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(57) ABSTRACT

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 of fin active regions include a pair
adjacent fin active regions having a first spacing and a fin
active region having a second spacing from adjacent fin
active regions, the second spacing being greater than the first
spacing; 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
iverters 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
contact disposed on and electrically contacting the third fin
active region.
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1
LAYOUT FOR MULTIPLE-FIN SRAM CELL

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

PRIORITY DATA

The present application 1s a divisional application of U.S.

patent application Ser. No. 12/827,690, filed Jun. 30, 2010,
which 1s incorporated by reference 1n 1ts entirety.

CROSS REFERENC.

(Ll

The present disclosure 1s a reissue of U.S. Pat. No.
8,653,630 which is related to the following commonly-
assigned U.S. patent applications, the entire disclosures of
which are incorporated herein by reference: U.S. Ser. No.
12/721,4°76 filed Mar. 10, 2010 by the same inventor Jhon
Jhy Liaw for “FULLY BALANCED DUAL-PORT
MEMORY CELL” now issued U.S. Pat. No. 8,315,084, and
U.S. Ser. No. 12/823,860 filed Jun. 25, 2010 by the same
inventor Jhon Jhy Liaw for “STRUCTURE AND METHOD
FOR SRAM CELL CIRCUIT” row issued U.S. Pat. No.

8,942,030.

BACKGROUND

In deep sub-micron integrated circuit technology, an
embedded static random access memory (SRAM) device has
become a popular storage unit of high speed communica-
tion, 1image processing and system-on-chip (SOC) products.
The amount of embedded SRAM 1n micro-processors and
SOCs increases to meet the performance requirement in
cach new technology generation. As silicon technology
continues to scale from one generation to the next, the
impact of intrinsic threshold voltage (Vt) vanations in
mimmum geometry size bulk planar transistors reduces the
complimentary metal-oxide-semiconductor (CMOS) SRAM
cell static noise margin (SNM). This reduction 1n SNM
caused by increasingly smaller transistor geometries 1s unde-
sirable. SNM 1s further reduced when Vcc 1s scaled to a
lower voltage.

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
FinFET provides both speed and device stability. The Fin-
FET 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 leakage). In FinFet cell devices, the setting of
single fin cell device faces cell ratio problems like beta ratio
(Ipd/Ipg) or alpha ratio (Ipuw/Ipg). One important parameter
of cell stability 1s referred to as “beta ratio” and 1s defined
as the ratio between pull-down transistor drive current and
pass-gate transistor drive current. A high beta ratio greater
than 1 1s desired in order to improve the stability of the
SRAM cell. SRAM cell voltage Vce_min 1s a factor related
to the write capability. The corresponding parameter 1s 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 1in a given cell area, the
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pitch between the fins has to be minimized. Unfortunately,
it 1s diflicult to achieve further reductions 1n pitch in FinFET
devices, due to fundamental limitations 1n existing lithog-
raphy techniques (like tight pitch fin nodes connection and
contact to contact space rule).

Theretfore, there 1s 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

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 of fin active regions include a pair
adjacent fin active regions having a first spacing and a fin
active region having a second spacing from adjacent fin
active regions, the second spacing being greater than the first
spacing; 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
iverters 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
contact disposed on and electrically contacting the third fin
active region.

The present disclosure also provides one embodiment of
a semiconductor structure. The semiconductor structure
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 {in 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 i1s
spaced away from the fourth epitaxy feature and 1s not
clectrically connected to the fourth fin active region.

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 transis-
tor (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-eflect transistor (nFinFET) and each of PU-1 and
PU-2 includes a p-type {in field-eflect 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 1s formed on the
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first and second silicon epitaxy features merged together,
clectrically connecting source regions of PD-1 and PD-2

together.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s emphasized that, 1n accordance
with the standard practice in the industry, various features
are not drawn to scale. In fact, the dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion.

FIGS. 1 to 4 are sectional views of a portion of a SRAM
device constructed according to various aspects ol the
present disclosure 1n various embodiments.

FIGS. 5 to 7 are top views of a SRAM device or a portion
thereol constructed according to various aspects of the
present disclosure 1n various embodiments.

FIGS. 8 to 13 are sectional views of a portion of a SRAM
device constructed according to various aspects of the
present disclosure in various embodiments.

FIG. 16 1s 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

It 1s to be understood that the following disclosure pro-
vides many diflerent embodiments, or examples, for imple-
menting different features of various embodiments. Specific
examples of components and arrangements are described
below to simplify the present disclosure. These are, of
course, merely examples and are not intended to be limiting.
In addition, the present disclosure may repeat reference
numerals and/or letters 1n the various examples. This rep-
ctition 1s for the purpose of simplicity and clarity and does
not 1n 1tself dictate a relationship between the various
embodiments and/or configurations discussed.

FIG. 1 1s a sectional view of a semiconductor structure 50
as a portion of a SRAM cell constructed according to various
aspects of the present disclosure. The semiconductor struc-
ture 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 1ncludes various 1solation features 54. One 1sola-
tion feature 1s a shallow trench 1solation (STI) formed 1n the
substrate to separate various devices. The semiconductor
substrate also includes various doped regions such as n-well
and p-wells. The semiconductor structure 50 includes vari-
ous fin active regions 36 and 58. The {in active regions 56
and 58 are oriented 1n parallel. The fin active regions and the
ST features can be formed 1n a processing sequence includ-
ing forming trenches in the semiconductor substrate 52 and
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 1s applied to remove
the excessive dielectric material and planarize the surface.
Thereatter, the formed ST1 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 silicon oxide, silicon nitride, silicon oxyni-
tride or combinations thereof. The filled trench may have a
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multi-layer structure such as a thermal oxide liner layer with
s1licon nitride filling the trench. In furtherance of the present
embodiment, the STI features are created using a process
sequence such as: growing a pad oxide, forming a low
pressure chemical vapor deposition (LPCVD) nitride layer,
patterning an STI opeming using photoresist and masking,
ctching a trench in the substrate, optionally growing a
thermal oxide trench liner to improve the trench interface,
filling the trench with CVD oxide, using chemical mechani-
cal planarization (CMP) to etch back, and using nitride
stripping to leave the STI structure. The semiconductor
substrate 52 also 1includes various n-wells and p-wells
formed 1n various {in active regions.

Various gates are further formed on the fin active regions.
A gate feature includes a gate dielectric layer 60 (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 matenal 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 1llustration, the semiconductor structure 50 includes a
first region 64 for one or more FinFETSs and a second region
66 for one or more FinFETs.

