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STRUCTURE AND METHOD FOR SRAM 
CELL CIRCUIT 

CROSS REFERENCE 

2 
transistor (PG-1) and a second pass-gate transistor (PG-2), 
the port being coupled with the first and second inverters for 
data access, wherein each of PD-1, PD-2, PG-1 and PG-2 
includes a n-type fin field-effect transistor (nFinFET) and 

5 each of PU-1 and PU-2 includes a p-type fin field-effect 
transistor (pFinFET), PD-1 and PD-2 are designed to have a 
first threshold voltage, and PG-1 and PG-2 are designed to 
have a second threshold voltage greater than the first thresh-

The present disclosure is related to the following com­
monly-assigned U.S. patent applications, the entire disclo­
sures of which are incorporated herein by reference: U.S. Ser. 
No. 12/721,476 filed Mar. 10, 2010bythe same inventor Jhon 
Jhy Liaw for "FULLY BALANCED DUAL-PORT 10 

MEMORY CELL"; U.S. Ser. No. 12/823,907 filed Jun. 25, 
2010 "CELL STRUCTURE FOR DUAL-PORT SRAM", 
U.S. Ser. No. 12/827,406 filed Jun. 30, 2010 "ROM CELL 
CIRCUIT FOR FINFET DEVICES" and U.S. Ser. No. 
12/827,690 filed Jun. 30, 2010 "LAYOUT FOR MULTIPLE­
FIN SRAM CELL" for by the same inventor Jhon Jhy Liaw. 

old voltage. 
The present disclosure also provides a method including 

forming a pair of p-type fin field-effect transistors (pFin­
FETs) on a semiconductor substrate; forming a first pair of 
n-type fin field-effect transistors (nFinFETs) on the semicon­
ductor substrate and having a first threshold voltage, the first 

BACKGROUND 

15 pair ofnFinFETs and the pair ofpFinFETs being configured 
as two cross-coupled inverters for data storage; and forming a 
second pair of nFinFETs on the semiconductor substrate and 
having a second threshold voltage greater than the first thresh­
old voltage, the second pair nFinFETs being configured with 

20 the two cross-coupled inverters for data access, wherein the 
forming of the second pair ofnFinFETs includes performing 
an additional threshold voltage (Vt) tuning implantation to 
the second pair of nFinFETs while the first pair of nFinFETs 
are covered from the additional Vt tuning implantation. 

In deep sub-micron integrated circuit technology, an 
embedded static random access memory (SRAM) device has 
become a popular storage unit of high speed communication, 
image processing and system-on-chip (SOC) products. For 
example, a fin transistor, such as a fin field-effect transistor 
(FinFET), is introduced to replace a planar transistor and is 25 

used to form a SRAM device. The fin transistor has a channel 
(referred to as a fin channel) associated with a top surface and 
opposite sidewalls. The fin channel has a total channel width 
defined by the top surface and the opposite sidewalls. In 
advanced technology nodes, such as 32 nm or beyond, a 30 

FinFET is advantageous to the planar transistor because of its 
lower leakage. 

In a SRAM cell, such as a SRAM cell with 6 transistors 
( 6T-SRAM), the layout with the beta ratio close to 1 provides 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the accom­
panying figures. It is emphasized that, in 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 discus­
s10n. 

FIG. 1 is a schematic view of a static random access 
memory (SRAM) device constructed according to various 
aspects of the present disclosure in one embodiment. 

FIGS. 2 to 6 are top views of a SRAM device constructed 
according to various aspects of the present disclosure in one 
embodiment. 

FIGS. 7 to 8 are sectional views of a portion of a SRAM 
device constructed according to various aspects of the present 
disclosure in various embodiments. 

a reduced cell size. In this situation, the pull-down devices 35 

and the pass-gate devices have a same device dimension. In a 
SRAM cell using FinFETs, a single fin size for all transistors 
can provide the minimized cell size. As to a high speed 
application, equal numbers of pull-down devices and of pass­
gate devices provide a proper tradeoffbetween the cell speed 40 

and the cell size. In this situation, the beta ratio is equal to or 
less than one. However, this will lead to various beta ratio 
associated issues such as current crowding. Therefore, it is 
desired to have a new structure and a method to address the FIGS. 9 to 12 are top views of a SRAM device or a portion 

45 thereof constructed according to various aspects of the 
present disclosure in various embodiments. 

above issues. 

SUMMARY 
DETAILED DESCRIPTION 

It is to be understood that the following disclosure provides 
many different embodiments, or examples, for implementing 
different features of various embodiments. Specific examples 
of components and arrangements are described below to sim­
plify 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 let-
ters in the various examples. This repetition is for the purpose 
of simplicity and clarity and does not in itself dictate a rela­
tionship between the various embodiments and/or configura-

The present disclosure provides a static random access 
memory (SRAM) cell. The SRAM cell includes a first and a 50 

second pull-up devices; a first and a second pull-down devices 
configured with the first and second pull-up devices to form 
two cross-coupled inverters for data storage; and first and 
second pass-gate devices configured with the two cross­
coupled inverters to form a port for data access, wherein the 55 

first and second pull-down devices each includes a first chan­
nel doping feature of a first doping concentration, and the first 
and second pass-gate devices each includes a second channel 
doping feature of a second doping concentration greater than 
the first doping concentration. 60 tions discussed. 

The present disclosure also provides another embodiment 
of a SRAM cell. The SRAM cell includes a first inverter 
including a first pull-up transistor (PU-1) and a first pull­
down transistor (PD-1); a second inverter including a second 
pull-up transistor (PU-2) and a second pull-down transistor 65 

(PD-2), the second inverter being cross-coupled with the first 
inverter for data storage; and a port including a first pass-gate 

