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1
METHOD OF MAKING A FINFET DEVICE

BACKGROUND

The semiconductor integrated circuit (IC) industry has
experienced exponential growth. Technological advances in
IC materials and design have produced generations 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.

Such scaling down has also increased the complexity of
processing and manufacturing ICs and, for these advances to
berealized, similar developments in IC processing and manu-
facturing are needed. For example, a three dimensional tran-
sistor, such as a fin-like field-effect transistor (FinFET), has
been introduced to replace a planar transistor. The fin transis-
tor has a channel (referred to as a fin channel) associated with
a top surface and opposite sidewalls. The fin channel has a
total channel width defined by the top surface and the oppo-
site sidewalls. Although existing FinFET devices and meth-
ods of fabricating FinFET devices have been generally
adequate for their intended purposes, they have not been
entirely satisfactory in all respects. For example, a variation
of fin width and profile, especially at an end of the fin, raises
challenges in a FinFET process development. It is desired to
have improvements in this area.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It is noted that, in accordance with the stan-
dard 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.

FIG. 1 is a flow chart of an example method for fabricating
a FinFET device according to various aspects of the present
disclosure.

FIGS. 2 to 6 illustrate cross sectional views of one embodi-
ment in various stages of fabricating a FinFET device con-
structed according to aspects of the present disclosure.

FIG. 7 is another flow chart of another example method for
fabricating a FinFET device according to various aspects of
the present disclosure.

FIGS. 8 to 11a illustrate cross sectional views of one
embodiment in various stages of fabricating a FinFET device
constructed according to aspects of the present disclosure.

FIG. 115 is a top view of a FinFET device according to
various aspects of the present disclosure.

FIG. 11c illustrates a cross sectional view of a FinFET
device along line 10¢-10c¢ in FIG. 104.

FIG. 114 illustrates a cross sectional view of a FinFET
device along line 104-10d in FIG. 105.

FIG. 12 illustrates a cross sectional view of various aspects
of'one embodiment in various stages of fabricating a FinFET
device constructed according to aspects of the present disclo-
sure.

DETAILED DESCRIPTION

The following disclosure provides many different embodi-
ments, or examples, for implementing different features of
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the invention. Specific examples of components and arrange-
ments 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. In addition, the present
disclosure may repeat reference numerals and/or letters in the
various examples. This repetition is for the purpose of sim-
plicity and clarity and does not in itself dictate a relationship
between the various embodiments and/or configurations dis-
cussed.

Examples of devices that can benefit from one or more
embodiments of the present application are semiconductor
devices. Such a device, for example, is a FinFET device. The
FinFET device, for example, may be a complementary metal-
oxide-semiconductor (CMOS) device comprising a P-type
metal-oxide-semiconductor (PMOS) FinFET device and a
N-type metal-oxide-semiconductor (NMOS) FinFET device.
The following disclosure will continue with 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.

With reference to FIGS. 1 and 2-6, a method 100 and a
FinFET device 200 are collectively described below. FIG. 1 1s
a flow chart of a method 100 for fabricating a FinFET device
according to various aspects of the present disclosure.

Referring to FIGS. 1 and 2, the method 100 begins at step
102 by providing a semiconductor substrate 210. The semi-
conductor substrate 210 includes silicon. Alternatively, the
semiconductor substrate 210 may include germanium, silicon
germanium, gallium arsenide or other appropriate semicon-
ductor materials. Also alternatively, the semiconductor sub-
strate 210 may include an epitaxial layer. For example, the
semiconductor substrate 210 may have an epitaxial layer
overlying a bulk semiconductor. Further, the semiconductor
substrate 210 may be strained for performance enhancement.
For example, the epitaxial layer may include a semiconductor
material different from that of the bulk semiconductor, such
as a layer of silicon germanium overlying bulk silicon or a
layer of silicon overlying bulk silicon germanium. Such
strained substrate may be formed by selective epitaxial
growth (SEG). Furthermore, the semiconductor substrate 210
may include a semiconductor-on-insulator (SOI) structure.
Also alternatively, the semiconductor substrate 210 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 bonding, SEG, or other
appropriate method.