FIG. 2 1s 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 sub-
strate 82. The semiconductor substrate 82 includes silicon.
Alternatively, the semiconductor substrate 82 imncludes ger-
mamum, silicon germanmium or other proper semiconductor
materials. The semiconductor structure 80 1includes a dielec-
tric 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
insulator (SOI). The SOI structure can be formed by a proper

technology, such as separation by implanted oxygen (SI-
MOX) or water bonding to include the dielectric layer inside
semiconductor material.

The semiconductor layer 86 1s patterned to form fin active
regions 88 and 90. The fin active regions 88 and 90 are
configured and oriented 1n parallel. The fin active regions 88
& 90 and the STI features can be formed 1n 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
patterned mask layer can be a patterned photoresist layer or
a patterned hard mask layer, such as a patterned silicon
nitride layer.

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 1llustra-
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tion, the semiconductor structure 80 includes a first region
96 for one or more FinFETs and a second region 98 for one
or more FinFETs.

In one embodiment, the processing tflow to form a SRAM
cell, including the pass-gate and pull-down devices, have the
following steps: formation of fin active regions; well for-
mation; gate formation; epitaxy growth; light doped drain
(LDD) formation; pocket implant (pocket junction) forma-
tion; gate spacer formation; source/drain (5/D) dopant for-
mation; interlayer dielectric (ILD) formation; gate replace-
ment; forming contact holes; silicide formation and forming,
contacts.

FIG. 3 1s a sectional view of a semiconductor structure
100 having various FinFETs and contacts constructed
according to various aspects of the present disclosure. The
semiconductor structure 100 1s a portion of a SRAM cell.
The semiconductor structure 100 includes a semiconductor
substrate 52 and isolation features 54 similar to the semi-
conductor substrate 52 and the 1solation 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 1n 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 1s configured to
have a second spacing “D2” from adjacent fin active regions
106 and 110. The second spacing D2 1s greater than the first
spacing D1. The first spacing D1 and the second spacing D2
are referred to as narrow spacing and wide spacing, respec-
tively. The semiconductor structure 100 further includes an
interlayer dielectric (ILD) 112 disposed on the fin active
regions and the 1solation features. The ILD 112 includes one
or more dielectric materials for providing 1solation to inter-
connections. In one embodiment, the ILD 112 includes
silicon oxide formed by chemical vapor deposition (CVD).
In another embodiment, 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® (Applied Materials of Santa Clara, Calif.), Xero-
gel, Aerogel, amorphous fluorinated carbon, Parylene, BCB
(bis-benzocyclobutenes), S1ILK (Dow Chemical, Midland,
Mich.), polyimide, and/or other suitable materials. The ILD
112 may be formed by a technique including spin-on, CVD,
sputtering, or other suitable processes.

The semiconductor structure 100 further includes various
contact formed in the ILD 112 and configured to provide
clectrical routing. The contacts are vertical conductive fea-
tures 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
features are configured to form a SRAM cell. The first
contact 114 1s designed with a proper geometry and 1is
disposed to electrically contact both fin active regions 104
and 106. In one embodiment, the contact 114 1s configured
to electrically contact both sources of a first FinFET on the
fin active region 104 and a second FinFET on the {in active
region 106. In furtherance of the present embodiment, the
first and second FinFETs are both pull-down devices con-
figured 1n 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
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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 land on and electr-
cally connect only the fin active region 108. In one embodi-
ment, the second contact 116 1s configured to electrically
contact source of a third FinFET on the fin active region 108.
In order to avoid any electrical maltunctions caused by
misalignment, the adjacent fin active regions 106 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 {in active
regions 1s limited by the manufacturing capability.

The formation of various contacts (such as contacts 114
and 116) includes forming contact holes 1n 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 1s formed on the ILD
112 with various openings defining regions for the contact
holes. The etch process 1s applied to the ILD 112 to form the
contact holes using the patterned photoresist layer as an etch
mask layer. Alternatively, a hard mask 1s formed using the
patterned photoresist layer and the etch process 1s applied to
the ILD 112 through the openings of the patterned hard mask
layer. The filling 1n 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 1n the contact
holes; and performing a CMP to the ILD.

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 1s
used to form tungsten plug 1n the contact holes. In another
embodiment, the conductive material filled in the contact
holes includes tungsten, aluminum, copper, other proper
metals, or combinations thereof. In yet another embodiment,
the contacts further include a barner layer formed on the
sidewalls of the contact holes betore filling the contact holes
with conductive material. For example, a titanium nitride
may be deposited on the sidewalls of the contact holes by
sputtering.

In another embodiment, a silicide feature 1s formed
between the contact and fin active region to reduce the
contact resistance. Specifically, a silicide material 1s formed
on the bottom of the contact holes and 1s disposed directly
on the fin active regions within the contact holes. In one
example, the silicide feature 1s formed by a process known
in the art as self-aligned silicide (salicide). In one embodi-
ment of salicide technique, a metal layer 1s first deposited on
the semiconductor structure 100. The metal layer directly
contacts silicon of the fin active regions within the contact
holes. Then an annealing process with a proper temperature
1s applied to the semiconductor 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 pro-
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cess can be removed from the contact holes. The metal
material used to form silicide includes titanium, nickel,
cobalt, platinum, palladium tungsten, tantalum or erbium 1n
various embodiment. In vyet another embodiment, the
method of forming contacts includes forming a patterned
photoresist layer by a lithography process; etching the ILD
112 to form contact holes; forming silicide on fin active
regions within the contact holes; forming a conductive
material 1n the contact holes; and performing a CMP process
to the ILD. In yet another embodiment, the silicide includes
titanium (11), cobalt (Co), nickel (N1), molybdenum (Mo),
platinum (Pt), or combinations thereof.

Other processing steps may be implemented before, dur-
ing and/or after the formation of the contacts. For example,
the multilayer interconnection 1s further formed after the
formation of the various contacts. The multilayer intercon-
nection includes vertical interconnects, such as conventional
vias 1n addition to the contacts and horizontal interconnect
including metal lines. The various mterconnection features
may implement various conductive materials including cop-
per, aluminum, tungsten and silicide. In one example, a
damascene process 1s used to form copper related multilayer
interconnection structure.

