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SELECTIVE FIN-SHAPING PROCESS USING
PLASMA DOPING AND ETCHING FOR
3-DIMENSIONAL TRANSISTOR
APPLICATIONS

TECHNICAL FIELD

[0001] The disclosure relates generally to integrated circuit
devices, and more particularly to structure and methods for
forming fin field-effect transistors (FinFETs).

BACKGROUND

[0002] In the rapidly advancing semiconductor manufac-
turing industry, complementary metal oxide semiconductor
(CMOS) FinFET devices may be used in many logic and
other applications and are integrated into various different
types of semiconductor devices. FinFET devices typically
include semiconductor fins with high aspect ratios in which
the channel and source/drain regions for the transistor are
formed. A gate is formed over and along the sides of a portion
of the semiconductor fins. The increased surface area of the
channel and source/drain regions in a FinFET results in faster,
more reliable and better-controlled semiconductor transistor
devices.

[0003] New advanced designs are created with FinFET
structures at the outset with computed-aided design (CAD)
layers that define the boundary of each FinFET. As manufac-
turing process progresses into smaller and smaller technology
nodes, devices originally designed in a larger technology
node may benefit from manufacturing in a smaller technology
node in ways such as increased performance and efficiencies
and decreased die size. Similarly, devices designed using
planar transistors can also reap benefits by manufacturing
using FinFETs. However, because different design rules
apply to planar structure layouts and FinFET structure lay-
outs, converting portions of the device from a planar layout to
a FinFET layout by hand may be akin to creating a new design
and is highly resource intensive process. For product already
being manufactured using planar transistors, a conversion
that forms FinFETs that are at least electrical equivalents of
the planar transistor is sought. As such, improved methods for
automatically converting older planar structure layouts to
FinFET structure layouts continue to be sought.

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 emphasized that, in accor-
dance with the standard practice in the industry, various fea-
tures are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0005] FIG. 1 illustrate a fin field-effect transistor (Fin-
FET).

[0006] FIG. 2 illustrates a flowchart of a method for fabri-
cating FinFET structures in accordance with various embodi-
ments of the present disclosure.

[0007] FIGS. 3A and 3B illustrate partially fabricated Fin-
FETs in accordance with various embodiments of the present
disclosure.

[0008] FIGS. 4A, 5A, and 6A illustrate fin shortening
embodiments in accordance with the present disclosure.
[0009] FIGS. 4B, 5B, and 6B illustrate fin thinning embodi-
ments in accordance with the present disclosure.
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[0010] FIGS.7,8, and 10 illustrate fin forming processes in
accordance with various embodiments of the present disclo-
sure.
[0011] FIGS. 9A and 9B illustrate fin shaping processes in
accordance with various embodiments of the present disclo-
sure.

DETAILED DESCRIPTION

[0012] The making and using of illustrative embodiments
are discussed in detail below. It should be appreciated, how-
ever, that the disclosure provides many applicable inventive
concepts that can be embodied in a wide variety of specific
contexts. 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 embodi-
ments 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. Of course, the descrip-
tion may specifically state whether the features are directly in
contact with each other. In addition, the present disclosure
may repeat reference numerals and/or letters in the various
examples. The specific embodiments discussed are merely
illustrative and do not limit the scope of the invention.
[0013] FinFETs use asubstantially rectangular fin structure
formed generally in one of two ways. In one method, shallow
trench isolation (STI) features 105 are formed first on bulk
silicon material, shown in FIG. 1 as substrate 101. The bot-
toms of the trenches between the STI features are exposed
bulk silicon. Silicon is then grown in the trenches to form fins
103 by using, for example, an epitaxial process. Once a
desired fin height is reached, then the STI 105 is etched to a
level below the top of the fin to expose a portion of the fin. The
exposed portion of the fin is a top portion 107 and the embed-
ded portion is a bottom portion 109. The bulk silicon material
101 may be a silicon substrate or a deposited silicon such as
silicon-on-insulator (SOI) with a barrier oxide (BOX) layer
between the SOI and the underlying silicon substrate. Using
this method, the STI features define the size and shape of the
fins. Depending on etch parameters used when the trenches
are formed, the fins may have a variety of substantially rect-
angular shapes, including the slight angle at the bottom por-
tion of the fin as shown in FIG. 1.

