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(57) ABSTRACT

A semiconductor device including at least one fin disposed
on a surface of a semiconductor substrate is provided. The
fin includes a main portion extending along a first direction,
and at least one secondary portion extending outward from
the main portion along a second direction not collinear with
the first direction.
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Fig. 1
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Fig. 3
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FINFET SEMICONDUCTOR DEVICE
HAVING FINS WITH STRONGER
STRUCTURAL STRENGTH

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This case is a Continuation Application of U.S.
application Ser. No. 14/686,746 filed Apr. 14, 2015, the
subject matter of which is incorporated herein by reference
in entirety.

BACKGROUND

[0002] The semiconductor integrated circuit (IC) industry
has experienced exponential growth. Technological
advances in IC materials and design have produced genera-
tions of ICs where each generation has smaller and more
complex circuits than the previous generation. In the course
of IC evolution, functional density (i.e., the number of
interconnected devices per chip area) has generally
increased while geometry size (i.e., the smallest component
(or line) that can be created using a fabrication process) has
decreased. This scaling down process generally provides
benefits by increasing production efficiency and lowering
associated costs.

[0003] Such scaling down has also increased the complex-
ity of processing and manufacturing ICs and, for these
advances to be realized, similar developments in IC pro-
cessing and manufacturing are needed. For example, a three
dimensional transistor, such as a fin-like field-effect transis-
tor (FinFET), has been introduced to replace a planar
transistor. The fin transistor has a channel (referred to as a fin
channel) associated with a top surface and opposite side-
walls. The fin channel has a total channel width defined by
the top surface and the opposite sidewalls. Although existing
FinFET devices and methods of fabricating FinFET devices
have been generally adequate for their intended purposes,
they have not been entirely satisfactory in all respects. For
example, as the devices become smaller the thickness of fins
decreases and the fins become more fragile and can break.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features may not be drawn to scale. In fact, the dimensions
of the various features may be arbitrarily increased or
reduced for clarity of discussion.

[0005] FIG. 1 is an isometric view of an embodiment of
the disclosure having a single cross shape.

[0006] FIG. 2A is a plan view of the embodiment of the
disclosure having a single cross shape.

[0007] FIG. 2B is a plan view of another embodiment of
the disclosure having a T shape.

[0008] FIG. 2C is a plan view of another embodiment of
the disclosure.

[0009] FIG. 2D is a plan view of another embodiment of
the disclosure.

[0010] FIG. 3 is an isometric view of another embodiment
of the disclosure having a dual cross shape.

[0011] FIG. 4A is a plan view of the embodiment of the
disclosure having a dual cross shape.
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[0012] FIG. 4B is a plan view of another embodiment of
the disclosure having an H shape.

[0013] FIG. 4C is a plan view of another embodiment of
the disclosure.

[0014] FIG. 4D is a plan view of another embodiment of
the disclosure.

[0015] FIG. 4E is a plan view of another embodiment of
the disclosure.

[0016] FIG. 4F is a plan view of another embodiment of
the disclosure.

[0017] FIG. 4G is a plan view of another embodiment of
the disclosure.

[0018] FIG. 5 is an isometric view of a FINFET having a
dual cross shaped fin according to an embodiment of the
disclosure.

[0019] FIG. 6A is an isometric view of single cross shaped
fin showing stress in the fin according to an embodiment of
the disclosure.

[0020] FIG. 6B is a cross section view of single cross
shaped fin showing stress in the fin.

[0021] FIG. 6C is an isometric view of dual cross shaped
fin showing stress in the fin according to an embodiment of
the disclosure.

[0022] FIG. 6D is a cross section view of the dual cross
shaped fin showing stress in the fin.

[0023] FIG. 6E is an isometric view of a conventional fin
showing stress in the fin.

[0024] FIG. 6F is a cross section view of a conventional
fin showing stress in the fin.

[0025] FIG. 7A is a plan view of another embodiment of
the disclosure having two fins and single cross shape.
[0026] FIG. 7B is a plan view of another embodiment of
the disclosure having two fins.

[0027] FIG. 7C is a plan view of another embodiment of
the disclosure having two fins.

[0028] FIG. 7D is a plan view of another embodiment of
the disclosure having two fins and a C shape.

[0029] FIG. 7E is a plan view of another embodiment of
the disclosure having two fins.

[0030] FIG. 7F is a plan view of another embodiment of
the disclosure having two fins.

[0031] FIG. 7G is a plan view of another embodiment of
the disclosure having two fins.

