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LAYOUT FOR MULTIPLE-FIN SRAM CELL 

CROSS REFERENCE 

0001. The present disclosure is related to the following 
commonly-assigned U.S. patent applications, the entire dis 
closures of which are incorporated herein by reference: U.S. 
Ser. No. 12/721,476 filed Mar. 10, 2010 by the same inventor 
Jhon Jhy Liaw for “FULLY BALANCED DUAL-PORT 
MEMORY CELL (attorney reference TSMC2009-0686); 
and U.S. Ser. No. 12/823,860 filed Jun. 25, 2010 (attorney 
reference TSMC2010-0192) by the same inventor Jhon Jhy 
Law for STRUCTURE AND METHOD FOR SRAM 
CELL CIRCUIT. 

BACKGROUND 

0002 Indeep 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. The 
amount of embedded SRAM in microprocessors and SOCs 
increases to meet the performance requirement in each new 
technology generation. As silicon technology continues to 
scale from one generation to the next, the impact of intrinsic 
threshold Voltage (Vt) variations in minimum geometry size 
bulk planar transistors reduces the complimentary metal-OX 
ide-semiconductor (CMOS) SRAM cell static noise margin 
(SNM). This reduction in SNM caused by increasingly 
smaller transistor geometries is undesirable. SNM is further 
reduced when Vcc is scaled to a lower voltage. 
0003) To solve SRAM issues and continue to improve cell 
shrink capability, the fin field effect transistor (FinFET) 
devices are often considered for some applications. The Fin 
FET provides both speed and device stability. The FinFET 
has a channel (referred to as a fin channel) associated with a 
top surface and opposite sidewalls. Benefits can be provided 
from the additional sidewall device width (Ion performance) 
as well as better short channel control (sub-threshold leak 
age). In FinFet cell devices, the setting of single fin cell device 
faces cell ratio problems like beta ratio (Ipd/Ipg) or alpha ratio 
(Ipu/Ipg). One important parameter of cell stability is referred 
to as “beta ratio” and is defined as the ratio between pull 
down transistor drive current and pass-gate transistor drive 
current. A high beta ratio greater than 1 is desired in order to 
improve the stability of the SRAM cell. SRAM cell voltage 
Vcc min is a factor related to the write capability. The cor 
responding parameter is the ratio between pull-up transistor 
drive current and pass-gate transistor drive current, referred to 
as “alpha ratio.” Hence, in order to increase electrical current 
in a given cell area, the pitch between the fins has to be 
minimized. Unfortunately, it is difficult to achieve further 
reductions in pitch in FinFET devices, due to fundamental 
limitations in existing lithography techniques (like tight pitch 
fin nodes connection and contact to contact space rule). 
0004. Therefore, there is a need of new structure and 
method for SRAM cells to address these concerns for high 
end cell application and improved multiple fins cell size. 

SUMMARY 

0005. The present disclosure provides a static random 
access memory (SRAM) cell. The SRAM cell includes a 
plurality of fin active regions formed on a semiconductor 
Substrate, wherein the plurality offin active regions include a 
pair adjacent fin active regions having a first spacing and a fin 
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active region having a second spacing from adjacent finactive 
regions, the second spacing being greater than the first spac 
ing; a plurality of fin field-effect transistors (FinFETs) 
formed on the plurality of fin active regions, wherein the 
plurality of FinFETs are configured to a first and second 
inverters cross-coupled for data storage and at least one port 
for data access; a first contact disposed between the first and 
second the fin active regions, electrically contacting both of 
the first and second the fin active regions; and a second con 
tact disposed on and electrically contacting the third finactive 
region. 
0006. The present disclosure also provides one embodi 
ment of a semiconductor structure. The semiconductor struc 
ture includes a first and second fin active regions extended 
from a semiconductor Substrate and spaced away from each 
other with a first distance; a third and fourth fin active regions 
extended from the semiconductor Substrate and spaced away 
from each other with a second distance greater than the first 
distance; a first and second epitaxy features formed on the 
first and second fin active regions, respectively, wherein the 
first and second epitaxy features are laterally merged 
together; a third and fourth epitaxy features formed on the 
third and fourth fin active regions, respectively, wherein the 
third and fourth epitaxy features are separated from each 
other; a first contact disposed on the first and second epitaxy 
features merged together; and a second contact disposed on 
the third epitaxy feature, wherein the second contact is spaced 
away from the fourth epitaxy feature and is not electrically 
connected to the fourth fin active region. 
0007. The present disclosure provides yet another 
embodiment of a static random access memory (SRAM) cell. 
The SRAM cell includes a first inverter including a first 
pull-up transistor (PU-1) and a first and second pull-down 
transistors (PD-1 and PD-2); a second inverter including a 
second pull-up transistor (PU-2) and a third and fourth pull 
down transistors (PD-3 and PD-4), the second inverter being 
cross-coupled with the first inverter for data storage; 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 each of 
PD-1, PD-2, PD-3, PD-4, 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); a first 
and second finactive regions having a first and second silicon 
epitaxy features, respectively, wherein the first and second 
silicon epitaxy features are merged together, and the PD-1 
and PD-2 are formed on the first and second finactive regions, 
respectively; and a silicide feature is formed on the first and 
second silicon epitaxy features merged together, electrically 
connecting source regions of PD-1 and PD-2 together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 Aspects of the present disclosure are best under 
stood from the following detailed description when read with 
the accompanying figures. It is emphasized that, in accor 
dance with the standard practice in the industry, various fea 
tures are not drawn to scale. In fact, the dimensions of the 
various features may be arbitrarily increased or reduced for 
clarity of discussion. 
0009 FIGS. 1 to 4 are sectional views of a portion of a 
SRAM device constructed according to various aspects of the 
present disclosure in various embodiments. 
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0010 FIGS. 5 to 7 are top views of a SRAM device or a 
portion thereof constructed according to various aspects of 
the present disclosure in various embodiments. 
0011 FIGS. 8 to 15 are sectional views of a portion of a 
SRAM device constructed according to various aspects of the 
present disclosure in various embodiments. 
0012 FIG. 16 is a schematic view of a static random 
access memory (SRAM) device constructed according to 
various aspects of the present disclosure in one embodiment. 