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 1s 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 1s
designed to electrically contact two adjacent fin active
regions having a smaller spacing, such as the first spacing
D1. The second type of contacts 1s designed to electrically
contact only one fin active 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 ol contacts configured with
the fin active regions according to the respective spacing, the
SRAM cell 1s further reduced 1n the cell area and improved
on the cell quality such that the various 1ssues discussed 1n
the background are addressed.

FIG. 4 1s a sectional view of a semiconductor structure
120 having various FinFETs and contacts constructed
according to various aspects of the present disclosure 1n
another embodiment. The semiconductor structure 120 1s a
portion of a SRAM cell. The semiconductor structure 120
includes a semiconductor substrate 52 and 1solation features
54 similar to the those of the semiconductor structure 100 1n
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 532 and a second portion formed
on the first portion as epitaxy features 122. In the present
embodiment, the epitaxy features 122 include 122a, 122b,
122¢ and 122d formed on the fin active regions 104, 106,
108 and 110, respectively. An interface 124 1s 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 material, such as silicon. In another embodi-
ment, the first portion of the {in active region include silicon
and the epitaxy features include different semiconductor
material(s) for strained effect. In furtherance of the embodi-
ment, the epitaxy features 122 in a n-well include silicon
germamum (S1Ge) configured for p-type FinFETs. The
epitaxy features 122 1n a p-well include silicon carbide (S1C)
or silicon configured for n-type FinFETs. The epitaxy fea-
tures 122 are formed by one or more epitaxy steps. In one

10

15

20

25

30

35

40

45

50

55

60

65

8

embodiment, the 1solation 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 1s 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 semiconductor materials (such as
silicon germanium for p-type FinFETs and silicon carbide
for n-type FinFETs), two epltaxy processes are implemented
to respective {in active regions. In the present embodiment,
the epitaxy process 1s implemented after the formation
polysilicon gate stacks.

The fin active regions 104, 106, 108 and 110 are config-
ured with different spacing 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 1s configured to have a second spacing
D2 from adjacent fin active regions 106 and 110. The second
spacing D2 1s greater than the first spacing D1.

When the epitaxy features 122 are formed on the respec-
tive fin active regions, lateral epitaxy growth will enlarge the
dimension of the fin active regions and narrow the spacing
as 1llustrated 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 122¢ 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 continuous 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.

The semiconductor structure 120 includes an interlayer
dielectric (ILD) 112 disposed on the fin active regions and
the 1solation features. The ILD 112 i1s similar to that of the
semiconductor structure 100 1n FIG. 3 1n terms of compo-
sition and formation.

The semiconductor structure 120 further includes various
contacts formed in the ILD 112 and configured to provide
clectrical routing. The present embodiment includes con-
tacts 126 and 128. The contact 126 1s designed with a proper
geometry and 1s disposed to electrically contact both epitaxy
features 122a and 122b. Alternatively, the contact 126 1is
configured to land on the merged epitaxy features 122a and
122b. In this case, the contact 126 may have a less dimen-
sion than the contact 114 of FIG. 3. The contact 128 1s
designed to land only on the epitaxy feature 122c¢ that has a
larger spacing D3 from the adjacent epitaxy features (122b
and 122d). Stmilar to the contacts 114 and 116 of FIG. 3,
contacts 126 and 128 are designed to reduce the SRAM cell
s1ze without sacrificing the quality of the SRAM device.

The formation of various contacts (such as contacts 126
and 128) 1s similar to the formation of the contacts 114 and
116 of FIG. 3 and includes forming contact holes 1n the ILID
112 and filling the contact hole with a conductive material.
In another embodiment, the formation of the contacts 126
and 128 includes forming contact holes in the ILD 112,
tforming silicide on the substrate within the contact holes and
filling the contact hole with a conductive matenial.

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 embodiment.
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FIGS. 3 and 4 provide sectional views of the SRAM cell
along a source/drain region 1n two different embodiment.

FIGS. 5 to 15 provide other embodiments of a SRAM cell
according to various aspects of the present disclosure.

FIG. 5 1s 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 136¢. For
example, the fin active regions 136a and 136b are disposed
in the p-well region 134 for forming various n-type FinFETSs
(such as pull-down devices and/or pass-gate devices), and
the fin active reglons 136¢, 136d and 136¢ are disposed 1n
the n-well region 132 for forming various p-type FinFETs
(such as pull-up dewces) A gate 138 1s formed over the
multiple fin active regions 136a through 136e¢. Various
contacts 140a through 140¢ are formed on some fin active
regions and the gate 138. For example, the contact 140a 1s
formed on drains of the n-type FinFETs associated the fin
active regions 136a and 136b. The contact 140¢ 1s formed on
sources of the n-type FinFETs associated the fin active
regions 136a and 136b. The contact 140¢ 1s coupled to the
comphmentary power line Vss. In another example, the
contact 140b 1s formed on drains of the p-type FinFETs
associated the fin active regions 136c¢, 136d and 136¢. The
contact 140d 1s formed on sources of the p-type FinFETs
associated the fin active regions 136c, 136d and 136¢. The
contact 140d 1s coupled to the power line Vcc. The contact
140c 1s formed on the gate 138. The semiconductor structure
130 also includes metal lines 142a, 142b and 142c. For
example, the metal line 142a 1s coupled to the contact 140¢
and the complimentary power line Vss. The metal line 142b
1s coupled to the contact 140d and the power line Vcc. The
metal line 142¢ 1s coupled to the contact 140a and 140a.

A sectional view of the semiconductor structure 130 along
the line aa' 1s shown, 1in portion, n FIGS. 8 and 9 for
different embodiments. In FIG. 8, a semiconductor structure
146 includes a semiconductor structure 52; 1solation features
54; the fin active regions 136c, 136d and 136¢; gate dielec-
tric 60 and the gate electrode 62. Various features in the
semiconductor structure 146 are similar to the corresponding
features 1n the semiconductor structure 50 of FIG. 1. In
another embodiment shown i FIG. 9, a semiconductor
structure 148 1ncludes a semiconductor structure 82; a
dielectric material layer 84; the fin active regions 136¢, 136d
and 136¢; 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.