[0032] FIG. 7H is a plan view of another embodiment of
the disclosure having two fins.

[0033] FIG. 8A is a plan view of another embodiment of
the disclosure having two fins and a dual cross shape.
[0034] FIG. 8B is a plan view of another embodiment of
the disclosure having two fins.

[0035] FIG. 8C is a plan view of another embodiment of
the disclosure having two fins.

[0036] FIG. 8D is a plan view of another embodiment of
the disclosure having two fins.

[0037] FIG. 8E is a plan view of another embodiment of
the disclosure having two fins.

[0038] FIG. 8F is a plan view of another embodiment of
the disclosure having two fins.

[0039] FIG. 8G is a plan view of another embodiment of
the disclosure having two fins.

[0040] FIG. 8H is a plan view of another embodiment of
the disclosure having two fins.

[0041] FIG. 81 is a plan view of another embodiment of
the disclosure having two fins.
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[0042] FIG. 8] is a plan view of another embodiment of
the disclosure having two fins.
[0043] FIG. 8K is a plan view of another embodiment of
the disclosure having two fins.
[0044] FIG. 8L is a plan view of another embodiment of
the disclosure having two fins.
[0045] FIG. 9 is a flowchart of a method according to an
embodiment of the disclosure.

DETAILED DESCRIPTION

[0046] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the invention. 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. For example, the formation of a
first feature over or on a second feature in the description
that follows may include embodiments in which the first and
second features are formed in direct contact, and may also
include embodiments in which additional features may be
formed between the first and second features, such that the
first and second features may not be in direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters in the various examples. This repetition is
for the purpose of simplicity and clarity and does not in itself
dictate a relationship between the various embodiments
and/or configurations discussed.

[0047] Examples of devices that can benefit from one or
more embodiments of the present disclosure are semicon-
ductor devices. Such a device, for example, is a FinFET
device. The FinFET device, for example, may be a comple-
mentary metal-oxide-semiconductor (CMOS) device com-
prising a P-type metal-oxide-semiconductor (PMOS) Fin-
FET device and an N-type metal-oxide-semiconductor
(NMOS) FinFET device. The following disclosure will
include a FinFET example to illustrate various embodiments
of the present application. It is understood, however, that the
application should not be limited to a particular type of
device, except as specifically claimed.

[0048] As shown in FIGS. 1-8L, fins and semiconductor
devices according to various embodiments of the disclosure
are described below. The semiconductor devices according
to these embodiments are FinFETs.

[0049] According to an embodiment of the disclosure,
FinFETs are formed with fins having portions extending
outward from the main surface of the fin. An embodiment of
a fin 12 with an extending portion 20 is illustrated in FIG.
1. The embodiment illustrated is a single cross shape fin 12
with a main portion 18 extending in a first direction Y having
a middle region 14 between and two opposing end regions
16 at each end of the fin 12. At one end region 16, a
secondary portion 20 intersects the main portion 18 and
extends away from opposing main sides of the fin 12 in a
second direction X. The secondary portions 20 are not
collinear with the main portion 18. In some embodiments,
the second direction X is substantially perpendicular to the
first direction Y.

[0050] Embodiments of the fin 12 are shown in plan view
in FIGS. 2A-2D. The secondary portion 20 may intersect the
main portion 18 of the fin in the end regions 16. The
secondary portion 20 may intersect the main portion 18 of
the fin near the end of the main portion 18 forming a cross
shape, as shown in FI1G. 2A, or at the end of the main portion
18 forming a T-shape, as shown in FIG. 2B. Alternatively,
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the secondary portion 20 may extend outward from one side
of the main portion 18 in the end regions 16, as shown in
FIGS. 2C and 2D.

[0051] The fin may have a plurality of secondary portions
extending outward from the main portion, as shown in FIG.
3. The embodiment illustrated is a dual cross shape fin 38
having two secondary portions 20 intersecting the main
portion 18. In this embodiment, a secondary portion 20
intersecting the main portion 18 is formed at each end region
16 of the fin 12. Each secondary portion 20 may extend in
a direction X substantially perpendicular to the direction Y
in which the main portion 18 of the fin extends.

[0052] Embodiments of the fin 38 are shown in plan view
in FIGS. 4A-4G. The secondary portion 20 may intersect the
main portion 18 of the fin at the end regions 16. The
secondary portions 20 may intersect the main portion 18 of
the fin near the end of the main portion, as shown in FIG.
4A, or at the end of the main portion 18 forming an H-shape,
as shown in FIG. 4B. Alternatively, the secondary portions
20 may extend outward from one side of the main portion 18
in the end regions 16, as shown in FIGS. 4C and 4D. As
shown in FIGS. 4E, 4F, and 4G, the secondary portions 20
may also extend from opposing sides of the main portion 18.

