
computer-readable storage medium 404 are capable of con-
necting to external elements via network 414. Processor 402
is configured to execute instructions 406 encoded in com-
puter-readable storage medium 404 in order to cause EDA
system 400 to be usable for performing a portion or all of the
noted processes and/or methods. In one or more embodi-
ments, processor 402 is a central processing unit (CPU), a
multi-processor, a distributed processing system, an appli-
cation specific integrated circuit (ASIC), and/or a suitable
processing unit.

[0066] In one or more embodiments, computer-readable
storage medium 404 is an electronic, magnetic, optical,
electromagnetic, infrared, and/or a semiconductor system
(or apparatus or device). For example, computer-readable
storage medium 404 includes a semiconductor or solid-state
memory, a magnetic tape, a removable computer diskette, a
random access memory (RAM), a read-only memory
(ROM), a rigid magnetic disk, and/or an optical disk. In one
or more embodiments using optical disks, computer-read-
able storage medium 404 includes a compact disk-read only
memory (CD-ROM), a compact disk-read/write (CD-R/W),
and/or a digital video disc (DVD).

[0067] In one or more embodiments, computer-readable
storage medium 404 stores instructions 406, design layouts
407 and DRC decks 409 configured to cause EDA system
400 (where such execution represents (at least in part) the
EDA tool) to be usable for performing a portion or all of the
noted processes and/or methods. In one or more embodi-
ments, storage medium 404 also stores information which
facilitates performing a portion or all of the noted processes
and/or methods.

[0068] EDA system 400 includes /O interface 410. /O
interface 410 is coupled to external circuitry. In one or more
embodiments, 1/O interface 410 includes a keyboard, key-
pad, mouse, trackball, trackpad, touchscreen, and/or cursor
direction keys for communicating information and com-
mands to processor 402.

[0069] EDA system 400 also includes network interface
412 coupled to processor 402. Network interface 412 allows
EDA system 400 to communicate with network 414, to
which one or more other computer systems are connected.
Network interface 412 includes wireless network interfaces
such as BLUETOOTH, WIFI, WIMAX, GPRS, or
WCDMA,; or wired network interfaces such as ETHERNET,
USB, or IEEE-1364. In one or more embodiments, a portion
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or all of noted processes and/or methods, is implemented in
two or more EDA systems 400.

[0070] EDA system 400 is configured to receive informa-
tion through I/O interface 410. The information received
through I/O interface 410 includes one or more of instruc-
tions, data, design rules, libraries of standard cells, and/or
other parameters for processing by processor 402. The
information is transferred to processor 402 via bus 408.
EDA system 400 is configured to receive information related
to a user interface (UI) 516 through 1/O interface 410. The
information is stored in computer-readable medium 404 as
UI 416.

[0071] In some embodiments, a layout diagram which
includes standard cells is generated using a tool such as
VIRTUOSO® available from CADENCE DESIGN SYS-
TEMS, Inc., or another suitable layout generating tool.
[0072] Insome embodiments, the processes are realized as
functions of a program stored in a non-transitory computer
readable recording medium. Examples of a non-transitory
computer readable recording medium include, but are not
limited to, external/removable and/or internal/built-in stor-
age or memory unit, e.g., one or more of an optical disk,
such as a DVD, a magnetic disk, such as a hard disk, a
semiconductor memory, such as a ROM, a RAM, a memory
card, and the like.

[0073] FIG. 5 is a block diagram of a semiconductor
device manufacturing system 500, and a device manufac-
turing flow associated therewith, in accordance with some
embodiments. In some embodiments, based on design lay-
out, e.g., layout 100, 200, or 300, at least one of one or more
semiconductor masks or at least one component in a layer of
a semiconductor device is fabricated using manufacturing
system 500.

[0074] In FIG. 5, device manufacturing system 500
includes entities, such as a design house 520, a mask house
530, and a semiconductor device manufacturer/fabricator
(“fab™) 550, that interact with one another in the design,
development, and manufacturing cycles and/or services
related to manufacturing semiconductor device 560. The
entities in device manufacturing system 500 are connected
by a communications network. In some embodiments, the
communications network is a single network. In some
embodiments, the communications network is a variety of
different networks, such as an intranet and the Internet. The
communications network includes wired and/or wireless
communication channels. Each entity interacts with one or
more of the other entities and provides services to and/or
receives services from one or more of the other entities. In
some embodiments, two or more of design house 520, mask
house 530, and fab 550 is owned by a single larger company.
In some embodiments, two or more of design house 520,
mask house 530, and fab 550 coexist in a common facility
and use common resources.