FIG.1 is a schematic view ofa SRAM cell 100 constructed 
according to various aspects of the present disclosure in one 
embodiment. The SRAM cell 100 includes fin field-effect 
transistors (FinFETs ). The SRAM cell 100 includes a first and 
second inverters that are cross-coupled as a data storage. The 
first inverter includes a first pull-up device formed with a 
p-type fin field-effect transistor (pFinFET), referred to as 
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PU-1. The first inverter includes a first pull-down device 
formed with an n-type fin field-effect transistor (nFinFET), 
referred to as PD-1. The drains of the PU-1 and PD-1 are 
electrically connected together, forming a first data node 
("Node 1"). The gates of PU-1 and PD-1 are electrically 5 

connected together. The source of PU-1 is electrically con­
nected to a power line V cc. The source of PD-1 is electrically 
connected to a complimentary power line Vss. The second 
inverter includes a second pull-up device formed with a pFin­
FET, referred to as PU-2. The second inverter also includes a 10 

second pull-down device formed with an nFinFET, referred to 
as PD-2. The drains of the PU-2 and PD-2 are electrically 
connected together, forming a second data node ("Node-2). 
The gates of PU-2 and PD-2 are electrically connected 
together. The source of PU-2 is electrically connected to the 15 

power line Vee. The source of PD-2 is electrically connected 
to the complimentary power line Vss. Furthermore, the first 
data node is electrically connected to the gates of PU-2 and 
PD-2, and the second data node is electrically connected to 
the gates of PU-1 and PD-1. Therefore, the first and second 20 

inverters are cross-coupled as illustrated in FIG. 1. 
The SRAM cell 100 further includes a first pass-gate 

device formed with an n-type fin field-effect transistor (nFin­
FET), referred to as PG-1, and a second pass-gate device 
formed with an n-type fin field-effect transistor (nFinFET), 25 

referred to as PG-2. The source of the first pass-gate PG-1 is 
electrically connected to the first data node and the source of 
the first pass-gate PG-2 is electrically connected to the second 
data node, forming a port for data access. Furthermore, the 
drain of PG-1 is electrically connected to a bit line ("BL"), 30 

and the gate of PG-1 is electrically connected to a word line 
("WL"). Similarly, the drain of PG-2 is electrically connected 
to a bit line bar or the bit line BL, and the gate of PG-2 is 
electrically connected to the word line WL. 

4 
(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. 

Various fin active regions are defined in the substrate by 
isolation features and are isolated from each other by the 
isolation features. The isolation features are formed in the 
substrate with a proper technology. For example, the isolation 
features are utilized by a shallow trench isolation (STI). In 
one embodiment, the SRAM cell 110 includes a first active 
region 126 and a second active region 130 formed in the 
P-well 122. The SRAM cell 110 further includes a third active 
region 132 and a fourth active region 134 formed in the 
N-well 120. The first to fourth active regions are disposed 
along the second dimension and may be extended to multiple 
cells. In one embodiment, the first and the second active 
regions are extended to 4 or more cells in the second direction 
118. In the present embodiment, each active region in the 
P-well 122 includes a pull-down device and a pass-gate 
device. 

In one embodiment, the first active region 126 includes the 
first pull-down device (PD-1) and the first pass-gate device 
(PG-1) that are cascaded. The source of PG-1 is electrically 
connected to the drain of the PD-1. Particularly, PD-1 is 
disposed in a first portion of the first active region 126 while 
PG-1 is disposed in a second portion of the first active region 
126. Similarly, the second active region 130 includes the 
second pull-down device (PD-2) and the second pass-gate 
device (PG-2) that are cascaded. The source of PG-2 is elec­
trically connected to the drain of the PD-2. Particularly, PG-2 
is disposed in a first portion of the second active region 130 
while PD-2 is disposed in a second portion of the second 
active region 130. The third active region 132 includes the 
first pull-up device (PU-1) and the fourth active region 134 
includes the second pull-up device (PU-2). 

Various gate features are formed within the SRAM cell 110 
for various nF inFETs and pF inFETs. In one embodiment, the 
cell 110 includes a first gate feature 136 disposed in the cell 
region 112 and extended in the first direction over the first 
active region 126 and the third active region 132, forming the 
gates for PD-1 and PU-1. The cell 110 includes a second gate 
feature 138 disposed in the cell region 112 and extended in the 
first direction over the second active region 13 0 and the fourth 
active region 134, forming the gates for PD-2 and PU-2. The 
cell 110 includes other gate features for the pass-gate devices. 

In one embodiment, the various nFinFETs and pFinFETs 35 

are formed using high-k metal gate technology so the gate 
stacks includes a high-k dielectric material layer for gate 
dielectric and one or more metals for gate electrode. The cell 
100 may include additional devices such as additional pull­
down devices and pass-gate devices. In one example, each of 40 

the first and second inverters includes one or more pull-down 
devices configured in parallel. In yet another example, the cell 
100 include an additional port having two or more pass-gate 
devices for additional data access, such as data reading or 
writing. 

FIGS. 2 to 6 are top views ofa SRAM cell 110 constructed 
according to various aspects of the present disclosure in one 
embodiment. The SRAM cell 110 and a method of making 
the same are collectively described with reference to FIGS. 2 
through 6. In one embodiment, the SRAM cell 110 is a por- 50 

tion of the SRAM cell 100 of FIG. 1 in a particular configu­
ration. The SRAM cell 110 is formed on a semiconductor 
substrate and include various FinFETs. 

45 In one embodiment, the cell 110 includes a gate feature 140 
disposed over the first active region 126, forming the gate for 
PG-1. The cell 110 also includes a gate feature 144 disposed 
over the second active region 130, forming the gate for PG-2. 

The SRAM cell 110 is formed in a unit cell region 112 of 
the semiconductor substrate. The unit cell region 112 is 
defined by the unit cell boundary 114. In one embodiment, the 
unit cell region 112 is defined in a rectangular shape spanning 
to a first dimension 116 in a first direction and spanning to a 
second dimension 118 in a second direction perpendicular to 
the first direction. The first dimension 116 is longer than the 
second dimension 118. So the first and second dimensions 
(116 and 118) are referred to as a longer pitch and a shorter 
pitch, respectively. Furthermore, two perpendicular direc­
tions are defined accordingly and are referred to as a first 
direction 116 and a second direction 118. The SRAM cell 110 
includes a N-well (region) 120 disposed in the central portion 
of the cell. The SRAM cell 110 further includes a P-well 

In one embodiment of the configuration as illustrated in 
FIG. 2, the first and the second active regions 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. The pull-down devices and pass-gate devices are 
tuned to have different threshold voltages to address the 

55 issues, such as current crowding issue, discussed in the back­
ground. The pull-down devices (PD-1 and PD-2) are designed 
to have a first threshold voltage Vtl. The pass-gate devices 
(PG-1 and PG-2) are designed to have a second threshold 
voltage Vt2 different from the first threshold voltage Vtl. 

