(11) Publication number:

(43) Publication date:
(51) Int. CI:

SG 174712 A1

28.10.2011

(12) Patent Application
(21) Application number: 2011021136 (71) Applicant: GLOBALFOUNDRIES INC. MAPLE
(22) Date of filing: 24.03.2011 CORPORATE SERVICES LIMITED P.O.
Lo ' an BOX 309 UGLAND HOUSE GRAND
KY
(72) Inventor: WITOLD MASZARA 15375 VIA DE
NINOS, MORGAN HILL CA 95037 U.S.A.
us
ROBERT J. MILLER 2667 DUNNING
DRIVE, YORKTOWN HEIGHTS NY 10598
US.A.US
(54) Title:
METHOD OF MANUFACTURING A FINNED
SEMICONDUCTOR DEVICE STRUCTURE
(57) Abstract:
METHOD OF MANUFACTURING A FINNED

SEMICONDUCTOR DEVICE STRUCTURE ABSTRACT A
method of manufacturing a finned semiconductor device
structure is provided. The method begins by providing a
substrate having bulk semiconductor material. The method
continues by forming a semiconductor fin structure from the
bulk semiconductor material, depositing an insulating material
overlying the semiconductor fin structure such that the insulating
material fills space adjacent to the semiconductor fin structure,
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METHOD OF MANUFACTURING A FINNED SEMICONDUCTOR DEVICE
STRUCTURE

ABSTRACT
A method of manufacturing a finned semiconductor device structure is provided.

The method begins by providing a substrate having bulk semiconductor material. The
method continues by forming a semiconductor fin structure from the bulk semiconductor
material, depositing an insulating material overlying the semiconductor fin structure such
that the insulating material fills space adjacent to the semiconductor fin structure, and
planarizing the deposited insulating material and the semiconductor fin structure to create
a flat surface. Thereafter, a replacement gate procedure is performed to form a gate

structure transversely overlying the semiconductor fin structure.

FIG. 5
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METHOD OF MANUFACTURING A FINNED SEMICONDUCTOR DEVICE
STRUCTURE

TECHNICAL FIELD
{0001] Embodiments of the subject matter described herein relate generally to
semiconductor devices and related manufacturing processes. More particularly,
embodiments of the subject matter relate to methods of forming finned semiconductor

devices, such as FinFET devices, in a reliable manner.

BACKGROUND
[0002] Transistors, such as metal oxide semiconductor field-effect transistors
(MOSFETs), are the core building block of the vast majority of semiconductor devices.
Some semiconductor integrated circuits, such as high performance Processors or
processing units, can include billions of transistors. For such devices, decreasing
transistor size, and thus increasing transistor density, has traditionally been a high priority
in the semiconductor manufacturing industry.
[0003] A FinFET is a type of transistor that can be fabricated using very small scale
processes. F1G. 1 is a simplified perspective view of a FInFET 10, which is formed on a
semiconductor wafer substrate 12. A FinFET is named for its use of one or more fins 14,
which are formed from the semiconductor material of the substrate 12, As shown in FIG.
1, each fin 14 extends between a source region 16 and a drain region 18 of the FinFET 10,
The FinFET 10 also includes a gate structure 20 that is formed over and across the fins
14. The surface area of the fins 14 in contact with the gate structure 20 determines the
effective channel of the FinFET 10. Semiconductor materials sujtable for creating
FinFETs include, but are not limited to silicon, germanium, silicon-germanium ailoys,

and I11-V materials such as GaAs, InGaAs, and InP,

BRIEF SUMMARY
{0004) A method of manufacturing a finned semiconductor device structure is
provided. The method forms a semiconductor fin structure from a layer of semiconductor
material, and then deposits an insulating material overlying the semiconductor fin
structure such that the insulating material fills space adjacent to the semiconductor fin

structure. The method continues by creating a flat surface from the deposited insulating



material, such that the flat surface is continuous with an upper surface of the
semiconductor fin structure, The method then fabricates a dummy gate structure
overlying the flat surface, the dummy gate structure transversely overlying the
semiconductor fin structure. The method continues by forming spacers adjacent sidewalls
of the dummy gate structure, removing the dummy gate structure while leaving the
spacers substantially intact, and selectively etching some of the deposited insulating
material below an area defined between the spacers, and in a manner that is self-aligned
with the spacers,

[0605]  Another method of manufacturing a finned semiconductor device structure is
also provided. This method begins by providing a substrate having bulk semiconductor
material, and by forming a semiconductor fin structure from the bulk semiconductor
material. The method continues by depositing an insulating material overlying the
semiconductor fin structure such that the insulating material fills space adjacent to the
semiconductor fin structure, planarizing the deposited insulating material and the
semiconductor fin structure to create a flat surface, and performing a replacement gate
procedure to form a gate structure transversely overlying the semiconductor fin structure.
[0006] Also provided is yet another method of manufacturing a finned semiconductor
device structure. This method provides a substrate having bulk semiconductor material,
forms a plurality of semiconductor fin structures from the bulk semiconductor material,
and creates isolation trenches in the bulk semiconductor material. The isolation trenches
are located between the plurality of semiconductor fin structures. The method continues
by filling the isolation trenches and covering the plurality of semiconductor fin structures
with an insulating material, creating a flat surface from the deposited insulating material,
and performing a replacement gate procedure to form a gate structure transversely
overlying the plurality of semiconductor fin structures.

