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1
CELL STRUCTURE FOR DUAL-PORT SRAM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.
10
CROSS REFERENC.

L1

The present disclosure 1s related to the following com-

monly-assigned U.S. patent applications, the entire disclo-
sures of which are incorporated herein by reference: U.S. 15
Ser. No. 12/721,476 filed Mar. 10, 2010 by the same
inventor Jhon Jhy Liaw for “FULLY BALANCED DUAL-
PORT MEMORY CELL”.

BACKGROUND 20

In deep sub-micron integrated circuit technology, an
embedded static random access memory (SRAM) device has
become a popular storage unit of high speed communica-
tion, 1image processing and system-on-chip (SOC) products. 25
For example, a dual port (DP) SRAM device allows parallel
operation, such as IR (read) 1W (write), or 2R (read) 1n one
cycle, and therefore has higher bandwidth than a single port
SRAM. In advanced technologies with decreased feature
size and increased packing density, low loading and high 30
speed of the cell structure are important factors in embedded
memory and SOC products. The thin style SRAM cell
structure with short bit-line (BL) provides better perfor-
mance on BL RC delay. However, the thin style cell struc-
ture suflers some problems including data node leakage, 35
devices matching of pull-down (PD)/pass-gate (PG) devices
and current crowding, etc. Special operation mode (parallel
operation) of the DP SRAM requests more pull down drive
capability to cover two-ports of the ON operation mode.
This further requires double beta ratio setting for static noise 40
margin (SNM). As such, the PD device width will be around
2x from the single-port cell. To consider reasonable SNM,
the device width ratio between PD and PG 1s around 2~4 on
the DP cell. This results 1n an L-shape or T-shape layout of
the drain node of the PD device, and therefore may sufler the 45
above problems. It i1s therefore desired to have a new
structure and method to address the above issues.

SUMMARY
50
The present disclosure provides one embodiment of a dual
port static random access memory (SRAM) cell. The dual-
port SRAM cell includes a first and second nverters cross-
coupled for data storage, each inverter includes a pull-up
device (PU) and a plurality of pull-down devices (PDs); a 55
plurality of pass gate devices configured with the two
cross-coupled inverters; and at least two ports coupled with
the plurality of pass gate devices (PGs) for reading and
writing, wherein each of PU, PDs and PGs includes a fin
ficld-efiect transistor (FinFET), a ratio between a number of 60
PDs 1in the SRAM cell and a number of PGs 1n the SRAM
cell 1s greater than 1, and a number of FinFETs 1n the SRAM
cell 1s equal to or greater than 12.
The present disclosure also provides another embodiment
of a dual port SRAM cell. The SRAM cell includes a first set 65
of fin field-eflect transistors (FinFETs) having two pull-up
devices (PUs), a first number of pull-down devices (PDs)

2

configured to form first and second cross-coupled inverters;
a second set of FinFETs having a second number of pass-
gate devices (PGs) configured to form at least two ports,
wherein a ratio between the first number and the second
number 1s greater than 1.

The present disclosure also provides yet another embodi-
ment of a dual port SRAM cell. The dual port SRAM cell
includes a first mverter having a first pull-up transistor
(PU1) and a first group of pull-down transistors (PDs); a
second mverter having a second pull-up transistor (PU2) and
a second group of PDs, the second inverter being cross-
coupled with the first inverter; a first group of pass-gate
transistors (PGs) coupled with the first and second inverters
to form a first port; and a second group of PGs coupled with
the first and second 1nverters to form a second port, wherein
cach of the PDs and PGs includes a n-type fin field-eflect
transistor (nFinFET) and each of the pull-up transistors
includes a p-type fin field-eflect transistor (pFinFET), and a

ratio between a number of PDs and a number of PGs 1n the
SRAM cell 1s greater than 1.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s emphasized that, 1n accordance
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. Various drawings and associated text are pro-
vided 1n a Power Point file. Particularly,

FIG. 1 1s a schematic view of a dual port static random
access memory (DP SRAM) device constructed according to
various aspects of the present disclosure 1n one embodiment.

FIG. 2 1s a schematic view of a DP SRAM device
constructed according to various aspects of the present
disclosure 1n another embodiment.

FIG. 3 1s a schematic view of a DP SRAM device
constructed according to various aspects of the present
disclosure 1n another embodiment.

FIGS. 4 and 5 are top views of a DP SRAM device
constructed according to various aspects of the present
disclosure 1n one embodiment.

FIGS. 6 and 7 are top views of a portion of a DP SRAM
device constructed according to various aspects ol the
present disclosure 1n various embodiments.

FIGS. 8-16, 18-19 are top views of a DP SRAM device or
a portion thereol constructed according to various aspects of
the present disclosure 1n various embodiments.

FIG. 17 1s a schematic view of a DP SRAM device
constructed according to various aspects of the present
disclosure in yet another embodiment.

DETAILED DESCRIPTION

It 1s to be understood that the following disclosure pro-
vides many different embodiments, or examples, for imple-
menting different features of various embodiments. Specific
examples of components and arrangements are described
below to simplify the present disclosure. These are, of
course, merely examples and are not intended to be limiting.
In addition, the present disclosure may repeat reference
numerals and/or letters 1n the various examples. This rep-
ctition 1s for the purpose of simplicity and clarity and does
not 1n 1tself dictate a relationship between the various
embodiments and/or configurations discussed.
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FIG. 1 1s a schematic view of a dual-port (DP) SRAM cell
100 constructed according to various aspects of the present
disclosure 1n one embodiment. The DP SRAM cell 100
includes fin field-effect transistors (FinFETs). The DP
SRAM cell 100 includes a first and second inverters that are
cross-coupled. The first imverter includes a first pull-up
device formed with a p-type fin field-etlect transistor (pFin-
FET), referred to as PU-1. The first inverter also includes a
first plurality of pull-down devices formed with n-type fin
field-efiect transistors (nFinFETs) and configured 1n parallel
mode. Specifically, the drains of the first plurality pull-down
devices are electrically connected together, the correspond-
ing sources are electrically connected together, and the
corresponding gates are electrically connected together. The
second inverter includes a second pull-up device formed
with a pFinFFET, referred to as PU-2. The second inverter
also 1includes a second plurality of pull-down devices formed
with nFinFETs and configured 1n parallel mode. The number
of the first plurality of pull-down devices and the number of
the second plurality of pull-down devices are equal for a
balanced cell structure. In one embodiment, the first plural-
ity of pull-down devices includes 3 nFinFETs, referred to as
PD-11, PD-12 and PG-13, respectively. In one embodiment,
the second plurality of pull-down devices include 3 nFin-
FETs, referred to as PD-21, PD-22 and PG-23, respectively.

The drains of PU-1, PD-11, PD-12 and PD-13 are elec-
trically connected together, defining a first drain node (or
first node). The drains of PU-2, PD-21, PD-22 and PD-23 are
clectrically connected together, defining a second drain node
(or second node). The gates of PU-1, PD-11, PD-12 and
PD-13 are electrically connected and coupled to the second
node. The gates of PU-2, PD-21, PD-22 and PD-23 are
clectrically connected and coupled to the first node. The

sources of PU-1 and PU-2 are electrically connected to the
power line (Vcc line). The sources of PD-11, PD-12, PD-13,

PD-21, PD-22 and PD-23 are electrically connected to a
complementary power line (Vss line). In one embodiment of
the DP SRAM cell layout, the sources of PD-11, PD-12 and
PD-13 are electrically connected to a first Vss line while the
sources ol PD-21, PD-22 and PD-23 are electrically con-
nected to a second Vss line.

The DP SRAM cell 100 further includes a first port
(port-A) and a second port (port-B). In one embodiment, the
port-A and port-B include at least four pass-gate devices,
referred to as PG-1, PG-2, PG-3 and PG-4, respectively. The
pass-gate devices each includes a nFinFET. The port-A
includes a first pass-gate device (PG-1) and a second pass-
gate device (PG-2). The port-B includes a third pass-gate
device (PG-3) and a fourth pass-gate device (PG-4). The
drain of PG-1 1s electrically connected to a first bit-line
(referred to as A_BL). The source of PG-1 1s electrically
connected to the first node. The gate of PG-1 1s electrically
connected to a first word-line (referred to as port-A WL).
The drain of PG-2 1s electrically connected to a first bit-line
bar (A_BLB). The source of PG-2 1s electrically connected
to the second node. The gate of PG-2 1s electrically con-
nected to a first word-line (port-A WL). The drain of PG-3
1s electrically connected to a second bit-line (B_BL). The
source of PG-3 1s electrically connected to the first node. The

gate of PG-3 1s electrically connected to the second word-
line (port-B WL). The drain of PG-4 1s electrically con-

nected to a second bit-line bar (B_BLB). The source of PG-4
1s electrically connected to the second node. The gate of
PG-4 1s electrically connected to the second word-line
(port-B WL). Various nFinFETs and pFinFETs may be
tformed by any proper technology. In one embodiment, the
vartous nFinFETs and pFinFETs are formed by a process
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including etching a semiconductor to form trenches, par-
tially filling the trenches to form shallow trench 1solation
(STI) features and fin active regions. In furtherance of the
present embodiment, an epitaxy semiconductor layer 1s
selectively formed on the fin active region. In another
embodiment, the various FinFETs are formed by a process
including depositing a dielectric material layer on the semi-
conductor substrate, etching the dielectric material layer to
form openings thereof, selective epitaxy growing a semi-
conductor material (such as silicon) on the semiconductor
substrate within the opemings to form {in active regions and
STI features. In another embodiment, the various FinFETs
may include strained features for enhanced mobility and
device performance. For example, the pFinFETs include
epitaxy grown silicon germanium on a silicon substrate. The
pFinFETs 1nclude epitaxy grown silicon carbide on the
silicon substrate. In another embodiment, the various Fin-
FETs are formed using high k/metal gate technology.