DETAILED DESCRIPTION 

0013. 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 simplify the present disclosure. These are, 
of course, merely examples and are not intended to be limit 
ing. In addition, the present disclosure may repeat reference 
numerals and/or letters in the various examples. This repeti 
tion is for the purpose of simplicity and clarity and does not in 
itself dictate a relationship between the various embodiments 
and/or configurations discussed. 
0014 FIG. 1 is a sectional view of a semiconductor struc 
ture 50 as a portion of a SRAM cell constructed according to 
various aspects of the present disclosure. The semiconductor 
structure 50 includes a semiconductor substrate 52. The semi 
conductor substrate 52 includes silicon. Alternatively, the 
Substrate includes germanium, silicon germanium or other 
proper semiconductor materials. The semiconductor sub 
strate 52 includes various isolation features 54. One isolation 
feature is a shallow trench isolation (STI) formed in the 
Substrate to separate various devices. The semiconductor Sub 
strate also includes various doped regions such as n-well and 
p-wells. The semiconductor structure 50 includes various fin 
active regions 56 and 58. The fin active regions 56 and 58 are 
oriented in parallel. The fin active regions and the STI features 
can be formed in a processing sequence including forming 
trenches in the semiconductor substrate 52 and partially fill 
ing the trenches with a dielectric material. Alternatively, the 
trenches are completely filled with the dielectric material. 
Then a polishing process, Such as chemical mechanical pol 
ishing (CMP) process is applied to remove the excessive 
dielectric material and planarize the surface. Thereafter, the 
formed STI features are partially removed to form the fin 
active regions using a selective etch Such as hydrochloride 
(HF) wet etch. Particularly, the processing sequence includes 
etching trenches in the semiconductor substrate 52 and filling 
the trenches by one or more dielectric materials such as sili 
con 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 embodiment, the STI 
features are created using a process sequence Such as: grow 
ing a pad oxide, forming a low pressure chemical vapor 
deposition (LPCVD) nitride layer, patterning an STI opening 
using photoresist and masking, etching a trench in the Sub 
strate, optionally growing a thermal oxide trench 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 struc 
ture. The semiconductor substrate 52 also includes various 
n-wells and p-wells formed in various fin active regions. 
00.15 Various gates are further formed on the fin active 
regions. A gate feature includes a gate dielectric layer 60 

Jan. 5, 2012 

(such as silicon oxide) and a gate electrode 62 (such as doped 
polysilicon) disposed on the gate dielectric layer 60. In 
another embodiment, the gate feature alternatively or addi 
tionally includes other proper materials for circuit perfor 
mance 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. In yet another 
embodiment, the gate electrode includes a metal having 
proper work function to the associated FinFET. For a gate 
stack including 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). In the present embodiment for 
illustration, the semiconductor structure 50 includes a first 
region 64 for one or more FinFETs and a second region 66 for 
one or more FinFETs. 

0016 FIG. 2 is another embodiment of a sectional view of 
the semiconductor structure 80 as a portion of a SRAM cell. 
The semiconductor structure 80 includes a semiconductor 
substrate 82. The semiconductor substrate 82 includes sili 
con. Alternatively, the semiconductor substrate 82 includes 
germanium, silicon germanium or other proper semiconduc 
tor materials. The semiconductor structure 80 includes a 
dielectric layer 84 formed on the semiconductor substrate 82 
for isolation. In one example, the dielectric layer 84 includes 
silicon oxide. The semiconductor structure 80 includes 
another semiconductor layer 86, Such as silicon, formed on 
the dielectric layer 84, referred to as semiconductor on insu 
lator (SOI). The SOI structure can be formed by a proper 
technology. Such as separation by implanted oxygen (SI 
MOX) or wafer bonding to include the dielectric layer inside 
semiconductor material. 
0017. The semiconductor layer 86 is patterned to form fin 
active regions 88 and 90. The fin active regions 88 and 90 are 
configured and oriented in parallel. The fin active regions 88 
& 90 and the STI features can be formed in a processing 
sequence including forming a patterned mask layer on the 
semiconductor layer and etching the semiconductor layer 
through the openings of the patterned mask layer. The pat 
terned mask layer can be a patterned photoresist layer or a 
patterned hard mask layer, Such as a patterned silicon nitride 
layer. 
0018 Various gates are further formed on the fin active 
regions. A gate feature includes a gate dielectric layer 92 
(such as silicon oxide) and a gate electrode 94 (such as doped 
polysilicon) disposed on the gate dielectric layer 92. In one 
embodiment, the gate dielectric layer 92 includes high-k 
dielectric material layer. The gate electrode 94 includes 
metal. Such as aluminum, copper, tungsten, or other proper 
conductive material. In the present embodiment for illustra 
tion, the semiconductor structure 80 includes a first region 96 
for one or more FinFETs and a second region 98 for one or 
more FinPETs. 

0019. In one embodiment, the processing flow to form a 
SRAM cell, including the pass-gate and pull-down devices, 
have the following steps: formation offin active regions; well 
formation; gate formation; epitaxy growth; light doped drain 
(LDD) formation, pocket implant (pocket junction) forma 
tion; gate spacer formation; Source/drain (S/D) dopant for 
mation; interlayer dielectric (ILD) formation; gate replace 
ment; forming contact holes; silicide formation and forming 
COntactS. 