[0053] An embodiment of a semiconductor device 40 with
the dual cross shape fin is shown in FIG. 5. A gate structure
22 is formed over the middle region 14 of the fin. The gate
structure includes a gate dielectric layer 26 formed overlying
the middle region 14 of the fin. A gate electrode 24 is formed
overlying the gate dielectric layer 26, and sidewall spacers
28 are formed on main surfaces of the gate electrode. Source
30 and drain 32 regions are formed overlying the secondary
portions 20 of the fin at the end regions of 16 of the fin. In
some embodiments a strain layer 34, such as a SiC layer (for
an NMOS) or a SiGe layer (for a PMOS) is formed over-
lying the source/drain regions 30, 32. In some embodiments,
an insulating layer 36 is formed on a semiconductor sub-
strate 44 at the lower regions of the fin. The insulating layer
36 can be a shallow trench isolation region.

[0054] The fins 12, 38 according to the present disclosure
are formed on a semiconductor substrate 44. In one embodi-
ment, the semiconductor substrate 44 is a silicon substrate.
Alternatively, the semiconductor substrate may include ger-
manium, silicon germanium, gallium arsenide or other
appropriate semiconductor materials. Also alternatively, the
semiconductor substrate may include an epitaxial layer. For
example, the semiconductor substrate may have an epitaxial
layer overlying a bulk semiconductor. Further, the semicon-
ductor substrate may be strained for performance enhance-
ment. For example, the epitaxial layer may include a semi-
conductor material different from that of the bulk
semiconductor, such as a layer of silicon germanium over-
lying bulk silicon or a layer of silicon overlying bulk silicon
germanium. Such strained substrates may be formed by
selective epitaxial growth (SEG). Furthermore, the semicon-
ductor substrate may include a semiconductor-on-insulator
(SOI) structure. Also alternatively, the semiconductor sub-
strate may include a buried dielectric layer, such as a buried
oxide (BOX) layer, such as that formed by separation by
implantation of oxygen (SIMOX) technology, wafer bond-
ing, SEG, or other appropriate method. In other embodi-
ments, the substrate may comprise a compound semicon-
ductor including IV-IV compound semiconductors such as
SiC and SiGe, III-v compound semiconductors such as
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GaAs, GaP, GaN, InP, InAs, InSb, GaAsP, AlGaN, AllnAs,
AlGaAs, GalnAs, GalnP, and/or GalnAsP; or combinations
thereof.

[0055] The fin is disposed over the semiconductor sub-
strate and the fin may be made of the same material as the
semiconductor substrate and may continuously extend from
the semiconductor substrate. The fins may be formed by
selectively etching the semiconductor substrate. Alterna-
tively, the fins may be formed using an EPI first method. In
the EPI first methods, an epitaxial layer is formed on the
semiconductor substrate, and then the epitaxial layer is
subsequently patterned to form fins.

[0056] A photolithography process can be used to define
fins on the semiconductor substrate. In some embodiments,
a hard mask layer is formed on the semiconductor substrate.
The hard mask layer may comprise a bilayer of SiN and
Si0,. A photoresist layer is spin-on coated on semiconductor
substrate. The photoresist is patterned by selective exposure
of'the photoresist to actinic radiation. Generally, a patterning
process may include photoresist coating (e.g., spin-on coat-
ing), soft baking, mask aligning, exposing, post-exposure
baking, developing the photoresist, rinsing, drying (e.g.,
hard baking), other suitable processes, or combinations
thereof. Alternatively, the photolithography exposing pro-
cess is implemented or replaced by other proper methods
such as maskless photolithography, electron-beam writing,
direct-writing, and/or ion-beam writing.

[0057] The pattern of the photoresist layer is subsequently
transferred into the hard mask layer by etching the exposed
area of the hard mask layer. The hard mask layer is subse-
quently used as a mask during etching of the semiconductor
substrate. The semiconductor substrate may be etched by
various methods, including a dry etch, a wet etch, or a
combination of dry etch and wet etch. The dry etching
process may implement fluorine-containing gas (e.g., CF,,
SF,, CH,F,, CHF;, and/or C,Fy), chlorine-containing gas
(e.g., Cl,, CHCl;, CCl,, and/or BCl;), bromine-containing
gas (e.g., HBr and/or CHBr,), oxygen-containing gas,
iodine-containing gas, other suitable gases and/or plasmas,
or combinations thereof. The etching process may include a
multiple-step etching to gain etch selectivity, flexibility and
desired etch profile.