The cell 100 may include additional devices such as
additional pull-down devices and pass-gate devices. Spe-
cifically, the first inverter includes a number of pull-down
devices configured in parallel similar to the configuration of
PD-11, PD-12 and PD-13. More specifically, the drains of
the pull-down devices in the first inverter are electrically
connected together. The sources of the pull-down devices 1n
the first inverter are electrically connected together. The
gates of the pull-down devices i the first mverter are
clectrically connected together or formed with one continu-
ous gate. The second inverter includes the same number of
pull-down devices configured in parallel similar to the
configuration of PD-21, PD-22 and PD-23 for balance.
Specifically, the drains of the pull-down devices in the
second inverter are electrically connected together. The
sources of the pull-down devices 1n the second inverter are
clectrically connected together. The gates of the pull-down
devices 1n the second inverter are electrically connected
together or formed with one continuous gate.

The first port includes the first pass-gate device or a
number of the first pass-gate devices (still referred to PG-1)
configured 1n parallel. Specifically, the number of the first
pass-gate devices are configured such that the drains,
sources and gates are electrically connected together, respec-
tively. More specifically, the drains of the first pass-gate
devices (PG-1) are electrically connected to a first bit-line
(A_BL). The sources of PG-1 are electrically connected to
the first node. The gates of PG-1 1s electrically connected to
a first word-line (port-A WL).

Similarly, the first port includes the second pass-gate
device or the same number of the second pass-gate devices
(still referred to PG-2) configured 1n parallel. Specifically,
the number of the second pass-gate devices are configured
such that the drains, sources and gates are electrically
connected together, respectively. More specifically, the
drains of PG-2 are electrically connected to a first bit-line
bar (A_BLB). The sources of PG-2 are electrically con-
nected to the second node. The gates of PG-2 are electrically
connected to a first word-line (port-A WL).

The second port includes the third pass-gate device or the
same number of the third pass-gate devices (still referred to
PG-3) configured in parallel. Specifically, the number of the
third pass-gate devices are configured such that the drains,
sources and gates are electrically connected together, respec-
tively. More specifically, the drains of PG-3 are electrically
connected to a second bit-line (B_BL). The sources of PG-3
are electrically connected to the first node. The gates of PG-3
are electrically connected to the second word-line (port-B

WL).
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The second port includes the fourth pass-gate device or
the same number of the fourth pass-gate devices (still
referred to PG-4) configured in parallel. Specifically, the
number of the fourth pass-gate devices are configured such
that the drains, sources and gates are electrically connected
together, respectively. More specifically, the drains of PG-4
are electrically connected to a second bit-line bar (B_BLB).
The sources of PG-4 are electrically connected to the second
node. The gates of PG-4 are electrically connected to the
second word-line (port-B WL).

In the SRAM cell 100, the number of the pull-down
devices 1s greater than the number of the pass-gate devices.
Specifically, a ratio “R” 1s defined as R=Npd/Npg where
Npd 1s a number of the pull-down devices in a SRAM cell
and Npg 1s a number of the pass gate devices 1n the SRAM
cell. The ratio R 1s greater than 1 to increase sink current,
access speed, and device reliability of the SRAM cell. For
examples, the ratio 1s 3/2, 2, or 5/4. The total number of the
nFinFETs and pFinFETs 1n the cell 1s greater than 12 such
that the ratio R 1s tuned to be greater than 1 1n the disclosed
configuration. In the present embodiment illustrated in FIG.
1, the ratio R 1s 3/2 and the total FinFETs in one SRAM cell
1s 12.

FI1G. 2 1s a schematic view of a dual-port (DP) SRAM cell
102 constructed according to various aspects of the present
disclosure 1in another embodiment. The SRAM cell 102 1s
similar to the SRAM cell 100 of FIG. 1 except the first
inverter includes 4 pull-down devices PD-11, PD-12, PD-13

and PD-14. Likewise, the second inverter includes 4 pull-
down devices PD-21, PD-22, PD-23 and PD-24 for a

balanced configuration. In this particular embodiment, the
ratio R 1s 4/2=2. The SRAM cell 102 has a total of 14
FinFETs.

FIG. 3 1s a schematic view of a dual-port (DP) SRAM cell
104 constructed according to various aspects of the present
disclosure 1n another embodiment. The SRAM cell 104 1s
similar to the SRAM cell 100 of FIG. 1 except for both the
number of the pull-down devices and the number of the pass
gate devices are doubled. In the SRAM cell 104, the first
inverter includes 6 pull-down devices PD-11, PD-12, PD-13,
PD-14, PD-15 and PD-16. The second inverter includes 6
pull-down devices PD-21, PD-22, PD-23, PD-24, PD-25
and PD-26. Additionally, the SRAM cell 104 includes 8 pass
gate devices configured to form the first and second ports.
Specifically, the port-A includes 4 pass-gate devices PG-11,
PG-12, PG-21 and PG-22. The port-B includes 4 pass-gate
devices PG-31, PG-32, PG-41 and PG-42. The drains of
PG-11 and PG-12 are electrically connected to a first bit-line
(A_BL). The sources of PG-11 and PG-12 are electrically
connected to the first node. The gates of PG-11 and PG-12
are electrically connected to a first word-line (referred to as
port-A WL). The drains of PG-21 and PG-22 are electrically
connected to a first bit-line bar (A_BLB). The sources of
PG-21 and PG-22 are electrically connected to the second
node. The gates of PG-21 and PG-22 are electrically con-
nected to a first word-line (port-A WL). The drains of PG-31
and PG-32 are electrically connected to a second bit-line
(B_BL). The sources of PG-31 and PG-32 are electrically
connected to the first node. The gates of PG-31 and PG-32
are e¢lectrically connected to the second word-line (port-B
WL). The drains of PG-41 and PG-42 are clectrically
connected to a second bit-line bar (B_BLB). The sources of
PG-41 and PG-42 are electrically connected to the second
node. The gates of PG-41 and PG-42 are electrically con-
nected to the second word-line (port-B WL). In the present
embodiment, the ratio R 1s 6/4=3/2. The SRAM cell 104 has
a total of 22 FinFETs.
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FIG. 4 1s a top view of a DP SRAM cell 110 constructed
according to various aspects of the present disclosure 1n one
embodiment. In one embodiment, the DP SRAM cell 110 1s
a portion of the DP SRAM cell 100 1n a particular configu-
ration. The DP SRAM cell 110 includes one cell of DP
SRAM and 1s formed on a semiconductor substrate. The
semiconductor substrate includes silicon. Alternatively, the
substrate 1includes germanium, silicon germanium or other
proper semiconductor materials. The semiconductor sub-
strate may include other proper features and structures. In
one embodiment, the semiconductor substrate employs a
layer of semiconductor material formed over an insulating
layer on a supporting bulk watfer for 1solation. The technol-
ogy and structure are referred to as semiconductor on
1solation (SOI). The SOI structure can be formed by difler-
ent techniques including separation by implanted oxygen
(SIMOX), bonding and etching back (BESOI), and zone
melting and recrystallization (ZMR).

The DP SRAM cell 110 1s formed 1n a umt cell region 112
of the semiconductor substrate. The unit cell region 112 1s
defined by the unit cell boundary 114. In one embodiment,
the unit cell region 112 i1s defined 1 a rectangular shape
spanmng to a first dimension 116 in a first direction and
spanming to a second dimension 118 1n a second direction
perpendicular to the first direction. The first dimension 116
1s longer than the second dimension 118. The first and
second dimensions (116 and 118) are referred to as a longer
pitch and a shorter pitch, respectively. The first and second
directions are also referred to by numerals 116 and 118,
respectively. The SRAM cell 110 includes a N-well region
120 disposed 1n the central portion of the cell. The SRAM
cell 110 further includes a P-well region 122 disposed on the
both sides of the N-well 120. In one embodiment, the N-well
120 and P-well 122 are extended to multiple cells beyond the
unit cell boundary. For example, the N-well 120 and P-well
122 are extended to 4 or more cells 1n the second direction.