0020 FIG. 3 is a sectional view of a semiconductor struc 
ture 100 having various FinFETs and contacts constructed 
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according to various aspects of the present disclosure. The 
semiconductor structure 100 is a portion of a SRAM cell. The 
semiconductor structure 100 includes a semiconductor sub 
strate 52 and isolation features 54 similar to the semiconduc 
tor Substrate 52 and the isolation feature 54 of FIG. 1. The 
semiconductor structure 100 includes various fin active 
regions 104,106, 108 and 110 similar to the fin active regions 
56 and 58 of FIG. 1 in terms of composition and formation. 
The fin active regions 104, 106, 108 and 110 are configured 
with different spacing (or distance) between adjacent fin 
active regions. In the present embodiment, the fin active 
regions 104 and 106 are configured to have a first spacing 
“D1. The fin active region 108 is configured to have a second 
spacing “D2 from adjacent fin active regions 106 and 110. 
The second spacing D2 is greater than the first spacing D1. 
The first spacing D1 and the second spacing D2 are referred to 
as narrow spacing and wide spacing, respectively. The semi 
conductor structure 100 further includes an interlayer dielec 
tric (ILD) 112 disposed on the fin active regions and the 
isolation features. The ILD 112 includes one or more dielec 
tric materials for providing isolation to interconnections. In 
one embodiment, the ILD 112 includes silicon oxide formed 
by chemical vapor deposition (CVD). In another embodi 
ment, the ILD 112 includes a dielectric material of a low 
dielectric constant, such as a dielectric constant less than 
about 3.5. In another embodiment, the ILD 112 includes 
silicon dioxide, silicon nitride, silicon oxynitride, polyimide, 
spin-on glass (SOG), fluoride-doped silicate glass (FSG), 
carbon doped silicon oxide, Black Diamond R. (Applied 
Materials of Santa Clara, Calif.), Xerogel, Aerogel, amor 
phous fluorinated carbon, Parylene, BCB (bis-benzocy 
clobutenes), SiLK (Dow Chemical, Midland, Mich.), poly 
imide, and/or other suitable materials. The ILD 112 may be 
formed by a technique including spin-on, CVD. Sputtering, or 
other Suitable processes. 
0021. The semiconductor structure 100 further includes 
various contact formed in the ILD 112 and configured to 
provide electrical routing. The contacts are vertical conduc 
tive features designed to electrically connect Sources, drains 
and gate electrodes to metal lines. The contacts are a portion 
of the multilayer interconnect for wiring. In the present 
embodiment, the various contacts and other interconnect fea 
tures are configured to form a SRAM cell. The first contact 
114 is designed with a proper geometry and is disposed to 
electrically contact both finactive regions 104 and 106. In one 
embodiment, the contact 114 is configured to electrically 
contact both sources of a first FinFET on the fin active region 
104 and a second FinFET on the fin active region 106. In 
furtherance of the present embodiment, the first and second 
FinFETs are both pull-down devices configured in parallel: 
the sources are connected to the power line Vss and the drains 
are connected together (further coupled to the drain of an 
associated pull-up device as one inverter of the SRAM cell). 
Since the sources of the both FinFETs are designed to be 
applicable of a same electrical voltage (and the drains of the 
both FinFETs are designed to couple together), the fin active 
regions 104 and 106 are designed with a smaller spacing D1 
to reduce the cell size. The semiconductor structure 100 also 
includes a second contact 116 designed and configured to 
landon and electrically connect only the finactive region 108. 
In one embodiment, the second contact 116 is configured to 
electrically contact source of a third FinFET on the fin active 
region 108. In order to avoid any electrical malfunctions 
caused by misalignment, the adjacent fin active regions 106 
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and 110 are designed to have a larger spacing D2 with enough 
margin according to the manufacturing capability. Due to the 
manufacturing capability including lithography patterning, 
the reduction on the spacing between the adjacent fin active 
regions is limited by the manufacturing capability. 
0022. The formation of various contacts (such as contacts 
114 and 116) includes forming contact holes in the ILD 112 
and filling the contact hole with a conductive material. The 
contact holes can be formed by a lithography process and an 
etch process, such as plasma dry etch. In the lithography 
process, a patterned photoresist layer is formed on the ILD 
112 with various openings defining regions for the contact 
holes. The etch process is applied to the ILD 112 to form the 
contact holes using the patterned photoresist layer as an etch 
mask layer. Alternatively, a hard mask is formed using the 
patterned photoresist layer and the etch process is applied to 
the ILD 112 through the openings of the patterned hard mask 
layer. The filling in the contact holes includes a deposition 
process to form one or more conductive materials in the 
contact holes. The deposition process may include CVD. 
sputtering, plating, or combinations thereof. A chemical 
mechanical polishing (CMP) process may be Subsequently 
applied to remove the excessive conductive materials and 
planarize the Surface. In one embodiment, the formation of 
the various contacts includes forming a patterned photoresist 
layer by a lithography process; etching the ILD 112 to form 
contact holes; forming a conductive material in the contact 
holes; and performing a CMP to the ILD. 
0023 The contacts and other interconnect features include 
vias and metal lines to form an interconnect to electrically 
configure the FinFETs to functional circuits, such as a SARM 
cell or SRAM array. In one embodiment, tungsten is used to 
form tungsten plug in the contact holes. In another embodi 
ment, the conductive material filled in the contact holes 
includes tungsten, aluminum, copper, other proper metals, or 
combinations thereof. In yet another embodiment, the con 
tacts further include a barrier layer formed on the sidewalls of 
the contact holes before filling the contact holes with conduc 
tive material. For example, a titanium nitride may be depos 
ited on the sidewalls of the contact holes by sputtering. 
0024. In another embodiment, a silicide feature is formed 
between the contact and finactive region to reduce the contact 
resistance. Specifically, a silicide material is formed on the 
bottom of the contact holes and is disposed directly on the fin 
active regions within the contact holes. In one example, the 
silicide feature is formed by a process known in the art as 
self-aligned silicide (salicide). In one embodiment of salicide 
technique, a metal layer is first deposited on the semiconduc 
tor structure 100. The metal layer directly contacts silicon of 
the finactive regions within the contact holes. Thenananneal 
ing process with a proper temperature is applied to the semi 
conductor structure 100 such that the metal layer and the 
silicon of the fin active regions react to form silicide. The 
unreacted metal after the annealing process can be removed 
from the contact holes. The metal material used to form 
silicide includes titanium, nickel, cobalt, platinum, palladium 
tungsten, tantalum or erbium in various embodiment. In yet 
another embodiment, the method of forming contacts 
includes forming a patterned photoresist layer by a lithogra 
phy process; etching the ILD 112 to form contact holes: 
forming silicide on finactive regions within the contact holes; 
forming a conductive material in the contact holes; and per 
forming a CMP process to the ILD. In yet another embodi 
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ment, the silicide includes titanium (Ti), cobalt (Co), nickel 
(Ni), molybdenum (Mo), platinum (Pt), or combinations 
thereof. 