[0058] Referring to FIG. 5, a semiconductor device 40
according to an embodiment of the disclosure includes an
insulating material 36 formed over the semiconductor sub-
strate 44 along lower portions of the fin. The insulating
material may be deposited when forming shallow trench
isolation (STI) regions between a plurality of fins in embodi-
ments comprising a plurality of fins. The STI regions may
comprise silicon oxide, silicon nitride, silicon oxynitride,
other suitable materials, and combinations thereof. STI
regions may be formed by any suitable process. As one
embodiment, the STI regions are formed by filling the region
between fins with one or more dielectric materials by using
a chemical vapor deposition (CVD). In some embodiments,
the filled region may have a multi-layer structure such as a
thermal oxide liner layer filled with silicon nitride or silicon
oxide. An annealing process may be performed after the
formation of the STI region. The annealing process includes
rapid thermal annealing (RTA), laser annealing processes, or
other suitable annealing processes.

[0059] In some embodiments, the STI regions are formed
using flowable CVD. In the flowable CVD, flowable dielec-
tric materials instead of silicon oxide are deposited. Flow-
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able dielectric materials, as their name suggest, can “flow”
during deposition to fill gaps or spaces with a high aspect
ratio. Usually, various chemistries are added to silicon-
containing precursors to allow the deposited film to flow. In
some embodiments, nitrogen hydride bonds are added.
Examples of flowable dielectric precursors, particularly
flowable silicon oxide precursors, include a silicate, a silox-
ane, a methyl silsesquioxane (MSQ), a hydrogen silsesqui-
oxane (HSQ), an MSQ/HSQ, a perhydrosilazane (TCPS), a
perhydro-polysilazane (PSZ), a tetraethyl orthosilicate
(TEOS), or a silyl-amine, such as trisilylamine (TSA). These
flowable silicon oxide materials are formed in a multiple-
operation process. After the flowable film is deposited, it is
cured and then annealed to remove un-desired element(s) to
form silicon oxide. When the un-desired element(s) is
removed, the flowable film densifies and shrinks. In some
embodiments, multiple anneal processes are conducted. The
flowable film is cured and annealed more than once at
temperatures, such as in a range from about 1000° C. to
about 1200° C., and for an extended period, such as 30 hours
or more in total.

[0060] A chemical mechanical polishing (CMP) operation
is performed to remove excess material from the STI region
and to provide a substantially planar surface. Dopant is
subsequently implanted into the fins to form n and p wells
and then the device is subsequently annealed. The STI
region is etched back to remove a portion of the STI region
and expose the upper portions of the fins where the gate
structure 22, and source/drain regions 30, 32 are subse-
quently formed. The formation of the gate electrode struc-
ture may include additional depositing, patterning, and etch-
ing processes. The STI removal is performed by a suitable
etching process, such as a semi-isotropic etch using
HF+NH; without plasma or NF;+NH; with plasma; or an
isotropic etch, such as dilute HF.

[0061] The gate structure formation process includes the
operations of depositing a gate dielectric, depositing a gate
electrode, patterning the gate, and lightly doped drain (LDD)
implantation and annealing. Sidewall spacers are subse-
quently formed on the gate structure, and source/drain
implantation and annealing is performed.

[0062] The gate dielectric 26 may comprise silicon oxide,
silicon nitride, silicon oxynitride, high-k dielectric material,
other suitable dielectric material, and/or combinations
thereof. The gate electrode 24 may comprise any suitable
material, such as polysilicon, aluminum, copper, titanium,
tantalum, tungsten, molybdenum, tantalum nitride, nickel
silicide, cobalt silicide, TiN, WN, TiAl, TiAIN, TaCN, TaC,
TaSiN, metal alloys, other suitable materials, or combina-
tions thereof.

[0063] In certain embodiments, the FinFET can be fabri-
cated using a gate first method or a gate last method. In
embodiments using a high-k metal gate (HK/MG), a gate
last method is employed to form the gate electrode. In the
gate last method, a dummy gate is formed, the dummy gate
is subsequently removed at a later operation after a high
temperature annealing operation, and the high k metal gate
(HK/MG) is formed.