[0014] In another method, bulk silicon on a substrate is
etched into a rectangular fin shape by first patterning and
depositing a hardmask layer on the bulk silicon. The hard-
mask forms a pattern covering the top of the fins. The bulk
silicon is then etched to form trenches between the regions
covered by the hardmask layer. The trenches are formed into
shallow trench isolation (STI) features 105 by depositing a
dielectric material, usually silicon oxide. The dielectric mate-
rial is usually deposited in excess to completely cover the fins
103 and optionally the hardmask layer if not yet removed. The
dielectric material is planarized down to the top surface of the
fin/hardmask, and then etched to a level below the top of the
fin so that a portion of the fin protrudes above the STI. The
protruded fin portion is a top portion 107 and the embedded
fin portion is a bottom portion 109.

[0015] In a variation of the second method, the hardmask
for etching in to the bulk silicon is formed by a process using
mandrels. A photoresist pattern is formed and used to etch a
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mandrel pattern. A conformal spacer material is then depos-
ited around the mandrel. The conformal spacer is usually
formed of a hardmask material forming a spacer sidewall
thinner than that of the mandrel. The mandrel material
between the spacers is then removed in subsequent etching
operations to leave just the spacers behind. Some of the spac-
ers are then used as a hardmask for etching the underlying
silicon layers to form the fin structures. Using the mandrel/
spacer method, thinner fins that are closer together can be
formed than the first method or an unmodified second
method. The exposed fin portions 107 has a height dimension
(h), a width dimension (w) and a length dimension (1). Some
electrical properties of the FInFET can be defined relative to
these dimensions. For example, an effective channel width for
the transistor may be calculated using the dimension of the
fins under the gate. As shown in FIG. 1, the effective channel
width is 2 fins, or 2x(2h+w). Note that the effective channel
width does not include the distance between fins. These fins
are referred to herein as regular fins because they all have the
same height and width dimensions.

[0016] The remaining FinFET forming process steps are
described here to provide context for the present disclosure. A
gate dielectric layer 113 and gate electrode layer 111 are
deposited over the narrowed fins and the STI layer. Gate
dielectric layer 113 is formed of a high dielectric constant
(high-k) dielectric material. The exemplary high-k materials
may have k values greater than about 4.0, or even greater than
about 7.0, and may include aluminum-containing dielectrics
such as Al,O,, HfAIO, HfAION, or AlZrO; Hf-containing
materials such as HfO,, HfSiO,, HfAlO,, HfZrSiO,, or
HfSiON; and/or other materials such as LaAlO; or ZrO,.
Gate electrode layer 111 is formed on the gate dielectric layer
113, and may be formed of a conductive material such as
doped polysilicon, metals, or metal nitrides.

[0017] The gate electrode layer 111 and gate dielectric
layer 113 are then patterned to form gate stacks over a middle
portion of the fins. The fin portions not under the gate stacks
are then optionally doped to form lightly doped drain and
source (LDD) regions. The dopant used depends on the con-
ductivity type of the transistor. The LDD regions may be
doped by ion-implanting or by plasma doping where dopants
are deposited onto the fin and annealed. Source and drain
regions are formed across the gate stack. Source and drain
regions may be formed by ion-implanting a source/drain
region or by removing a portion of the fin and epitaxially
re-growing the removed portion under doping conditions to
form a source/drain region.