Referring back to FIG. 5, a sectional view of the semi-
conductor structure 130 along the line bb' 1s shown (in
portion) 1 FIGS. 10 through 15 in various embodiments. In
FIG. 10, a semiconductor structure 150 1illustrates a right
portion of the semiconductor structure 130 along the line bb'.
The semiconductor structure 150 includes the semiconduc-
tor structure 52; the 1solation features 54; the fin active
regions 136c, 136d and 136¢; epitaxy features 122; and
interlayer dielectric (ILD) 112. An interface 124 1s formed
between the epitaxy features 122 and the {in active regions.
Various features in the semiconductor structure 150 are
similar to the corresponding features in the semiconductor
structure 120 of FIG. 4. For example, the {in active regions
136¢c, 136d and 136¢ 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 ger-
manium for p-type FinFETs or silicon carbide for n-type
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In another embodiment 1llustrated in FIG. 11, a semicon-
ductor structure 152 includes the semiconductor structure
52; the 1solation features 54; the fin active regions 136a and
136b; epitaxy features 122; and the ILD 112. In one embodi-
ment, the semiconductor structure 152 illustrates a left
portion of the semiconductor structure 130 in FIG. 5.
Various features 1n the semiconductor structure 150 are
similar to the corresponding features in the semiconductor
structure 120 of FIG. 4. For example, the {in 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 epitaxy features 122a and 122b of FIG. 4. The two
adjacent epitaxy features 122 are merged together. In various
embodiments, the epitaxy features may include silicon ger-
mamum for p-type FinFETs or silicon carbide for n-type
FinFETs.

In another embodiment illustrated 1n FIG. 12, a semicon-
ductor structure 154 includes the semiconductor structure
52; the 1solation features 54; the fin active regions 1356a,
156b and 156c; epitaxy features 122; and the ILD 112.
Various features 1n the semiconductor structure 154 are
similar to the corresponding features in the semiconductor
structure 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 1s similar to the {in
active region 108 of FIG. 4. The fin active regions 156b and
156c have a smaller spacing S1. The epitaxy features 122
associated with the adjacent fin active regions 156b and
156¢ are merged together. The epitaxy feature 122 on the {in
active region 156a laterally expands but 1s separated from
the adjacent epitaxy feature 122 with a distance. In one
embodiment, the silicon substrate 52 include silicon and the
epitaxy features 122 include silicon as well.

In another embodiment illustrated 1n FIG. 13, a semicon-
ductor structure 158 includes the semiconductor structure
52; the 1solation features 54; the fin active regions 160a,
160b and 160c; epitaxy features 122; and the ILD 112.
Various features in the semiconductor structure 138 are
similar to the corresponding features in the semiconductor
structure 120 of FIG. 4. For example, the fin active regions
160a, 160b and 160c are similar to the fin active 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.

FIG. 14 1s a sectional view of the semiconductor structure
154, similar to the FIG. 12 but further including a contact
126. The contact 126 1s disposed on the merged epitaxy
features 122 and electrically connected to the two corre-
sponding fin active regions 156a and 156b. The contact 126
1s stmilar to the contact 126 of FIG. 4

FIG. 15 1s 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 fin active regions 160b. The contact 128
1s similar to the contact 128 of FIG. 4.

FIG. 6 1s 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 136¢ are disposed 1n different
well regions for different FinFETs. For example, the fin
active regions 136a and 136b are disposed 1n a p-well region
for forming various n-type FinFETs (such as pull-down
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devices and/or pass-gate devices), and the fin active region
136¢c 1s disposed 1 a n-well region for forming various
p-type FinFETs (such as pull-up devices). A gate 138 1s
formed over the multiple fin active regions 136a through
136¢. Various contacts 140a through 140g are formed on
some {In active regions and the gate 138. Various metal lines
142a through 1421 are 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 140a 1s designed to land on the fin
active region 136a and 1s coupled to the metal line 142a. The
contact 140b 1s designed to land on the fin active region
136b and 1s coupled to the metal line 142b, and so on. The
contact 140g 1s designed to land on the gate 138.

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 140¢ contacts a
drain region of the second FinFET. The contact 140c¢ con-
tacts a source region of a third FinFET and the contact 1401
contacts a drain region of the third FinFET. The contacts
140a through 1401 are similar to the contact 128 of FIG. 4.
A sectional view of the semiconductor structure 160 along
the line cc' 1s shown, m portion, mm FIG. 10, which 1s
described previously.

FIG. 7 1s 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 1n a p-well region for forming various
n-type FinFETs (such as pull-down devices and/or pass-gate
devices). A gate 138 1s 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 140a 1s 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 1s disposed between the two
adjacent fin active regions 136a and 136b, and contacts both
the adjacent fin active regions 136a and 136b. The contact
140a 1s turther coupled to the metal line 142a. The contact
140b 1s further coupled to the metal line 142b. Furthermore,
the contact 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
semiconductor structure 162 along the line dd' 1s shown, 1n
portion, 1n FIG. 11, which 1s described previously.

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 formation,
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
clectrode, etching to form contact holes, formation of sili-
cide on source/drain regions and gates, forming contacts,
and subsequent steps to form multilayer metal lines and vias.
Particularly, the epitaxy features are formed aiter the gate
formation and are only formed on the source and drain
regions. The fin active regions include portions underlying,
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the gate stacks are free of the epitaxy semiconductor mate-
rials and are not enlarged laterally. The fin active regions are
configured with different spacing. A SRAM cell includes
two adjacent fin active 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 1ncludes a first and second type of contacts. The {first
type of contacts each 1s 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 1s
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.

FIG. 16 1s a schematic view of a SRAM cell 170 con-
structed according to various aspects of the present disclo-
sure 1n one embodiment. The SRAM cell 170 includes fin
ficld-eflect 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-eflect transistor (pFin-
FET), 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 17°). The gates of PU-1 and PD-1 are
clectrically connected together. The source of PU-1 1s elec-
trically connected to a power line Vcc. The source of PD-1
1s electrically connected to a complimentary power line Vss.
The second inverter includes a second pull-up device formed
with a pFinFET, referred to as PU-2. The second inverter
also includes a 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
clectrically connected together. The source of PU-2 1s elec-
trically connected to the power line Vcc. The source of PD-2
1s electrically connected to the complimentary power line
Vss. Furthermore, the first data node 1s electrically con-
nected to the gates of PU-2 and PD-2, and the second data
node 1s electrically connected to the gates of PU-1 and PD-1.

Therefore, the first and second inverters are cross-coupled as
illustrated 1n FIG. 16.