Various active regions are defined in the substrate by
isolation features and are 1solated from each other by the
isolation features. The 1solation features are formed in the
semiconductor substrate with a proper technology. In one
embodiment, the 1solation features are formed by a shallow
trench 1solation (ST1) technique. In another embodiment, the
1solation features are alternatively formed by a local oxida-
tion of silicon (LOCOS) technique. In yet another embodi-
ment, the formation of the STI features includes etching a
trench 1n a substrate and filling the trench by one or more
insulator materials such as silicon oxide, silicon nitride, or
silicon oxynitride. The filled trench may have a multi-layer
structure such as a thermal oxide liner layer with silicon
nitride filling the trench. The active regions are defined 1n the
semiconductor substrate upon the formation of the 1solation
features.

The DP SRAM cell 110 utilizes fin active regions ({in
active features) to form fin transistors, such as FinFETs. The
fin active regions are formed on the semiconductor substrate
and defined within the SRAM cell 110. The fin active
regions 1s formed by a suitable technology and may be
formed 1n a process to form both the ST1 features and the fin
active regions. In one embodiment, the {in active regions are
formed by a process including etching a semiconductor to
form trenches, partially filling the trenches to form shallow
trench 1solation (ST1) features and fin active regions inter-
digitized with each other. In furtherance of the present
embodiment, an epitaxy semiconductor layer 1s selectively
formed on the fin active region. In another embodiment, the
fin active regions are formed by a process including depos-
iting a dielectric material layer on a semiconductor substrate,
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ctching the dielectric material layer to form openings
thereotf, and selective epitaxy growing a semiconductor
material (such as silicon) on the semiconductor substrate
within the opemings to form fin active regions and the
1solation features. In yet another embodiment, the various
FinFETs may include strained features for enhanced mobil-
ity and device performance. For example the pFinFETs
include epitaxy grown silicon germanium on a silicon sub-
strate. The pFinFETs include epitaxy grown silicon carbide
on the silicon substrate.

In one embodiment, the DP SRAM cell 110 includes a
first active region 124, a second active region 126, a third
active region 128 and a fourth active region 130 formed 1n
the P-well 122. The DP SRAM cell 110 further includes a

fifth active region 132 and a sixth active region 134 formed
in the N-well 120. The first active region 124 through the
sixth active region 134 are disposed along the second
dimension. The first through sixth active regions or a subset
thereol may be extended to multiple cells, such as 4 or more
cells 1n the second direction.

In one embodiment, each of the active regions includes
one or more {in active features configured to form various
FinFETs. In another embodiment, at least some of the first
active region 124 through the fourth active region 130 1n the
P-well 122 include multiple fin active features. In each fin
active feature, a pull-down device (PD), a pass-gate device
(PG), or a combination thereof can be formed. Particularly,
each fin active feature includes one PD, one PG, two PDs,
two PGs, or PD/PG (one PD and one PG). In the present
embodiment, the first active region 124 includes one fin
active feature (still referred to as 124) oriented in the second
direction 118. The pass-gate PG-2 1s formed on the fin active
teature 124. The second active feature 126 includes three fin
active features lined up, referred to as 126a, 126b and 126c¢,
respectively. The fin active feature 126b 1s 1nterposed
between the fin active features 126a and 126¢. The pull-
down devices PD 11, PD-12 and PD-13 are formed on the
fin active features 126a, 126b and 126¢, respectively. The fin
active feature 126b 1s extended longer than the fin active
features 126a and 126c. The pass-gate device PG-1 1s
formed on the fin active feature 126b as illustrated 1n FIG.
4.

Similarly, for a balanced structure of the SRAM cell 110,
the third active region 128 includes one fin active feature
(still referred to as 128) oriented 1n the second direction 118.
The pass-gate PG-3 1s formed on the fin active feature 128.
The fourth active feature 130 includes three fin active
teatures lined up, referred to as 130a, 130b and 130c,
respectively. The fin active feature 130b 1s 1nterposed
between the fin active features 130a and 130c. The pull-
down devices PD-21, PD-22 and PD-23 are formed on the
fin active features 130a, 130b and 130c, respectively. The fin
active feature 130b 1s extended longer than the fin active
features 130a and 130c. The pass-gate device PG-4 1s
formed on the fin active feature 130b as illustrated 1n FIG.
4.

Various gate features are formed within the DP SRAM
cell 110 for vanious nFinFETs and pFinFETs. A gate feature
includes a gate dielectric layer (such as silicon oxide) and a
gate electrode (such as doped polysilicon) disposed on the
gate dielectric layer. In another embodiment, the gate feature
alternatively or additionally includes other proper materials
for circuit performance and manufacturing integration. For
example, the gate dielectric layer includes high k dielectric
material layer. The gate electrode includes metal, such as
aluminum, copper, tungsten or other proper conductive
material. Various gates are oriented in the first direction 116
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and configured with the various active regions to form the
pull-up devices, pull-down devices and pass-gate devices.

In the present embodiment, a long gate 136 1s disposed
over the fin active features 126a, 126b and 126¢ and further
extends over the fifth active feature 132, forming PD-11,
PD-12, PD-13 and PU-1, respectively. Similarly, another
long gate 138 1s disposed over the fin active features 130a,
130b and 130c and further extended over the sixth active
teature 134, forming PD-21, PD-22, PD-23 and PU-2,
respectively. A short gate 140 1s disposed on the active
features 124 and 126b and configured to form PG-2 and
PG-1, respectively. Similarly, another short gate 144 1s
disposed on the active features 128 and 130b and configured
to form PG-3 and PG-4, respectively.

In another embodiment of the configuration as illustrated
in FIG. 4, the first active region 124 through the fourth active
region 130 in the P-well 122 and the associated pull-down
devices and pass-gate devices are symmetrically disposed on
the two sides of the N-well 120 with symmetrical intercon-
nect routing.

FIG. 5 illustrates a top view of the DP SRAM cell 110,
including interconnect routings. Various interconnect struc-
tures may be utilized to couple the nFinFETs and pFinFETs
to form the functional DP SRAM cell. In one embodiment,
the drain of PD-12 1s electrically connected to the source of
PG-1 by sharing a common doped region, a region defined
in the fin active region 126b and positioned between the
PD-12 and PG-1.

In another embodiment, the drain of PD-12 1s electrically
connected to the source of PG-1 by a silicide feature (not
shown) formed on the common doped region within the fin
active region 126b. The silicide feature 1s formed by a
process known 1n the art such as self-aligned silicide (sali-
cide) and can be formed together with other contact silicide
In a same processing procedure.

In yet another embodiment, the drain of PD-12 1s elec-
trically connected to the source of PG-1 by a contact feature
designed to contact both the drain of PD-12 and the source
of PG-1. The geometries of the contacts are to be further
described later. Stmilarly, the drain of PD-22 and the source
of PG-4 are electrically connected in a way similar to the
connection between the drain of PD-12 and the source of
PG-1, such as by a silicide feature.

The source of the pass-gate PG-2 1s configured to elec-
trically connect to the gate 136 by various interconnect
technique. In one embodiment, the interconnect between the
source to the gate 1s achueved by a local interconnect (LLI)
technology. In one embodiment, the local mterconnect 1s
formed using the gate electrode material, such as polysili-
con. In this situation, the polysilicon 1s used not only to form
gate electrode but also to form 1nterconnect. More particu-
larly, the gate electrode 1s extended to the targeted source
region and directly lands on the silicon substrate within the
targeted source region.

Alternatively, 1f the gate electrode 1s a metal gate, then the
metal gate 1s extended to form the local interconnect. The LI
features and gates are formed during a same processing
procedure. In another embodiment, this routing can be
alternatively achieved by an intra-cell routing through a
contact feature designed to land on both the targeted gate
and the source. Similarly, the source of PG-3 is electrically
connected to the gate 138.

Referring to FIG. 5, the DP SRAM cell 110 further
includes various contacts (shown as X and labeled as 126)
on gates, drain nodes, Vss connection, and various landing
pads (such as silicide feature). The contact features are
positioned and configured for routing including electrically
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connecting the doped regions or the gates to a metal layer.
Additionally or alternatively, the contact {features are
designed to have various geometries to function as a local
interconnect.

In one embodiment, one or more contact features 1n the
SRAM cell 110 are designed 1n a square shape for normal
contact function, such as contact features 146-1 through
146-8. In one example, contact features 146-1 through 146-8
are routed to the corresponding metal lines 1n the first metal
layer or the second metal layer. In another embodiment, one
or more contact features are designed 1n a rectangular shape
oriented 1n the first direction 116 to function as contacting
drains (or sources) of the multiple pull-down devices 1n the
same 1nverter, such as those contact features 146-9 through
146-12. In another embodiment, one or more contact fea-
tures are designed in a rectangular shape oriented in the
second direction 118 to function as contacting a drain/source

feature to a gate, such as those contact features 146-13
through 146-16.