[0018] A circuit designer specifies transistors in his design
according to electrical properties for performing various
functions. Electrical properties to be considered include turn
on voltage (threshold voltage), breakdown voltage, on-state
current (I,,), leakage current, among others. The on-state
current is the current that may be driven through the transistor
when the gate voltage is equal to the threshold voltage. The
on-state current is proportional a channel width. When a
circuit is designed using planar transistors, the channel width
may be any value by just making the transistor wider or
narrower. However, with FinFETs, the channel widths cannot
be just any value—the channel width is an integer multiple of
the dimensions for a single fin. For example, a FinFET chan-
nel width may equal to 2 fin or 3 fin but not 2.5 fins. When a
planar transistor-based design is converted to a FinFET-based
design, the planar transistor cannot be converted to a FinFET
having exactly the same on-state current. While usually a
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range of on-state currents may be acceptable, depending on
the circuit functionality and application, limiting choices of
channel width for a FinFET reduces design flexibility and
planar-to-FinFET conversion accuracy.

[0019] Various embodiments of the present disclosure per-
tain to a selective fin-shaping process to allow individual fin
width and fin height control. By shaping one or more fins in a
FinFET, the channel width of a FinFET may vary beyond an
integer multiple of a single fin dimension. The selective fin-
shaping may enlarge one or more fins, shorten one or more
fins, thin one or more fins, reduce all fin dimensions at the
same time, or change the shape of one or more fins some other
way to create shaped fins while other regular fins remain
unchanged. For example, the equivalent of a FinFET having
2.5 fins may be designed by reducing the size of one fin.
Benefits may include improved circuit design flexibility and
FinFET process margin for designers and foundries that are
transferring from a planar-based design to a FinFET-based
design.

[0020] Referring to FIG. 2, a process flow 211 for selective
fin-shaping is shown. At operation 213, fins partially embed-
ded in shallow trench isolation (STI) layers are formed on a
semiconductor substrate. As discussed herein, a number of
methods may be used to form the fins. The fins may be etched
from a bulk silicon or grown epitaxially.

[0021] In operation 215, an optional dielectric layer is
deposited over the STI layer to completely cover the fins. The
optional dielectric layer is used if the one or more fins are to
be enlarged. If the one or more fins are to be reduced, then the
optional dielectric layer is not necessary. The optional dielec-
tric layer may be a silicon oxide, silicon nitride, or another
dielectric layer that is easier to etch than the underlying STI
layer. In some cases, an etch stop layer may be deposited
before the dielectric layer. In such case, the dielectric layer
may be the same material as the STI layer. FIG. 3A illustrates
a partially fabricated FinFET structure after operation 215.
The fins 301 are partially embedded by STI layer 303. The
dielectric layer 305 is deposited over the STI layer 303 and
completely covers the fins 301.

[0022] Referring back to FIG. 2, in operation 217 a photo-
resist layer is patterned over the fins. Lithographic dimen-
sions limit a minimum size that a photoresist layer may pro-
tect and a minimum size opening that a photoresist pattern
may create. The minimum opening is smaller than the mini-
mum area to be protected. In other words, an opening may be
created with a dimension of one fin pitch, but the opposite, of
a protective area covering one fin pitch may be too small. In
FIGS. 3A and 3B, a photoresist layer 307 is deposited and
patterned to create an opening 309. If the dielectric layer of
operation 215 is deposited, the photoresist is deposited over
the dielectric layer as shown in FIG. 3A. If the dielectric layer
of operation 215 is not deposited, then the photoresist is
deposited directly over the STT layer and the fins as shown in
FIG. 3B.

[0023] Referring back to FIG. 2, in optional (broken line)
operation 227 a portion of the exposed single fin is doped with
a dopant. Depending on the portion to be doped, a number of
doping processes may be used. In one embodiment, a small
vertical portion at the very top of the fin may be doped by
using an ion implant process. Dopant ions are directed at the
opening, but because of the aspect ratio of the opening,
mostly the top portion of the fin would be doped, shown as fin
tip 401 in FIG. 4A. The dopant may be oxygen to form a
silicon oxide fin tip. The dopant may be nitrogen, to form a
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silicon nitride tip. Other dopants that effectively change the
chemical property of the fin tip 401 so that it can be easily
removed in a subsequent etching procedure may be used.

[0024] In other embodiments, a conformal plasma doping
process is used to convert an outer layer 403 of the fin to a
different material, as shown in FIG. 4B. The plasma may be
generated in situ or remotely. For example, an oxygen plasma
may be used to oxidize an outer layer portion of the fin.
Plasmas including other dopants may also be used to effec-
tively change the chemical property of an outer layer 403 of
the fin so that the layer 403 can be easily removed in a
subsequent etching procedure.