[0075] Design house (or design team) 520 generates a
design layout 522. Design layout 522 includes various
geometrical patterns designed for a semiconductor device
560. The geometrical patterns correspond to patterns of
metal, oxide, or semiconductor layers that make up the
various components of semiconductor device 560 to be
fabricated. The various layers combine to form various
device features. For example, a portion of design layout 522
includes various circuit features, such as an active region,
gate structures, source/drain contacts, and metal layer or vias
of interconnection, to be formed in a substrate (such as a
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silicon wafer) and various material layers disposed on the
substrate. Design house 520 implements a proper design
procedure to form design layout 522. The design procedure
includes one or more of logic design, physical design or
place and route. Design layout 522 is presented in one or
more data files having information of the geometrical pat-
terns. For example, design layout 522 can be expressed in a
GDSII file format or DFII file format.

[0076] Mask house 530 includes data preparation 532 and
mask fabrication 544. Mask house 530 uses design layout
522 to manufacture one or more masks 545 to be used for
fabricating the various layers of semiconductor device 560
according to design layout 522. Mask house 530 performs
mask data preparation 532, where design layout 522 is
translated into a representative data file (“RDF”). Mask data
preparation 532 provides the RDF to mask fabrication 544.
Mask fabrication 544 includes a mask writer. A mask writer
converts the RDF to an image on a substrate, such as a mask
(reticle) 545 or a semiconductor wafer 553. Design layout
522 is manipulated by mask data preparation 532 to comply
with particular characteristics of the mask writer and/or
requirements of fab 550. In FIG. 5, mask data preparation
532 and mask fabrication 544 are illustrated as separate
elements. In some embodiments, mask data preparation 532
and mask fabrication 544 can be collectively referred to as
mask data preparation.

[0077] In some embodiments, mask data preparation 532
includes optical proximity correction (OPC) which uses
lithography enhancement techniques to compensate for
image errors, such as those that can arise from diffraction,
interference, other process effects and the like. OPC adjusts
design layout 522. In some embodiments, mask data prepa-
ration 532 includes further resolution enhancement tech-
niques (RET), such as off-axis illumination, sub-resolution
assist features, phase-shifting masks, other suitable tech-
niques, and the like or combinations thercof. In some
embodiments, inverse lithography technology (ILT) is also
used, which treats OPC as an inverse imaging problem.
[0078] In some embodiments, mask data preparation 532
includes a mask rule checker (MRC) that checks design
layout 522 that has undergone processes in OPC with a set
of mask creation rules which contain certain geometric
and/or connectivity restrictions to ensure sufficient margins,
to account for variability in semiconductor manufacturing
processes, and the like. In some embodiments, the MRC
modifies design layout diagram 522 to compensate for
limitations during mask fabrication 544, which may undo
part of the modifications performed by OPC in order to meet
mask creation rules.

[0079] In some embodiments, mask data preparation 532
includes lithography process checking (LPC) that simulates
processing that will be implemented by fab 550 to fabricate
semiconductor device 560. LPC simulates this processing
based on design layout 622 to create a simulated manufac-
tured device, such as semiconductor device 560. The pro-
cessing parameters in LPC simulation can include param-
eters associated with various processes of the IC
manufacturing cycle, parameters associated with tools used
for manufacturing the IC, and/or other aspects of the manu-
facturing process. LPC takes into account various factors,
such as aerial image contrast, depth of focus (“DOF”), mask
error enhancement factor (“MEEF”), other suitable factors,
and the like or combinations thereof In some embodiments,
after a simulated manufactured device has been created by
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LPC, if the simulated device is not close enough in shape to
satisfy design rules, OPC and/or MRC are be repeated to
further refine design layout 522.