[0007]  This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the detailed description. This summary is not
intended to identify key features or essential features of the claimed subject matter, nor is

it intended to be used as an aid in determining the scope of the claimed subject matter,

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] A more complete understanding of the subject matter may be derived by

referring to the detailed description and claims when considered in conjunction with the



following figures, wherein like reference numbers refer to similar elements throughout
the figures.

[0009] FIG. 1 is a simplified perspective view of a conventional FinFET having a
plurality of fins; and

{6010] FIGS. 2-23 are various cross-sectional and top views that illustrate a finned

semiconductor device structure and an exemplary process for fabricating it.

DETAILED DESCRIPTION
{0011] The following detailed description is merely illustrative in nature and is not
intended to limit the embodiments of the subject matter or the application and uses of
such embodiments. As used herein, the word “exemplary® means “serving as an
example, instance, or illustration.” Any implementation described herein as exemplary is
not necessarily to be construed as preferred or advantageous over other implementations.
Furthermore, there is no intention to be bound by any expressed or implied theory
presented in the preceding technical field, background, brief summary or the following
detailed description,
0012} Certain terminology may be used in the following description for the purpose
of reference only, and thus are not intended to be limiting, For example, terms such as
“upper”, “lower”, “above”, and “below” refer to directions in the drawings to which
reference is made. Terms such as “front”, “back™, “rear”, “side”, “outboard”, and
“inboard” may be used to describe the orientation and/or location of a feature or element
within a consistent but arbitrary frame of reference which is made clear by reference to
the text and the associated drawings describing the component under discussion. Such
terminology may include the words specifically mentioned above, derivatives thereof, and
words of similar import,
[0013] Techniques and technologies described herein may be utilized to fabricate
MOS transistor devices, including NMOS transistor devices, PMOS transistor devices,
and NMOS/PMOS device combinations referred to as CMOS devices. Although the term
“MOS device” properly refers to a device having a metal gate electrode and an oxide gate
insulator, that term will be used throughout to refer to any semiconductor device that
includes a conductive gate electrode (whether metal or other conductive material) that is
positioned over or around a gate insulator (whether oxide or other insulator) which, in
turn, is positioned over a semiconductor region or regions, or around the same as in the

case of FinFET devices. Various steps in the manufacture of MOS components and
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FinFETs are well known and so, in the interest of brevity, many conventional steps will
only be mentioned briefly herein or will be omitted entirely without providing the wel]
known process details. As used here, the term “FinFET?” refers both to finned devices
where only the vertical walls of the fins are influenced by gate voltages (also known as
“double gate” or “dual-gate” devices) and to finned devices where the fin top surface as
well as the fin vertical walis are influenced by gate voltages (also known as “tri-gate” or
“triple gate” devices).

[0014]  Although the manufacturing process described here can be utilized to create
finned semiconductor devices from a bulk semiconductor substrate or a semiconductor-
on-insulator (SOI) substrate, certain practical benefits are obtained when bulk
semiconductor substrates are used. Therefore, the following description focuses on a bulk
semiconductor implementation (in a non-limiting context). The common approach to
FinFET formation on 2 bulk semiconductor substrate employs a fin etch followed by a
trench filling step where the trenches (which are formed from the fin etch) are filled with
a dielectric material that is subsequently planarized to the upper surfaces of the fin(s).
Thereafter, recesses are formed in the planarized dielectric to reveal the desired fin height.
For a gate-last approach, a dummy gate stack is formed overlying the revealed fins, and
sidewall spacers are formed on the dummy gate stack. Anisotropic etching steps are
performed during the fabrication of the dummy gate stack and sidewall spacers.
Unfortunately, it can be difficult to achieve uniform, reliable, and consistent etching of
the dummy gate stack and the spacers, due to the three dimensional nature of these
features (which are formed up and over the semiconductor fins). The fabrication process
described below addresses this shortcoming of conventional approaches by forming a
dummy gate stack and sidewall spacers on a flat surface, which results in more uniform
and reliable etching during formation of those elements. Notably, the flat surface
naturally follows from the planarization of the dielectric fill material, Accordingly, the
described fabrication process can be easily integrated into existing process flows that
utilize a typical gate-last approach.

{0015) FIGS. 2-23 are various cross-sectional and top views that illustrate a finned
semiconductor device structure and an exemplary process for fabricating it. This
fabrication process represents one implementation of a method that is suitable for use in
manufacturing finned semiconductor devices, such as FinFETs. An embodiment of this
fabrication process may begin by providing an appropriate substrate that is formed from

or otherwise comprises a semiconductor material. Preferred embodiments begin with an



appropriate bulk substrate of semiconductor material, i.e., a bulk semiconductor substrate.
In other embodiments, the substrate is realized as an SOI substrate that includes a support
layer, a layer of insulation material overlying or residing on the support layer, and a layer
of semiconductor material overlying or residing on the layer of insulation material. The
semiconductor material is preferably a silicon material as typically used in the
semiconductor industry, e.g., relatively pure silicon as well as silicon admixed with other
elements such as germanium, carbon, and the like. Alternatively, the semiconductor
material can be germanium, gallium arsenide, or the like. The semiconductor material
need not be doped, although it may be very lightly doped as either N-type or P-type,
without impacting the manufacturing process described here. For example, bulk silicon
substrates are often provided as lightly doped P-type substrates, and a lightly doped P-
type semiconductor material could be used for the embodiment described here. Of
course, the semiconductor material can be subsequently doped in an appropriate manner
to form active regions in a manner that is well understood by those familiar with
semiconductor manufacturing techniques.