60 Particularly, the second threshold voltage Vt2 is greater than 
the first threshold voltage Vtl. 

In the present embodiment, The threshold voltages Vtl and 
Vt2 are tuned by applying different threshold voltage related 
implantations to the pull-down devices and pass-gate devices, 

65 respectively. With further reference to FIG. 3, illustrated is a 
top view of the SRAM cell 110 including a doping region 146 
that defines an area where an additional threshold voltage 
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related doping process is applied to. The doping region 146 
includes the pass-gate devices PG-1 and PG-2. During the 
additional threshold voltage related doping process, this addi­
tional doping process is only applied to the pass-gate devices 
while the other areas including pull-down devices and pull-up 5 

devices are protected from this additional doping process. For 
example, a lithography process is implemented to form, on 
the semiconductor substrate, a patterned photoresist layer 
having openings defining the doping region 146. The addi­
tional threshold voltage related doping process is then applied 10 

to the semiconductor substrate such that only the pass-gate 
devices are doped to tune the corresponding threshold volt­
age. In an alternative embodiment, a hard mask layer may be 
used to define the doping region 146. In this case, a hard mask 
layer is first formed on the semiconductor substrate. A pat- 15 

terned photoresist layer is then formed on the hard mask layer 
by a lithography process. The patterned photoresist layer 
includes openings defining the doping region 146. An etch 
process is applied to the hard mask layer to transfer the 
openings of the patterned photoresist layer to the hard mask 20 

layer. The patterned photoresist layer is removed by ashing or 
wet stripping. The additional doping process is then applied 
to the semiconductor substrate within the doping region 146, 
tuning the threshold voltage of the pass-gate devices. The 
additional doping process can be implemented using an ion 25 

implantation. The additional doping process includes p-type 
dopant, such as boron (B 11 ), boron fluoride (BF2) or indium 
(In). 

In one embodiment, the additional doping process is a 
channel doping process applied to the doping region 146 and 30 

is designed to tune the threshold voltage of the pass-gate 
devices. The channel doping process is performed before the 
formation of gate stacks so that the doped species can distrib­
uted in the charmel region. First, a channel doping process 
with a p-type dopant is applied to nFinFETs in the SRAM cell 35 

110, including both the pull-down devices and the pass-gate 
devices to adjust the threshold voltages of the pull-down 
devices and pass-gate devices. Then the additional doping 
process with a p-type dopant is applied to the semiconductor 
substrate within the doping region 146 to further tune the 40 

threshold voltage of the pass-gate devices. Thus, the thresh­
old voltage of the pass-gate devices is greater than the thresh­
old voltage of the pull-down devices. In one embodiment, the 
additional doping process in this sequence includes a p-type 
dopant, such as B 11, BF2, Indium or a combination thereof. 45 

In another embodiment, the additional doping process 
includes a doping dosage ranging from about 1012/cm2 to 
about 5xl 013 /cm2

. In another embodiment, the implant angle 
of the additional doping process ranges between O and about 

6 
is the threshold voltage of the pass-gate devices being greater 
than that of the pull-down devices. In one example, the second 
doping dosage is greater than the first doping dosage by an 
amount ranging between about 1012/cm2 and about 5xl013

/ 

cm2
. 

In another embodiment, the additional doping process is a 
pocket implantation process applied to the doping region 146 
and is designed to tune the threshold voltage of the pass-gate 
devices. The pocket implantation process is performed after 
the formation of gate stacks so that the doped species are 
distributed at the edges of the charmel region. 

First, a pocket implantation process with a p-type dopant is 
applied to nFinFETs in the SRAM cell 110, including both 
the pull-down devices and the pass-gate devices to adjust the 
corresponding threshold voltages of the pull-down devices 
and pass-gate devices. Then the additional pocket implanta­
tion process with a p-type dopant is applied to the semicon­
ductor substrate within the doping region 146 to further tune 
the threshold voltage of the pass-gate devices. Thus, the 
threshold voltage of the pass-gate devices is greater than the 
threshold voltage of the pull-down devices. 

In one embodiment, the additional pocket implantation 
process in this sequence includes a p-type dopant, such as 
Bl 1, BF2, Indium or a combination thereof. In yet another 
embodiment, the additional pocket implantation process 
includes a doping dosage ranging from about 1012/cm2 to 
about 5xl 013 /cm 2. In another embodiment, the implant angle 
of the additional pocket implantation process ranges between 
about 10 degree and about 450 degree. In yet one embodiment 
withBl 1 as the doping species, the additional pocket implan-
tation process includes an implant energy ranging between 
about 1 kev and about 20 kev. In yet another embodiment with 
BF2 or indium as the doping species, the additional pocket 
implantation process includes an implant energy ranging 
between about 10 kev and about 70 kev. 

In an alternative embodiment for pocket implantation to 
the nFinFETs in the SRAM cell 110, a first pocket implanta­
tion process with a first doping dosage is applied to the pull­
down devices while the pass-gate devices and pull-up devices 
are protected from the first doping process using a patterned 
photoresist layer or a patterned hard mask layer. A second 
pocket implantation process with a second doping dosage is 
applied to the pass-gate devices while the pull-down devices 
and pull-up devices are protected from the second doping 
process using a patterned photoresist layer or a patterned hard 
mask layer defining the doping region 146. 

By performing the additional doping process ( charmel dop­
ing or pocket implant) only to the pass-gate devices while 
other nFinFETs (e.g., PD-1 and PD-2) are covered from the 
additional doping process, the pass-gate devices include a 
p-type doping profile with a doping concentration higher than 
that of the pull-down devices in the channel (by channel 
doping) or at the channel edges (by pocket implant), such that 

30 degree. In one embodiment with B11 as the doping spe- 50 

cies, the additional doping process includes an implant 
energy ranging between about 1 kev and about 20 kev. In 
another embodiment with BF2 or indium as the doping spe­
cies, the additional doping process includes an implant 
energy ranging between about 10 kev and about 70 kev. 

In an alternative embodiment for channel doping to the 
nFinFETs in the SRAM cell 110, a first charmel doping pro­
cess with a first doping dosage is applied to the pull-down 
devices while the pass-gate devices and pull-up devices are 
protected from the first doping process using a patterned 60 

photoresist layer or a patterned hard mask layer. A second 
channel doping process with a second doping dosage is 
applied to the pass-gate devices while the pull-down devices 
and pull-up devices are protected from the second doping 
process using a patterned photoresist layer or a patterned hard 65 

mask layer defining the doping region 146. The second dop­
ing dosage is greater than the first doping dosage. The result 

55 the pass-gate devices are tuned to have a threshold voltage 
greater than that of the pull-down devices. 