In various embodiments, the contact feature 146-1 1s
routed to the bit-line BL-B; the contact feature 146-2 1is
routed to the word-line WL-B: the contact feature 146-3 1s
routed to the bit-line BL-B-bar; the contact feature 146-4 1s
routed to the Vcc power line; the contact feature 146-5 1s
routed to the Vcc power line; the contact feature 146-6 1s
routed to the bit-line BL-A-bar; the contact feature 146-7 1s
routed to the bit-line BL-A; the contact feature 146-8 1s
routed to the word-line WL-A; the contact feature 146-9 1s
routed to the complimentary power line Vss; the contact
feature 146-10 1s designed to electrically connect the drains
of PD-21, PD-22, PD-23 and PU-2; the contact feature
146-12 1s designed to electrically connect the drains of
PD-11, PD-12, PD-13 and PU-1; the contact feature 146-12
1s routed to the complimentary power line Vss; the contact
teature 146-13 1s designed to electrically connect the gate
138 and the source of the PG-3; the contact feature 146-14
1s designed to electrically connect the gate 138 and the drain
of the PU-1; the contact feature 146-15 1s designed to
clectrically connect the gate 136 and the drain of the PU-2;
and the contact feature 146-16 1s designed to electrically
connect the gate 136 and the source of the PG-2.

FIGS. 6 and 7 are top views of the DP SRAM cell 110
constructed according to various aspects of the present
disclosure 1 one embodiment. More particularly, various
interconnect structures 180 1n the DP SRAM cell 110 are
constructed and presented in FIGS. 6 and 7. In one embodi-
ment, the DP SRAM cell 110 includes at least three inter-
connect layers (i1.e. metal layers). The contact features are
described with reference to FIG. 5. The interconnect struc-
ture 180 of the DP SRAM cell 110 includes a second
interconnect layer (referred to as second metal layer or M2)
disposed over the first metal layer, and a third interconnect
layer (referred to as third metal layer or M3) disposed over
the second metal layer. The previously described elements of
the DP SRAM cell 110 are eliminated from FIG. 6 for
simplicity.

Referring to FIG. 6, the second metal layer includes
vartous metal lines substantially aligned in the second
direction of the DP SRAM cell 110. In one embodiment, the
second metal layer includes a power line (Vcc line) 182. The
Vce line 182 1s electrically connected to the Vec landing
pads through the respective contacts. The Vcc line 182 1s
substantially positioned 1n the center portion of the cell 112
in the first dimension of the cell. The second metal layer also
includes complementary power lines, such as first Vss line
184 and the second Vss line 186 positioned at both sides of
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the Vcc line 182. The first and second Vss lines (184 and
186) are clectrically connected to the first and second Vss
connects, respectively.

The second metal layer includes first word lines (WL-A)
188 and 190 positioned on the border of the cell, respec-

tively. The first word lines 188 and 190 are electrically
connected to the first and second word contacts 146-2 and

146-8 of FIG. 5. The second metal layer includes a first bit
line (A-BL) 192 and a second bit line (B-BL) 194 electr-
cally connected to the corresponding bit-line contacts 146-7
and 146-1 of FIG. 5, respectively. The second metal layer
includes a first bit line bar (A-BL-bar) 196 and a second bit
line bar (B-BL-bar) 198 electrically connected to the corre-
sponding bit-line contacts 146-6 and 146-3 of FIG. 5,
respectively. In various embodiments, the metal lines in the
second metal layer have different configurations.

Still referring to FIG. 6, various vias for coupling the
second metal layer to the third metal layer are properly
configured and formed on the second metal layer. In one
embodiment, the vias on the second metal layer include a
first via 208 landing on the first word line 190 of the second
metal layer, a second via 212 landing on the first word line
188 of the second metal layer. In the present embodiment, at
least one of the Vdd line and the Vss lines 1s configured
between the two bit-lines for noise shielding.

Referring to FIG. 7, the mterconnect structure 180 of the
DP SRAM cell 110 includes various metal lines in the third
metal layer for word line routing. The metal lines 1n the third
metal layer are substantially aligned along the first direction
of the cell 110. The third metal layer includes a first word
line (WL-A) 204 and a second word line (WL-B) 206. The
first word line 204 1s electrically connected to the gates of
PG-1 and PG-2 through the first via 208. The second word
line 206 1s electrically connected to the gates of PG-3 and
PG-4 through the second via 212.

The various metal lines may be configured and/or
assigned differently according to the configurations of the
various pull-up devices, pull-down devices and pass-gate
devices. In an alternative embodiment with reference to
FIGS. 6 and 7, the second metal layer includes a first bit line
bar (A-BL-bar) 192 and a second bit line (B-BL) 194
clectrically connected to the corresponding bit-line contacts
146-7 and 146-1 of FIG. 5, respectively. The second metal
layer includes a first bit line (A-BL) 196 and a second bit line
bar (B-BL-bar) 198 electrically connected to the correspond-
ing bit-line contacts 146-6 and 146-3 of FI1G. 5, respectively.

FIG. 8 1s a top view of a DP SRAM device 240 in another
embodiment, similar to the SRAM cell 110 of FIG. 5. The
differences between FIG. 8 and FIG. 5 in the configuration
are self-explamned from the layouts and are not further
described 1n detail. In one embodiment, the DP SRAM cell
240 1s a portion of the DP SRAM cell 100 of FIG. 1 1n a
particular configuration. The ratio R of the DP SRAM cell
240 1s 3/2.

FIG. 9 1s a top view of a DP SRAM device 242 1n another
embodiment. In one embodiment, the first inverter of the DP
SRAM cell 242 includes 5 pull-down devices formed of
FinFETs PD-11, PD-12, PD-13, PD-14 and PD-15. The
second iverter of the DP SRAM cell 242 includes 35
pull-down devices formed of FinFETs PD-21, PD-22,
PD-23, PD-24 and PD-25. The pass-gate device PG-1
through PG-4 each includes two nFinFETs. The ratio R of
the DP SRAM cell 242 1s 5/4.

FIG. 10 1s a top view of a DP SRAM device 244. In one
embodiment, the first inverter of the DP SRAM cell 242
includes 4 pull-down devices. More specifically, the pull-
down device PD-11 includes 2 nFinFETs formed in the
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P-well. Similarly, each of the pull-down devices PD-12,
PD-21 and PD-22 includes 2 nFinFETs formed 1n the P-well.

The ratio R of the DP SRAM cell 244 1s 2/1.

FIG. 11 1s a top view of a DP SRAM device 246. In one
embodiment, each of the pull-down devices PD-11, PD-12,
PD-21 and PD-22 includes 3 nFinFETs formed on the
P-well. Each of the pass-down devices PG-1, PG-2, PG-3
and PG-4 includes 2 nFinFETs formed in the P-well. The
ratio R of the DP SRAM cell 246 1s 3/2.

In another embodiment, FIG. 12 1s a top view of a SRAM
cell 248. In FIG. 12, some features are eliminated for
simplicity. The similar features illustrated in FIG. 12 use
similar numerals of FIG. 4. The pull-up devices, pull-down
devices and pass-gate devices are all formed as FinFETs.
The DP SRAM cell 248 1s designed have a rectangular shape
with a long dimension (length) along a first direction 116 and
a short dimension (width) along the second direction 118.
The DP SRAM includes a N-well 120 disposed in the center
of the cell and a P-well disposed on the both side portions

(first portion 122a and second portion 122b) of the SRAM
cell 248. 'Two or more fin active features 132 and 134 are
formed in the N-well 120 and oriented in the second
direction 118. The two fin active features 132 and 134 are
configured to form two pull-up devices PU-1 and PU-2. A
plurality of fin active features are formed in the P-well and
oriented 1n the second direction.

The plurality of fin active features are configured to form
various pull-down devices and pass-gate devices. The num-
ber of the pull-down devices and number of the pass-gate
devices are chosen such that the ratio R 1s greater than 1.
Particularly, the fin active features 125-1 through 125-n are
formed 1n the first portion of the P-well 122a. The pull-down
devices PD-11 through PD-1n of the first inverter are lined
up 1n parallel and formed in the first portion 122a of the
P-well. The parameter “n” 1s an mteger. Only 5 {in active
teatures and 5 pull-down devices are shown 1n FIG. 12 for
illustration. The parameter “n” 1s not lmmited to 5. The
various gates are oriented 1n the first direction 116. A first
gate 136 1s designed as a straight line, formed 1n the first
portion of the P-well, orntented i the first direction and
crossed over the corresponding fin active features 125-1
through 125-n to form the pull-down devices PD-11 through
PD-1n of the first inverter. The first gate 1s further extended
to the N-well and configured to form the PU-1. Thus the
gates ol the pull-down devices and pull-up device(s) of the
first inverter are intrinsically connected.