{0016] FIG. 2 is a cross-sectional view of a semiconductor device structure 100a after
semiconductor fin structures 102, 104 have been formed from a tayer of semiconductor
material 106. FIG. 2 represents a view from the perspective of an intersecting plane that
is perpendicular to the longitudinal axes of the semiconductor fin structures 102, 104.
Accordingly, the longitudinal axes of the semiconductor fin structures 102, 104 runs into
and out of the page on which FIG. 2 appears.

{0017} For this exemplary embodiment, the layer of semiconductor material 106 was
initially provided in the form of a bulk semiconductor substrate 108. Although any
number of fin structures could be created, FIG. 2 depicts an exemplary fin arrangement
that includes two semiconductor fin structures 102, 104. The semiconductor fin
structures 102, 104 can be formed from the layer of semiconductor material 106 using
any number of known process steps and techniques. One such method employs
photolithography techniques to form a patterned etch mask overlying the layer of
semiconductor material 106, typically a patterned hard mask. Thereafter, the
semiconductor material 106 is anisotropically etched using the patterned etch mask to
define the semiconductor fin structures 102, 104, 1f the desired fin thickness is too thin
for creation by lithography directly, then known methods for creating spacers can be
applied in such a manner that spacers composed of nitride or other etch-resistant material

become the pattern and hard mask for fin creation. In accordance with certain



embodiments, the hard mask material remains on the underlying semiconductor material
106. In this regard, each semiconductor fin structure 102, 104 in FIG. 2 includes a fin
110 formed from the layer of semiconductor material 106, and a hard mask cap 112
overlying the fin 110. In some embodiments, however, the hard mask caps 112 are
removed from the fins 110 after etching the semiconductor material 106 to form the
semiconductor fin structures 102, 104, or their use is avoided entirely.

{0018] When creating the fins 110, the layer of semiconductor material 106 may also
be etched in an appropriate manner to create isolation trenches 114 in the bulk
semiconductor substrate 108, Although not shown in FIG. 2, the left side of the leftmost
isolation trench 114 can be defined with a sidewall of the semiconductor material 106
(and the right side of the rightmost isolation trench 114 can be similarly defined). As is
well understood, the isolation trenches 114 are created to accommodate isolation material
for purposes of insulating the semiconductor fin structures 102, 104 from one another.
Accordingly, the isolation trenches 114 are located between and adjacent to the
semiconductor fin structures 102, 104.

[6019] For ease of illustration and clarity, FIG. 2 shows an embodiment where the
isolation trenches 114 are formed at a single and consistent depth. In practice, however,
dual-depth or multiple-depth isolation trenches could be fabricated if so desired. In this
regard, a multiple-depth approach may be considered when forming relatively high aspect
ratio trenches. For example, a dual-depth approach could be used to form a relatively
shallow isolation trench between the two semiconductor fin structures 102, 104, and to
form relatively deep isolation trenches outboard the two semiconductor fin structures 102,
104. The remaining manufacturing process steps described below can be performed (with
appropriate modification if needed) to accommodate single-depth, dual-depth, or
multiple-depth isolation trenches.

[0020] As mentioned above, the disclosed semiconductor device fabrication process
could be used to create finned devices on an SOI substrate (rather than a bulk substrate).
In such embodiments, the process may begin by providing an SOI substrate having a
layer of semiconductor material overlying an insulator layer. Using conventional
techniques, the layer of semiconductor material is etched to define one or more
semiconductor fin structures overlying the insulator layer. In contrast to the bulk
implementation described above, formation of fins from an SOI substrate inherently

results in the creation of isolation between the fins due to the presence of isolating buried



oxide. Nonetheless, the techniques and methodologies described below can still be used
to process a semiconductor device structure having fins etched from an SOI substrate,
[0021] This embodiment of the manufacturing process continues by filling the
isolation trenches 114 with an insulating material 120. FIG. 3 depicts the state of the
semiconductor device structure 100b after completion of one or more process steps. At
this point in the fabrication process, the isolation trenches 114 have been completely
fitled and overfilled with the insulating material 120 (for example, by deposition), and
subsequently the insulating material 120 has been polished or otherwise planarized to
create a flat surface 122 from the deposited insulating material 120 and from the upper
surfaces of the hard mask caps 112. In FIG. 3, the dashed line represents the flat surface
122, which is continuous with the exposed surface of the deposited insulating material
120 and the exposed upper surfaces of the hard mask caps 112.

[0022] In certain embodiments, the insulating material 120 is an oxide material that is
blanket deposited overlying the semiconductor fin structures 102, 104 using a well known
material deposition technique such as chemical vapor deposition (CVD), low pressure
chemical vapor deposition (LPCVD), or plasma enhanced chemical vapor deposition
(PECVD). The insulating material 120 is deposited such that it fills the space adjacent to
and between the semiconductor fin structures 102, 104 (i.e., the isolation trenches 114 in
this example) and covers the hard mask caps 112. Thereafter, the flat surface 122 is
created from the deposited insulating material 120. In particular embodiments, the
deposited insulating material 120 is planarized using, for example, a chemical mechanical
polishing tool and such that the hard mask caps 112 serve as a polish stop indicator.
Consequently, the resulting flat surface 122 corresponds to both the exposed surface of
the polished insulating material 120 and the exposed upper sutfaces of the hard mask caps
112.