One or more advantages are present in various embodi­
ments of the present SRAM cell 110 and the method making 
the same. A beta ratio is defined as a ratio between the channel 
electrical current of the pull-down devices I_pd to the channel 
electrical current of the pass-gate devices I_pg. In this case, 
the beta ratio I_pd/I_pg is greater than 1. Especially, the 
present structure and method provide a way to tune the beta 
ratio for a single port SRAM cell formed with FinFETs in 
which other options are very limited. In another example, the 
disclosed SRAM cell is a lithography-friendly cell layout so 
that the method can be implemented without additional 
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manufacturing issues, in consideration that the all gate elec­
trodes have the same pitch in a unit cell array. 

Another parameter "drawn beta ratio" is defined as the 
(PD_width*PG_length)/(PG_width*PD_length) where 
"PD_width" is the channel width of the pull-down devices, 
"PG_length" is the channel length of the pass-gate devices, 
"PG_width" is the channel width of the pass-gate devices, 
and "PD_length" is the channel length of the pull-down 
devices. 

8 
of PU-1. The metal lines 150,152 and 154 in this metal layer 
are coupled to the corresponding landing features through 
corresponding contacts 148. 

In another embodiment, the SRAM cell 110 includes vari-
5 ous interconnect features, such as metal lines 156, 158 and 

160, oriented in the first direction 116 and formed in a same 
metal layer as illustrated in FIG. 6. In one example, the metal 
line 156 is a word line coupled to the gates of the pass-gate 
devices, the metal line 158 is a complimentary power line V ss 

10 coupled to the source of PD-1, and the metal line 160 is 
another complimentary power line V ss coupled to the source 
of PD-2. In one embodiment, the metal lines 156, 158 and 160 
are disposed over the metal lines 150, 152 and 154. 

In another embodiment, by performing the additional dop­
ing process (channel doping or pocket implant) only to the 
pass-gate devices while other nFinFETs (e.g., PD-1 and 
PD-2) are covered from the doping, the beta ratio can be 
increased by an amount from about 0.1 to about 1. The 
method is an effective way to tune the beta ratio for a SRAM 15 

cell having a drawn beta ratio equal to 1 or less than 1. 

FIG. 7 is a sectional view of a semiconductor structure 180 
as a portion of a SRAM cell, such as the SRAM cell 100 of 
FIG. 1 or the SRAM cell 110 of FIG. 2. The semiconductor 
structure 180 includes a semiconductor substrate 182. The 
semiconductor substrate 182 includes silicon. Alternatively, 
the substrate includes germanium, silicon germanium or 
other proper semiconductor materials. The semiconductor 

With further reference to FIG. 4, illustrated is a top view of 
the SRAM cell 110 including interconnect routings. Various 
interconnect structures may be utilized to couple the nFin­
FETs and pF inFETs to form the functional SRAM cell. In one 20 

embodiment, the drain of PD-1 is electrically connected to the 
source of PG-1 by sharing a common doped region, a region 
defined in the first active region 126 and positioned between 
the PD-1 and PG-1. 

substrate 182 includes various isolation features 184, such as 
shallow trench isolation (STI), are formed in the substrate to 
separate various devices. The semiconductor substrate also 

In another embodiment, the drain of PD-1 is electrically 
connected to the source of PG-1 by a silicide feature (not 
shown) formed on the common doped region within the first 
active region 124. The silicide feature is formed by a process 
known in the art such as self-aligned silicide (salicide) and 
can be formed together with other contact silicide in a same 
processing procedure. In another embodiment, a contact is 
designed to land on both the drain of PD-1 and the source of 
PG-1. In yet another embodiment, the drain of PD-1 and the 
source of PG-1 share a common region. Similarly, the drain of 
PD-2 and the source of PG-2 are electrically connected in a 
way similar to the connection between the drain of PD-1 and 
the source of PG-1, such as by a silicide feature. 

The drains ( drain node) of PD-1 and PU-1 are electrically 
connected using a first interconnect feature, defining a first 
data node (node 1 or data node). Similarly, the drains (drain 
node) of PD-2 and PU-2 are electrically connected using a 
second interconnect feature, defining a second data node 
(node 2 or data node bar). The first interconnect feature and 
the second interconnect feature are formed in a same inter­
connect layer (referred to as first interconnect layer) by a 
same processing procedure. The first and second interconnect 
features may be a silicide feature. 

Various contacts 148 (marked as a square with an "X") are 
formed on gates, drain nodes, and various landing pads. The 
various contacts are designed as a square or rectangle in a top 
view. For example, a contact is designed as a rectangle ori­
ented in the second direction 118 such that the contact lands 
on both the first gate feature 136 and the drain of the PU-2. 
Similarly, another contact is designed as a rectangle oriented 

25 includes various doped regions such as n-well and p-wells. 
The semiconductor structure 180 includes various fin active 
regions 186 and 188. The fin active regions and the STI 
features can be formed in a processing sequence including 
forming trenches in the semiconductor substrate 182 and 

30 partially filling the trenches with a dielectric material. Alter­
natively, the trenches are completely filled with the dielectric 
material. Then a polishing process, such as chemical 
mechanical polishing (CMP) process is applied to remove the 

35 
excessive dielectric material and planarize the surface. There­
after, the formed STI features are partially removed to form 
the fin active regions using a selective etch such as hydrochlo­
ride (HF) wet etch. Particularly, the processing sequence 
includes etching trenches in the semiconductor substrate 182 

40 and filling the trenches by one or more dielectric materials 
such as silicon oxide, silicon nitride, silicon oxynitride or 
combinations thereof. The filled trench may have a multi­
layer structure such as a thermal oxide liner layer with silicon 
nitride filling the trench. In furtherance of the present embodi-

45 ment, the STI features are created using a process sequence 
such as: growing a pad oxide, forming a low pressure chemi­
cal vapor deposition (LPCVD) nitride layer, patterning an 
STI opening using photoresist and masking, etching a trench 
in the substrate, optionally growing a thermal oxide trench 

50 liner to improve the trench interface, filling the trench with 
CVD oxide, using chemical mechanical planarization (CMP) 
to etch back, and using nitride stripping to leave the STI 
structure. The semiconductor substrate 182 also includes 

in the second direction 118 such that the contact lands on both 55 

the second gate feature 138 and the drain of the PU-1. 

various n-wells and p-wells formed in various fin active 
regions. 