The second 1nverter 1s designed and configured similarly
to form a balanced structure. In one embodiment, the fin
active features 129-1 through 129-n are formed in the
second portion of the P-well 122b. The pull-down devices
PD-21 through PD-2n of the second inverter are lined up 1n
parallel and formed 1n the second portion 122b of the P-well.
A second gate 138 1s designed as a straight line, formed in
the second portion of the P-well, oriented in the first
direction and crossed over the corresponding fin active
teatures 129-1 through 129-n to form the pull-down devices
PD-21 through PD-2n of the second inverter. The second
gate 138 1s further extended to the N-well and configured to
form the PU-2. Thus the gates of the pull-down devices and
pull-up device(s) of the second inverter are intrinsically
connected. The SRAM cells 1n FIGS. 4 and 8-11 are several
exemplary embodiments of the SRAM cell 248.

FIG. 13 1s a top view of a SRAM cell 250 1n another
embodiment. In FIG. 13, some features are eliminated for
simplicity. The similar features illustrated use similar
numerals of the FIG. 4. The pull-up devices, pull-down
devices and pass-gate devices are all formed as FinFETs.
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The DP SRAM cell 250 1s designed have a rectangular shape
with a long dimension (length) along a first direction 116 and
a short dimension (width) along the second direction 118.
The DP SRAM 1includes a N-well 120 disposed 1n the center
of the cell and a P-well disposed on the both side portions

(first portion 122a and second portion 122b) of the SRAM
cell. Two or more fin active features 132 and 134 are formed
in the N-well 120 and oriented in the second direction 118.
The two fin active features 132 and 134 are configured to
form two pull-up devices PU-1 and PU-2.

A plurality of fin active features are formed in the P-well
and oriented 1n the second direction. The plurality of {in
active features are configured to form various pull-down
devices and pass-gate devices. The number of the pull-down
devices and number of the pass-gate devices are chosen such
that the ratio R 1s greater than 1. Particularly, the fin active
features 125-1 through 125-n are formed 1n the first portion
of the P-well 122a. The pull-down devices PD-11 through
PD-1n of the first inverter are lined up 1n parallel and formed
on the corresponding {in active features 125-1 through 125-n
within the first portion 122a of the P-well, respectively. The
parameter “n’” 1s an integer. Only 3 fin active features and 3
pull-down devices are shown 1n FIG. 13 for illustration. The

parameter “n” 1s not limited to 3. Furthermore, the pull-

down devices PD-1(n+1) through PD-1(2n) of the first
inverter are paired with the pull-down devices PD-11
through PD-1n, respectively, lined up in parallel and formed
on the corresponding fin active features 125-1 through
125-n, as illustrated 1in FIG. 13.

A first gate 136 1s designed to include three portions. The
first portion of the first gate 136 1s designed as a straight line,
formed 1n the first portion of the P-well, oriented 1n the first
direction and crossed over the corresponding fin active
teatures 125-1 through 125-n to form the pull-down devices
PD-11 through PD-1n of the first mverter. The second
portion of the first gate 136 1s also designed as a straight line,
formed 1n the first portion of the P-well, oriented 1n the first
direction and crossed over the corresponding fin active
teatures 125-1 through 1235-n to form the pull-down devices
PD-1(n+1) through PD-1(2n) of the first inverter. The first
portion of the first gate 136 1s further extended to the N-well
and configured to form the pull-up device PU-1. The first
gate 136 further includes a third portion designed as a
straight line oriented in the second direction 118 and 1s
connected to the first and second portions of the first gate
136. Thus the gates of the pull-down devices and pull-up
device(s) of the first inverter are intrinsically connected.

The second 1nverter 1s designed and configured similarly
to form a balanced structure. In one embodiment, the fin
active features 129-1 through 129-n are formed in the
second portion of the P-well 122b. The pull-down devices
PD-21 through PD-2n of the second nverter are lined up 1n
parallel and formed on the corresponding fin active features
129-1 through 129-n within the second portion 122b of the
P-well, respectively. Furthermore, the pull-down devices
PD-2(n+1) through PD-2(2n) of the second inverter are
paired with the pull-down devices PD-21 through PD-2n,
respectively, lined up 1n parallel and formed on the corre-
sponding fin active features 129-1 through 129-n, as 1llus-
trated 1n FIG. 13.

A second gate 138 1s designed to include three portions.
The first portion of the second gate 138 1s designed as a
straight line, formed 1n the second portion of the P-well,
oriented in the first direction and crossed over the corre-
sponding fin active features 129-1 through 129-n to form the
pull-down devices PD-21 through PD-2n of the second

inverter. The second portion of the second gate 138 1s also
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designed as a straight line, formed 1n the second portion of
the P-well, oriented 1n the first direction and crossed over the
corresponding fin active features 129-1 through 129-n to
form the pull-down devices PD-2(n+1) through PD-2(2n) of
the second inverter. The first portion of the second gate 138
1s Turther extended to the N-well and configured to form the
pull-up device PU-2. The second gate 138 further includes
a third portion designed as a straight line oriented in the
second direction 118 and 1s connected to the first and second
portions of the second gate 138. Thus the gates of the
pull-down devices and pull-up device(s) of the second
inverter are mtrinsically connected. In another embodiment,
the pass-gates may be similarly paired such that each fin
active feature includes two pass-gate fin transistors.

FIG. 14 1s a top view of a DP SRAM device 252 1n
another embodiment. The DP SRAM device 252 includes 4
pull-down devices PD-11, PD-12, PD-13 and PD-14 for the
first inverter. The DP SRAM device 252 also includes 4
pull-down devices PD-21, PD-22, PD-23 and PD-24 for the
second mverter. The DP SRAM device 252 further includes
4 pass-gate devices PG-1, PG-2, PG-3 and PG-4 configured
as shown 1n FIG. 14. DP SRAM device 252 further includes
various contact features configured and designed for differ-
ent routing functions. For example, the DP SRAM device
252 includes rectangular contact features oriented 1n the first
direction 116 for drain connections. In another example, the
DP SRAM device 252 includes rectangular contact features
oriented in the second direction 118 for source and gate
connections. The DP SRAM device 252 also includes vari-
ous metal features (various non-shading rectangles) formed
in a first metal layer as 1llustrated 1n FIG. 14. The ratio R of
the DP SRAM device 252 1s 2/1.

FIG. 15 1s a top view of a DP SRAM device 254 in
another embodiment. The DP SRAM device 254 includes 6
pull-down devices PD-11, PD-12, PD-13, PD-14, PD-15 and
PD-16 for the first inverter. The DP SRAM device 254 also
includes 6 pull-down devices PD-21, PD-22, PD-23, PD-24,
PD-25 and PD-26 for the second inverter. The DP SRAM
device 254 further includes 8 pass-gate devices PG-11,
PG-12, PG-21, PG-22, PG-31, PG-32, PG-41 and PG-42
configured as shown in FIG. 15. DP SRAM device 254
turther includes various contact features configured and
designed for different routing functions. For example, the
DP SRAM device 254 includes rectangular contact features
oriented 1n the first direction 116 for drain connections. In
another example, the DP SRAM device 254 includes rect-
angular contact features oriented 1n the second direction 118
for source and gate connections. The DP SRAM device 254
also includes various metal features (various non-shading
rectangles) formed 1n a first metal layer as illustrated in FIG.
15. The ratio R of the DP SRAM device 254 1s 3/2. The DP
SRAM devices 252 of FIGS. 14 and 254 of FIG. 15 are two
examples of the SRAM cell 252 with segmented gates.

FIG. 16 1s a portion of a DP SRAM cell 1n a top view and
constructed according to various embodiments. More par-
ticularly, an interconnect structure 256 of the DP SRAM
cell, such as the DP SRAM cell 252 of FIG. 14 or 254 of
FIG. 15, 1s constructed and presented in FIG. 16. The
interconnect structure 2356 includes a second metal layer
with various metal lines oniented 1n the second direction 118
and a third metal layer with various metal lines oriented 1n

the first direction 116 configured for various routings.
FIG. 17 1s a schematic view of a dual-port (DP) SRAM

cell 258 constructed according to various aspects of the
present disclosure in one embodiment. The DP SRAM cell

238 includes a write port configured similar to one port of
the SRAM cell 100 of FIG. 1. The DP SRAM cell 258 also
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includes a read port having read pull-down devices and read
pass-gate devices. In one embodiment, the read port includes
one or more read pull-down devices configured in parallel
and one or more pass-gate devices configured 1n parallel.
The sources of the read pull-down devices are connected
power line Vss, the drains of the read pull-down devices are
connected to the sources of the read pass-gate devices, and
the gates of the read pull-down devices are connected to the
drain node of the first mverter. The sources of the read
pass-gate devices are connected the drains of the read
pull-down devices, the drains of the read pass-gate devices
are connected to the read bit lines (read-BL), and the gates
ol the read pass-gate devices are connected to the read word
line (read-WL). In the present embodiment, the read port
includes 2 pull-down devices and 2 pass-gate devices.