The method 100 proceeds to step 104 by defining a plural-
ity of fins on the semiconductor substrate 210, as shown in
FIG. 2. In the depicted embodiment, a pad layer 218 is formed
on the substrate 210. The pad layer 218 includes a dielectric
material, such as silicon oxide, silicon nitride, silicon oxyni-
tride, or any other suitable dielectric material. The pad layer
218 may be a single layer or multiple layers. In the present
embodiment, the pad layer 218 is a dual layer that includes a
silicon oxide layer 220 deposited on the semiconductor sub-
strate 210 and a silicon nitride layer 222 deposited on the
silicon oxide layer 220. The pad layer 218 can be formed by
thermal oxidation, chemical oxidation, atomic layer deposi-
tion (ALD), or any other appropriate method.
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Referring also to FIG. 2, a lithography process defines fins
on the semiconductor substrate 210. In the present embodi-
ment, a patterned photoresist layer 230 is spin-on coated on
the pad layer 218. The patterned photoresist layer 230 defines
fins of the FinFET device 200. Generally, a patterning process
may include photoresist coating (e.g., spin-on coating), soft
baking, mask aligning, exposing, post-exposure baking,
developing the photoresist, rinsing, drying (e.g., hard bak-
ing), other suitable processes, or combinations thereof. Alter-
natively, the photolithography exposing process is imple-
mented or replaced by other proper methods such as maskless
photolithography, electron-beam writing, direct-writing, and/
or ion-beam writing.

Referring to FIGS. 1 and 3, the method 100 proceeds to
step 106 by performing a trench etching to form a fin structure
235 in the semiconductor substrate 210. The patterned pho-
toresist layer 230 is used as a mask during the trench etching.
Inthe trench etching, the pad layer 218 and the semiconductor
substrate 210 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., CF4, SF6, CH2F2, CHF3, and/or C2F6), chlorine-
containing gas (e.g., C12, CHC13, CC14, and/or BC13),
bromine-containing gas (e.g., HBr and/or CHBR3), oxygy-
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.

Referring to FIG. 3, the fin structure 235 includes dummy
fins 240 and active fins 250. The dummy fins 240 have no
functionality in the FinFET device 200 but make FinFET
processes more uniform, more reproducible and more manu-
facturable. The active fins 250 have functionality in the Fin-
FET device 200. The active fins 250 are disposed between the
dummy fins 240. Having the dummy fins 240 located next to
the active fins 250, each of the active fins 250 may be formed
under a fairly similar formation surrounding in all associated
locations. The formation surrounding may include the dimen-
sion of open spacing on both side of a fin and local feature
density. A consistent formation surrounding enhances uni-
form active fins 250 in all associated locations, in term of fin’s
critical dimension (CD), profile and height.

Referring to FIGS. 1 and 4, the method 100 proceeds to
step 108, where a patterned photoresist layer 270 is formed to
define groups of dummy fins 240. By the patterning process,
the dummy fins 240 are divided into a first group of dummy
fins 240q and a second group of dummy fins 2405, as shown
in FIG. 4. The groups of dummy fins 240a and 2405 may
include one dummy fin or multiple dummy fins. The first
group of dummy fins 240q is exposed within openings of the
patterned photoresist layer 270 and will be exposed to a
subsequent etching process. The second group of dummy fins
2405 is covered by the patterned photoresist layer 270 (the
patterned photoresist layer 270 also covers the active fins
250), such that the second group of dummy fins 2405 (and the
active fins 250) remains intact during a subsequent etching
process. Additionally, in the depicted embodiment, before
forming the patterned photoresist layer 270, a layer 260 is
formed on the semiconductor substrate 210 and fills in
trenches between the fins of the fin structure 235. The layer
260 comprises any suitable material and is formed by any
suitable process. For example, the layer 260 may include
various organic or inorganic materials. The photoresist layer
270 is coated on the layer 260 and patterned by a suitable
patterning process.