Various gates are further formed on the fin active regions. A 
gate feature includes a gate dielectric layer 190 (such as 
silicon oxide) and a gate electrode 192 (such as doped poly­
silicon) disposed on the gate dielectric layer 190. In another 
embodiment, the gate feature alternatively or additionally 
includes other proper materials for circuit performance and 

FIGS. 5 and 6 are top views of the SRAM cell 110 con­
structed according to various aspects of the present disclosure 
in another embodiment. More particularly, various intercon­
nect features are formed in the SRAM cell 110. In one 60 

embodiment, the SRAM cell 110 includes various intercon­
nect features, such as metal lines 150, 152 and 154, oriented 
in the second direction 118 and formed in a same metal layer 
as illustrated in FIG. 5. In one example, the metal line 150 is 
a power line for Vee coupled to the source of the pull-up 
devices, the metal line 152 is a bit line coupled to the drain of 
PU-2, and the metal line 154 is a bit line coupled to the drain 

manufacturing integration. For example, the gate dielectric 
layer includes high k dielectric material layer. The gate elec­
trode includes metal, such as aluminum, copper, tungsten or 

65 other proper conductive material. In yet another embodiment, 
the gate electrode includes a metal having proper work func­
tion to the associated FinFET. For a gate stack including 

Page 17 of 21



US 8,942,030 B2 
9 

high-k dielectric material and metal, the gate can be formed 
by a gate-last process or a high-k-last process (a complete 
gate-last process). 

10 
process, the additional pocket dopant is introduced to the 
channel edges of the pass-gate devices, increasing the beta 
ratio of the SRAM cell. Other embodiments of a SRAM cell 
and the corresponding method are provided and described 
below according to various aspects of the present disclosure. 

FIG. 9 is a top view of a SRAM cell 200 constructed 
according to various aspects of the present disclosure in one 
embodiment. In one embodiment, the SRAM cell 200 is 
similar to the SRAM cell 100 of FIG. 2 except that the SRAM 

In the present embodiment for illustration, the semicon­
ductor substrate 180 includes a first region 194 for one or 5 

more FinFETs and a second region 196 for one or more 
FinFETs. In one example, the active region 186 is the third 
active region 132 in then-well 120 of FIG. 2 and the active 
region 188 is the first active region 126 in the p-well 122 of 
FIG. 2. 10 cell 200 includes four pull-down devices and four pass-gate 

devices. The four pull-down devices are configured in the two 
cross-coupled inverters and are referred to as PD-11, PD-12, 
PD-21 and PD-22, respectively. The four pass-gate devices 

FIG. 8 is another embodiment of a sectional view of the 
semiconductor structure 180 as a portion of a SRAM cell, 
such as the SRAMcell 100 ofFIG.1 or the SRAMcell 110 of 
FIG. 2. The semiconductor structure 180 includes a semicon-
ductor substrate 182. The semiconductor substrate 182 15 

includes silicon. Alternatively, the substrate includes germa­
nium, silicon germanium or other proper semiconductor 
materials. The semiconductor substrate 182 includes a dielec-
tric layer 198 formed on the semiconductor substrate 182 for 
isolation. In one example, the dielectric layer 198 includes 20 

silicon oxide. The semiconductor structure 180 includes 

are configured to form a port for data access and are referred 
to as PG-1, PG-2, PG-3 and PG-4, respectively. In one 
embodiment, the pull-down devices, pull-up devices and 
pass-gate devices are formed offinFETs. 

Particularly, the first inverter includes two pull-down 
devices PD-11 and PD-12 configured in parallel. In the par­
allel configuration, the gates (of PD-11 and PD-12) are elec­
trically connected together, the drains are electrically con-
nected together, and the source are electrically connected 
together. Similarly, the second inverter includes two pull­
down devices PD-21 and PD-22 configured in parallel. The 

another semiconductor layer 199, such as silicon, on the 
dielectric layer 198, referred to as semiconductor on insulator 
(SOI). The SOI structure can be formed by a proper technol­
ogy, such as separation by implanted oxygen (SIMOX) or 
wafer bonding to include the dielectric layer inside semicon­
ductor material. 

The semiconductor layer 199 is patterned to form fin active 
regions 186 and 188. The fin active regions (186 and 188) and 
the STI features can be formed in a processing sequence 
including forming a patterned mask layer on the semiconduc­
tor layer and etching the semiconductor layer 199 through the 
openings of the patterned mask layer. The patterned mask 
layer can be a patterned photoresist layer or a patterned hard 
mask layer, such as a patterned silicon nitride layer. 

25 pass-gate devices PG-1 and PG-3 are electrically connected 
in parallel. The pass-gate devices PG-2 and PG-4 are electri­
cally connected in parallel. The SRAM cell 200 is formed 
using an additional doping process applied only to the pass­
gate devices to tune the beta ratio of the SRAM cell 200. The 

30 additional doping process is substantially similar to the addi­
tional doping process described with FIG. 3. 

For example, the additional doping process is a channel 
doping process performed before the gate formation. The 
additional channel doping process introduces additional 

35 dopant only to the channels of the pass-gate devices such that 
the channel doping concentration of the pass-gate devices is 
greater than that of the pull-down devices. In another 
example, the additional doping process is a pocket doping 
process performed after the gate formation. The additional 

Various gates are further formed on the fin active regions. A 
gate feature includes a gate dielectric layer 190 (such as 
silicon oxide) and a gate electrode 192 (such as doped poly­
silicon) disposed on the gate dielectric layer 190. In one 
embodiment, the gate dielectric layer includes high-k dielec­
tric material layer. The gate electrode includes metal, such as 
aluminum, copper, tungsten, or other proper conductive 
material. In the present embodiment for illustration, the semi­
conductor structure 180 includes a first region 194 for one or 
more FinFETs and a second region 196 for one or more 45 

FinFETs. In one example, the active region 186 is the active 
region 132 in then-well 120 of FIG. 2 and the active region 
188 is the first active region 126 in the p-well 122 of FIG. 2. 

40 pocket doping process introduces additional dopant only to 
the channel edges of the pass-gate devices such that the 
pocket doping concentration of the pass-gate devices is 
greater than that of the pull-down devices. 