[0080] One of ordinary skill would understand that the
above description of mask data preparation 532 has been
simplified for the purposes of clarity. In some embodiments,
data preparation 532 includes additional features such as a
logic operation (LOP) to modify design layout 522 accord-
ing to manufacturing rules. Additionally, the processes
applied to design layout 522 during data preparation 532
may be executed in a variety of different orders.

[0081] After mask data preparation 532 and during mask
fabrication 544, a mask 545 or a group of masks 545 are
fabricated based on design layout 522. In some embodi-
ments, mask fabrication 544 includes performing one or
more lithographic exposures based on design layout 522. In
some embodiments, an electron-beam (e-beam) or a mecha-
nism of multiple e-beams is used to form a pattern on a mask
(e.g., a photomask, or a reticle) 545 based on design layout
522. Mask 545 can be formed in various technologies. In
some embodiments, mask 545 is formed using binary tech-
nology. In some embodiments, a mask pattern includes
opaque regions and transparent regions. A radiation beam,
such as an ultraviolet (UV) beam, used to expose the image
sensitive material layer (e.g., photoresist) which has been
coated on a wafer, is blocked by the opaque regions and
transmits through the transparent regions. In one example, a
binary mask version of mask 545 includes a transparent
substrate (e.g., fused quartz) and an opaque material (e.g.,
chromium) coated in the opaque regions of the binary mask.
In another example, mask 545 is formed using a phase shift
technology. In a phase shift mask (PSM) version of mask
545, various features in the pattern formed on the phase shift
mask are configured to have proper phase difference to
enhance the resolution and imaging quality. In various
examples, the phase shift mask can be attenuated PSM or
alternating PSM. The mask(s) generated by mask fabrication
644 is used in a variety of processes. For example, such a
mask(s) is used in an ion implantation process to form
various doped regions in semiconductor wafer 553, in an
etching process to form various etching regions in semicon-
ductor wafer 553, and/or in other suitable processes.
[0082] Fab 550 includes wafer fabrication 552. Fab 550 is
an IC fabrication business that includes one or more manu-
facturing facilities for the fabrication of a variety of different
IC products. In some embodiments, fab 550 is a semicon-
ductor foundry. For example, there may be a manufacturing
facility for the front end fabrication of a plurality of IC
products (front-end-of-line (FEOL) fabrication), while a
second manufacturing facility may provide the back end
fabrication for the interconnection and packaging of the IC
products (BEOL {fabrication), and a third manufacturing
facility may provide other services for the foundry business.
[0083] Fab 550 uses mask(s) 545 fabricated by mask
house 530 to fabricate semiconductor device 560. Thus, fab
550 at least indirectly uses design layout 522 to fabricate
semiconductor device 560. In some embodiments, semicon-
ductor wafer 553 is fabricated by fab 550 using mask(s) 545
to form semiconductor device 560. In some embodiments,
the device fabrication includes performing one or more
lithographic exposures based at least indirectly on design
layout 522. Semiconductor wafer 553 includes a silicon
substrate or other proper substrate having material layers
formed thereon. Semiconductor wafer 553 further includes
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one or more of various doped regions, dielectric features,
multilevel interconnects, and the like (formed at subsequent
manufacturing steps).

[0084] Details regarding an integrated circuit (IC) manu-
facturing system (e.g., IC manufacturing system 600 of FIG.
6), and an IC manufacturing flow associated therewith are
found, e.g., in U.S. Pat. No. 9,256,709, granted Feb. 9, 2016,
U.S. Pre-Grant Publication No. 20150278429, published
Oct. 1, 2015, U.S. Pre-Grant Publication No. 20140040838,
published Feb. 6, 2014, and U.S. Pat. No. 7,260,442, granted
Aug. 21, 2007, the entireties of each of which are hereby
incorporated by reference.