Referring to FIGS. 1 and 5, the method 100 proceeds to
step 110 by removing the first group of dummy fins 240aq,
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which is exposed within openings of the patterned photoresist
layer 270. In the depicted embodiment, the first group of
dummy fins 240a and the layer 260 are removed to form a
plurality open-spacing 280, as shown in FIG. 5. The open-
spacing 280 is formed between the active fins 250 and the
second group of dummy fins 2405. In one embodiment, the
open-spacing 280 is formed also between two active fins 250.
The first group of dummy fins 240q is removed by an etching
technique, such as a dry etch in a chemistry with fluorine-
containing gases. In one embodiment, the first group of
dummy fins 240qa is removed partially. In another embodi-
ment, the first group of dummy fins 240qa is removed com-
pletely. After etching the first group of dummy fins 2404, the
patterned photoresist layer 270 and the layer 260 are removed
by another etching process including a wet etch, a dry etch, or
a combination thereof. The open-spacing 280 is designed to
serve as a stress buffer during downstream shallow trench
isolation (STI) formation and reduce distortion of the active
fins 250 caused by the stress. The second group of dummy fins
2405 is designed to minimize process loading effect and
reduce process variations.

Referring to FIGS. 1 and 6, the method 100 proceeds to
step 112 by filling trenches between fins with a dielectric
material to form STI regions 290 on the semiconductor sub-
strate 210. The STI regions 290 comprises silicon oxide,
silicon nitride, silicon oxynitride, other suitable materials, or
combinations thereof. The STI region 290 is formed by any
suitable process. As one example, the STI regions 290 is
formed by filling the trench between fins with one or more
dielectric materials by using a chemical vapor deposition
(CVD). In some examples, the filled trench 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 STT region 290.

After forming the STI region 290, the FinFET device 200
may undergo further CMOS or MOS technology processing
to form various features and regions known in the art. For
example, further fabrication processes may include, among
other things, forming a gate structure over the semiconductor
substrate 210, including over a portion of the active fins 250
and the second group of dummy fins 2405 and forming source
and drain (S/D) regions on each side of the gate structure,
including another portion of the active fins 250 and the second
group of dummy fins 2405. The formation of the gate struc-
ture may include depositing, patterning, and etching pro-
cesses. A gate spacer may be formed on the walls of the gate
structure by deposition and etching techniques. S/D regions
may be formed by recess, epitaxially growing and implant
techniques. Additional steps can be provided before, during,
and after the method 100, and some of'the steps described can
be replaced or eliminated for other embodiments of the
method.

Subsequent processing may also form various contacts/
vias/lines and multilayer interconnect features (e.g., metal
layers and interlayer dielectrics) on the semiconductor sub-
strate 210, configured to connect the various features or struc-
tures of the FinFET device 200. For example, a multilayer
interconnection includes vertical interconnects, such as con-
ventional vias or contacts, and horizontal interconnects, such
as metal lines. The various interconnection features may
implement various conductive materials including copper,
tungsten, and/or silicide. In one example, a damascene and/or
dual damascene process is used to form a copper related
multilayer interconnection structure.

In another embodiment, a method 300 for fabricating a
FinFET device 400 is provided. With reference to FIGS. 7 and
8-11, the method 300 and the FinFET device 400 are collec-
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tively described below. FIG. 7 is a flow chart of the method
300 for fabricating the FinFET device 400 according to vari-
ous aspects of the present disclosure.

Referring to FIGS. 7 and 8-9, the method 300 begins at
block 302 where a FinFET precursor 405 is received. The
FinFET precursor 405 includes the semiconductor substrate
210 and a fin structure 410 that includes dummy fins 420 and
active fins 430. The fin structure 410 is formed substantially
similar as the fin structure 235 described with reference to
FIGS. 2 and 3, such that the active fins 430 experience a
consistent formation surrounding during fin formation and
gains a uniform fin’s CD, profile and height in all associated
locations.