[0025] Referring back to FIG. 2, in operation 229, a portion
of the exposed single fins is etched and removed. The portion
removed may be the portion doped in operation 227. Depend-
ing on the type of doping processes and the etch selectivities
of various materials, a number of etching processes may be
used.

[0026] Insome embodiments, the portion to be removed is
located mostly at the tip of the fin. These embodiments may
be used to shorten one or more of the fins in the FinFET, but
not changing the width of the fins very much. Various types of
plasma etching may be used to remove doped portions from a
fin tip. In one example of FIG. 4A where the portion to be
removed is at the fin tip, a biased plasma may be used to
remove the material at the tip of the fin. Depending on the
material to be removed, the plasma may include reactive
species such as hydrogen and fluorine, for example with a
fluorocarbon plasma. The plasma may also alternatively or in
addition include relative inert species such as nitrogen, argon,
krypton, or xenon. For example, if the fin tip is silicon oxide,
an anisotropic plasma etching may include a fluorine-based
etchant. Note that the plasma etchant should have an etching
preference for the silicon oxide at the tip of the fin relative to
the silicon oxide in the STI layer below and for the silicon on
the fin so as not to remove much ofthe STT layer and shape the
fin in undesirable ways. Incidental etching of the STI layer
may be minimized by biasing at a low power toward the
substrate, by directing the plasma toward the substrate at an
angle so that most of the incident angles are blocked by the
photoresist, and also by selecting the dopant and the STI
material to have different etch selectivities.

[0027] Inanother example, the fin tip may be silicon nitride
if the dopant was nitrogen. Plasma etching of silicon nitride
with relative high etch selectivity of silicon nitride over sili-
con oxide may include some fluorine-based plasma along
with methane, nitrogen, and oxygen additive gas flows. One
skilled in the art can tune the gas mixture so that little or no
STl layer is removed relative to the silicon nitride at the fin tip.
After the doped fin tip is etched away, the resulting structure
may be that of FIG. 5A, where the exposed single fin is shorter
than neighboring fins that are protected.

[0028] The doped fin tip may also be removed by wet
etching methods. In wet etch, one or more substrates is bathed
in an etchant baths that may also be agitated to promote
etchant contact with the surface to be etched. Wet etchants
generally attack all exposed surfaces, so the wet etchant
should have a relatively high etch selectivity for etching the
fin tip material against other parts of the structure. For
example, for silicon oxide fin tips, the wet etchant may
include hydrofluoric acid or a fluorocarbon etchant. For sili-
con nitride fin tips, the wet etchant may include phosphoric
acid.
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[0029] Insome embodiments, the portion to be removed is
an outer layer of the fin as shown in FIG. 4B. Appropriate
isotropic etching methods include dry etching methods using
plasma or wet etching methods. For example a silicon oxide
outer layer may be removed by using a buffered oxide etch or
a mixture of ammonium fluoride and hydrofluoric acid in a
wet etch. Plasma etching may involve non-biased plasma,
including remotely generated plasma to remove an outer
layer. For example, a remotely generated SF; plasma with
oxygen may be used. After the doped outer layer portion is
etched away, the resulting structure may be that of FIG. 5B,
where the exposed single fin is thinner and somewhat shorter
than neighboring fins that are protected under the photoresist.
[0030] In still other embodiments, a portion of exposed
single fins is etched without first doping a portion of the fins.
Various etching methods may be applied directly to the sili-
con fin to change its shape. The various etching methods may
be categorized into dry etch and wet etch, isotropic and aniso-
tropic, and different combinations resulting in different
shapes.

[0031] Inoneexample, plasma etch using various fluorine-
based plasma such as XeF, and BrF; may be used to isotro-
pically reshape the exposed fin. The effect would be similar to
first oxidizing the fin using oxygen containing plasma and
then etching the silicon oxide layer.