0025. Other processing steps may be implemented before, 
during and/or after the formation of the contacts. For 
example, the multilayer interconnection is further formed 
after the formation of the various contacts. The multilayer 
interconnection includes vertical interconnects, such as con 
ventional vias in addition to the contacts and horizontal inter 
connect including metal lines. The various interconnection 
features may implement various conductive materials includ 
ing copper, aluminum, tungsten and silicide. In one example, 
a damascene process is used to form copper related multilayer 
interconnection structure. 

0026. In the semiconductor structure 100, a SRAM cell 
includes multiple fin active regions with varying spacing or 
pitch. The pitch of multiple fin active regions is defined as a 
dimension from one fin active region to an adjacent fin active 
region. Furthermore, the semiconductor structure 100 
includes two types of contacts, the first type of contacts is 
designed to electrically contact two adjacent fin active 
regions having a smaller spacing, such as the first spacing D1. 
The second type of contacts is designed to electrically contact 
only one finactive region having a larger spacing (such as D2) 
from the adjacent fin active regions. By implementing the 
above multiple fin active regions with varying spacing and 
two types of contacts configured with the fin active regions 
according to the respective spacing, the SRAM cell is further 
reduced in the cell area and improved on the cell quality such 
that the various issues discussed in the background are 
addressed. 

0027 FIG. 4 is a sectional view of a semiconductor struc 
ture 120 having various FinFETs and contacts constructed 
according to various aspects of the present disclosure in 
another embodiment. The semiconductor structure 120 is a 
portion of a SRAM cell. The semiconductor structure 120 
includes a semiconductor substrate 52 and isolation features 
54 similar to the those of the semiconductor structure 100 in 
FIG. 3. The semiconductor structure 120 includes various fin 
active regions 104,106, 108 and 110. The fin active regions 
104, 106, 108 and 110 include a first portion extended from 
the semiconductor substrate 52 and a second portion formed 
on the first portion as epitaxy features 122. In the present 
embodiment, the epitaxy features 122 include 122a, 122b, 
122c and 122d formed on the fin active regions 104,106, 108 
and 110, respectively. An interface 124 is formed between the 
epitaxy features 122 and first portion of the fin active regions. 
In one embodiment, the first portion of the fin active regions 
and the epitaxy features include a same semiconductor mate 
rial. Such as silicon. In another embodiment, the first portion 
of the finactive region include silicon and the epitaxy features 
include different semiconductor material(s) for strained 
effect. In furtherance of the embodiment, the epitaxy features 
122 in a n-well include silicon germanium (SiGe) configured 
for p-type FinFETs. The epitaxy features 122 in a p-well 
include silicon carbide (SiC) or silicon configured for n-type 
FinFETs. The epitaxy features 122 are formed by one or more 
epitaxy steps. In one embodiment, the isolation features 54 
are formed by the STI technique; then the first portion of the 
fin active region extended from the semiconductor Substrate 
52 is recessed by an etching process; and then an epitaxy 
process is performed to form the second portion of the fin 
active regions. In the case the epitaxy features 122 (as the 
second portion of the fin active regions) use various semicon 
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ductor materials (such as silicon germanium for p-type Fin 
FETs and silicon carbide for n-type FinFETs), two epitaxy 
processes are implemented to respective fin active regions. In 
the present embodiment, the epitaxy process is implemented 
after the formation polysilicon gate stacks. 
(0028. The fin active regions 104, 106, 108 and 110 are 
configured with different spacing between adjacent fin active 
regions. In the present embodiment, the finactive regions 104 
and 106 are configured to have a first spacing D1. The fin 
active region 108 is configured to have a second spacing D2 
from adjacent fin active regions 106 and 110. The second 
spacing D2 is greater than the first spacing D1. 
(0029 When the epitaxy features 122 are formed on the 
respective fin active regions, lateral epitaxy growth will 
enlarge the dimension of the fin active regions and narrow the 
spacing as illustrated in FIG. 4. For the fin active regions with 
the second spacing D2 to the adjacent fin active regions, the 
respective epitaxy features have a spacing D3 less than D2. 
For example, the fin active regions 108 and 110 have the 
spacing D3 between the respective epitaxy features 122c and 
122d. For the fin active regions with the first spacing D2, the 
respective epitaxy features have a narrow spacing or are even 
laterally merged (bridged) together. For example, the epitaxy 
features 122a and 122b are merged together to form a con 
tinuous landing feature. Since the epitaxy features are formed 
after the formation of the polysilicon gate stacks, the epitaxy 
features will only be formed on the source and drain regions 
but not on a portion of the fin active regions wherein the 
polysilicon gate stacks run over. 
0030 The semiconductor structure 120 includes an inter 
layer dielectric (ILD) 112 disposed on the fin active regions 
and the isolation features. The ILD 112 is similar to that of the 
semiconductor structure 100 in FIG. 3 in terms of composi 
tion and formation. 