[0085] One aspect of this description relates to a semicon-
ductor device. The semiconductor device includes an active
region in a substrate. The active region extends in a first
direction. The semiconductor device further includes a gate
structure extending in a second direction different from the
first direction. The gate structure extends across the active
region. The semiconductor device further includes a plural-
ity of source/drain contacts extending in the second direction
and overlapping a plurality of source/drain regions in the
active region on opposite sides of the gate structure. A first
source/drain contact of the plurality of source/drain contacts
has a first width, and a second source/drain contact of the
plurality of source/drain contacts has a second width less
than the first width. In some embodiments, the semiconduc-
tor device further includes a conductive layer extending in
the first direction. The conductive layer is electrically
coupled to the first source/drain contact and the second
source/drain contact. In some embodiments, the semicon-
ductor device further includes a first via. The first via
electrically couples the conductive layer to the first source/
drain contact. In some embodiments, the semiconductor
device further includes a second via. The second via elec-
trically couples the conductive layer to the second source/
drain contact. In some embodiments, the first via has a
dimension greater than a dimension of the second via. In
some embodiments, a spacing between the first source/drain
contact and the gate structure is smaller than a spacing
between the second source/drain contact and the gate struc-
ture.

[0086] Another aspect of this description relates to a
semiconductor device. The semiconductor device includes a
plurality of active regions in a substrate. Each of the
plurality of active regions extends in a first direction and is
separated from one another in a second direction different
from the first direction. The semiconductor device further
includes a plurality of gate structures extending in the
second direction. Each of the plurality of gate structures
extends across each active region of the plurality of active
regions. The semiconductor device further includes a plu-
rality of first source/drain contacts extending in the second
direction and overlapping a plurality of first source/drain
regions in a first active region of the plurality of active
regions on opposite sides of the plurality of gate structures.
Afirst set of first source/drain contacts of the plurality of first
source/drain contacts have a first width, and a second set of
first source/drain contacts of the plurality of first source/
drain contacts have a second width less than the first width.
The semiconductor device further includes a plurality of
second source/drain contacts extending in the second direc-
tion and overlapping a plurality of second source/drain
regions in a second active region of the plurality of active
regions on opposite sides of the plurality of gate structures.
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A first set of second source/drain contacts of the plurality of
second source/drain contacts have the first width, and a
second set of second source/drain contacts of the plurality of
second source/drain contacts have the second width. The
semiconductor device further includes a plurality of inter-
connect structures extending in the second direction. Each
interconnect structure of the plurality of interconnect struc-
tures is electrically coupled to a corresponding first source/
drain contact of the plurality of first source/drain contacts
and a corresponding second source/drain contact of the
plurality of second source/drain contacts. In some embodi-
ments, the semiconductor device further includes one or
more isolation structures separating the plurality of active
regions from one another. In some embodiments, at least one
interconnect structure of the plurality of interconnect struc-
tures is in direct contact with the corresponding first source/
drain contact of the plurality of first source/drain contacts
and the corresponding second source/drain contact of the
plurality of second source/drain contacts. In some embodi-
ments, the semiconductor device further includes a plurality
of first vias coupling the plurality of interconnect structures
to corresponding first source/drain contacts of the plurality
of first source/drain contacts and a plurality of second vias
coupling the plurality of interconnect structures to corre-
sponding second source/drain contacts of the plurality of
second source/drain contacts. In some embodiments, each
interconnect structure of the plurality of interconnect struc-
tures is coupled to the corresponding first source/drain
contact of the plurality of first source/drain contacts through
a corresponding first via of the plurality of first vias, and to
the corresponding second source/drain contact of the plu-
rality of second source/drain contacts through a correspond-
ing second via of the plurality of second vias. In some
embodiments, a first set of first vias of the plurality of first
vias contacting the first set of first source/drain contacts of
the plurality of first source/drain contacts have a dimension
greater than a dimension of a second set of first vias of the
plurality of first vias contacting the second set of first
source/drain contacts of the plurality of first source/drain
contacts. In some embodiments, a first set of second vias of
the plurality of second vias contacting the first set of second
source/drain contacts of the plurality of second source/drain
contacts have a dimension greater than a dimension of a
second set of second vias of the plurality of second vias
contacting the second set of second source/drain contacts of
the plurality of second source/drain contacts. In some
embodiments, adjacent gate structures of the plurality of
gate structures have a uniform pitch. In some embodiments,
the plurality of first source/drain regions includes dopants of
a first conductivity type, and the plurality of second source/
drain regions includes dopants of a second conductivity
type. In some embodiments, the first conductivity is the
same as the second conductivity type. In some embodi-
ments, the first conductivity is different from the second
conductivity type.