[0032] In another example, plasma etch using polymeriza-
tion techniques can result in moderately anisotropic etching
targeting only a top portion of the fin. Polymer byproducts
from etching deposits on the sidewalls creates a protect layer.
With this technique, the polymer residue must be removed in
subsequent processing. Carbon-rich fluorocarbon or hydrof-
luorocarbon plasma may be used.

[0033] In another example, wet etching using anisotropic
etchants can shape the fin according to crystal orientation.
Anisotropic wet etching that removes silicon at orientation
plane dependent rates includes using tetramethylammonium
hydroxide (TMAH), potassium hydroxide (KOH) or another
strong alkaline etchant (pH>12) to etch silicon. Because the
bonding energy of silicon atoms is different for each crystal
plane, these etchants therefore have high sensitivity between
certain orientation planes in an etch rate limited, not diffusion
limited, reaction. A TMAH wet etch results in a notch open-
ing. The orientation dependence of KOH wet etch is similar to
TMAH, but with different rates and ratios. In one example,
the etchant includes TMAH and KOH with the TMAH at
about 20% by weight.

[0034] In yet another example, isotropic wet etching can
uniformly remove silicon from all directions that is not pro-
tected. Isotropic silicon etching may use a combination of
hydrofluoric acid (HF) with a number of additives such as
nitric acid (HNO,), citric acid (CH;COOH), sodium chlorite
(NaClO,), perchloric acid (HC1O,), fresh potassium perman-
ganate (KMnO,), or combinations of these additives. These
chemical mixtures tend to uniformly remove material, and are
limited by the mass transport (diffusion limited) of chemical
species to the crystal surface.

[0035] Referring back to FIG. 2, in operation 231 the pho-
toresist layer is removed. The photoresist removal is accom-
plished using an ashing process known in the art. Examples of
result fin structure are shown in FIGS. 6A and 6B. In FIG. 6 A,
the FinFET includes 3 fins, with 2 regular fins and 1 shaped
fin. The shaped fin has a shorter top portion. In FIG. 6B, the
FinFET also includes 3 fins, with 2 regular fins and 1 shaped
fin. The shaped fin has a narrower top portion that may be the
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same, slightly shorter, or longer than the neighboring regular
fins. The bottom portions of all three fins are substantially the
same, because the bottom portions are not shaped. Note that
while the shaped fin may be shorter than the regular fins, the
top portion of the shaped fin may be the same length or longer
than the top portion of regular fins because the STI layer is
also etched and more of the top portion of the shaped fin may
be exposed.

[0036] The various etching methods discussed herein can
shape the exposed fin a number of ways to create a profile that
reduces the fin height and/or width. The change in profile then
allows a FInFET to have an effective channel width that is not
an integer multiple of a regular fin. Depending on the desired
effective channel width, the etching method would be chosen
to minimize processing and maximize process control.
[0037] Inthe embodiments where the fin width is reduced,
an additional benefit is to increase the distance between adja-
cent fins. Increasing the distance between fins increases the
process window for the gate formation. The FinFET gate may
include many layers of different materials deposited over a
middle portion of the fins. Each layer increases the aspect
ratio of the remaining space between the fins so that the last
layer may be difficult to deposit fully without voids. Increas-
ing the distance between fins decreases the initial aspect ratio
so that the last deposition process window is larger.

[0038] Still referring to FIG. 2, an alternate embodiment to
shape the exposed single fin by enlarging the fin is shown in
operations 219 to 223. In operation 219, the dielectric layer
from operation 215 is etched through to expose a single fin.
The dielectric layer is used to protect regular fins while the
exposed fin is enlarged. FIG. 7 illustrates the structure after
the dielectric layer 705 is etched down the STI layer 703,
forming an opening 709 containing one single fin 701. The
photoresist layer 707 is then removed in operation 221 of FIG.
2 as shown in FIG. 8. The photoresist is removed in operation
221 because the epitaxy temperature is very high, above a
temperature suitable for photoresist material. Note that for
epitaxial growth of fin 801, the dielectric layer 805 may be a
silicon oxide and in some cases silicon nitride.