10623] For an SOI embodiment, the insulating material can still be deposited between
and adjacent to the fins and thereafter planarized to form a flat surface in the manner
described above. The resulting structure will be similar to that shown in FIG. 3, however,
the insulating material will reside overlying the insulator layer (e.g., a buried oxide layer)
of the SOI substrate rather than the bulk semiconductor material.

{0024) If a tri-gate device is being fabricated, it may be desirable to remove the hard
mask caps 112 prior to the planarizing step, leaving the upper surfaces of the fins 110
unprotected. For that scenario, the insulating material 120 will be polished such that its

exposed surface is continuous with the exposed upper surfaces of the fins 110.



Alternatively, if the hard mask caps 112 are present at the time of this planarization step,
then planarizing the insulating material 120 could be performed such that it results in the
removal of the hard mask caps 112 at this time. If the hard mask caps 112 are removed in
this manner, then the desired flat surface would correspond to both the exposed polished
surface of the insulating material and the exposed upper surfaces of the fins 110. In yet
other embodiments, the hard mask caps 112 are removed at some other point during the
replacement gate procedure.

0025} Notably, the flat surface 122 is utilized for a replacement gate procedure to
form a gate structure transversely overlying the semiconductor fin structures 102, 104,
The replacement gate procedure is performed at this time to take advantage of the flat
surface 122, which enables reliable and uniform etching of materials used to fabricate a
dummy gate structure and associated sidewall spacers. In this regard, FIGS. 4-6 depict
the state of the semiconductor device structure [00c after completion of one or more
process steps. More specifically, FIGS. 4-6 show a dummy gate structure 130 overlying
the flat surface 122. FIG. 4 is a top view of the semiconductor device structure 100c,
FIG. 5 is a cross-sectional view of the semiconductor device structure 100¢ as viewed
from line 5-5 in FIG. 4, and FIG. 6 is a cross-sectional view of the semiconductor device
structure 100¢ as viewed from line 6-6 in FIG. 4. This embodiment of the dummy gate
structure 130 includes a dummy gate 132 and a dummy cap 134 overlying the dummy
gate [32. As shown in FIG. 4 and FIG. 5, the dummy gate structure 130 is fabricated
such that it transversely overlies the semiconductor fin structures 102, 104. For this
example, the dummy gate structure 130 is orthogonally oriented relative to the
longitudinal axes of the semiconductor fin structures 102, 104.

10026 The dummy gate structure 130 can be fabricated using conventional process
steps such as material deposition, photolithography, and etching. In this regard,
fabrication of the dummy gate structure 130 may begin by forming at least one layer of
dummy gate material overlying the flat surface 122. For this example, the material used
for the dummy gate 132 is formed overlying the flat surface 122, and then the hard mask
material used for the dummy cap 134 is formed overlying the dummy gate material. The
dummy gate material is typically a polycrystalline silicon material, and the hard mask
material is typically a nitride material or an oxide material. In typical embodiments, the
dummy gate materials are blanket deposited on the semiconductor device structure in a
conformal manner (using, for example, any of the deposition techniques mentioned

previously).



16027| The hard mask layer is photolithographically patterned to form a dummy gate
etch mask, and the underlying the dummy gate material is anisotropically etched into the
desired topology that is defined by the dummy gate etch mask. The resulting dummy gate
130 is depicted in FIGS. 4-6. Notably, anisotropic etching of the dummy gate materials
can be controlled in a reltable manner to produce uniform etching, because the dummy
gate 130 resides on the flat surface 122. In other words, the vertical dimension of the
dummy gate materials is relatively uniform and constant overlying the flat surface 122,
which is desirable to achieve accurate and uniform anisotropic etching in the vertical
direction.

[0028] After the dummy gate structure 130 has been created, the process may
continue by forming spacers adjacent the sidewalls of the dummy gate structure 130. In
this regard, FIGS. 7-9 depict the state of the semiconductor device structure 100d after the
formation of the spacers 140. FIG. 7 is a top view of the semiconductor device structure
100d, FIG. 8 is a cross-sectional view of the semiconductor device structure 100d as
viewed from line 8-8 in FIG. 7, and FIG. 9 is a cross-sectional view of the semiconductor
device structure 100d as viewed from line 9-9 in FIG. 7. As shown in FIG. 7 and FIG. 9,
the spacers 140 are formed adjacent to and on the sidewalls 142 of the dummy gate
structure 130,

{0029] The spacers 140 can be fabricated using conventional process steps such as
material deposition, photolithography, and etching. In this regard, formation of the
spacers 140 may begin by conformally depositing a spacer material overlying the dummy
gate structure 130. The spacer material is an appropriate insulator, such as silicon oxide
or silicon nitride, and the spacer material can be deposited in a known manner by, for
example, atomic layer deposition (ALD), CVD, LPCVD, semi-atmospheric chemical
vapor deposition (SACVD), or PECVD. The spacer material is deposited to a thickness
so that, after anisotropic etching, the spacers 140 have a thickness that is appropriate for
the subsequent etching steps described below.