FIG. 18 1s a top view of a DP SRAM device 260 1n
another embodiment. In one embodiment, the DP SRAM
device 260 1s a portion of the DP SRAM cell 258 in one
layout. In FIG. 18, the read port includes 2 read pull-down
devices RPD-11 and RPD-12. The read port also includes 2
read pass-gate devices RPG-11 and RPG-12. The DP SRAM
device 260 also includes various contacts and metal lines
(non-shading rectangles) of the first metal layer.

FIG. 19 1s a portion of a DP SRAM cell 1n a top view and
constructed according to various embodiments. More par-
ticularly, an interconnect structure 262 of the DP SRAM
cell, such as the DP SRAM cell 260 of FIG. 18, 1s con-
structed and 1llustrated 1n FIG. 19. The interconnect struc-
ture 262 1ncludes a second metal layer with various metal
lines oriented 1n the second direction 118 and a third metal
layer with various metal lines oriented in the first direction
116 configured for various routings. In the present embodi-
ment, the interconnect structure 262 includes metal lines
write bit-line (W-BL), write bit-line bar (W-BLB), read
bit-line (R-BL), power line Vdd, and the complimentary
power lines Vss. The interconnect structure 262 also
includes metal lines write word-line (W-WL) and read
word-line (R-WL). The interconnect structure 262 may
include other metal features in the first metal layer.

In various embodiments, the disclosed DP SRAM device
addresses various 1ssues noted in the background. The
present disclosure provides a dual-port SRAM cell structure
and a layout with multiple pull-sown devices and multiple
pass-gate devices configured such that the ratio R 1s greater
than 1. The disclosed structure and layout are also good for
high-k/metal-gate. One or more other advantages may pres-
ent 1n various embodiments. In one example, the fin active
features are straight and some are long and continuous to
form two FinFETs, such as pull-down devices and/or pass-
gate devices, to provide a better device tracking/matching
between the pass-gate devices and pull-down devices on a
wider range operation voltage (from the highest to the
lowest Vdd operation). In another example, the simple shape
of the active regions solves pull-down device current crowd-
ing 1ssue as well as lithography proximity effect. In another
example of lower operation voltage, the higher beta ratio 1s
achieved and provides better static noise margin (SNM)
performance for the cell stability.

The foregoing has outlined features of several embodi-
ments. Those skilled in the art should appreciate that they
may readily use the present disclosure as a basis for design-
ing or modifying other processes and structures for carrying
out the same purposes and/or achieving the same advantages
of the embodiments mtroduced herein. Those skilled 1n the
art should also realize that such equivalent constructions do
not depart from the spirit and scope of the present disclosure,
and that they may make various changes, substitutions and
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alterations herein without departing from the spirit and
scope of the present disclosure.

What 1s claimed 1s:

[1. A static random access memory (SRAM) cell com-
prising:

first and second 1nverters cross-coupled for data storage,
cach iverter including a pull-up device (PU) and a
plurality of pull-down devices (PDs);

a plurality of pass gate devices (PGs) configured with the
two cross-coupled 1nverters; and

at least two ports coupled with the plurality of PGs for
writing, wherein:
cach of the PU, PDs, and PGs includes a fin field-effect

transistor (Fmﬁ_JT)

a rat10 between a number of PDs 1n the first and second
inverters and a number of PGs 1n the at least two
ports 1s greater than 1,

a number of FinFETs 1n the SRAM cell 1s equal to or
greater than 12;

a first metal layer providing local interconnection to the
first and second 1nverters, the first metal layer includ-
ng:

a first Vss line and a second Vss line:

a Vdd line;

a first constant voltage line and a second constant
voltage line; and

a first bit line and a second bit line, wherein the first and
second Vss lines, the Vdd line, the first and second
constant voltage lines, and the first and second bit
lines are oriented 1n a first direction;

a second metal layer formed over the first metal layer, the
second metal layer including a first word line and a
second word line oriented 1n a second direction that 1s
different from the first direction, wherein the first word
line 1s a write word line and the second word line 1s a
read word line; and

a read port for reading, wherein the read port 1s diflerent
than the at least two ports coupled with the plurality of
PGs for writing, wherein the read port includes at least
two PDs in parallel and at least two PGs in parallel ]

[2. The SRAM cell of claim 1, wherein each FinFET
includes a channel having a top portion with a first width and
a sidewall portion with a second width, the first width being
less than the second width.]

[3. The SRAM cell of claim 1, further comprising a
plurahty of FinFETs formed on a plurality of fin-type active
regions.}

[4. The SRAM cell of claim 1, wherein the ratio is equal
to one of 3/2 and 5/4.]

[S. The SRAM cell of claim 1, further comprising at least
four pass-gate devices, at least six pull-down devices, and at
least two pull-up devices.]

[6. The SRAM cell of claim 5, comprising:

a first PU (PU1), a first PD (PD11), a second PD (PD12),
and a third PD (PD13) configured to form the first
inverter, wherein drains of PU1, PD11, PD12, and
PD13 are electrically connected to form a first drain

node;
a second PU (PU2), a fourth PD (PD21), a fiith PD

(PD22), and a sixth PD (PD23) configured to form the
second 1nverter, wherein drains of PU2, PD21, PD22,
and PD23 are electrically connected to form a second
drain node:

a first PG (PG1) and second PG (PG2) configured to form
a first port, wherein:
a first drain of PG1 1s electrically connected to a bit-line

of the first port,
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a second drain of PG2 1s electrically connected to a
bit-line bar of the first port,

a first source of P(G1 1s electrically connected to the first
drain node, and

a second source of PG2 1s electrically connected to the
second drain node; and

a third PG (PG3) and fourth PG (PG4) configured to form
a second port, wherein:
a third drain of PG3 1s electrically connected to a

bit-line of the second port,

a fourth drain of PG4 1s electrically connected to a

bit-line bar of the second port,

a third source of PG3 is electrically connected to the
first drain node, and

a Tourth source of PG4 1s electrically connected to the

second drain node.]
[7. The SRAM cell of claim 1, wherein at least one of the

first and second constant voltage lines 1s configured between
the first and second bit lines for noise shielding, and wherein
the first and second constant voltage lines are electrically
connected to Vdd and Vss.}

[8. A static random access memory (SRAM) cell com-
prising:

a first set of fin field-effect transistors (FinFETs) having
two pull-up devices (PUs) and a first number of pull-
down devices (PDs) configured to form first and second
cross-coupled 1nverters;

a second set of FinFETs having a second number of
pass-gate devices (PGs) configured to form at least two
ports, wherein the first number 1s greater than the
second number;

word lines connected to gates of the PGs, respectively;

bit lines connected to drains of the PGs, respectively,

two Vss lines and a Vdd line, wherein the two Vss lines,
the Vdd line, and the bit lines are formed 1n a first metal
layer and oriented 1n a first direction, and the word lines
are formed 1n a second metal layer over the first metal
layer and orniented 1n a second direction different from
the first direction, the word lines comprise a write word
line and a read word line; and

a read port that 1s different than the at least two ports,
wherein the read port includes at least two PDs 1n
parallel and at least two PGs in parallel.]

[9. The SRAM cell of claim 8, wherein the first set and

second set of FinFETs include at least 12 FinFETs.]

[10. The SRAM cell of claim 8, wherein a ratio between
the first number and the second number 1s equal to one of
3:2, 2:1, or 5:4]

[11. The SRAM cell of claim 8, wherein the first and
second sets of FinFETs are formed on a plurality of fin active
regions.]

[12. The SRAM cell of claim 8, wherein

the first inverter includes a first subset of the PDs, wherein
drains of the first set of the PDs are electrically con-
nected together through one of silicide, long contact
line, and combinations thereof; and

the second 1nverter 1includes a second subset of the PDs,
wherein drains of the second set of the PDs are elec-
trically connected together through one of silicide, long
contact line, and combination thereof.]

[13. The SRAM cell of claim 8, wherein a ratio between

a first length of the word lines and a second length of the bat
lines is greater than about 3.5:1.]

[14. The SRAM cell of claim 8, wherein at least one of the
Vdd line and the Vss lines 1s configured between two
bit-lines for noise shielding.]
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[15. The SRAM cell of claim 8, further comprising at least
four Vss lines.]
[16. A dual port static random access memory (SRAM)

cell comprising:

a first inverter having a first pull-up transistor (PU1) and
a first group of pull-down transistors (PDs);

a second mverter having a second pull-up transistor (PU2)
and a second group of PDs, the second inverter being
cross-coupled with the first inverter:;

a first group of pass-gate transistors (PGs) coupled with
the first and second inverters to form a first port; and

a second group of PGs coupled with the first and second
iverters to form a second port;

wherein each of the PDs and PGs includes an n-type fin

field-eflect transistor (nF1inFET) and each of the pull-up

transistors includes a p-type fin field-eflect transistor
(pFinFET), and wherein there are more PDs than PGs
in the SRAM cell;

a first metal layer providing local interconnection to the
first and second inverters, the first metal layer includ-
ng:

a first Vss line and a second Vss line:

a Vdd line positioned between the first and second Vss
lines;

a first constant voltage line and a second constant
voltage line; and

a first bit line and a second bit line, wherein the first and
second Vss lines, the Vdd line, the first and second
constant voltage lines, and the first and second bit
lines are oriented 1n a first direction;

a second metal layer formed over the first metal layer, the
second metal layer including a first word line and a
second word line oriented 1n a second direction that 1s
different from the first direction, wherein the first word
line 1s a write word line and the second word line 1s a
read word line; and

a read port that 1s different than the first and second ports,
wherein the read port includes at least two PDs in
parallel and at least two PGs in parallel.]