Referring also to FIG. 8, the FinFET precursor 405 also
includes isolation regions 440 in the semiconductor substrate
210. The isolation regions 440 utilize isolation technology,
such as STI, to define and electrically isolate various regions
of'the FinFET device 400. The isolation regions 440 comprise
silicon oxide, silicon nitride, silicon oxynitride, or other suit-
able materials, or combinations thereof. The isolation regions
440 are formed by any suitable process. In the present
embodiment, a plurality of trenches between fins are filled
with silicon oxide on the semiconductor substrate 210 to form
the isolation regions 440. An annealing process may be per-
formed after the formation of the isolation regions 440. The
annealing process includes rapid thermal annealing (RTA),
laser annealing processes, or other suitable annealing pro-
cesses. A chemical mechanical polishing (CMP) process may
be performed subsequently to remove excess silicon oxide to
provide a substantially planar surface. Additionally, a portion
of fins of the dummy fins 420 and the active fins 430 may be
recessed further by suitable patterning and etching processes
known in the art, as shown in FIG. 8.

Referring also to FIG. 8, the FinFET precursor 405 also
includes a raised sources and drains (S/D) structure 470,
which is formed on portions of the dummy fins 420 and the
active fins 430, referred to as S/D regions. The raised S/D
structure 470 may be formed by one or more epitaxy or
epitaxial (epi) processes, such that Si features, SiGe features,
or other suitable features are formed in a crystalline state on
the recessed surfaces of the dummy fins 420 and the active
fins 430 in the S/D region. 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. The raised S/D
structure 470 may be merged because of close proximity of
the dummy fins 420 and the active fins 430.

Referring to FIG. 9, the FinFET precursor 405 also
includes gate stacks 450 and gate spacers 460 formed over the
semiconductor substrate 210, including over (wrapping) a
portion of fins of the fin structure 410 (referred to as a channel
region). The gate stack 450 may include an interfacial layer
(not shown), a gate dielectric layer 452, a gate electrode layer
453, and a hard mask layer 454. It is understood that the gate
stack 450 may comprise additional layers such as interfacial
layers, capping layers, diffusion/barrier layers, dielectric lay-
ers, conductive layers, other suitable layers, or combinations
thereof.

The interfacial layer is formed over the semiconductor
substrate 210 and fins, 420 and 430. The interfacial layer
includes silicon oxide, silicon oxynitride or any suitable
materials. The gate dielectric layer 452 is formed over the
interfacial layer. The gate dielectric layer 452 comprises a
dielectric material, such as silicon oxide, silicon nitride, sili-
con oxynitride, high-k dielectric material, other suitable
dielectric material, and/or combinations thereof. Examples of
high-k dielectric material includes HfO2, HfSiO, HfSiON,
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6
HfTaO, HfTiO, HfZrO, zirconium oxide, aluminum oxide,
hafnium dioxide-alumina (HfO,—Al,O;) alloy, other suit-
able high-k dielectric materials, or combinations thereof.

The gate electrode layer 453 is formed over the gate dielec-
tric layer 452. The gate electrode layer 453 includes any
suitable material, such as polysilicon, aluminum, copper, tita-
nium, tantalum, tungsten, molybdenum, tantalum nitride,
nickel silicide, cobalt silicide, TiN, WN, TiAl, TiAIN, TaCN,
TaC, TaSiN, metal alloys, other suitable materials, or combi-
nations thereof. The hard mask layer 454 is formed over the
gate electrode layer 453. The hard mask layer 454 comprises
any suitable material, for example, silicon nitride, SiON, SiC,
Si0OC, or other suitable material.