[0030]  Thereafter, the spacer material is anisotropically and selectively etched to
define the spacers 140. In practice, the spacer material can be etched by, for example,
reactive ion etching (RIE) using a suitable etching chemistry. Notably, anisotropic
etching of the spacer material can be controlied in a reliable manner to produce uniform
etching, because the dummy gate 130 and the spacer material resides on the flat surface

122, which facilitates accurate and uniform anisotropic etching in the vertical direction.



[0031] After the spacers 140 have been created, this exemplary process continues by
forming source/drain cavities in the semiconductor device structure, FIG, 10 and FIG, 11
depict the state of the semiconductor device structure 100e after the formation of the
source/drain cavities 150. FIG. 10 is a top view of the semiconductor device structure
100e, and FIG. 11 is a cross-sectional view of the semiconductor device structure 100e as
viewed from line 11-11 in FIG. 10. It should be appreciated that the cross-sectional view
of the semiconductor device structure 100e taken longitudinally through the dummy gate
130 will still appear as shown in FIG. 5.

[0032]  The source/drain cavities 150 are formed by sequentially or concurrently
etching unprotected portions of the hard mask caps 112, the fins 110, and the insulating
material 120 to the desired depth. For reasons that will become apparent later, the
source/drain cavities 150 are etched such that no insulating material 120 remains
overlying the semiconductor material 106 at the bottom of the source/drain cavities [50.
This option would be typically used in conjunction with shaltow isolation trenches
between fins, while deeper isolation would separate individual devices. Such a
source/drain cavity type affords more controlled epitaxial processes (seeding on planar
and flat substrate material) and possibly better coupling of the stress, which is caused by
the epitaxial material grown in the cavity, with the device channel. Notably, the dummy
cap 134 and the spacers 140 may function as part of an etch mask during the creation of
the source/drain cavities [50. Although not shown, appropriately patterned etch mask
material may also be used to protect certain areas of the insulating material 120 during the
etching steps. For this embodiment, the sides of the source/drain cavities 150 are defined
by regions of the insulating material 120 that were protected by an etch mask during the
etching steps (see FIG. 10). As depicted in FIG. 11, the source/drain cavities 150 are
anisotropically etched such that the sidewalls 152 of the source/drain cavities 150 are
self-aligned with the spacers 140.

[0033]  The manufacturing process may proceed by at least partially filling the
source/drain cavities 150 with semiconductor material. FIG. 12 and FIG. 13 depict the
state of the semiconductor device structure 100f after the source/drain cavities 150 have
been filled with a semiconductor material 160. FIG. 12 is a top view of the
semiconductor device structure 100f, and FIG. [3 is a cross-sectional view of the
semiconductor device structure 100f as viewed from line 13-13 in FIG. [2. It should be
appreciated that the cross-sectional view of the semiconductor device structure 100f taken

longitudinally through the dummy gate 130 will still appear as shown in FIG. 5.

10



[6034] The semiconductor material 160 may be a silicon material, a stress inducing
semiconductor material, or the like. In this embodiment, the semiconductor material 160
is a stress inducing semiconductor material that is formed by selectively epitaxially
growing a silicon based material in the source/drain cavities 150. For an NMOS
transistor device, the semiconductor material 160 is a semiconductor material, such as
silicon carbon, or another material that has a lower lattice constant than silicon. In
contrast, for a PMOS transistor device, the semiconductor material 160 is a
semiconductor material, such as silicon germanium, or another material that has a higher
lattice constant than silicon. As is well understood, such epitaxial growth occurs from the
semiconductor material 106 present at the bottom of the source/drain cavities 150. This is
why all of the insulating material 120 is removed from the region of the source/drain
cavities 150. In certain embodiments, the semiconductor material 160 is an “in situ
doped” material in that a suitable dopant is introduced into a host material as that host
material is grown. Epitaxially grown in situ doped silicon material may be utilized here
such that the material need not be subjected to ion implantation for purposes of doping.
[0035] It should be appreciated that the use of the stress inducing semiconductor
material 160 is optional. As an alternative, the fins 110 can be partially or fully exposed
in the source/drain regions, and silicon (which is not stress inducing) can be epitaxially
grown in the source/drain regions as desired to thicken the fins 110 and/or to merge the
fins 110 together. Such treatment is typically performed to decrease the contact
resistance of the fins 110 and to accommodate the formation of source/drain contacts at
the ends of the fins 110,

[0036] Referring again to FIG. 12 and FIG. 13, the semiconductor material 160 could
be subjected to ion implantation (for source/drain doping) at this time if so desired. As
another optional step, the semiconductor material 160 couid be subjected to a silicidation
process to form the source/drain contact areas at this time. Alternatively, ion
implantation and/or silicidation could be performed later during the fabrication process.
[0037]  The manufacturing process may proceed by forming regions of dielectric
material outboard the spacers 140. FIG. 14 and FIG. 15 depict the state of the
semiconductor device structure 100g after this dielectric material 170 has been formed.
FIG. 14 is a top view of the semiconductor device structure 100g, and FIG. 15 is a cross-
sectional view of the semiconductor device structure [00g as viewed from line 15-15 in
FIG. 14. 1t should be appreciated that the cross-sectional view of the semiconductor

device structure 100g taken longitudinally through the dummy gate 130 will still appear
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as shown in FIG. 5. At this point in the fabrication process, previously unoccupied spaces
outboard the spacers 140 have been completely filled with the dielectric material 170 (for
example, by blanket deposition), and the exposed surface of the semiconductor device
structure 100g has been polished or otherwise planarized as depicted in FIG. 15.