[17. The SRAM cell of claim 16, wherein

the first group of PDs 1ncludes S5 nFinFETs, wherein
drains of the first group of PDs are connected through
one of silicide and long contact line;

the second group of PDs includes 5 nFinFETSs, wherein
drains of the second group of PDs are connected
through one of silicide and long contact line;

the first group of PGs includes 4 nFinFETs; and

the second group of PGs includes 4 nFinFE JTS]

[18. The SRAM cell of claim 16, wherein

the first group of PDs includes PD11, PD12, and PD13;

the second group of PDs includes PD21, PD22, and
PD23;

the first group of PGs includes PG1 and PG2;

the second group of PGs includes PG3 and PG4; and

wherein the PD12 and PG1 are formed 1n a first continu-
ous fin active region, and the PD22 and PG4 are formed
in a second continuous fin active region.]

[19. The SRAM cell of claim 16, wherein:

the first group of PDs 1ncludes 6 nFinFETs formed on first
four long fin active regions and first two short fin active
regions;

the second group of PDs includes 6 nFinFETs formed on
second four long fin active regions and second two
short fin active regions;

the first group of PGs includes 4 nFinFETs;

the second group of PGs includes 4 nFinFETs; and
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wherein each of the first and second groups of PGs 1s

formed on one of the first and second four long fin

active regions.}
[20. The SRAM cell of claim 16, wherein:

the first group of PDs includes 4 nFinFETs formed on two

{in active regions;

the second group of PDs includes 4 nFinFETs formed on

another two fin active regions;

the first group of PGs includes PG1 and PG2;

the second group of PGs includes PG3 and PG4; and
wherein the PG1 and PG3 are formed 1n a first continuous

fin active region, and the PG2 and PG4 are formed 1n
a second continuous fin active region.}
21. A static random access memory (SRAM) cell including

a plurality of pass gate fin field-effect transistor (FINFET),
a plurality of pull-down FINFET, and a plurality of pull-up
FINFET the SRAM cell comprising:

a first fin and a second fin on a semiconductor substrate
in a first well region, wherein each of the first and
second fins includes source, channel, and drain regions

of one of the pull-up FINFETs;

a third fin and a fourth fin on the semiconductor substrate
in a second well region, wherein each of the third and
Jourth fins includes source, channel, and drain regions

of one of the pull-down FINFET1s and one of the thivd

and fourth fins further includes source, channel, and
drain vegions of one of the pass gate FINFETs, wherein
the thivd and fourth fins ave spaced apart from a first

side of the first and second fins;

a fifth fin and a sixth fin on the semiconductor substrate
in the second well vegion, wherein each of the fifth and
sixth fins includes source, channel, and drain regions of

one of the pull-down FINFETs and one of the fifth and

sixth fins further includes source, channel, and drain
regions of one of the pass gate FINFE1s, wherein the
fifth and sixth fins are spaced apart from a second side
opposite to the first side of the first and second fins;
wherein the first, second, third, fourth, fifth, and sixth fins

extend in a first dirvection;
a first gate layer formed on at least one of the first and

second fins and at least one of the third and fourth fins,

wherein the first gate layer includes gate vegions of at
least one of the pull-down FINFEIs and at least one of
pull-up FINFETS;

a second gate layer formed on at least one the first and
second fins and at least one of the fifth and sixth fins,
wherein the second gate laver includes gate regions of
at least one of the pull-down FINFETs and at least one
of pull-up FINFETSs;

a third gate layer formed on at least one of the third and
Jourth fins, wherein the thivd gate layer includes gate
regions of at least one of the pass gate FINFETs;

a fourth gate layer formed on at least one of the fifth and
sixth fins, wherein the fourth gate layer includes gate
regions of at least one of the pass gate FINFETs;

wherein the first, second, third and fourth gate lavers
extend in a second divection perpendicular to the first
dirvection;

a first contact feature formed on the third and fourth fins
between the first and third gate layers, wherein the first
contact feature extends in the second dirvection;

a second contact feature formed on the first fin for
connecting the first contact feature with the second gate
layer, wherein the second contact feature extends in the
first divection;
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a thivd contact feature formed on the fifth and sixth fins
between the second and fourth gate layers, wherein the
third contact feature extends in the second dirvection;

a fourth comtact feature formed on the second fin for
connecting the thivd contact feature with the first gate
laver, wherein the fourth contact feature extends in the
fivst divection; and

a read port that includes at least two pull-down FINFETs
in parallel and at least two pass gate FINFLETs in
parallel.

22. The SRAM cell of claim 21, wherein the first well
region is one of a n-well region and a p-well region and the
second well vegion is another one of the n-well vegion and
the p-well vegion.

23. The SRAM cell of claim 21, wherein the first gate layer

is formed on the first fin and the second gate layer is formed
on the second fin.

24. The SRAM cell of claim 21, wherein, along the second

divection, each of the contact featuves has a dimension
greater than a dimension of the fin where the rvespective
contact feature is formed on.

25. The SRAM cell of claim 21, further comprising:

a fifth contact feature on the first fin for connecting to a
first power line;

a sixth contact feature on the second fin for connecting to
the first power line;

a seventh contact feature on the thivd and fourth fins for
connecting to a second power line; and

an eighth contact feature on the fifth and sixth fins for
connecting to the second power line.

26. The SRAM cell of claim 25, wherein the first power
line connects to one of VCC and VSS and the second power

line connects to another one of VCC and VSS.
27. The SRAM cell of claim 25, further comprising:

a ninth contact feature on at least one of the thivd and
Jourth fins for connecting to a first bit line; and
a tenth contact feature on at least one of the fifth and sixth

fins for connecting to a second bit line.
28. The SRAM cell of claim 27, further comprising:

an eleventh contact feature on the third gate layer for

connecting to a first word line; and

a twelfth contact feature on the fourth gate layer for
connecting to a second word line.

29. The SRAM cell of claim 28, further comprising:

a seventh fin on the semiconductor substrate in the second
well vegion, wherein the seventh fin includes source,
channel, and drain vegions of one of the pass gate
FINFETs and wherein the thivd gate layer is formed on
the seventh fin; and

an eighth fin on the semiconductor substrate in the second
well region, wherein the eighth fin includes source,
channel, and drain vegions of one of the pass gate
FINFETs and wherein the fourth gate layer is formed
on the eighth fin,

wherein the seventh and eighth fins extend in the first
direction.

30. The SRAM cell of claim 29, further comprising:

a thirteenth contact featuve on the seventh fin for con-
necting to the first gate layer;

a fourteenth contact featuve on the eighth fin for connect-
ing to the second gate layer,

a fifteenth contact feature on the seventh fin for connect-
ing to a third bit line; and

a sixteenth contact feature on the eighth fin for connecting
to a fourth bit line.
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31. The SRAM cell of claim 30, wherein the first and third

bit lines arve complementary bit lines and the second and
Jourth bit lines ave complementary bit lines.

32. The SRAM cell of claim 21, further comprising:

a first common region on at least one of the third and
Jourth fins defined by the source and drain vegions of
one of the pull down FINFETs and one of the pass gate
FINFETs connected in series thervethrough; and

a second common region on at least one of the fifth and

sixth fins defined by the source and drain vegions of one
of the pull down FINFEIs and one of the pass gate

FINFETs connected in series thevethrough.
33. The SRAM cell of claim 32, wherein the first contact

Jfeature is formed on the first common region and the second
contact feature is formed on the second common region.