The gate stack 450 is formed by any suitable process or
processes. For example, the gate stack 450 can be formed by
a procedure including photolithography patterning and etch-
ing processes. The gate spacers 460 are formed on sidewalls
of'the gate stack 450 and may comprise a dielectric material,
such as silicon nitride, silicon carbide, silicon oxynitride,
other suitable materials, or combinations thereof. In some
embodiments, the gate spacers are used to offset subsequently
formed doped regions, such as source/drain regions. The gate
spacers may further be used for designing or modifying the
source/drain region (junction) profile. The gate spacers may
be formed by suitable deposition and etch techniques.

Referring to FIGS. 7 and 10, the method 300 proceeds to
step 304, where a patterned photoresist layer 490 is formed to
define groups of dummy fins 420. By the patterning process,
the dummy fins 420 are divided into a first group of dummy
fins 420q and a second group of dummy fins 4205, as shown
in FIG. 10. The groups of dummy fins 420a and 4205 may
include one dummy fin or multiple dummy fins. The first
group of dummy fins 420q is exposed within openings of the
patterned photoresist layer 490 and will be exposed to a
subsequent etching process. The second group of dummy fins
4205 is covered by the patterned photoresist layer 490 (which
also covers the active fins 430), such that the second group of
dummy fins 4205 (and the active fins 430) remain intact
during the subsequent etching process. Additionally, in the
depicted embodiment, before forming the patterned photore-
sist layer 490, a layer 480 is formed on the semiconductor
substrate 210. The layer 480 comprises any suitable material
and is formed by any suitable process. For example, the layer
480 may include various organic or inorganic materials. Pho-
toresist layer 490 is coated on the layer 480 and patterned by
a suitable patterning process.

Referring to FIGS. 7 and 114, the method 300 proceeds to
step 306 by etching the first group of dummy fins 420a
through openings of the patterned photoresist layer 490. The
first group of dummy fins 420a is removed by an etching
technique, such as a dry etch in a chemistry with fluorine-
containing gases. In the present embodiment, the etching
process includes two etching phases. A first phase of the
etching process selectively removes the raised S/D structure
470 of the first group of dummy fins 420a. A second phase of
the etching process recesses a fin height of the first group of
dummy fins 420a through openings made by removal of the
S/D structure 470. In one embodiment, the first group of
dummy fins 420qa is removed partially. In another embodi-
ment, the first group of dummy fins 420« is removed com-
pletely. The second phase of the etching process leaves a void
495 on the semiconductor substrate after recessing the first
group of dummy fins 420a. After etching the first group of
dummy fins 4204, the patterned photoresist layer 490 and the
layer 480 are removed by another etching process including a
wet etch, a dry etch, or a combination thereof.
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FIG. 115 is atop view of the FinFET device 400. Referring
to FIG. 115, cross section views of the FInFET device 400,
after etching the first group of dummy fins 420a, are taken
along three lines, 11a-11a, 11¢-11¢ and 11d-114d. FIG. 11a is
a cross section view along the line 11a¢-11a (along the S/D
region) of FIG. 115. FIG. 11cis a cross section view along the
line 11¢-11c¢ (along the channel region) of FIG. 115 and
perpendicular to the direction of the line of 11a-11a. FIG. 114
is a cross section view along the line 11d4-11d (along one of
the first group of dummy fins) of FIG. 115 and perpendicular
to the direction of the line of 11a-11a. During the etching
process, a portion of the first group of dummy fins 420a
having the gate stacks 450 disposed thereover remains intact
because of being protected by the hard mask layer 454, as
shown in FIGS. 11¢ and 11d.

Referring to FIGS. 7 and 12, the method 300 proceeds to
step 308 by depositing and planarizing an interlayer dielectric
(ILD)layer 500 on the semiconductor substrate 210. The ILD
layer 500 is deposited by a proper technique, such as CVD.
The ILD layer 500 includes a dielectric material, such as
silicon oxide, silicon nitride, a low k dielectric material or a
combination. The ILD layer 500 fills in the voids 495 on the
semiconductor substrate, formed by removal of the source
and drain structure in the etching process. A CMP process
may be performed subsequently to provide a substantially
planar surface of the ILD layer 500.