[0064] According to embodiments of the disclosure, the
high k gate dielectric may comprise HfO,, HfSiO, HfSiON,
HfTaO, HfTiO, HfZrO, zirconium oxide, aluminum oxide,
hafnium dioxide-alumina (HfO,—A1,0,) alloy, other suit-
able high-k dielectric materials, or combinations thereof.
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The metal gate material may comprise one or more layers of
Ti, TiN, titanium-aluminum alloy, Al, AIN, Ta, TaN, TaC,
TaCN, TaSi, and the like.

[0065] In some embodiments, the sidewall spacers 28 are
used to offset subsequently formed doped regions, such as
source/drain regions. The sidewall spacers 28 may further be
used for designing or modifying the source/drain region
(junction) profile. The sidewall spacers 28 may be formed by
suitable deposition and etch techniques, and may comprise
silicon nitride, silicon carbide, silicon oxynitride, other
suitable materials, or combinations thereof.

[0066] In certain embodiments, the FinFET may include
raised source/drain regions 30, 32, as shown in FIGS. 5, 6A
and 6C. The raised source/drain regions 30, 32 are formed
on the end regions 16 of the fins. The raised source/drain
regions 30, 32 may be formed by one or more epitaxy or
epitaxial (epi) processes, such that Si features, SiC features,
SiGe features, or Group I1I-V semiconductor material on Si
EPI or other suitable features are formed in a crystalline state
on the fins. The epitaxy processes include CVD deposition
techniques (e.g., vapor-phase epitaxy (VPE) and/or ultra-
high vacuum CVD (UHV-CVD)), molecular beam epitaxy,
and/or other suitable processes.

[0067] In some embodiments, the source/drain materials
may be strained source/drain materials. Examples of
strained source/drain materials include SiC in an n-type
metal oxide semiconductor (NMOS) and SiGe in p-type
metal oxide semiconductor (PMOS).

[0068] The gate electrodes 24 in certain embodiments are
formed of polysilicon and may include a hard mask formed
over the gate electrode 24. The hard mask may be made a
suitable hard mask material, including SiO,, SiN, or SiCN.
The gate electrode structure may comprise additional layers
such as interfacial layers, capping layers, diffusion/barrier
layers, dielectric layers, conductive layers, and other suit-
able layers, and combinations thereof.

[0069] In some embodiments of the disclosure, source/
drain electrodes are formed contacting the respective source/
drain regions. The electrodes may be formed of a suitable
conductive material, such as copper, tungsten, nickel, tita-
nium, or the like. In some embodiments a metal silicide is
formed at the conductive material and source/drain interface
to improve conductivity at the interface. In one example, a
damascene and/or dual damascene process is used to form
copper-based multilayer interconnection structures. In
another embodiment, tungsten is used to form tungsten
plugs.

[0070] Subsequent processing according to embodiments
of the disclosure may also form various contacts/vias/lines
and multilayer interconnects features (e.g., metal layers and
interlayer dielectrics) on the semiconductor substrate, con-
figured to connect the various features or structures of the
FinFET device. For example, a multilayer interconnection
includes vertical interconnects, such as conventional vias or
contacts, and horizontal interconnects, such as metal lines.
[0071] In certain embodiments, the width W1 of the main
portion 18 of the fin between opposing main sides is about
3 nm to about 20 nm. In certain embodiments, W1 is
between about 5 nm and 15 nm. In certain embodiments, W1
is about 7 nm. The height h of the fin 12, 38 measured from
the base of the fin at the bottom depth of the etched area of
the semiconductor substrate to the top surface of the fin
region is in a range of about 30 nm to about 300 nm in some
embodiments, and may be in a range of about 30 nm to 100
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nm in other embodiments. In one embodiment, the height h
of the fin may be about 42 nm. In some embodiments, an
aspect ratio (W1/h) of the fin ranges from about 0.01 to
about 0.66. In some embodiments, the aspect ratio of the fin
ranges from about 0.05 to about 0.50.

[0072] In certain embodiments, secondary portions 20
extend a distance W2 outward from the main portion 18 of
the fin, wherein 0.14W1=<W2<7W1. In some embodiments,
the secondary portion extends about 3 nm to about 20 nm
outward along the second direction Y from a main surface of
the main portion 18 of the fin. In some embodiments, the
secondary portion 20 extends about 5 nm to about 7 nm
outward along the second direction from the main surface of
the main portion 18 of the fin.

[0073] Incertain embodiments with secondary portions 20
extending from opposing main sides of the main portion 18
of the fin, the secondary portions 20 extending on opposing
main sides may extend the same distance or different dis-
tances from the main portion 18 of the fin.