0031. The semiconductor structure 120 further includes 
various contacts formed in the ILD 112 and configured to 
provide electrical routing. The present embodiment includes 
contacts 126 and 128. The contact 126 is designed with a 
proper geometry and is disposed to electrically contact both 
epitaxy features 122a and 122b. Alternatively, the contact 126 
is configured to land on the merged epitaxy features 122a and 
122b. In this case, the contact 126 may have a less dimension 
than the contact 114 of FIG.3. The contact 128 is designed to 
land only on the epitaxy feature 122c that has a larger spacing 
D3 from the adjacent epitaxy features (122b and 122d). Simi 
lar to the contacts 114 and 116 of FIG.3, contacts 126 and 128 
are designed to reduce the SRAM cell size without sacrificing 
the quality of the SRAM device. 
0032. The formation of various contacts (such as contacts 
126 and 128) is similar to the formation of the contacts 114 
and 116 of FIG.3 and includes forming contact holes in the 
ILD 112 and filling the contact hole with a conductive mate 
rial. In another embodiment, the formation of the contacts 
126 and 128 includes forming contact holes in the ILD 112, 
forming silicide on the substrate within the contact holes and 
filling the contact hole with a conductive material. 
0033 FIGS. 1 to 4 provide various portions of a SRAM 
cell and various embodiments of a same portion of the SRAM 
cell. For example, FIGS. 1 and 2 provide sectional views of 
the SRAM cell along a gate stack in two different embodi 
ment. FIGS. 3 and 4 provide sectional views of the SRAM cell 
along a source/drain region in two different embodiment. 
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0034 FIGS. 5 to 15 provide other embodiments of a 
SRAM cell according to various aspects of the present dis 
closure. 

0035 FIG.5is a top view of a semiconductor structure 130 
as a portion of a SRAM cell. In the present embodiment, the 
semiconductor structure 130 includes a n-well region 132 and 
a p-well region 134. The semiconductor structure 130 
includes multiple fin active regions 136a through 136e. For 
example, the fin active regions 136a and 136b are disposed in 
the p-well region 134 for forming various n-type FinFETs 
(such as pull-down devices and/or pass-gate devices), and the 
fin active regions 136c. 136d and 136e are disposed in the 
n-well region 132 for forming various p-type FinFETs (such 
as pull-up devices). A gate 138 is formed over the multiple fin 
active regions 136a through 136e. Various contacts 140a 
through 140e are formed on some fin active regions and the 
gate 138. For example, the contact 14.0a is formed on drains 
of the n-type FinFETs associated the fin active regions 136a 
and 136b. The contact 140e is formed on sources of the n-type 
FinFETs associated the fin active regions 136a and 136b. The 
contact 140e is coupled to the complimentary power line Vss. 
In another example, the contact 140b is formed on drains of 
the p-type FinFETs associated the fin active regions 136c. 
136d and 136e. The contact 140d is formed on sources of the 
p-type FinFETs associated the fin active regions 136c. 136d 
and 136e. The contact 140d is coupled to the power line Vcc. 
The contact 140c is formed on the gate 138. The semiconduc 
tor structure 130 also includes metal lines 142a, 142b and 
142c. For example, the metal line 142a is coupled to the 
contact 140e and the complimentary power line Vss. The 
metal line 142b is coupled to the contact 140d and the power 
line Vcc. The metal line 142c is coupled to the contact 140a 
and 140a. 

0036. A sectional view of the semiconductor structure 130 
along the line aa' is shown, in portion, in FIGS. 8 and 9 for 
different embodiments. In FIG. 8, a semiconductor structure 
146 includes a semiconductor structure 52; isolation features 
54; the fin active regions 136c. 136d and 136e: gate dielectric 
60 and the gate electrode 62. Various features in the semicon 
ductor structure 146 are similar to the corresponding features 
in the semiconductor structure 50 of FIG. 1. In another 
embodiment shown in FIG.9, a semiconductor structure 148 
includes a semiconductor structure 82; a dielectric material 
layer 84; the fin active regions 136c. 136d and 136e: gate 
dielectric 92 and the gate electrode 94. Various features in the 
semiconductor structure 148 are similar to the corresponding 
features in the semiconductor structure 80 of FIG. 2. 