The FinFET device 400 may include additional features,
which may be formed by subsequent processing. For
example, subsequent processing may further form various
contacts/vias/lines and multilayer interconnect features (e.g.,
metal layers and interlayer dielectrics) on the substrate, con-
figured to connect the various features or structures of the
FinFET device 400. The additional features may provide
electrical interconnection to the device. For example, a mul-
tilayer interconnection includes vertical interconnects, such
as conventional vias or contacts, and horizontal intercon-
nects, such as metal lines. The various interconnection fea-
tures may implement various conductive materials including
copper, tungsten, and/or silicide. In one example, a dama-
scene and/or dual damascene process is used to form a copper
related multilayer interconnection structures. In another
embodiment, tungsten is used to form tungsten plugs in the
contact holes.

The present disclosure provides many different embodi-
ments of fabricating a FinFET device that provide one or
more improvements over the prior art. In one embodiment, a
method for fabricating a FinFET device includes providing a
semiconductor substrate, etching the semiconductor sub-
strate to form a fin structure that includes dummy fins and
active fins. A patterned photoresist layer is formed to define a
first group of dummy fins and a second group of dummy fins.
The first group of dummy fins are etched through the pat-
terned photoresist layer. A shallow trench isolation (STI) is
formed on the semiconductor substrate after etching the first
group of dummy fins.

In another embodiment, a method for fabricating a FinFET
device includes receiving a FinFET precursor. The FinFET
precursor includes a semiconductor substrate, dummy fins
and active fins formed on the semiconductor substrate, shal-
low trench isolation (STI) regions formed on the semicon-
ductor substrate, a gate stack formed on the semiconductor
substrate (including a portion of the active and the dummy
fins) and a source and drain structure formed on the semicon-
ductor substrate (including another portion of the active and
the dummy fins). A patterned photoresist layer is formed to
define a first group of dummy fins and a second group of
dummy fins. An etching process is performed to removing a
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portion of the first group of dummy fins, which having the
source and drain structure, through the patterned photoresist
layer.

In yet another embodiment, a method for fabricating a
FinFET device includes providing a semiconductor substrate,
forming dummy fins and active fins on the semiconductor
substrate, wherein the active fins are disposed between the
dummy fins. A patterned photoresist layer is formed on the
dummy fins and the active fins. An etching process is per-
formed to remove the exposed portion of the dummy fins to
form an open-spacing between the active fins and a remaining
portion of dummy fins. A shallow trench isolation (STI) is
formed on the semiconductor substrate after forming the
open-spacing.

Based on the above, it can be seen that the present disclo-
sure offers methods for fabricating a FinFET device. The
method employs a novel dummy fins approach. The dummy
fins approach is configured to remove a group of dummy fins
while remain another group of dummy fins before a formation
of STI region. Alternatively, the dummy fins approach is
configured to remove the S/D structure in a S/D region and at
same time remains the gate stack in the channel region of the
same group of dummy fin. The dummy fin approach can be
flexibly fabricated in different process stages to obtain vari-
ous benefits of process control. The method demonstrates to
achieve an uniform of fin’s CD, profile and height in all
associated locations.

The foregoing outlines features of several embodiments 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 disclosure as
a basis for designing or modifying other processes and struc-
tures 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 equiva-
lent 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 depart-
ing from the spirit and scope of the present disclosure.