[0074] As shown in FIGS. 6A-6F, the secondary portions
20 have an effect on controlling the stress in the channel
region of a FinFET. FIG. 6A is a simulation of the stress in
a single cross shape fin 12 of a semiconductor device 10
having a secondary portion 20 formed at an end region 16 of
the fin. The ghost lines show the outline of a gate structure
and source/drain regions formed on the fin 12. FIG. 6B is a
cross section taken along the first direction Y of the fin 12.

[0075] FIGS. 6C and 6D illustrates a simulation result of
the stress in a dual cross shape fin 38 in a semiconductor
device 40 having a secondary portion 20 formed at each end
portion 16 of the fin 38. The ghost lines show the outline of
a gate structure and source and drains formed on the fin 12.
FIG. 6D is a cross section taken along the first direction Y
of the fin 38. The stress in the fin 38 with two secondary
portions 20 is less than the stress in the embodiment with a
single secondary portion (see FIGS. 6A and 6B).

[0076] Compared to single and dual secondary portion
structures of FIGS. 6A-6D, a semiconductor device 50
having a fin 52 without the secondary portions has a greater
amount of stress in the fin, as shown in FIGS. 6E and FIG.
6F. FIG. 6F is a cross section taken along the first direction
Y of fin 52.

[0077] In some embodiments of the disclosure, a semi-
conductor device includes a plurality of fins. In some
embodiments, the main portions 18 of the plurality of fins
are arranged substantially parallel to each other, as shown in
FIGS. 7A-7H. The secondary portions 20 of immediately
adjacent fins 12 may be connected to each other forming a
C-shape, as shown in plan views in FIGS. 7A-7D. The
secondary portions 20 may extend from the main portion 18
of' the fin near the end of the main portion, as shown in FIG.
7A, or at the end of the main portion 18, as shown in FIG.
7B. Alternatively, the secondary portions 20 may be formed
only in the region between two immediately adjacent fins
thereby connecting each of the fins, as shown in FIGS. 7C
and 7D. In other non-limiting embodiments, the secondary
portions 20 may be formed extending outward from oppos-
ing sides of immediately adjacent fins 18, as shown in FIGS.
7E, 7F, 7G, and 7H. In certain embodiments, the configu-
ration with the secondary portions on opposing sides of
immediately adjacent fins provides a shorter pitch between
adjacent fins with the secondary portions than if the sec-
ondary fins were on facing sides of immediately adjacent
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fins. Other configurations of the secondary portions within
the scope of this disclosure would be apparent to one of
ordinary skill in this art.

[0078] Immediately adjacent fins 12 may be spaced apart
from each other at intervals of about 20 to 60 nm. In certain
embodiments, the immediately adjacent fins 12 are spaced
apart from each other at an interval of about 42 nm between
centers of immediately adjacent fins 12.

[0079] In certain embodiments having a plurality of fins,
each fin 38 comprises two secondary portions 20, as shown
in FIGS. 8A-8L. In some embodiments, the secondary
portions 20 of immediately adjacent fins 38 are connected to
each other, as shown in FIGS. 8A-8H. The secondary
portions 20 may intersect the main portion 18 of the fin near
the end of the main portion, as shown in FIGS. 8A and 8C
or at the end of the main portion 18, as shown in FIGS. 8B
and 8D. The secondary portions 20 may be formed only in
the region between two immediately adjacent fins thereby
connecting each of the fins, as shown in FIGS. 8C and 8D.
In other non-limiting embodiments, the secondary portions
20 may be formed with one secondary portion extending
outward from opposing sides of immediately adjacent fins
and another fin formed only in the portion between two
immediately adjacent fins, as shown in FIGS. 8E and 8F. In
other embodiments, one secondary portion 20 may extend
outward from one adjacent fin and not extend outward from
the other adjacent fin, as shown in FIGS. 8G and 8H. In other
embodiments, one pair of opposing secondary portions 20 of
immediately adjacent fins may be connected while another
pair of opposing secondary 20 are not connected, as shown
in FIGS. 8I-8L. In some embodiments, the secondary por-
tions 20 of adjacent fins may extend outward a different
distance from the main portions 18, as shown in FIGS. 8K
and 8L. Other configurations of the secondary portions
within the scope of this disclosure would be apparent to one
of ordinary skill in this art.

[0080] The secondary portions can be any suitable shape.
In some embodiments, the secondary portions are substan-
tially rectangular shaped or rounded.