[0039] Inoperation 223, silicon is grown on the exposed fin
surfaces during an epitaxial growth process. No silicon is
grown on surfaces covered by the dielectric layer 805. The
photoresist is removed in operation 221 because the epitaxy
temperature is very high, above a temperature suitable for
photoresist material. FIGS. 9A and 9B illustrate different
results from the operation 223. In FIG. 9A, the single-crystal
growth extends the surfaces of the exposed fin according
crystal orientations, forming a shaped fin 901A. The various
tip angles of fin 901 A depends on the crystal orientation of the
fin. In some embodiments, the fin tip shape may be controlled
to form a different shape, such as that of FIG. 9B. During
epitaxial growth, additional gas that etches certain surfaces
may be included to shape the growth. A bulb-tip shape such as
that of fin 901B may be formed by tuning the epitaxial recipe
with various flows of hydrochloric acid gas.

[0040] Referring back to FIG. 2, in operation 231 the pho-
toresist layer is removed. The photoresist removal is accom-
plished using an ashing process known in the art. An example
of resulting fins are shown in FIG. 10, showing the shaped fin
901A. In FIG. 10, the FinFET includes 3 fins, with 2 regular
fins and 1 shaped fin. The shaped fin has an angular face that
corresponds to the crystal orientation of the silicon. The effec-
tive channel width of the FinFET of FIG. 10 is increased
compared to one having 3 regular fins.
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[0041] The various embodiments of the present disclosure
are discussed herein in reference to one FinFET with 3 fins. In
reality a FinFET may have any number of fins from 1 to
several or even hundreds. The present disclosure is not limited
a FinFET having a particular number of fins. For a single-fin
FinFET, the only fin is the shaped fin. For a two-fin FinFET,
one or both of the fins may be shaped. For a three-fin FinFET,
the middle fin may be shaped. As discussed, while a single fin
opening may be formed in a photoresist, having a photoresist
protecting only one fin may be too small for current lithog-
raphy processes. Thus, for FInFETs having more than 3 fins,
the shaped fin may be spaced apart from regular fins by 2
regular fins. A four-fin FinFET may include shaped fins at
either end and two regular fins in the middle. Alternatively,
more than one fin may be shaped in the same opening. Thus a
four-fin FinFET may also included shaped fins in the middle
and regular fins at either end. Of course, three fins may be
shaped or three fins may be regular, or all of the fins may be
shaped or may be regular.

[0042] An integrated circuit apparatus includes many tran-
sistors. The apparatus may include many FinFETs of different
sizes having different number of fins. Some FinFETs may
have shaped fins and some FinFETs may not. A FinFET may
have more than one type of shaped fins, for example, a five-fin
FinFET may have 2 regular fins, 2 fins shaped a particular
way, and 1 fin shaped a different way. While the process may
be repeated to shape fins any number of times, each time the
fin-shaping process uses manufacturing resources including
one photomask and one to several deposition and etching
processes.

[0043] According to various embodiments, the present dis-
closure pertains to an apparatus having a number of FinFET's
on a semiconductor substrate wherein some of the FinFETs
have at least one shaped fin. The one shaped fin may be
smaller or larger than regular fins in the same FinFET or in
other FinFETs. In some embodiments, the at least one shaped
fin is two or more fins and are not placed adjacent to each
other. In some embodiments, more than one type of shaped
fins may be used in the same FinFET.

[0044] According to various embodiments, the present dis-
closure also pertains to a FinFET including a semiconductor
substrate, a number of fins on the substrate including one or
more regular fins and one or more shaped fins with different
top portion shapes, an oxide layer on the substrate embedding
a bottom portion of the fins, and wherein the embedded bot-
tom portions of the fins have substantially the same shape.
While localized effects may affect the bottom portion shapes
for fins at the edge of the transistor to some point, such
variations are not substantial and the fins would have substan-
tially the same shape if their only difference is localized effect
during manufacturing.