{6038] In certain embodiments, the dielectric material 170 is an interlayer dielectric
(ILD) material that is initially blanket deposited overlying the semiconductor material
160, the dummy gate structure 130, and the spacers 140 using a well known material
deposition technique such as chemical vapor deposition (CVD), low pressure chemical
vapor deposition (LPCVD), or plasma enhanced chemical vapor deposition (PECVD).
The dielectric material 170 is deposited such that it fills the spaces adjacent to and
outboard the spacers 140 and such that it covers the spacers 140 and the dummy cap 134.
Thereafter, the deposited dielectric material 170 is planarized using, for example, a
chemical mechanical polishing tool and such that the dummy cap 134 serves as a polish
stop indicator.

[0039] The fabrication process may proceed by removing the dummy gate structure
130 while leaving the spacers 140 intact or at least substantially intact. FIG. 16 and FIG.
17 depict the state of the semiconductor device structure 100h after removal of the
dummy gate structure 130. FIG. 16 is a top view of the semiconductor device structure
100h, and FIG. 17 is a cross-sectional view of the semiconductor device structure 100h as
viewed from line 17-17 in FIG. 16. Notably, removal of the dummy gate structures 130
results in the removal of the dummy cap 134 (assuming that it is still present at this time)
and the removal of the dummy gate 132, Accordingly, removal of the dummy gate
structure 130 exposes the flat surface 122 between the spacers 140 (see FIG. 17). Thus,
sections of the hard mask caps 112 and sections of the insulating material 120 (that were
previously covered by the dummy gate structures 130) will be exposed. It should
therefore be appreciated that the cross-sectional view of the semiconductor device
structure 100h taken longitudinally between the spacers 140 will appear as shown in FIG.
3.

[0040] In certain embodiments, the dummy gate structure 130 is removed by
sequentially or concurrently etching the dummy cap 134 and the dummy gate 132 ina
selective manner, stopping at the desired point, The etching chemistry and technology
used for this etching step is chosen such that the spacers 140 and the dielectric material

170 are not etched (or only etched by an insignificant amount). Depending upon the



particular process, etching of the dummy gate 130 may be controlled to stop at the hard
mask caps 112 (if they are still present at this time) or at the top of the fins 110.

[0041] The manufacturing process may proceed by removing some of the exposed
insulating material 120 to define the desired height of the fins 110. FIG. 18 and FIG. 19
depict the state of the semiconductor device structure 1001 after the height of the
insulating material 120 has been reduced. For this particular example, the hard mask caps
112 of the semiconductor fin structures 102, 104 remain intact. Accordingly, the top
view of the semiconductor device structure 100i will resemble that depicted in FIG. 16
(because the height of the insulating material 120 is not distinguishable in FIG. 16). For
this reason, FIG. 18 is a cross-sectional view of the semiconductor device structure 100
as viewed from line 18-18 in FIG. 16, and FIG. 19 is a cross-sectional view of the
semiconductor device structure 100i as viewed from line 19-19 in FIG. 16. Notably, FIG.
18 corresponds to a section through the semiconductor fin structure 104, and FIG. 19
corresponds to a section adjacent to the semiconductor fin structure 102. For this
embodiment, a section taken adjacent to the semiconductor fin structure 104 and a section
taken between the semiconductor fin structures 102, 104 would also appear as shown in
FIG. 19,

[0G42] If a tri-gate device is being fabricated, then the hard mask caps 112 may also
be removed at this time. In such embodiments, the top view of the device structure at this
point in the process would be similar to that shown in FIG. 16, however, the fins 110
would be visible instead of the hard mask caps 112. Likewise, the hard mask caps 112
would not appear in FIG. 18,

[0043] In certain embodiments, the insulating material 120 is partially removed using
a selective and anisotropic etching technique. In this regard, the insulating material 120 is
preferably etched using an appropriate etch chemistry that is selective to the insulating
material 120, and such that the dielectric material 170, the spacers 140, the hard mask
caps 112, and the fins 110 remain intact (or such that these items are preserved with only
an insignificant amount of etching). Note that the spacers 140 serve as a self-aligning
eteh mask while the insulating material 120 is being anisotropically etched. Accordingly,
the portion of the insulating material 120 that is located below the area defined between
the spacers 140 is etched in a self-aligned manner. Moreover, the selective etching of the
insulating material 120 is controlled such that an isolating layer of the deposited

insulating material 120 remains overlying the semiconductor material 106 and between



the semiconductor fin structures 102, 104 (see FIG. [8). This remaining insulating
material 120 isolates the semiconductor fin structures 102, 104 from one another.

10044) As shown in F1G. 18 and FIG. [9, etching of the insulating material 120
reduces its height such that upper portions of the fins 110 are exposed and “protruding”
from the newly formed upper surface 180 of the insulating material 120 (for comparison,
see FIG. 5). The selective etching of the insulating material 120 defines and forms a gate
space 182 for the semiconductor device structure 100i. Referring to FIGS. 16, 18, and 19,
this gate space 182 is located overlying the insulating material 120, overlying the
semiconductor fin structures 102, 104, and between the spacers 140. Moreover, the
spacers 140 protect the underlying insulating material 120, thus forming thin “walls” of
the insulating material 120 that separate the gate space 182 from the outboard
semiconductor material 160 (see FIG. 19).