[0081] In certain embodiments of the disclosure, a method
200 for fabricating a semiconductor device is provided, as
illustrated in FIG. 9. The method 200 includes an operation
802 of forming a mask on a semiconductor substrate. The
mask comprises a blocking portion that covers an area of the
semiconductor substrate corresponding to a fin to be formed
in the semiconductor substrate. The blocking portion
includes a blocking main portion extending along a first
direction, and at least one blocking secondary portion
extending outward from the blocking main portion along a
second direction not collinear with the first direction. The
method 200 further includes an operation 204 of removing
areas of the semiconductor substrate not covered by the
blocking portion of the mask to form at least one fin
including a fin main portion extending along the first direc-
tion, and at least one fin secondary portion extending out-
ward from the fin main portion along a second direction not
collinear with the first direction. After forming the fin, an
operation 206 of forming a gate structure over the fin main
portion is performed. In addition, the method includes an
operation 208 of forming a source or drain region over the
at least one secondary portion, to provide the semiconductor
device.

[0082] In certain embodiments, forming a mask comprises
depositing hard mask material over the semiconductor sub-
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strate, depositing a photoresist material over the hard mask
material, and patterning the photoresist material and the hard
mask material to form the blocking portion.

[0083] In certain embodiments, removing areas of the
semiconductor substrate is performed by etching the hard
mask material and the semiconductor substrate. Any suitable
etchant can be used to etch the hard mask material and the
semiconductor substrate.

[0084] Fins with a width of less than about 14 nm, such as
7 nm, may be prone to breaking by various extrinsic forces
or fabrication process steps, thereby decreasing the produc-
tion yield. Fins with lateral portions extending outward from
the main portion have stronger structural strength in the
main portion, and are thus, less prone to breaking. Therefore,
the present disclosure provides a higher yield of semicon-
ductor devices and improved semiconductor reliability in
devices with fins having a width of less than about 14 nm.
[0085] In addition, source/drain regions formed over the
primary and secondary portions of the fin have a greater
contact area with the fin than similar source/drain regions
formed over a linear shaped fin. The greater contact area
provides lower contact resistance between the source/drain
regions and the fin, thereby improving device performance.
[0086] According to an embodiment of the disclosure, a
semiconductor device including at least one fin disposed on
a surface of a semiconductor substrate is provided. The fin
includes a main portion extending along a first direction, and
at least one secondary portion extending outward from the
main portion along a second direction not collinear with the
first direction.

[0087] According to another embodiment of the disclo-
sure, a semiconductor device includes a plurality of fins
disposed on a surface of a semiconductor substrate. Each fin
includes a main portion extending along a first direction. The
main portion has opposing end regions and a middle region
between the opposing end regions along the first direction.
At least one secondary portion extends outward from the
main portion along a second direction not collinear with the
first direction.

[0088] According to yet another embodiment of the dis-
closure, a method for fabricating semiconductor device
includes forming a mask on a semiconductor substrate. The
mask comprises a blocking portion that covers an area of the
semiconductor substrate corresponding to a fin to be formed
in the semiconductor substrate. The blocking portion
includes a blocking main portion extending along a first
direction, and at least one blocking second portion extending
outward from the blocking main portion along a second
direction not collinear with the first direction. Areas of the
semiconductor substrate not covered by the blocking portion
of the mask are removed to form at least one fin including
a fin main portion extending along the first direction, and at
least one fin secondary portion extending outward from the
fin main portion along a second direction not collinear with
the first direction. A gate structure is formed over the fin
main portion, and a source or drain region is formed over the
at least one secondary portion.

[0089] As one of skill in the art would recognize some of
the steps described in the above methods can be replaced or
eliminated for other embodiments of the method.

[0090] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
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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 semiconductor device comprising:

at least one fin disposed on a surface of a semiconductor

substrate, the fin including:

a main portion extending along a first direction,
wherein the main portion comprises a first end
region, a middle region, and a second end region
extending along the first direction, wherein the first
end region and the second end region are at opposing
ends of the main portion and the middle region is
between the first end region and the second end
region,

a first secondary portion extending outward from the
main portion along a second direction not collinear
with the first direction, and

a second secondary portion extending outward from an
opposing side of the main portion along a third
direction opposite to that of the second direction,

wherein the first and second secondary portions extend
from the main portion at either the first or second end
regions.

2. The semiconductor device of claim 1, wherein a width
W1 of the main portion of the fin between opposing main
sides is about 3 nm to about 20 nm.