The SRAM cell 170 further includes a first pass-gate
device formed with an n-type fin field-eflect transistor
(nFinFET), referred to as PG-1, and a second pass-gate
device formed with an n-type fin field-eflect transistor
(nFinFET), referred to as PG-2. The source of the first
pass-gate PG-1 1s electrically connected to the first data node
and the source of the first pass-gate PG-2 1s electrically
connected to the second data node, forming a port for data
access. Furthermore, the drain of PG-1 1s electrically con-
nected to a bit line (“BL”), and the gate of PG-1 1s electri-
cally connected to a word line (“WL”). Similarly, the drain
of PG-2 1s electrically connected to a bit line bar (“BLB”),
and the gate of PG-2 1s electrically connected to the word
line WL.

In one embodiment, the various nFinFETs and pFinFETs
are Tormed using high-k/metal gate technology so the gate
stacks includes a high-k dielectric matenial layer for gate
dielectric and one or more metals for gate electrode. The
SRAM cell 170 may include additional devices, such as
additional pull-down devices and pass-gate devices. In one
example, each of the first and second inverters includes
multiple pull-down devices formed on multiple fin active
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regions and configured in parallel. The multiple pull-down
devices 1n parallel are configured such that the drains are
connected together, the sources are connected together to the
complimentary 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.

In yet another example, the cell 170 include an additional
port having two or more pass-gate devices for additional
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 1n parallel. In another example, 11 a pull-up device
may implement the fin active region having the larger
spacing D2 from the adjacent fin active regions and the
second type of contacts. In another embodiments, a contact
1s 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 136¢, 136d and 136¢.

In various embodiments, the disclosed SRAM device
addresses various 1ssues 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 1s 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 1s a silicon epitaxy feature. In yet another
embodiment, the two merged epitaxy features are two sili-
con epitaxy features. A silicide 1s formed on the two merged
s1licon epitaxy features so that the corresponding sources or
drains are electrically connected together.

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

What 1s claimed 1s:

1. A device comprising:

a first fin Jactive region], a second fin [active region], and
a third fin Jactive region] extending from a [semicon-
ductor] substrate, wherein the [first and second fin
active regions are spaced apart from each other] first fir:
is spaced away from the second fin by a first distance
and [the second and third fin active regions are spaced
apart from each other] the second fin is spaced away
from the third fin by a second distance, wherein the
second distance is [different] greater than the first
distance, wherein the first fin includes a first source
region and a first drvain vegion, the second fin includes
a second source vegion and a second drain region, and
the third fin includes a third source region and a thivd
drain region;
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[a plurality of fin field-effect transistors (FinFETs) formed
on at least one of the first, second, and third fin active
regions;]

a gate structure wrapping the first fin, the second fin, and

d the thivd fin, such that the gate structure traverses the
first source region and the first drain vegion of the first
fin, the second source rvegion and the second drain
region of the second fin, and the third source region and

the third drain region of the thirvd fin;

10 first epitaxy features disposed on the first source vegion
and the first drain vegion of the first fin, second epitaxy
Jeatures disposed on the second source rvegion and the
second drain vegion of the second fin, and third epitaxy

5 Jeatures disposed on the third source vegion and the

third drain region of the thivd fin, wherein the second
epitaxy feature disposed on the second source vegion is
merged with the first epitaxy feature disposed on the
first source region, and further wherein the second
20 epitaxy feature disposed on the second source region is
not merged with the thivd epitaxy feature disposed on
the third source region;

a first contact disposed on [the first and second fin active
regions]| a portion of the first epitaxy feature and a

25 portion of the second epitaxy feature disposed vespec-

tively on the first source region of the first fin and the
second source region of the second fin, such that the
first contact couples the first source region of the first
fin and the second source region of the second fin to a

30 first voltage line; [and]

a second contact disposed on a portion of the thivd epitaxy
Jeature disposed on the thivd source region of the third
fin, such that the second contact couples the third
source region of the third fin [active region] to a second

35 voltage line; and

a first isolation feature disposed between the first fin and
the second fin and a second isolation feature disposed
between the second fin and the third fin, wherein:
the first, second, and thivd fins are vecessed, such that

40 top surfaces of the first, second, and thivd fins are

lower than top surfaces of the first and second
isolation features, and

the first, second, and third epitaxy features ave disposed
respectively over the top surfaces of the first, second,

45 and third fins, such that a portion of the second

epitaxy features is disposed between the first isola-
tion feature and the second isolation feature.

2. The device of claim 1, further comprising a fourth fin

[active region] extending from the [semiconductor] sub-

50 strate, wherein the [third and] fourth fin [active regions are
spaced way from each other] is spaced away from the thivd
fin by the second distance.

[3. The device of claim 1, wherein the second distance is

greater than the first distance.}

55 4. The device of claim 1, wherein [at least one of the first
and second fin active regions includes an epitaxy feature
formed thereon] the second epitaxy feature disposed on the
second drain rvegion is merged with the first epitaxy feature
disposed on the first drain vegion and is not merged with the

60 third epitaxy feature disposed on the thivd drain region, the
device further comprising:

a thivd contact disposed on a portion of the first epitaxy
feature and a portion of the second epitaxy feature
disposed vespectively on the first dvain region and the

65 second drain region, such that the thivd contact couples

the first drain region of the first fin and the second drain
region of the second fin.
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5. The device of claim [4] I, wherein the first epitaxy
[feature includes at least one of silicon germanium and
silicon carbide] features and the second epitaxy features
include a first material, and the thivd epitaxy features
include a second material that is different than the first
material.

[6. The device of claim 1, wherein the first contact
physically contacts the first and second fin active regions.]

[7. The device of claim 1, wherein the plurality of
FinFETs include:

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

a second inverter mncluding 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, and

wherein the PD-1 and PD-2 are formed on the first and
second fin active regions, respectively.]

[8. A device comprising:

a first fin active region, a second {in active region, and a
third fin active region extending from a semiconductor
substrate;

a first 1solation element extending a first distance from the
first fin active region to the second fin active region;

a second 1solation element extending a second distance
from the second fin active region to the third fin active
region, wherein the second distance 1s different than the
first distance;

a plurality of fin field-eflect transistors (FinFETs) formed
on at least one of the first, second, and third fin active
regions;

a first contact disposed on the first and second fin active
regions; and

a second contact disposed on the third fin active region.]

[9. The device of claim 8, wherein the first and second fin
active regions have a first silicon epitaxy feature and a
second silicon epitaxy feature, respectively.]

[10. The device of claim 9, further comprising a silicide
feature formed on the first and second silicon epitaxy
features.]

[11. The device of claim 8, further comprising a fourth fin
active region extending from the semiconductor substrate;
and

a third 1solation element extending the second distance
from the third fin active region to the fourth fin active
region. ]

[12. The device of claim 11, wherein the second contact

is not electrically coupled to the fourth fin active region.]