0037 Referring back to FIG. 5, a sectional view of the 
semiconductor structure 130 along the linebb' is shown (in 
portion) in FIGS. 10 through 15 in various embodiments. In 
FIG. 10, a semiconductor structure 150 illustrates a right 
portion of the semiconductor structure 130 along the linebb'. 
The semiconductor structure 150 includes the semiconductor 
structure 52; the isolation features 54; the fin active regions 
136c. 136d and 136e: epitaxy features 122; and interlayer 
dielectric (ILD) 112. An interface 124 is formed between the 
epitaxy features 122 and the fin active regions. Various fea 
tures in the semiconductor structure 150 are similar to the 
corresponding features in the semiconductor structure 120 of 
FIG. 4. For example, the fin active regions 136c. 136d and 
136e have a large spacing D2 and the epitaxy features 122 
have a spacing D3 less than D2. In various embodiments, the 
epitaxy features may include silicon germanium for p-type 
FinFETs or silicon carbide for n-type FinFETs. 
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0038. In another embodiment illustrated in FIG. 11, a 
semiconductor structure 152 includes the semiconductor 
structure 52; the isolation features 54; the fin active regions 
136a and 136b; epitaxy features 122; and the ILD 112. In one 
embodiment, the semiconductor structure 152 illustrates a 
left portion of the semiconductor structure 130 in FIG. 5. 
Various features in the semiconductor structure 150 are simi 
lar to the corresponding features in the semiconductor struc 
ture 120 of FIG. 4. For example, the fin active regions 136a 
and 136b are similar to the fin active regions 104 and 106 of 
FIG. 4. The fin active regions 136a and 136b have a smaller 
spacing D1. The epitaxy features 122 are similar to the epit 
axy features 122a and 122b of FIG. 4. The two adjacent 
epitaxy features 122 are merged together. In various embodi 
ments, the epitaxy features may include silicon germanium 
for p-type FinFETs or silicon carbide for n-type FinFETs. 
0039. In another embodiment illustrated in FIG. 12, a 
semiconductor structure 154 includes the semiconductor 
structure 52; the isolation features 54; the fin active regions 
156a, 156b and 156c; epitaxy features 122; and the ILD 112. 
Various features in the semiconductor structure 154 are simi 
lar to the corresponding features in the semiconductor struc 
ture 120 of FIG. 4. For example, the fin active regions 156b 
and 156c are similar to the fin active regions 104 and 106 of 
FIG. 4. The fin active region 156a is similar to the fin active 
region 108 of FIG. 4. The fin active regions 156b and 156c 
have a smaller spacing S1. The epitaxy features 122 associ 
ated with the adjacent fin active regions 156b and 156c are 
merged together. The epitaxy feature 122 on the fin active 
region 156a laterally expands but is separated from the adja 
cent epitaxy feature 122 with a distance. In one embodiment, 
the silicon substrate 52 include silicon and the epitaxy fea 
tures 122 include silicon as well. 

0040. In another embodiment illustrated in FIG. 13, a 
semiconductor structure 158 includes the semiconductor 
structure 52; the isolation features 54; the fin active regions 
160a, 160b and 160c: epitaxy features 122; and the ILD 112. 
Various features in the semiconductor structure 158 are simi 
lar to the corresponding features in the semiconductor struc 
ture 120 of FIG. 4. For example, the fin active regions 160a, 
160b and 160c are similar to the finactive regions 108 and 110 
of FIG. 4. The fin active regions 160a, 160b and 160c have a 
larger spacing S2. The epitaxy features 122 laterally expand 
but are separated from the adjacent epitaxy feature 122. In one 
embodiment, the silicon substrate 52 include silicon and the 
epitaxy features 122 include silicon as well. 
0041 FIG. 14 is a sectional view of the semiconductor 
structure 154, similar to the FIG. 12 but further including a 
contact 126. The contact 126 is disposed on the merged epi 
taxy features 122 and electrically connected to the two cor 
responding fin active regions 156a and 156b. The contact 126 
is similar to the contact 126 of FIG. 4 

0042 FIG. 15 is a sectional view of the semiconductor 
structure 158, similar to the FIG. 13 but further including a 
contact feature 128. The contact feature 128 lands on the 
epitaxy feature 122 of the finactive regions 160b. The contact 
128 is similar to the contact 128 of FIG. 4. 