In one embodiment, the processing flow to form a SRAM 
cell, including the pass-gate and pull-down devices, includes 50 

the following steps: formation of fin active regions, well 
formation, channel dopant formation, additional channel 
doping process only to pass-gate devices, gate formation, 
light doped drain (LDD) formation, pocket implant (pocket 
junction) formation, gate spacer formation, source/drain 55 

(SID) dopant formation, silicide formation, and interconnec­
tion formation. In the additional channel doping process, the 
additional channel dopant is introduced to the channels of the 
pass-gate devices, increasing the beta ratio of the SRAM cell. 

In another embodiment, the processing flow to form a 60 

SRAM cell includes the following steps: formation of fin 
active regions, well formation, channel dopant formation, 
gate formation, light doped drain (LDD) formation, pocket 
implant (pocket junction) formation, additional pocket dop­
ing process only to pass-gate devices, gate spacer formation, 65 

source/drain (S/D) dopant formation, silicide formation, and 
interconnection formation. In the additional pocket doping 

The SRAM cell 200 is formed on a semiconductor sub­
strate. The SRAM cell 200 is formed in a unit cell region 112 
of the semiconductor substrate. The unit cell region 112 is 
defined by the unit cell boundary 114. In one embodiment, the 
unit cell region 112 is defined in a rectangular shape spanning 
to a first dimension 116 in a first direction and spanning to a 
second dimension 118 in a second direction perpendicular to 
the first direction. The first dimension 116 is 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 SRAM cell 200 includes a N-well region 
120 disposed in the central portion of the cell. The SRAM cell 
200 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. 

Various fin active regions are defined in the semiconductor 
substrate by isolation features and are isolated from each 
other by the isolation features. In one embodiment, the 
SRAM cell 200 includes a first active region 124, a second 
active region 126, a third active region 128 and a fourth active 
region 130 formed in the P-well 122. The SRAM cell 200 
further includes a fifth active region 132 and a sixth active 
region 134 formed in the N-well 120. The first to sixth active 
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regions are disposed along the second dimension and may be 
extended to multiple cells. In one embodiment, the first to the 
fourth active regions are extended to 4 or more cells in the 
second direction 118. In one embodiment, each active region 
in the P-well includes a pull-down device and a pass-gate 5 

device. 
In one embodiment, the first active region 124 includes 

PD-12 and PG-3. The source of PG-3 is electrically con­
nected to the drain of the PD-12. Similarly, the second active 
region 126 includes PD-11 and PG-1. The source of PG-1 is 10 

electrically connected to the drain of the PD-11. The third 
active region 128 includes PD-22 and PG-4. The source of 
PG-4 is electrically connected to the drain of PD-22. The 
fourth active region 130 includes PD-21 and PG-2. The 
source of PG-2 is electrically connected to the drain of the 15 

PD-21. The fifth active region 132 includes the first pull-up 
device (PU-1) and the sixth active region 134 includes the 
second pull-up device (PU-2). 

Various gate features are formed within the SRAM cell 200 
for various nFinFETs and pFinFETs. A gate feature includes 20 

a gate dielectric layer (such as silicon oxide or high-k dielec­
tric material) and a gate electrode (such as doped polysilicon 
or metal) disposed on the gate dielectric layer. In one embodi­
ment, the SRAM cell 200 includes a first gate feature 136 
disposed in the cell region 112 and extended in the first 25 

direction over the first active region 124, the second active 
region 126, and the fifth active region 132, forming the gates 
for PD-11, PD-12 and PU-1. The SRAM cell 110 includes a 
second gate feature 138 disposed in the cell region 112 and 
extended in the first direction 116 over the third active region 30 

128, the fourth active region 130, and the sixth active region 
134, forming the gates for PD-21, PD-22 and PU-2. The cell 
110 includes various gate features for the pass-gate devices. 
In one embodiment, the SRAM cell 110 includes a gate 
feature 140 disposed over the first active region 124 and the 35 

second active region 126, forming the gate for PG-1 and 
PG-3. The cell 110 includes a gate feature 144 disposed over 
the third active region 128 and the fourth active region 130, 
forming the gate for PG-2 and PG-4. 

FIG. 10 is a top view of a SRAM cell 220 constructed 40 

according to various aspects of the present disclosure in one 
embodiment. In one embodiment, the SRAM cell 220 is 
substantially similar to the SRAM cell 200 of FIG. 9. The 
SRAM cell 220 illustrates a patterned mask layer defining the 
doping regions 146 for the additional doping process applied 45 

only to the pass-gate devices. 
The SRAM cell 220 includes various interconnect features, 

such as contacts and metal lines. Various contacts (marked as 
a square with an "X") are formed on gates, drain nodes, and 
various landing pads. The various contacts are designed as a 50 

square or rectangle in a top view. 

12 
of PD-11 and PD-12, and the metal line 160 is another com­
plimentary power line Vss coupled to the sources of PD-21 
and PD-22. In one embodiment, the metal lines 156, 158 and 
160 are disposed over the metal lines 150, 152 and 154. 

FIG. 11 is another embodiment of a top view of a SRAM 
device 230. In one embodiment, the SRAM cell 230 is sub­
stantially similar to the SRAM cell 110 of FIG. 2 except that 
the SRAM cell 230 includes an additional read port. The 
SRAM cell 230 includes a read pull-down device RPD-1 and 
a read pass-gate device RPG-1 formed of nFinFETs in the 
p-well 122. The read pull-down device RPD-1 and the read 
pass-gate device RPG-1 are formed in a continuous fin active 
region oriented in the second direction 118 as illustrated in 
FIG.11. The gateofPD-1 andPU-1 is extended totheRPD-1. 
The source ofRPD-1 is connected to a complimentary power 
line Vss through a Vss contact. The drain of RPD-1 is con-
nected to the source ofRPG-1. Another gate 238 is formed on 
RPG-1 and is oriented in the first direction 116. The gate 238 
is connected to a read word line through a read word-line 
contact. The drain of RPG-1 is connected to a read bit line 
through a read bit-line contact. Again, an additional doping 
process is applied only to various pass-gate devices while 
other devices are protected from this doping process to 
increase the beta ratio of the SRAM cell 230. 

The SRAM cell 230 includes various interconnect features, 
such as contacts and metal lines. Various contacts (marked as 
a square with an "X") are formed on gates, drain nodes, and 
various landing pads. The various contacts are designed as a 
square or rectangle in a top view. In one embodiment, these 
contacts include bit-line contacts, word-line contact, read 
word-line contact, read bit-line contact, Vss contacts, Vee 
contacts, storage node contact and storage node bar contact. 