[13. The device of claim 8, wherein the plurality of
FinFETs includes:

a first pull-up device and a second pull-up device;

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.}

14. The device of claim 1, wherein the first contact is

disposed between the first fin and the second fin, such that

the first contact is disposed on an interface between the first
epitaxy feature disposed on the first source region of the first
fin and the second epitaxy feature disposed on the second
source region of the second fin.

16

15. The device of claim 1, wherein the first contact spans
the first distance between the first fin and the second fin and
extends beyond outermost sidewalls of the first fin and the
second fin.

d 16. The device of claim 1, wherein the first contact spans
the first distance between the first fin and the second fin and
does not extend beyond outermost sidewalls of the first fin
and the second fin.

17. The device of claim 1, wherein the first, second, and
thivd fins are vespectively a portion of a first, a second, and
a third fin field-effect transistors (FinFETs).

18. The device of claim I, wherein the gate structure
includes a gate dielectric laver and a gate electrode dis-
posed on the gate dielectric layer.

19. The device of claim 18, wherein the gate dielectric
laver includes at least one high-k dielectric material layer.

20. The device of claim 18, wherein the gate electrode
includes metal.

21. The device of claim 20, wherein the gate electrode
includes aluminum, copper, tungsten, or a combination

thereof.

22. The device of claim 18, wherein the first, second, and
thivd fins orviented in a first divection and the gate structure
oriented in a second direction substantially perpendicular to
the first divection.

23. The device of claim 17, wherein the first, second, and
thivd fin field-effect transistors (FinFE1s) are a portion of a
SRAM cell.

24. The device of claim 23, wherein at least one of the
first, second, and third fin field-effect transistors (FinFE15)
is a pull-down transistor of the SRAM cell.

25. The device of claim 23, wherein at least one of the
15 Jirst, second, and third fin field-effect transistors (Finl'E1s)
is a pass gate transistor of the SRAM cell.

26. The device of claim 23, wherein at least one of the
first, second, and thivd fin field-effect transistors (FinFE15)
is a pull-up transistor of the SRAM cell.

27. The device of claim 23, wherein the first and second
fin field-effect transistors (FinFETs) arve pull-down transis-
tors of the SRAM cell.

28. The device of claim 23, wherein the first and second

fin field-effect transistors (FinFE1s) arve pass gate transis-
45 tors of the SRAM cell.

29. The device of claim I, wherein the first contact is
disposed directly adjacent to the second contact.

30. The device of claim 29, wherein the first, second, and
thivd fins extend along a first divection, and the first and

50 second contacts extend along a second divection that is
substantially perpendicular to the first divection.

31. The device of claim 29, wherein a width of the first,
second, and thivd fins is along the second divection, and
further wherein the first contact extends bevond the first fin

55 and the second fin along the second divection.

32. The device of claim 29, wherein the first contact does
not overlap the first fin and the second fin.

33. The device of claim 1, wherein theve is no fin between
the first and the second fins along an entive length of the first
and the second fins, and there is no fin between the second
and the third fins along an entire length of the second and
third fins.

34. The device of claim 1, whervein a dimension of the first
contact is greater than a dimension of the second contact.

35. The device of claim 1, whervein a dimension of the first
contact and a dimension of the second contact ave substan-
tially the same.
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36. The device of claim 1, wherein the substrate includes
silicon, germanium, silicon germanium, or a combination

thereof.

37. The device of claim 36, wherein the substrate further
includes a dielectric layer.

38. The device of claim 37, wherein the dielectric layer
includes silicon oxide.

39. The device of claim 37, wherein the substrate further
includes a semiconductor on insulator (SOI) laver formed
on the dielectric layer.

40. The device of claim 1, further comprising a shallow
trench isolation (ST1) laver formed on the substrate, wherein
the first, second, and third fins ave in the STI layer.

41. The device of claim 40, further comprising an inter-
laver dielectric (ILD) layer over the STI layer, wherein the
first and second contacts arve in the ILD layer.

42. The device of claim 41, wherein the ILD layer includes
silicon dioxide, silicon nitride, silicon oxynitride, polvimide,
spin-on glass (SOG), fluoride-doped silicate glass (FSG),
carbon doped silicon oxide, Black Diamond® (Applied
Materials of Santa Clara, Calil.), Xerogel, Aerogel, amor-
phous fluovinated carbon, Parylene, BCB (bis-benzocy-
clobutenes), SiLK (Dow Chemical, Midland, Mich.), or a
combination thereof.

43. The device of claim 1, wherein at least one of the first
and second contacts includes tungsten, aluminum, copper,
titanium, nickel, cobalt, platinum, palladium tungsten, tan-
talum, erbium, or a combination thereof.

44. The device of claim 1, further comprising a barrier
laver formed on sidewalls of at least one of the first and
second contacts.

45. The device of claim 44, wherein the barvier layer
includes titanium nitride.

46. The device of claim 1, further comprising a silicide
feature disposed between the first contact and the first
epitaxy feature and the second epitaxy feature.

47. The device of claim 46, wherein the silicide feature
includes titanium, cobalt, nickel, molybdenum, platinum, or
a combination thereof.

48. A device comprising:

a first fin of a first fin field effect transistor (FinFET), a
second fin of a second FinFET a third fin of a thivd
FinFET a fourth fin of a fourth FinFET wherein the
first, second, third, and fourth fins ave oviented sub-
stantially parallel to one another, the first fin and the
second fin are separated by a first distance, the thivd fin
and the fourth fin ave separated by a second distance
that is greater than the first distance, the first FinFET
and the second FinFET are first tvype FinFE1s, the thivd
FinFETs and the fourth FinFETs are second type
FinFE1s, and the first type is opposite the second type;

a single gate structuve that traverses the first, second,
thivd, and fourth fins, such that the gate structuve wraps
a first portion respectively of the first, second, thivd,
and fourth fins;

a first epitaxy feature disposed on a second portion of the
first fin, a second epitaxy feature disposed on a second
portion of the second fin, a thivd epitaxy feature dis-
posed on a second portion of the thivd fin, and a fourth
epitaxy feature disposed on a second portion of the
Jourth fin, wherein the first epitaxy feature is merged
with the second epitaxy feature and the third epitaxy
Jeature is not mevged with the fourth epitaxy feature;

a first contact disposed on the first epitaxy feature and the
second epitaxy feature, wherein the first contact spans
the first distance between the first fin and the second fin;
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a second contact disposed on the thivd epitaxy feature and
the fourth epitaxy feature, wherein the second contact
spans the second distance between the third fin and the

Jourth fin.

d 49. The device of claim 48, wherein the second fin is

separated from the third fin by the second distance.