34. A static random access memory (SRAM) cell including
a plurality of pass gate fin field-effect transistors (FINFLET),

a plurality of pull-down FINFETs, and a plurality of pull-up
FINFETs, the SRAM cell comprising:

a first fin on a semiconductor substrate in an n-well
region;

second, third, fourth, and fifth fins on the semiconductor
substrate in a p-well region and on one side of the first
Jin;

a sixth fin on the semiconductor substrate in the n-well
region and on another side of the first fin;

seventh, eighth, ninth, and tenth fins on the semiconductor
substrate in another p-well region, wherein the first fin
and the seventh through tenth fins arve on opposite sides
of the sixth fin, wherein the first through tenth fins are
distributed along a first divection and oviented along a
second direction that is perpendicular to the first divec-
tion;

wherein the first fin includes source, channel, and drain
regions of a first pull-up FINFET:

wherein the second, thivd, and fourth fins include source,
channel, and drain regions of first, second, third pull-
down FINFE1s respectively;

wherein the third fin further includes source, channel, and
drain regions of a first pass gate FINFET, wherein the
drain region of the second pull-down device and the
source region of the first pass gate device share a first
common vegion in the thivd fin;

wherein the fifth fin includes source, channel, and drain
regions of a second pass gate FINFET:

wherein the sixth fin includes source, channel, and drain
regions of a second pull-up FINFET;

wherein the seventh, eighth, and ninth fins include source,
channel, and drvain vegions of fourth, fifth, and sixth
pull-down FINFETs rvespectively, and the eighth fin
further includes source, channel, and drain regions of
a thivd pass gate FINFET wherein the dvain vegion of
the fifth pull-down FINFET and the source region of the
third pass gate FINFET share a second common region
in the eighth fin;

wherein the tenth fin includes source, channel, and drain
regions of a fourth pass gate FINFET;

a first contact feature that electrically connects to at least
the first common region and the drain vegion of the first
pull-up FINFET

a second contact feature that electrvically connects to at
least the second common region and the drain vegion of
the second pull-up FINFET: and

a read port that includes at least two pull-down FINFETs
in parallel and at least two pass gate FINFEIs in
parallel.
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35. The SRAM cell of claim 34, further comprising:

a first gate electrode oviented in the first direction and
over the channel vegions of the first pull-up FINFET
and the first, second, and third pull-down FINFETSs;

a second gate electrode oriented in the first divection and
over the channel regions of the second pull-up FINFET

and the fourth, fifth, and sixth pull-down FINFE1s;

a third gate electrode oriented in the first direction and
over the channel regions of the first and second pass

gate FINFETs; and

a fourth gate electrode oriented in the first direction and
over the channel regions of the third and fourth pass

gate FINIFES.
36. The SRAM cell of claim 335, further comprising:

a third contact feature that electrically comnnects the
source vegion of the first pull-up FINFET to a first
power line;

a fourth contact feature that electrically comnects the

source regions of the first, second, and thivd pull-down
FINFETs to a second power line;

a fifth contact feature that electrically connects the drain
region of the first pass gate FINFET to a first bit line;

a sixth contact feature that electrically connects the drain
region of the second pass gate FINFET to a second bit
line;

a seventh contact feature that electrvically connects the
third gate electrode to a first word line;

a eighth contact feature that electrically connects the
source region of the second pull-up FINFET to the first
power line;

a ninth contact feature that electrically comnnects the
source vegions of the fourth, fifth, and sixth pull-down
FINFETs to the second power line;

a tenth contact feature that electvically connects the drain
region of the thivd pass gate FINFET to a thivd bit line;

a eleventh contact featurve that electrvically connects the
drain rvegion of the fourth pass gate FINFET to a fourth
bit line; and

a twelfth contact feature that electrically connects the
Jourth gate electrode to a second word line.

37. The SRAM cell of claim 35, further comprising:

a third contact feature that electrically comnnects to the
first comtact feature and the second gate electrode,
wherein the first and thivd contact features form an
L-shape.

38. The SRAM cell of claim 37, wherein the first and thivd
contact featurves and the second gate electrode are in a same
interconnect level of the SRAM cell.

39. The SRAM cell of claim 37, further comprising:

a fourth contact feature that electrically connects to the
second contact feature and the first gate electrode,
wherein the second and fourth contact features form an
L-shape.

40. The SRAM cell of claim 39, wherein the second and

fourth contact features and the first gate electrode are in a

same interconnect level of the SRAM cell.

41. The SRAM cell of claim 35, further comprising:

a first conductive feature that electrically connects to the
source region of the second pass gate FINFET and the
first gate electrode; and

a second conductive feature that electrically connects to
the source vegion of the fourth pass gate FINFET and
the second gate electrode.

42. The SRAM cell of claim 41, whervein the first and

second conductive features and the first and second gate

electrode are in a same interconnect level of the SRAM cell.
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43. The SRAM cell of claim 35, wherein the first gate

electrode lands on the source vegion of the second pass gate
FINFET and the second gate electrode lands on the source

region of the fourth pass gate FINFET.
44. A dual port static random access memory (SRAM) cell

including a plurality of pass gate fin field-effect transistor

(FINFETS), a plurality of pull-down FINFETs, and a plu-
rality of pull-up FINFETs, the SRAM cell comprising:

a first fin on a semiconductor substrate in an n-well
region,

second, third, fourth, and fifth fins on the semiconductor
substrate in a p-well vegion on one side of the n-well
region;

a sixth fin on the semiconductor substrate in the n-well
region;

seventh, eighth, ninth, and tenth fins on the semiconductor
substrate in another p-well vegion on another side of
the n-well vegion, wherein the first through tenth fins
are distributed along a first direction and oriented
along a second divection that is perpendicular to the
fivst divection;

wherein the first and sixth fins include source, channel,
and drain regions of first and second pull-up FINFETs;

wherein the second, thivd, and fourth fins include source,
channel, and drain vegions of first, second, and third
pull-down FINFETs rvespectively;

wherein the third fin further includes source, channel, and
drain regions of a first pass gate FINFET, wherein the
drain region of the second pull-down FINFET and the
source vegion of the first pass gate FINFET share a first
common region in the third fin;

wherein the fifth fin includes source, channel, and drain
regions of a second pass gate FINFETs;

wherein the seventh, eighth, and ninth fins include source,
channel, and drvain vegions of fourth, fifth, and sixth
pull-down FINFETs rvespectively, and the eighth fin
further includes source, channel, and drain regions of
a thivd pass gate FINFET wherein the dvain vegion of
the fifth pull-down FINFET and the source region of the
third pass gate FINFET share a second common region
in the eighth fin;

wherein the tenth fin includes source, channel, and drain
regions of a fourth pass gate FINFET;

a first gate electrode oriented in the first divection and
over the channel rvegions of the first pull-up FINFET
and the first, second, and thivd pull-down FINFETs;

a second gate electrode oviented in the first direction and
over the channel vegions of the second pull-up FINFET,
and the fourth, fifth, and sixth pull-down FINFE1s;

a first contact feature that electrically connects to at least
the drain vegion of the first pull-up FINFET the dvain
regions of the first, second, and third pull-down FIN-
FETS, the source region of the first pass gate FINFET,
and the second gate electrode; and

a second contact feature that electrically connects to at
least the drain region of the second pull-up FINFET
the drain regions of the fourth, fifth, and sixth pull-
down FINFETS, the source vegion of the third pass gate
FINFET, and the first gate electrode; and

a read port that includes at least two pull-down FINFETs
in parallel and at least two pass gate FINFEIs in
parallel.

45. The SRAM cell of claim 44, further comprising:

a third gate electrode oriented in the first divection and
over the channel regions of the first and second pass

gate FINFETs; and
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a fourth gate electrode oriented in the first divection and
over the channel regions of the thivd and fourth pass

gate FINIEIS.

46. The SRAM cell of claim 45, further comprising:

a third contact feature that electrically comnnects the
source region of the first pull-up FINFET to a first
power line;

a fourth comntact feature that electrically comnnects the
source regions of the first, second, and third pull-down
FINFETs to a second power line;

a fifth contact feature that electrically connects the drain
region of the first pass gate FINFET to a first bit line;

a sixth contact feature that electrically connects the drain
region of the second pass gate FINFET to a second bit
line;

a seventh contact feature that electrically connects the
third gate electrode to a first word line;

a eighth comntact feature that electrically comnects the
source rvegion of the second pull-up FINFET to the first
power line;

a ninth contact feature that electrically comnnects the
source regions of the fourth, fifth, and sixth pull-down
FINFETs to the second power line;

a tenth contact feature that electvically connects the drain
region of the thivd pass gate FINFET to a thivd bit line;
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a eleventh contact featurve that electrically connects the 33

drain rvegion of the fourth pass gate FINFET to a fourth
bit line; and

24

a twelfth contact feature that electrically comnnects the
Jourth gate electrode to a second word line.

47. The SRAM cell of claim 44, wherein the first and

second contact featurves and the first and second gate elec-
trodes are in a same interconnect level of the SRAM cell.

48. The SRAM cell of claim 44, whevein each of the first

and second contact features has a generval L-shape with a

first portion of the L-shape oriented generally in the first
dirvection and a second portion of the L-shape oriented

generally in the second divection.
49. The SRAM cell of claim 44, further comprising:

a first conductive feature that electrically connects to the
source vegion of the second pass gate FINFET and the
first gate electrode; and

a second conductive feature that electrically connects to
the source vegion of the fourth pass gate FINFET and
the second gate electrode, wherein the first and second
conductive features and the first and second gate elec-
trodes arve in a same interconnect level of the SRAM

cell.
50. The SRAM cell of claim 44, wherein the first gate

electrode lands on the source vegion of the second pass gate
FINFET and the second gate electrode lands on the source
region of the fourth pass gate FINFET.
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