0043 FIG. 6 is a top view of a semiconductor structure 160 
as a portion of a SRAM cell. In the present embodiment, the 
semiconductor structure 160 includes multiple fin active 
regions 136a through 136c. In various embodiments, the fin 
active regions 136a, 136b and 136c are disposed in different 
well regions for different FinFETs. For example, the finactive 
regions 136a and 136b are disposed in a p-well region for 
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forming various n-type FinFETs (such as pull-down devices 
and/or pass-gate devices), and the fin active region 136c is 
disposed in a n-well region for forming various p-type Fin 
FETs (such as pull-up devices). A gate 138 is formed over the 
multiple fin active regions 136a through 136c. Various con 
tacts 14.0a through 140g are formed on some finactive regions 
and the gate 138. Various metal lines 142a through 142fare 
formed over the contacts and designed to couple with the 
respective contacts to form a functional circuit. In the present 
embodiment, the functional circuit includes one or more 
SRAM cells. In various examples, the contact 14.0a is 
designed to land on the fin active region 136a and is coupled 
to the metal line 142a. The contact 140b is designed to land on 
the fin active region 136b and is coupled to the metal line 
142b, and so on. The contact 140g is designed to land on the 
gate 138. 
0044) Furthermore, the contact 140a contacts a source 
region of a first FinFET and the contact 140d contacts a drain 
region of the first FinFET. The contact 140b contacts a source 
region of a second FinFET and the contact 140e contacts a 
drain region of the second FinFET. The contact 140c contacts 
a source region of a third FinFET and the contact 140f con 
tacts a drain region of the third FinFET. The contacts 140a 
through 140fare similar to the contact 128 of FIG. 4. A 
sectional view of the semiconductor structure 160 along the 
line cc is shown, in portion, in FIG. 10, which is described 
previously. 
0045 FIG. 7 is a top view of a semiconductor structure 162 
as a portion of a SRAM cell. In the present embodiment, the 
semiconductor structure 162 includes multiple fin active 
regions 136a and 136b. In one embodiment, the fin active 
regions 136a and 136b are disposed in a well region (a n-well 
or a p-well). For example, the fin active regions 136a and 
136b are disposed in a p-well region for forming various 
n-type FinFETs (such as pull-down devices and/or pass-gate 
devices). A gate 138 is formed over the multiple fin active 
regions 136a and 136b to form the first and second FinFETs. 
Various contacts 140a through 140c are formed on the fin 
active regions and the gate 138. Various metal lines 142a and 
142b are formed over the contacts and designed to couple 
with the respective contacts to form a functional circuit. In 
one example, the contact 14.0a is disposed between the two 
adjacent fin active regions 136a and 136b. The contact 140a 
contacts both the adjacent fin active regions 136a and 136b. 
Similarly, the contact 140b is disposed between the two adja 
cent fin active regions 136a and 136b, and contacts both the 
adjacent fin active regions 136a and 136b. The contact 140a 
is further coupled to the metal line 142a. The contact 140b is 
further coupled to the metal line 142b. Furthermore, the con 
tact 140a contacts source regions of the first and second 
FinFETs and the contact 140b contacts drain regions of the 
first and second FinFETs. A sectional view of the semicon 
ductor structure 162 along the line dd is shown, in portion, in 
FIG. 11, which is described previously. 
0046. In one embodiment, the processing flow to form a 
SRAM cell, including the pass-gate, pull-down and pull-up 
devices, have the following steps: formation of fin active 
regions, well formation, channel dopant formation, gate for 
mation, epitaxy growth to form epitaxy features, light doped 
drain (LDD) formation, gate spacer formation, Source/drain 
(S/D) dopant formation, ILD deposition, gate replacement to 
form gate stacks having high-k dielectric material and metal 
gate electrode, etching to form contact holes, formation of 
silicide on source/drain regions and gates, forming contacts, 
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and Subsequent steps to form multilayer metal lines and Vias. 
Particularly, the epitaxy features are formed after the gate 
formation and are only formed on the source and drain 
regions. The fin active regions include portions underlying 
the gate stacks are free of the epitaxy semiconductor materials 
and are not enlarged laterally. The fin active regions are con 
figured with different spacing. A SRAM cell includes two 
adjacent finactive regions having a small spacing D1 and a fin 
active region having a larger spacing D2 from the adjacent 
active regions. The two fin active regions with the Smaller 
spacing D1 include a further reduced spacing between the 
corresponding epitaxy features. In one case, the two epitaxy 
features are merged together. The SRAM cell also includes a 
first and second type of contacts. The first type of contacts 
each is formed between the two fin active regions with the 
Smaller spacing D1 and contacts the both two fin active 
regions. The second type of contacts each is disposed on a fin 
active region having the larger spacing D2 from the adjacent 
fin active regions and contacts only the corresponding fin 
active region. 
0047 FIG. 16 is a schematic view of a SRAM cell 170 
constructed according to various aspects of the present dis 
closure in one embodiment. The SRAM cell 170 includes fin 
field-effect transistors (FinFETs). The SRAM cell 170 
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 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 
connected together. The source of PU-1 is electrically con 
nected to a power line Vcc. 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 
second pull-down device formed with annFinFET, 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 
power line Vcc. 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 
inverters are cross-coupled as illustrated in FIG. 16. 
0048. The SRAM cell 170 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), 
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), 
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 (“BLB), and the gate of PG-2 is electrically 
connected to the word line WL. 

0049. In one embodiment, the various nFinFETs and pFin 
FETs are formed using high-k/metal gate technology so the 
gate stacks includes a high-k dielectric material layer for gate 
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dielectric and one or more metals for gate electrode. The 
SRAM cell 170 may include additional devices, such as addi 
tional pull-down devices and pass-gate devices. In one 
example, each of the first and second inverters includes mul 
tiple pull-down devices formed on multiple fin active regions 
and configured in parallel. The multiple pull-down devices in 
parallel are configured such that the drains are connected 
together, the Sources are connected together to the compli 
mentary power line VSS, the gates are connected together. In 
this case, the fin active regions with the Smaller spacing D1 
are implemented and the first type of contacts are formed on 
the closed disposed or merged epitaxy features. 
0050. In yet another example, the cell 170 include an addi 
tional port having two or more pass-gate devices for addi 
tional data access. Such as data reading or writing. Those 
pass-gate devices are configured in parallel and can also 
implement the configuration and design of the fin active 
regions and the first type of contacts similar to those for the 
pull-down devices in parallel. In another example, ifa pull-up 
device may implement the fin active region having the larger 
spacing D2 from the adjacent fin active regions and the sec 
ond type of contacts. In another embodiments, a contact is 
designed to land on and contact multiple fin active regions 
tightly packed (e.g., with the Smaller spacing D1). For 
example with reference to FIG. 5, the contact 140d contacts 
three fin active regions 136c. 136d and 136e. 
0051. In various embodiments, the disclosed SRAM 
device addresses various issues noted in the background. In 
one example, by implementing first fin active regions with the 
Smaller spacing D1 and a second fin active regions with the 
larger spacing D2, the first type of contacts to the first fin 
active regions, and the second type of contacts to the second 
fin active regions, the SRAM cell area is reduced while the 
functionality and performance of the SRAM cell are 
improved or maintained. In another embodiment, an epitaxy 
feature includes a raised structure having a top surface higher 
than the gate dielectric layer of the corresponding gate stack. 
In a particular example, the epitaxy feature with the raised 
structure is a silicon epitaxy feature. In yet another embodi 
ment, the two merged epitaxy features are two silicon epitaxy 
features. A silicide is formed on the two merged silicon epi 
taxy features so that the corresponding sources or drains are 
electrically connected together. 
0052. The foregoing has outlined features of several 
embodiments. 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 alterations 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: 
a plurality offin active regions formed on a semiconductor 

substrate, wherein the plurality of fin active regions 
include first and second adjacent fin active regions hav 
ing a first spacing and a third fin active region having a 
second spacing from adjacent fin active regions, the 
second spacing being greater than the first spacing; 
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a plurality offin field-effect transistors (FinFETs) formed 
on the plurality offin active regions, wherein the plural 
ity of FinFETs are configured to form first and second 
inverters cross-coupled for data storage and at least one 
port for data access; 

a first contact disposed between the first and second fin 
active regions, electrically contacting the two fin active 
regions; and 

a second contact disposed on and electrically contacting 
the third fin active region. 