In one embodiment, the SRAM cell 230 includes various 
interconnect lines, such as 231 to 235, oriented in the second 
direction 118 and formed in a same metal layer. In one 
example, the metal line 231 is a bit-line, the metal line 232 is 
a power line for Vee coupled to the source of the pull-up 
devices, the metal line 233 is a bit line coupled to the drain of 
PG-1, the metal line 254 is a complimentary power line Vss 
coupled to the source of PD-1, and the metal line 255 is a read 
bit-line coupled to the drain of RPG-1. The metal lines 150, 
152 and 154 in this metal layer are coupled to the respective 
landing features through corresponding contacts. 

In another embodiment, the SRAM cell 230 includes vari­
ous interconnect lines, such as 236 and 237, oriented in the 
first direction 116 and formed in a same metal layer. In one 
example, the metal line 236 is a write word line coupled to the 
gates of the pass-gate devices, and the metal line 237 is a read 
word line coupled to the drain of RPG-11. In one embodi-
ment, the metal lines 236 and 237 are disposed over the metal 
lines 231 through 235. 

FIG. 12 is another embodiment of a top view of a SRAM 
device 240. In one embodiment, the SRAM cell 240 is sub­
stantially similar to the SRAM cell 230 of FIG. 11 except that 

In one embodiment, the SRAM cell 220 includes various 
interconnect features, such as metal lines 150, 152 and 154, 
oriented in the second direction 118 and formed in a same 
metal layer. In one example, the metal line 150 is a power line 
for V cc coupled to the source of the pull-up devices, the metal 
line 152 is a bit line coupled to the drain of PU-2, and the 
metal line 154 is a bit line coupled to the drain of PU-1. The 
metal lines 150, 152 and 154 in this metal layer are coupled to 
the corresponding landing features through corresponding 
contacts 148. 

55 the read port of the SRAM cell 240 includes two read pull­
down devices RPD-1 and two read pass-gate device RPG-1 
formed of nFinFETs in the p-well 122. The two read pull­
down devices RPD-1 and the two read pass-gate devices 
RPG-1 are formed in two continuous fin active regions ori-

In another embodiment, the SRAM cell 220 includes vari­
ous interconnect features, such as metal lines 156, 158 and 
160, oriented in the first direction 116 and formed in a same 
metal layer. In one example, the metal line 156 is a word line 
coupled to the gates of the pass-gate devices, the metal line 
158 is a complimentary power line V ss coupled to the sources 

60 entedin the seconddirection118 as illustratedinFIG.12. The 
gate of PD-1 and PU-1 is extended to the RPD-1. The sources 
ofRPD-1 are connected to a complimentary power line Vss 
through Vss contacts. The drains ofRPD-1 are connected to 
the sources of RPG-1. Another gate 238 is formed on RPG-1 

65 and is oriented in the first direction 116. The gate 238 is 
connected to a read word line through a read word-line con­
tact. The drains of RPG-1 are connected to a read bit line 
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through read bit-line contacts. Again, an additional doping 
process is applied only to various pass-gate devices while 
other devices are protected from this doping process to 
increase the beta ratio of the SRAM cell 240. The additional 
doping process is applied to a doping region 146 including the 5 

pass-gate devices PG-1 and PG-2. The doping region 146 is 
defined to a mask layer using a lithography process. 

The SRAM cell 240 includes various interconnect features, 
such as contacts and metal lines. Various contacts (marked as 
a square with an "X") are formed on gates, drain nodes, and 10 

various landing pads. The various contacts are designed as a 
square or rectangle in a top view. In one embodiment, these 
contacts include bit-line contacts, a word-line contact, a read 
word-line contact, a read bit-line contact, Vss contacts, Vee 

15 
contacts, a storage node contact, and a storage node bar con­
tact. 

In various embodiments, the disclosed SRAM device 
addresses the issues noted in the background. In one example, 
by performing the additional doping process ( channel doping 20 

or pocket implant) only to the pass-gate devices while other 
nFinFETs (e.g., PD-1 and PD-2) are covered from the addi­
tional doping process, the pass-gate devices include a p-type 
doping profile with a doping concentration greater than that 
of the pull-down devices in the channel (by channel doping) 25 

or at the channel edges (by pocket implant). The pass-gate 
devices are tuned to have a threshold voltage greater than that 
of the pull-down devices. The beta ration of the SRAM cell is 
thus increased without any change to the SRAM cell layout 
by adding an additional doping process into the processing 30 

flow. In another embodiment, an epitaxy layer may be formed 
on top of the fin active region. In yet another embodiment, the 
fin active regions may be strained for improved mobility and 
performance. 

The present disclosure also provides another embodiment 35 

of a SRAM cell. The SRAM cell includes first and second 
pull-up devices. Additionally, the SRAM cell includes first 
and second pull-down devices configured with the first and 
second pull-up devices to form two cross-coupled inverters 
for data storage. Also, the SRAM cell includes first and sec- 40 

ond pass-gate devices configured with the two cross-coupled 
inverters to form a port for data access. Furthermore, the first 
and second pull-down devices each includes a first channel 
doping feature of a first doping concentration and the first and 
second pass-gate devices each includes a second channel 45 

doping feature of a second doping concentration greater than 
the first doping concentration. In addition, the first channel 
doping feature and the second channel doping feature include 
a p-type dopant selected form the group consisting of indium 
(In), boron (B), boron fluoride (BF.sub.2), carbon (C), nitro- 50 

gen (N), or combinations thereof. 
The present disclosure also provides another embodiment 

14 
greater than the first threshold voltage. Also, PD-1, PD-2, 
PG-1, and PG-2 have substantially a same gate length. 

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 designing or 
modifying other processes and structures for carrying out the 
same purposes and/or achieving the same advantages of the 
embodiments introduced herein. Those skilled in the art 
should also realize that such equivalent constructions do not 
depart from the spirit and scope of the present disclosure, and 
that they may make various changes, substitutions and alter­
ations herein without departing from the spirit and scope of 
the present disclosure. 