[0045] According to various embodiments, the present dis-
closure also pertains to a method of forming a FinFET, includ-
ing forming a number of fins partially embedded by a shallow
trench isolation (STI) layer on a semiconductor substrate,
patterning a photoresist layer over the plurality of fins to form
one or more openings exposing a single fin, and shaping the
exposed single fin.

[0046] Although the embodiments and its advantages have
been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims. Moreover, the scope of the
present application is not intended to be limited to the par-
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ticular embodiments of the process, machine, manufacture,
and composition of matter, means, methods and steps
described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure of the present
invention, processes, machines, manufacture, compositions
of'matter, means, methods, or steps, presently existing or later
to be developed, that perform substantially the same function
or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What is claimed is:

1. An apparatus comprising:

a semiconductor substrate; and,

a plurality of fin field-effect transistors (FinFETs) on the
substrate, said FinFETs having at least one fin;

wherein at least one of the plurality of FinFETs includes at
least one shaped fin.

2. The apparatus of claim 1, wherein the at least one shaped

fin is smaller than other fins of a same FinFET.

3. The apparatus of claim 2, wherein the at least one shaped
fin is two or more fins not placed adjacent to each other.

4. The apparatus of claim 1, wherein the at least one shaped
fin includes a portion that is thinner than other fins of a same
FinFET.

5. The apparatus of claim 1, wherein the at least one shaped
fin is larger than other fins of a same FinFET.

6. The apparatus of claim 1, wherein a portion of the at least
one of the plurality of FinFETs is a single-fin FinFET.

7. The apparatus of claim 1, wherein a portion of the at least
one of the plurality of FinFETs includes at least one shaped
fin of a first shape and another portion of the plurality of
FinFETs includes at least one shaped fin of a second shape
and wherein the first shape and the second shape are different.

8. The apparatus of claim 1, wherein the at least one shaped
fin has sloped sidewalls.

9. A fin field-effect transistor (FinFET) comprising:

a semiconductor substrate;

a plurality of fins on the substrate including one or more
regular fins and one or more shaped fins, wherein regular
fins and shaped fins have different top portion shapes;
and,

an oxide layer on the semiconductor substrate embedding
a bottom portion of the plurality of fins
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wherein the embedded bottom portion of the plurality of

fins have substantially the same shape.

10. The transistor of claim 9, wherein the one or more
shaped fins include at least one shaped fin of a first shape and
at least one shaped fin of a second shape.

11. The transistor of claim 9, wherein the one or more
shaped fins is smaller than the one or more regular fins.

12. The transistor of claim 9, wherein the one or more
shaped fins is larger than the one or more regular fins.

13. The transistor of claim 9, wherein the one or more
shaped fins are each adjacent to only the one or more regular
fins such that the spacing between adjacent fins in the tran-
sistor is uniform.

14. The transistor of claim 9, wherein the plurality of fins
and the semiconductor substrate are a same material.

15. A method of forming a fin field-effect transistor (Fin-
FET), said method comprising:

forming a plurality of fins partially embedded in a shallow

trench isolation (STI) layer on a semiconductor sub-
strate;

patterning a photoresist layer over the plurality of fins to

form one or more openings exposing a single fin; and,
shaping the exposed single fin.

16. The method of claim 15, wherein shaping the exposed
single fin comprises:

doping a portion of the exposed single fin with a dopant,

removing the doped portion of the exposed single fin.

17. The method of claim 15, wherein shaping the exposed
single fin comprises:

etching a portion of the exposed single fin.

18. The method of claim 16, wherein the removing opera-
tion comprises etching.

19. A method of forming a fin field-effect transistor (Fin-
FET), said method comprising:

forming a plurality of fins partially embedded in a shallow

trench isolation (STT) layer on a semiconductor sub-
strate;

depositing a dielectric layer over the STI layer to com-

pletely cover the plurality of fins;

patterning a photoresist layer over the dielectric layer to

form one or more openings over a single fin;

etching through the dielectric layer to expose a single fin;

removing the photoresist layer; and,

shaping the exposed single fin.

20. The method of claim 19, wherein shaping the exposed
single fin comprises epitaxially growing fin material.

* * * * *