[0045] This exemplary fabrication process continues by forming a gate structure that
occupies the gate space 182 and the area defined between the spacers 140. FIGS. 20-23
depict the state of the semiconductor device structure 100j after creation of an exemplary
gate structure 190. FIG. 20 is a top view of the semiconductor device structure 100j, FIG.
21 is a cross-sectional view of the semiconductor device structure 100j as viewed from
line 21-21 in FIG. 20, FIG. 22 is a cross-sectional view of the semiconductor device
structure 100j as viewed from line 22-22 in FIG. 20 (i.e., taken through the semiconductor
fin structure 104), and FIG. 23 is a cross-sectional view of the semiconductor device
structure 100j as viewed from line 23-23 in FIG. 20 (i.e., taken through a section adjacent
the semiconductor fin structure 102),

[00406] FIGS. 20-23 illustrate how the completed gate structure 190 fills the gate
space 182 and the area between the spacers 140. As is well understood, the gate structure
190 is formed overlying the semiconductor fin structures 102, 104 such that the gate
structure 190 contacts the vertical sides of the fins 110. The illustrated embodiment
represents a dual-gate device wherein the hard mask caps 112 remain at the tips of the
fins 110. Accordingly, as shown in FIG. 21, the gate structure 190 is formed overlying
the insulating material 120, the fins 110, and the hard mask caps 2. Alternatively, the
hard mask caps 112 could be removed prior to formation of the gate structure 190,
resulting in a tri-gate device structure. In accordance with conventional replacement gate
procedures, the top view of the gate structure 190 (see FIG. 20) follows the same fayout
as the dummy gate structure 130 (see FIG. 14). In this regard, the gate structure 190 is

fabricated such that it transversely overlies the semiconductor fin structures 102, 104,
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For this example, the gate structure 190 is orthogonally oriented relative to the
longitudinal axes of the semiconductor fin structures 102, 104.

[0047] The gate structure 190 can be fabricated using conventional process steps such
as material deposition, photolithography, and etching, Moreover, the gate structure 190
could be formed using any established gate module technology (e.g., a gate insulator
combined with a polycrystalline gate electrode, a high-k metal gate arrangement, or the
like). In practice, fabrication of the gate structure 190 may begin by forming at least one
layer of gate material overlying the semiconductor device structure 100i shown in FIG. 18
and FIG. 19. In typical embodiments, the various layers of gate materials are blanket
deposited on the semiconductor device structure in a conformal manner {using, for
example, any of the deposition techniques mentioned previously).

[0048] The deposited gate material can then be planarized using, for example, a
chemical mechanical polishing tool. For the illustrated embodiment, the deposited gate
material is polished until it is even with the upper tips of the spacers 140, and such that
any overfill material is removed from the upper surface of the dielectric material {70 (see
FIG. 22 and FIG. 23). In practice, the spacers 140 and/or the dielectric material 170
could serve as a polish stop indicator during this step. Ultimately, the gate structure 190
is formed as a result of these fabrication steps.

{0049} Thereafter, any number of known process steps can be performed to complete
the fabrication of one or more semiconductor devices that incorporate the semiconductor
fin structures 102, 104. For example, the manufacturing process can be carried out to
complete the fabrication of at least one transistor device that includes the fins 110 and the
gate structure 190. These final process steps, and other back end process steps, will not
be described here.

10050] While at least one exemplary embodiment has been presented in the foregoing
detailed description, it should be appreciated that a vast number of variations exist. It
should also be appreciated that the exemplary embodiment or embodiments described
herein are not intended to limit the scope, applicability, or configuration of the claimed
subject matter in any way. Rather, the foregoing detailed description will provide those
skilled in the art with a convenient road map for implementing the described embodiment
or embodiments. It should be understood that various changes can be made in the
function and arrangement of elements without departing from the scope defined by the
claims, which includes known equivalents and foreseeable equivalents at the time of

filing this patent application.



CLAIMS

What is claimed is:

1. A method of manufacturing a finned semiconductor device structure, the
method comprising:

forming a semiconductor fin structure from a layer of semiconductor material;

depositing an insulating material overlying the semiconductor fin structure such that
the insulating material fills space adjacent to the semiconductor fin structure, resulting in
deposited insulating material,

creating a flat surface from the deposited insulating material, the flat surface being
continuous with an upper surface of the semiconductor fin structure;

fabricating a dummy gate structure overlying the flat surface, the dummy gate
structure transversely overlying the semiconductor fin structure;

forming spacers adjacent sidewalls of the dummy gate structure;

thereafter, removing the dummy gate structure while leaving the spacers substantiaily
intact, to expose the flat surface between the spacers; and

thereafter, selectively etching some of the deposited insulating material below an area

defined between the spacers, and in a manner that is sclf-aligned with the spacers.

2. The method of claim 1, wherein forming the semiconductor fin structure
comprises:

forming a patterned hard mask overlying the layer of semiconductor material; and

etching the layer of semiconductor material, using the patterned hard mask as an etch
mask, such that the semiconductor fin structure comprises a fin formed from the layer of

semiconductor material and a cap corresponding to the patterned hard mask.