What is claimed is: 
1. A static random access memory (SRAM) cell compris-

ing: 
first and second pull-up devices; 
first and second pull-down devices configured with the first 

and second pull-up devices to form two cross-coupled 
inverters for data storage; and 

first and second pass-gate devices configured with the two 
cross-coupled inverters to form a port for data access, 
wherein: 
the first and second pull-down devices each includes a 

first channel doping feature of a first dopant at a first 
doping concentration, 

the first and second pass-gate devices each includes a 
second channel doping feature of the first dopant at a 
second doping concentration greater than the first 
doping concentration, and 

wherein a total number of pull-down devices in the 
SRAM cell is greater than a total number of pull-up 
devices in the SRAM cell; and 

a read port coupled to the two cross-coupled inverters and 
different than the port, wherein the read port includes 
first and second read pull-down devices in parallel and 
first and second read pass-gate devices in parallel, 
wherein a gate of the first read pull-down device physi­
cally contacts a gate of the second read pull-down 
device, wherein a gate of the first read pass-gate device 
physically contacts a gate of the second read pass-gate 
device. 

2. The SRAM cell of claim 1, wherein: 
the first doping concentration of the first channel doping 

feature is tuned such that the pull-down devices have a 
first threshold voltage; and 

the second doping concentration of the second channel 
doping feature is tuned such that the pass-gate devices 
have a second threshold voltage greater than the first 
threshold voltage. 

3. The SRAM cell of claim 1, wherein the pull-up devices, 
pull-down devices, and pass-gate devices are fin field-effect 
transistors (FinFETs ). 

4. The SRAM cell of claim 1, wherein each of the pull-up 
of a SRAM cell. The SRAM cell includes a first inverter 
including a first pull-up transistor (PU-1) and a first pull­
down transistor (PD-1). Additionally, the SRAM cell 
includes a second inverter including a second pull-up transis­
tor (PU-2) and a second pull-down transistor (PD-2). The 
second inverter being cross-coupled with the first inverter for 
data storage. Also, the SRAM cell includes a port including a 
first pass-gate transistor (PG-1) and a second pass-gate tran­
sistor (PG-2). The port being coupled with the first and second 
inverters for data access. In addition, each of PD-1, PD-2, 
PG-1, and PG-2 includes an-type fin field-effect transistor 
(nFinFET) and each of PU-1 and PU-2 includes a p-type fin 
field-effect transistor (pFinFET). Furthermore, PD-1 and 
PD-2 are designed to have a first threshold voltage and PG-1 
and PG-2 are designed to have a second threshold voltage 

55 devices includes a p-type fin field-effect transistor (pFinFET) 
formed in an-well region, and each of the pull-down devices 
and pass-gate devices includes an-type fin field-effect tran­
sistor (nFinFET) formed in a p-well region. 

5. The SRAM cell of claim 4, wherein the nFinFET and 
60 pFinFET each includes a gate stack having a high-k dielectric 

material layer and a metal layer disposed on the high-k dielec­
tric material layer. 

6. The SRAM cell of claim 1, wherein the first channel 
doping feature and the second channel doping feature include 

65 a p-type dopant selected form the group consisting of indium 
(In), boron (B), boron fluoride (BF2), carbon (C), nitrogen 
(N), or combinations thereof. 
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7. The SRAM cell of claim 1, further comprising a drawn 
beta equal to or less than 1. 

8. The SRAM cell of claim 1, wherein 
a drain of the first pass-gate (PG-1) is electrically con­

nected to a first bit-line; 
a source of PG-1 is electrically connected to a drain of the 

first pull-down device (PD-1); 
a gate of PG-1 is electrically connected to a word-line; 
a drain of the second pass-gate (PG-2) is electrically con-

nected to a bit-line; 
10 

a source of PG-2 is electrically connected to a drain of the 
second pull-down device (PD-2); and 

a gate of PG-2 is electrically connected to the word-line. 
9. The SRAM cell of claim 8, wherein 
a drain of the first pull-up device (PU-1) and the drain of 

PD-1 are electrically connected together, defining a data 15 

node; 
gates of PD-1 and PU-1 are electrically connected together 

and coupled to a data node bar; 
a drain of the second pull-up device (PU-2) and the drain of 

PD-2 are electrically connected together to the data node 20 

bar; 
gates of PD-2 and PU-2 are electrically connected together 

and coupled to the data node; 
sources of PU-1 and PU-2 are electrically connected to a 

Vee-line; and 
sources of PD-1 and PD-2 are electrically connected to a 

Vss-line. 
10. A static random access memory (SRAM) cell compris­

ing: 

25 

a first inverter including a first pull-up transistor (PU-1) 30 
and a first pull-down transistor (PD-1); 

a second inverter including a second pull-up transistor 
(PU-2) and a second pull-down transistor (PD-2), the 
second inverter being cross-coupled with the first 
inverter for data storage; and 

a port including a first pass-gate transistor (PG-1) and a 
second pass-gate transistor (PG-2), the port being 
coupled with the first and second inverters for data 
access, wherein: 

35 

16 
each of PD-1, PD-2, PG-1, and PG-2 includes an-type 

fin field-effect transistor ( nF inFET), and each of PU-1 
and PU-2 includes a p-type fin field-effect transistor 
(pFinFET), 

PD-1 and PD-2 are designed to have a first threshold 
voltage, 

PG-1 and PG-2 are designed to have a second threshold 
voltage greater than the first threshold voltage, and 

wherein a total number of pull-down transistors in the 
SRAM cell is greater than a total number of pull-up 
transistors in the SRAM cell, 

wherein each of PD-1, PD-2, PG-1, and PG-2 include a 
doped charmel region that includes one ofindium (In) 
and boron (B); and 

a read port coupled to the first and second inverters and 
different than the port, wherein the read port includes 
first and second read pull-down transistors in parallel 
and first and second read pass-gate transistors in parallel, 
wherein a gate of the first read pull-down transistor 
physically contacts a gate of the second read pull-down 
transistor, wherein a gate of the first read pass-gate tran­
sistor physically contacts a gate of the second read pass­
gate transistor. 

11. The SRAM cell of claim 10, wherein PD-1, PD-2, 
PG-1, and PG-2 have substantially a same gate length. 

12. The SRAM cell of claim 10, wherein 
PD-1, PD-2, PG-1, and PG-2 each includes a first channel 

doping feature of a first doping concentration; and 
PG-1 and PG-2 each includes an additional second channel 

doping feature of a second doping concentration. 
13. The SRAM cell of claim 10, wherein 
PD-1, PD-2, PG-1, and PG-2 each includes a first pocket 

implant feature of a first doping concentration; and 
PG-1 and PG-2 each includes an additional second pocket 

implant feature of a second doping concentration. 
14. The method of claim 1, wherein the port is a write port. 

* * * * * 
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