What is claimed is:
1. A method for fabricating a fin field-effect transistor
(FinFET) device, the method comprising:
providing a semiconductor substrate;
etching the semiconductor substrate to form a fin structure
that includes dummy fins and active fins;
forming a patterned photoresist layer on the semiconductor
substrate to define a first group of dummy fins and a
second group of dummy fins, wherein the patterned
photoresist layer exposes the first group of dummy fins;
etching the first group of dummy fins through the patterned
photoresist layer to reduce the height of the first group of
dummy fins;
forming a shallow trench isolation (STI) structure on the
semiconductor substrate in an area previously occupied
by the first group of dummy fins having the reduced
height.
2. The method of claim 1, wherein the active fins are
disposed between the dummy fins.
3. The method of claim 1, wherein the first group of dummy
fins is partially removed during the etching.
4. The method of claim 1, wherein the first group of dummy
fins is completely removed during the etching.
5. The method of claim 1, wherein an open-spacing is
formed between the active fins and the second group of
dummy fins by etching the first group of dummy fins.



US 8,697,515 B2

9

6. The method of claim 1, wherein an open-spacing is
formed between the active fins by etching the first group of
dummy fins.

7. The method of claim 1, further comprising forming a
material layer between at least one of the dummy fins and at
least one of the active fins prior to forming the patterned
photoresist layer on the semiconductor substrate; and

after etching the first group of dummy fins through the

patterned photoresist layer to form the trench, removing
the material layer between the at least one of the dummy
fins and the at least one of the active fin prior to depos-
iting the dielectric material in the trench to form the STI.

8. A method for fabricating a fin field-effect transistor
(FinFET) device, the method comprising:

providing a semiconductor substrate,

forming dummy fins and active fins on the semiconductor

substrate,

forming shallow trench isolation (STI) regions formed on

the semiconductor substrate and disposed between each
of the dummy fins and the active fins;

forming gate structure on at least one the dummy fins and

the active fins;
forming a patterned photoresist layer to define a first group
of dummy fins and a second group of dummy fins; and

after forming gate structure on at least one the dummy fins
and the active fins, etching the first group of dummy fins
through the patterned photoresist layer.

9. The method of claim 8, wherein the STI regions are
formed after forming the dummy fins and the active fins.

10. The method of claim 8, wherein the active fins are
disposed between the dummy fins.

11. The method of claim 8, wherein etching the first group
of dummy fins includes a first etching phase and a second
etching phase, and

wherein the first etching phase selectively removes source

and drain structures on a portion of the first group of
dummy fins.

12. The method of claim 11, wherein the second etching
phase includes recessing the portion of the first group of
dummy fins through an opening made by removal of the
source and drain structures.

13. The method of claim 12, wherein a gate structure on
another portion of the first group of dummy fins remains
intact during the etching.
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14. The method of claim 13, wherein the another portion of
the first group of dummy fins remains intact during the etch-
ing.

15. The method of claim 8, wherein the second group of
dummy fins is protected by the patterned photoresist layer
during the etching.

16. The method of claim 8, wherein the active fins are
protected by the patterned photoresist layer during the etch-
ing.

17. The method of claim 9, further comprising:

after etching the first group of dummy fins, forming an

interlayer dielectric (ILD) layer on the semiconductor
substrate;

planarizing the ILD layer by a chemical mechanical pol-

ishing (CMP) process.

18. The method of claim 17, wherein the ILD layer fills in
a void on the semiconductor substrate formed during the
etching.

19. A method for fabricating a fin field-effect transistor
(FinFET) device, the method comprising:

providing a semiconductor substrate;

forming dummy fins and active fins on the semiconductor

substrate, wherein the active fins are disposed between
the dummy fins;
forming a patterned photoresist layer on the dummy fins
and the active fins to expose a portion of the dummy fins;

etching the exposed portion of the dummy fins to form an
open-spacing between the active fins and a remaining
portion of the dummy fins, wherein the remaining
dummy fins have a first height and the active fins have a
second height that is different than the first height; and

forming a shallow trench isolation (STI) structure after
forming the open-spacing.

20. The method of claim 8, further comprising epitaxially
growing a source and drain structure on the active fins and the
dummy fins, and

wherein etching the first group of dummy fins includes

removing a portion of the source and drain structure
formed by the epitaxial growth process on the first group
of dummy fins.