2. The SRAM cell of claim 1, wherein the first and second 
fin active regions further include first and second epitaxy 
features formed on the first and second fin active regions, 
respectively. 

3. The SRAM cell of claim 2, wherein the first and second 
epitaxy features are laterally merged together and the first 
contact is formed on the first and second epitaxy features 
laterally merged together. 

4. The SRAM cell of claim 2, wherein the first and second 
epitaxy features include silicon germanium and are portions 
of p-type FinPETs. 

5. The SRAM cell of claim 2, wherein the first and second 
epitaxy features include silicon carbide and are portions of 
n-type FinFETs. 

6. The SRAM cell of claim 2, wherein the first and second 
epitaxy features include silicon having a raised structure 
higher than a gate dielectric layer of a gate stack. 

7. The SRAM cell of claim 6, further comprising silicide 
features formed on the first and second epitaxy features and 
underlying the first contact. 

8. The SRAM cell of claim 1, wherein: 
the plurality offin active regions each includes an epitaxy 

feature disposed on another portion of the fin active 
region extended from the semiconductor Substrate; 

an interface between the epitaxy feature and another por 
tion of the fin active region; and 

isolation features disposed laterally between the plurality 
of fin active regions, the interface is vertically below a 
top surface of the isolation features. 

9. The SRAM cell of claim 1, the first contact further 
contacts another fin active region adjacent to the first and 
second finactive region with a spacing being equal to the first 
spacing. 

10. The SRAM cell of claim 1, wherein the plurality of 
FinPETs include: 

a first and second pull-up devices; 
a first pull-down device configured with the first pull-up 

device to form a first inverter; 
a second pull-down device configured with the second 

pull-up device to form a second inverter, and 
a first and second pass-gate devices configured with the 

first and second inverters as a first port. 
11. The SRAM cell of claim 10, further comprising: 
a third pull-down device configured with the first pull 
down device in parallel; and 

a fourth pull-down device configured with the second pull 
down device in parallel. 

12. A semiconductor structure comprising: 
first and second fin active regions extended from a semi 

conductor Substrate and spaced away from each other 
with a first distance; 

third and fourth fin active regions extended from the semi 
conductor Substrate and spaced away from each other 
with a second distance greater than the first distance; 
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first and second epitaxy features formed on the first and 
second fin active regions, respectively, wherein the first 
and second epitaxy features are laterally merged 
together; 

third and fourth epitaxy features formed on the third and 
fourth fin active regions, respectively, wherein the third 
and fourth epitaxy features are separated from each 
other; 

a first contact disposed on the first and second epitaxy 
features merged together, and 

a second contact disposed on the third epitaxy feature, 
wherein the second contact is spaced away from the 
fourth epitaxy feature and is not electrically connected 
to the fourth fin active region. 

13. The semiconductor structure of claim 12, further com 
prising 

an isolation feature disposed laterally between the first and 
second fin active regions; and 

an interface between the first epitaxy feature and the first 
fin active region, wherein the interface is below a top 
surface of the isolation feature. 

14. The semiconductor structure of claim 12, further com 
prising a silicide feature between the third epitaxy feature and 
the third fin active region. 

15. The semiconductor structure of claim 12, further com 
prising various n-type fin field-effect transistors (nFinFETs) 
and p-type fin field-effect transistors (pFinFETs) configured 
to form two cross-coupled inventers. 

16. The semiconductor structure of claim 15, wherein: 
the first contact is coupled to source/drain regions of two 

adjacent nFinFETs; and 
the second contact is coupled to a source? drain region of a 

pFinFET. 
17. The semiconductor structure of claim 15, wherein: 
one of the first through fourth epitaxy features includes one 

of silicon, silicon germanium and silicon carbide; and 
the semiconductor Substrate include silicon. 
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18. A static random access memory (SRAM) cell compris 
ing: 

a first inverter including a first pull-up transistor (PU-1) 
and a first and second pull-down transistors (PD-1 and 
PD-2); 

a second inverter including a second pull-up transistor 
(PU-2) and a third and fourth pull-down transistors 
(PD-3 and PD-4), the second inverter being cross 
coupled with the first inverter for data storage; 

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 each of PD-1, PD-2, PD-3, PD-4, PG-1 
and PG-2 includes a n-type fin field-effect transistor 
(nFinFET) and each of PU-1 and PU-2 includes a p-type 
fin field-effect transistor (pFinFET); 

a first and second fin active regions having a first and 
second silicon epitaxy features, respectively, wherein 
the first and second silicon epitaxy features are merged 
together, and the PD-1 and PD-2 are formed on the first 
and second fin active regions, respectively; and 

a silicide feature is formed on the first and second silicon 
epitaxy features merged together, electrically connect 
ing source regions of PD-1 and PD-2 together. 

19. The SRAM cell of claim 18, wherein the silicide feature 
includes a material selected from the group consisting of 
titanium (Ti), cobalt (Co), nickel (Ni), molybdenum (Mo), 
platinum (Pt), or combinations thereof. 

20. The SRAM cell of claim 18, wherein the first and 
second silicon epitaxy features include a raised structure hav 
ing a top Surface higher than a gate dielectric of the PD-1 and 
PD-2. 