[0087] Still another aspect of this description relates to a
system for processing a layout of a semiconductor device.
The system includes at least one processor, and a computer
readable storage medium connected to the at least one
processor. The at least one processor is configured to execute
instructions stored on the computer readable storage
medium to generate an active region layout pattern extend-
ing in a first direction, generate a plurality of gate layout
patterns extending in a second direction different from the
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first direction, wherein the plurality of gate layout patterns
extends across the active region layout pattern, generate a
plurality of source/drain region layout patterns in the active
region layout pattern on opposite sides of the plurality of
gate layout patterns, generate a plurality of source/drain
contact layout patterns overlapping the plurality of source/
drain region layout patterns, and generate one or more mark
layers. Each of one or more mark layers labels a correspond-
ing source/drain contact layout pattern of the plurality of
source/drain contact layout patterns and is usable to indicate
the corresponding source/drain layout pattern of the plurality
of source/drain contact layout patterns has a width greater
than each source/drain layout pattern of the plurality of
source/drain contact layout patterns that is not labeled by the
one or more mark layers. In some embodiments, the at least
one processor is further configured to execute instructions
on the computer readable storage medium to generate a
conductive layer layout pattern electrically coupled to cor-
responding source/drain contact layout patterns of the plu-
rality of source/drain contact layout patterns. In some
embodiments, the at least one processor is further configured
to execute instructions on the computer readable storage
medium to generate a plurality of via layout patterns. The
plurality of via layout patterns electrically couples the
conductive layer layout pattern to the corresponding source/
drain contact layout patterns of the plurality of source/drain
contact layout patterns.

[0088] It will be readily seen by one of ordinary skill in the
art that one or more of the disclosed embodiments fulfill one
or more of the advantages set forth above. After reading the
foregoing specification, one of ordinary skill will be able to
affect various changes, substitutions of equivalents and
various other embodiments as broadly disclosed herein. It is
therefore intended that the protection granted hereon be
limited only by the definition contained in the appended
claims and equivalents thereof.

What is claimed is:
1. A semiconductor device comprising:

an active region in a substrate, wherein the active region
extends in a first direction;

a gate structure extending in a second direction different
from the first direction, wherein the gate structure
extends across the active region; and

a plurality of source/drain contacts extending in the
second direction and overlapping a plurality of source/
drain regions in the active region on opposite sides of
the gate structure, wherein a first source/drain contact
of the plurality of source/drain contacts has a first
width, and a second source/drain contact of the plural-
ity of source/drain contacts has a second width less than
the first width.

2. The semiconductor device of claim 1, further compris-
ing a conductive layer extending in the first direction,
wherein the conductive layer is electrically coupled to the
first source/drain contact and the second source/drain con-
tact.

3. The semiconductor device of claim 2, further compris-
ing a first via, wherein the first via electrically couples the
conductive layer to the first source/drain contact.

4. The semiconductor device of claim 3, further compris-
ing a second via, wherein the second via electrically couples
the conductive layer to the second source/drain contact.
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5. The semiconductor device of claim 4, wherein the first
via has a dimension greater than a dimension of the second
via.

6. The semiconductor device of claim 1, a spacing
between the first source/drain contact and the gate structure
is smaller than a spacing between the second source/drain
contact and the gate structure.

7. A semiconductor device comprising:

a plurality of active regions in a substrate, wherein each
of the plurality of active regions extends in a first
direction and is separated from one another in a second
direction different from the first direction;

a plurality of gate structures extending in the second
direction, wherein each of the plurality of gate struc-
tures extends across each active region of the plurality
of active regions;

a plurality of first source/drain contacts extending in the
second direction and overlapping a plurality of first
source/drain regions in a first active region of the
plurality of active regions on opposite sides of the
plurality of gate structures, wherein a first set of first
source/drain contacts of the plurality of first source/
drain contacts have a first width, and a second set of
first source/drain contacts of the plurality of first
source/drain contacts have a second width less than the
first width;

a plurality of second source/drain contacts extending in
the second direction and overlapping a plurality of
second source/drain regions in a second active region
of the plurality of active regions on opposite sides of
the plurality of gate structures, wherein a first set of
second source/drain contacts of the plurality of second
source/drain contacts have the first width, and a second
set of second source/drain contacts of the plurality of
second source/drain contacts have the second width;
and

a plurality of interconnect structures extending in the
second direction, wherein each interconnect structure
of the plurality of interconnect structures is electrically
coupled to a corresponding first source/drain contact of
the plurality of first source/drain contacts and a corre-
sponding second source/drain contact of the plurality of
second source/drain contacts.