50. The device of claim 48, wherein the first epitaxy
feature and the second epitaxy feature include silicon or
silicon carbide, and the thivd epitaxy feature and the fourth
epitaxy feature include silicon germanium.

51. The device of claim 48, whervein the first epitaxy
feature and the second epitaxy feature include silicon ger-
manium, and the third epitaxy feature and the fourth epitaxy
Jfeature include silicon or silicon carbide.

52. The device of claim 48, wherein the first tvpe FinFE1s
are n-type FinFE1s and the second type FinFE1s arve p-type
FinFETs.

53. The device of claim 52, further comprising a substrate
that includes an n-well region and a p-well region, wherein
the n-type FinFE1s arve disposed over the p-well vegion and
the p-type finFE1s are disposed over the n-well region.

54. The device of claim 48, wherein the first tvpe FinFETs
are p-type FinFETs and the second tvpe FinFETs are n-type
FinFETs.

55. The device of claim 54, further comprising a substrate
that includes an n-well vegion and a p-well vegion, wherein
the p-type FinFE1s arve disposed over the n-well vegion and
the n-type finFE1s are disposed over the p-well region.

56. The device of claim 48, wherein the second portions
of the first, second, third, and fourth fins are source regions
vespectively of the first, second, third, and fourth FinFET5.

57. The device of claim 48, wherein the second portions
of the first, second, thivd, and fourth fins are drain regions
respectively of the first, second, third, and fourth FinFET5.

58. The device of claim 48, wherein the gate structure
includes a high-k gate dielectric and a metal gate electrode.

59. The device of claim 48, wherein the gate structure
includes a gate dielectric and a gate electrode disposed on
the gate dielectric.

60. The device of claim 59, wherein the gate dielectric
includes at least one high-k dielectric layer.

61. The device of claim 59, wherein at least one of the
first, second, third, and fourth epitaxy features includes a top
surface higher than the gate dielectric.

62. The device of claim 359, wherein the gate electrode
includes metal.

63. The device of claim 62, wherein the gate electrode
includes aluminum, copper, tungsten, or a combination

thereof.

64. The device of claim 48, wherein the first, second, thivd,
and fourth fins arve oriented in a first direction and the gate
structure is oriented in a second divection substantially
perpendicular to the first divection.

65. The device of claim 48, wherein the gate structure is
not formed over a source region of the first, second, thivd,
and fourth fins.

66. The device of claim 48, wherein the gate structuve is
60 not formed over a drain region of the first, second, third, and

Jourth fins.
67. The device of claim 48, wherein the first, second, thivd,
and fourth Fin'E1s arve a portion of a SRAM cell.
68. The device of claim 67, wherein the first and second
65 FinFLE1Ts are pull-down transistors of the SRAM cell, and the
third and fourth FinFE1s ave pull-up transistors of the
SRAM cell.
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69. The device of claim 67, wherein at least one of the
first, second, thivd, and fourth FinFETs is a pass gate
transistor of the SRAM cell.

70. The device of claim 67, wherein the first and second
FinFETs ave pull-up transistors of the SRAM cell, and the
third and fourth FinFE1s ave pull-down transistors of the
SRAM cell.

71. The device of claim 67, wherein both the first and
second fin field-effect transistors (FinFLE1s) are pull-down
transistors of the SRAM cell.

72. The device of claim 67, whervein both the first and
second fin field-effect transistors (FinFETs) arve pass gate
transistors of the SRAM cell.

73. The device of claim 67, whervein both the first and
second fin field-effect tramsistors (FinFEIs) are pull-up
transistors of the SRAM cell.

74. The device of claim 48, wherein the first contact is
coupled to a first metal line and the second contact is
coupled to a second metal line.

75. The device of claim 74, wherein the first metal line is
a first power line and the second metal line is a second
power line.

76. The device of claim 75, wherein the first power line
and the second power line are complementary power lines.

77. The device of claim 48, wherein a distance between
the thivd epitaxy feature and the fourth epitaxy feature is less
than the second distance.

78. The device of claim 48, wherein the second epitaxy
feature is spaced away from the third epitaxy feature,
wherein a distance between the second and the third epitaxy
Jfeatures is less than a distance between the second and the

third fins.

79. The device of claim 48, wherein at least one of the
first, second, thivd, and fourth epitaxy features includes a top
portion having multiple surfaces for coupling with the first
contact or the second contact.

80. The device of claim 48, wherein at least one of the
first, second, thivd, and fourth epitaxy features includes a
diamond shaped top portion.

81. The device of claim 48, wherein a dimension of the

second contact is greater than a dimension of the first
contaci.

82. The device of claim 48, wherein theve is no fin between
the first and the second fins along an entive length of the first
and the second fins.

83. The device of claim 48, wherein a dimension of the
first comtact is greater than a dimension of the second
contact.

84. The device of claim 48, wherein a dimension of the
first contact and a dimension of the second contact are
substantially the same.

83. The device of claim 48, further comprising a substrate
that includes silicon, germanium, silicon germanium, or a
combination thereof, wherein the first, second, third, and
fourth fins are disposed over the substrate.

86. The device of claim 85, wherein the substrate further
includes a dielectric layer.

87. The device of claim 86, wherein the dielectric layer
includes silicon oxide.

88. The device of claim 86, wherein the substrate further
includes a semiconductor on insulator (SOI) laver formed
on the dielectric layer.

89. The device of claim 48, further comprising shallow
trench isolation (STI) laver disposed between the first,

second, third, and fourth fins.
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90. The device of claim 89, further comprising an inter-
laver dielectric (ILD) layer over the STI layer, wherein the
first and second contacts ave in the ILD layer.

91. The device of claim 90, wherein the ILD layer includes
silicon dioxide, silicon nitride, silicon oxynitride, polyvimide,
spin-on glass (SOG), fluoride-doped silicate glass (FSG),
carbon doped silicon oxide, Black Diamond® (Applied
Materials of Santa Clara, Calil.), Xerogel, Aerogel, amor-
phous fluovinated carbon, Parylene, BCB (bis-benzocy-
clobutenes), SILK (Dow Chemical, Midland, Mich.), or a
combination thereof.