3. The method of claim 2, wherein the creating step creates the flat surface such

that the upper surface corresponds to a surface of the cap.

4, The method of claim [, wherein forming the semiconductor fin structure
comprises:
providing a substrate having the layer of semiconductor material in the form of bulk

semiconductor material; and
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etching the bulk semiconductor material to define the semiconductor fin structure and
to create isolation trenches for the semiconductor fin structure in the bulk semiconductor

material,

5. The method of claim 4, wherein the depositing step fills the isolation trenches

with the insulating material.

6. ‘The method of claim 1, wherein forming the semiconductor fin structure
comprises:

providing a semiconductor-on-insulator (SOI) substrate having the layer of
semiconductor material overlying an insulator layer; and

etching the layer of semiconductor material to define the semiconductor fin structure

overlying the insulator layer.

7. The method of claim 1, wherein creating the flat surface comprises polishing
the deposited insulating material, using the upper surface of the semiconductor fin structure

as a polish stop indicator.

8. The method of claim 1, wherein:

selectively etching some of the deposited insulating material defines a gate space for
the finned semiconductor device structure; and

the method further comprises forming a gate structure that occupies the gate space

and the area defined between the spacers.

9. The method of claim 1, further comprising forming regions of dielectric

material outboard the spacers, prior to removing the dummy gate structure,

10.  The method of claim I, wherein fabricating the dummy gate structure
comprises:

depositing at least one layer of dummy gate material overlying the flat surface;

forming a dummy gate etch mask overlying the at least one layer of dummy gate
material; and

anisotropically etching the at least one layer of dummy gate material into a topology

defined by the dummy gate etch mask.



Il.  The method of claim [, wherein forming the spacers comprises:
depositing a spacer material overlying the dummy gate structure; and

anisotropically and selectively etching the spacer material to define the spacers.

12, A method of manufacturing a finned semiconductor device structure, the
method comprising:

providing a substrate having bulk semiconductor material;

forming a semiconductor fin structure from the bulk semiconductor material;

depositing an insulating material overlying the semiconductor fin structure such that
the insulating material fills space adjacent to the semiconductor fin structure, resulting in
deposited insulating material;

planarizing the deposited insulating material and the semiconductor fin structure to
create a flat surface; and

thereafter, performing a replacement gate procedure to form a gate structure

transversely overlying the semiconductor fin structure.

13, The method of claim 12, wherein performing the replacement gate procedure
comprises:

fabricating a dummy gate structure overlying the flat surface, the dummy gate
structure transversely overlying the semiconductor fin structure;

forming spacers adjacent sidewalls of the dummy gate structure;

thereafter, removing the dummy gate structure while leaving the spacers substantially
intact, to expose the flat surface between the spacers; and

thereafter, selectively etching some of the deposited insulating material below an area

defined between the spacers, and in a manner that is self-aligned with the spacers.

14, The method of ¢laim 13, wherein:

selectively etching some of the deposited insulating material defines a gate space for
the finned semiconductor device structure; and

performing the replacement gate procedure further comprises forming the gate

structure such that it occupies the gate space and the area defined between the spacers.
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15.  The method of claim 12, wherein:
the semiconductor fin structure comprises a fin formed from the bulk semiconductor
material and a hard mask cap overlying the fin; and

planarizing the deposited insulating material results in removal of the hard mask cap.

[6.  The method of claim 12, wherein:

the semiconductor fin structure comprises a fin formed from the bulk semiconductor
material and a hard mask cap overlying the fin; and

the method further comprises removing the hard mask cap from the fin prior to

planarizing the deposited insulating material.

17.  The method of claim 12, wherein:

the semiconductor fin structure comprises a fin formed from the bulk semiconductor
material and a hard mask cap overlying the fin; and

the method further comprises removing the hard mask cap from the fin during the

replacement gate procedure.

18. A method of manufacturing a finned semiconductor device structure, the
method comprising:

providing a substrate having bulk semiconductor material;

forming a plurality of semiconductor fin structures from the bulk semiconductor
material;

creating isolation trenches in the bulk semiconductor material, the isolation trenches
located between the plurality of semiconductor fin structures;

filling the isolation trenches and covering the plurality of semiconductor fin structures
with an insulating material, resulting in deposited insulating material;

creating a flat surface from the deposited insulating material, the flat surface being
continuous with upper surfaces of the plurality of semiconductor fin structures; and

thereafter, performing a replacement gate procedure to form a gate structure

transversely overlying the plurality of semiconductor fin structures.

19



£9.  The method of claim 18, wherein performing the replacement gate procedure
comprises:

fabricating a dummy gate structure overlying the flat surface, the dummy gate
structure transversely overlying the plurality of semiconductor fin structures;

forming spacers adjacent sidewalls of the dummy gate structure;

thereafter, removing the dummy gate structure while leaving the spacers substantially
intact, to expose the flat surface between the spacers;

thereafier, selectively etching some of the deposited insulating material below an area
defined between the spacers, and in a manner that is self-aligned with the spacers, to define 4
gate space for the finned semiconductor device structure; and

forming the gate structure such that it occupies the gate space and the area defined

between the spacers.

20.  The method of claim 19, wherein the step of selectively etching some of the
deposited insulating material is controlled such that an isolating layer of the deposited
insulating material remains overlying the bulk semiconductor material and between the

plurality of semiconductor fin structures.
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