8. The semiconductor device of claim 7, further compris-
ing one or more isolation structures separating the plurality
of active regions from one another.

9. The semiconductor device of claim 7, wherein at least
one interconnect structure of the plurality of interconnect
structures is in direct contact with the corresponding first
source/drain contact of the plurality of first source/drain
contacts and the corresponding second source/drain contact
of the plurality of second source/drain contacts.

10. The semiconductor device of claim 7, further com-
prising a plurality of first vias coupling the plurality of
interconnect structures to corresponding first source/drain
contacts of the plurality of first source/drain contacts and a
plurality of second vias coupling the plurality of intercon-
nect structures to corresponding second source/drain con-
tacts of the plurality of second source/drain contacts.

11. The semiconductor device of claim 10, wherein each
interconnect structure of the plurality of interconnect struc-
tures is coupled to the corresponding first source/drain
contact of the plurality of first source/drain contacts through
a corresponding first via of the plurality of first vias, and to
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the corresponding second source/drain contact of the plu-
rality of second source/drain contacts through a correspond-
ing second via of the plurality of second vias.

12. The semiconductor device of claim 10, wherein a first
set of first vias of the plurality of first vias contacting the first
set of first source/drain contacts of the plurality of first
source/drain contacts have a dimension greater than a
dimension of a second set of first vias of the plurality of first
vias contacting the second set of first source/drain contacts
of the plurality of first source/drain contacts.

13. The semiconductor device of claim 10, wherein a first
set of second vias of the plurality of second vias contacting
the first set of second source/drain contacts of the plurality
of second source/drain contacts have a dimension greater
than a dimension of a second set of second vias of the
plurality of second vias contacting the second set of second
source/drain contacts of the plurality of second source/drain
contacts.

14. The semiconductor device of claim 7, wherein adja-
cent gate structures of the plurality of gate structures have a
uniform pitch.

15. The semiconductor device of claim 7, wherein the
plurality of first source/drain regions comprises dopants of a
first conductivity type, and the plurality of second source/
drain regions comprises dopants of a second conductivity
type.

16. The semiconductor device of claim 15, wherein the
first conductivity is the same as the second conductivity
type.

17. The semiconductor device of claim 15, wherein the
first conductivity is different from the second conductivity
type.

18. A system for processing a layout of a semiconductor
device, comprising:

at least one processor; and

a computer readable storage medium connected to the at

least one processor, wherein the at least one processor

is configured to execute instructions stored on the

computer readable storage medium to:

generate an active region layout pattern extending in a
first direction,

generate a plurality of gate layout patterns extending in
a second direction different from the first direction,
wherein the plurality of gate layout patterns extends
across the active region layout pattern;

generate a plurality of source/drain region layout pat-
terns in the active region layout pattern on opposite
sides of the plurality of gate layout patterns;

generate a plurality of source/drain contact layout pat-
terns overlapping the plurality of source/drain region
layout patterns; and

generate one or more mark layers, wherein each of one
or more mark layers labels a corresponding source/
drain contact layout pattern of the plurality of source/
drain contact layout patterns and is usable to indicate
the corresponding source/drain layout pattern of the
plurality of source/drain contact layout patterns has
a width greater than each source/drain layout pattern
of the plurality of source/drain contact layout pat-
terns that is not labeled by the one or more mark
layers.

19. The system of claim 18, wherein the at least one
processor is further configured to execute instructions on the
computer readable storage medium to:
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generate a conductive layer layout pattern electrically
coupled to corresponding source/drain contact layout
patterns of the plurality of source/drain contact layout
patterns.

20. The system of claim 19, wherein the at least one
processor is further configured to execute instructions on the
computer readable storage medium to:

generate a plurality of via layout patterns, wherein the

plurality of via layout patterns electrically couples the
conductive layer layout pattern to the corresponding
source/drain contact layout patterns of the plurality of
source/drain contact layout patterns.
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