92. The device of claim 48, wherein at least one of the first
and second contacts includes tungsten, aluminum, copper,
titanium, nickel, cobalt, platinum, palladium tungsten, tan-
talum, erbium, or a combination thereof.

93. The device of claim 48, further comprising a barrier
layver formed on sidewalls of at least one of the first and
second contacts.

94. The device of claim 93, wherein the barrier layer
includes titanium nitride.

95. The device of claim 48, further comprising a silicide
Jeature disposed between the first contact and the first and
second epitaxy featurves and the second contact and the third
and fourth epitaxy features.

96. The device of claim 95, wherein the silicide feature
includes titanium, cobalt, nickel, molybdenum, platinum, or
a combination thereof.

97. The device of claim 48, wherein the second fin and the
thivd fin ave separated by a thivd distance that is the same as
the second distance.

98. The device of claim 48, wherein the second fin and the
thivd fin are separated by a third distance that is greater than
the first distance.

99. The device of claim 48, wherein theve is no fin between
the third and the fourth fins along an entive length of the
thivrd and the fourth fins.

100. The device of claim 48, further comprising:

a fifth fin of a fifth FinFET wherein the fifth fin is oviented
substantially parallel to the first, second, third, and
Jourth fins, the fifth fin and the fourth fin are separated
by a thivd distance, and the fifth FinFET is the second
tvpe FinF'ET, and further wherein the gate structure
traverses the fifth fin, such that the gate structure
further wraps a first portion of the fifth fin; and

a fifth epitaxy feature disposed on a second portion of the
fifth fin, wherein the fifth fin is not merged with the
Jourth epitaxy feature and the thivd epitaxy feature,
wherein the second contact is disposed over the fifth
epitaxy feature, and further wherein the second contact
spans the third distance between the fourth fin and the

fifth fin.
101. The device of claim 100, wherein the thivd distance

is substantially the same as the second distance.

102. The device of claim 100, wherein the third distance
is substantially the same as the first distance.

103. The device of claim 100, wherein the first tvpe
FinFETs are n-type FinFETs disposed over a p-well region
of a substrate and the second type FinFE1s are p-type
FinFETs disposed over an n-well vegion of the substrate.

104. The device of claim 100, wherein the first type
FinFE1s arve p-type FinFETs disposed over an n-well vegion
of a substrate and the second type FinFLE1Is are n-type
FinFE1s disposed over a p-well vegion of the substrate.

105. The device of claim 100, wherein the second portions

of the first, second, third, fourth, and fifth fins are source
regions rvespectively of the first, second, thivd, fourth, and

fifth FinFETs.
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106. The device of claim 100, wherein the second portions
of the first, second, third, fourth, and fifth fins arve drain
regions rvespectively of the first, second, thivd, fourth, and

fifth FinFETs.

107. The device of claim 100, wherein the first, second,
third, fourth, and fifth FinEFE1s ave a portion of a SRAM cell.

108. The device of claim 107, wherein the fifth FinFET is
a pull-down transistor of the SRAM cell.

109. The device of claim 107, wherein the fifth Fin'ET is
a pass gate transistor of the SRAM cell.

110. The device of claim 107, whevrein the fifth FinF'ET is
a pull-up transistor of the SRAM cell.

111. The device of claim 107, wherein the first and second
FinFE1s ave pull-up transistors of the SRAM cell and the

10

thivd, fourth, and fifth FinFETs ave pull-down transistors of 13

the SRAM cell.

112. The device of claim 107, wherein the first and second
FinFE1s are pull-down transistors of the SRAM cell and the
third, fourth, and fifth FinFE1s are pull-up transistors of the
SRAM cell.

113. The device of claim 100, wherein there is no fin
between the fourth and the fifth fins along an entive length
of the fourth and the fifth fins.

114. A device comprising:

a first fin and a second fin separated by a first spacing;

a thivd fin, a fourth fin, and a fifth fin separated by a

second spacing, whervein the fourth fin is disposed
between the thivd fin and the fifth fin, and further
wherein the second spacing is greater than the first
spacing;

a first contact disposed over the first fin and the second fin,

wherein the first contact spans the first spacing, a width

of the first fin, and a width of the second fin, such that

the first contact extends beyvond outermost sidewalls of

the first fin and the second fin;

a second contact disposed over the third fin, the fourth fin,
and the fifth fin, whervein the second contact spans the
second spacing between the thivd fin and the fourth fin,
the second spacing between the fourth fin and the fifth
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a single gate structuve that traverses the first, second,
thivd, fourth, and fifth fins.
115. The device of claim 114, further comprising:

a first isolation feature separating the first fin and the
second fin, wherein top surfaces of the first fin and the
second fin ave lower than a top surface of the first
isolation feature;

a second isolation feature separating the third fin and the
Jourth fin, wherein top surfaces of the thivd fin and the
fourth fin are lower than a top surface of the second
isolation feature; and

a third isolation feature separating the fourth fin and the
fifth fin, wherein top surfaces of the fourth fin and the
fifth fin are lower than a top surface of the third
isolation feature.

116. The device of claim 115, further comprising:

a first epitaxy feature disposed on a portion the first fin,
a second epitaxy feature disposed on a portion of the
second fin, a thivd epitaxy feature disposed on a portion
of the third fin, a fourth epitaxy feature disposed on a
portion of the fourth fin, and a fifth epitaxy feature
disposed on a portion of the fifth fin;

wherein top surfaces of the first and second epitaxy
Jeatures ave higher than the top surface of the first
isolation feature, top surfaces of the thivd and fourth
epitaxy features ave higher than the top surface of the
second isolation feature, and top surfaces of the fourth
and fifth epitaxy features are higher than the top
surface of the thivd isolation feature;

wherein the first contact is disposed on the first and the
second epitaxy features; and

wherein the second contact is disposed on the third,
Jourth, and fifth epitaxy features.

117. The device of claim 116, wherein the first epitaxy

35 feature merges with the second epitaxy feature over the first

fin, and a width of the fourth fin, such that the second Y

contact does not extend beyond outermost sidewalls of

the thivd fin and the fifth fin; and

isolation feature, the thivd epitaxy featuve does not merge
with the fourth epitaxy feature, and the fourth epitaxy feature
does not merge with the fifth epitaxy feature.

118. The device of claim 117, wherein the first contact

contacts a merged portion of the first epitaxy feature and the
second epitaxy feature.
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