3. The semiconductor device of claim 2, wherein the
width of the main portion of the fin is about 7 nm.

4. The semiconductor device of claim 1, further compris-
ing a gate electrode structure formed at the middle region
and source/drain regions formed at the first and second end
regions.

5. The semiconductor device of claim 4, wherein the gate
electrode structure comprises a gate dielectric layer formed
overlying the middle region, a gate electrode layer formed
overlying the gate dielectric layer, and sidewall spacers
formed on sides of the gate electrode layer.

6. The semiconductor device of claim 2, wherein the
secondary portions extend a distance W2 outward from the
main portion, wherein 0.14W1=W2<7W1.

7. The semiconductor device of claim 1, wherein one of
the first and second secondary portions is located at the first
end region and another one of the first and second secondary
portions is located at the second end region.

8. A semiconductor device comprising:

first and second adjacent fins disposed on a surface of a

semiconductor substrate, each fin including a main
portion extending along a first direction, the main
portion having opposing end regions and a middle
region between the opposing end regions along the first
direction;

at least one secondary portion extending outward from the

main portion of the first fin at one of the end regions

along a second direction away from the first and second
fins; and
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at least one secondary portion extending outward from the
main portion of the second fin at one end of the end
regions along a third direction opposite to the second
direction.

9. The semiconductor device of claim 8, wherein a width
W1 of the main portions of the fins between opposing main
sides is about 3 nm to about 20 nm.

10. The semiconductor device of claim 8, further com-
prising a gate electrode structure formed at the middle
regions and source/drain regions formed at the first and
second end regions.

11. The semiconductor device of claim 10, wherein the
gate electrode structure comprises a gate dielectric layer
formed overlying the middle regions, a gate electrode layer
formed overlying the gate dielectric layer, and sidewall
spacers formed on sides of the gate electrode layer.

12. The semiconductor device of claim 9, wherein the
secondary portions extend a distance W2 outward from the
main portions, wherein 0.14W1=W2<7W1.

13. The semiconductor device of claim 1, wherein one of
the first and second secondary portions is located at the first
end region of the first fin and another one of the first and
second secondary portions is located at the second end
region of the second fin.

14. A semiconductor device comprising:

a plurality of fins disposed on a surface of a semiconduc-
tor substrate, each fin including a main portion extend-
ing along a first direction, the main portion having
opposing end regions and a middle region between the
opposing end regions along the first direction; and

at least one secondary portion extending outward from the
main portion of each fin along a second direction not
collinear with the first direction,

wherein at least one of the secondary portions extend
outward from opposing main sides of the main portion
of at least one of the fins, and the main portion of each
fin extends along the first direction beyond where the at
least one secondary portion extends outward to form a
cross shape in plan view, and

wherein the secondary portions of immediately adjacent
fins are connected to each other in a region between the
immediately adjacent fins.

15. The semiconductor device of claim 14, wherein a
width W1 of the main portions of the fins between opposing
main sides is about 3 nm to about 20 nm.

16. The semiconductor device of claim 14, further com-
prising a gate electrode structure formed at the middle
regions and source/drain regions formed at the first and
second end regions.

17. The semiconductor device of claim 16, wherein the
gate electrode structure comprises a gate dielectric layer
formed overlying the middle regions, a gate electrode layer
formed overlying the gate dielectric layer, and sidewall
spacers formed on sides of the gate electrode layer.

18. The semiconductor device of claim 15, wherein sec-
ondary portions extend a distance W2 outward from the
main portions in a direction away from the region between
the immediately fins, wherein 0.14W1=W2<7W1.

19. The semiconductor device of claim 14, wherein the
opposing end regions of each fin includes a first end region
and an opposing second end region, a first secondary portion
of a first fin is at the first end region of the first fin, and a
second secondary portion of an immediately adjacent second
fin is at the first end region of the second fin, wherein the first
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end region of the first fin is on the same side of the main
portion of the first fin as the first end region of the second fin,
and the first secondary portion and the second secondary
portion extend in opposite directions away from the main
portions of the respective first fin and second fin.

20. The semiconductor device of claim 14, wherein the
opposing end regions of each fin includes a first end region
and an opposing second end region, a first secondary portion
of a first fin is at the first end region of the first fin, and a
second secondary portion of an immediately adjacent second
fin is at the second end region of the second fin, wherein the
first end region of the first fin is on the opposite side of the
main portion of the first fin than the second end region of the
second fin, and the first secondary portion and the second
secondary portion extend in opposite directions away from
the main portions of the respective first fin and second fin.

#* #* #* #* #*
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