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AIR GAP SPACER FOR METAL GATES
BACKGROUND

Technical Field

[0001] The present disclosure relates to integrated circuits
and the fabrication thereof. More particularly, the present
disclosure relates to fabricating field effect transistors
(FETs) that include fins (fin-FETs) while protecting against
parasitic capacitance and protecting high K materials of a
replacement metal gate structure when building in insulating
air gaps.

Description of the Related Art

[0002] Multi-gate FETs may experience in high parasitic
capacitance. Insulating selected regions of the device may
reduce the parasitic capacitance, however, the processing
employed to add insulation may harm other device compo-
nents, such as a high dielectric constant material (high k
material) that is part of a replacement metal gate structure,
e.g., a gate structure formed in replacement of a sacrificial
gate structure. For example, in taking steps to improve the
insulating characteristics, processing near the gate may lead
to the exposure of and damage to high k material situated
around the metal gates.

SUMMARY

[0003] In accordance with one aspect of the present dis-
closure, a transistor device is provided that includes air gap
structures adjacent to gate structures. In one embodiment,
the transistor device may include metal gate structures
located between the source and drain regions, and metal
contacts formed on the source and drain regions and spaced
from the metal gate structures. The metal contacts may
include a first width portion that is proximate to the source
and drain regions, in which the width of the metal contacts
tapers to a larger second width in a direction away from the
source and drain regions. In some embodiments, a substan-
tially conformal dielectric layer is present on at least the
sidewalls of the metal contacts and sidewall of the metal gate
structures, the substantially conformal dielectric layer hav-
ing a pinched off region that seals air gaps between the metal
contacts and the metal gate structures. The pinched off
region may be proximate to the second width of the metal
contact.

[0004] In another aspect of the present disclosure, a
method of forming a semiconductor device is provided. In
some embodiments, the method may include forming a
trench in an interlayer dielectric layer that is adjacent to at
least one gate structure to expose an electrical contact
surface to one of a source region and a drain region. A
sacrificial spacer may be formed on sidewalls of the trench.
The sacrificial spacer has a base width greater than a width
of an upper surface of the gate structure. A metal contact
may then be formed in the trench to at least one of the source
region and the drain region, wherein the metal contact has a
base width that is less than an upper surface width of the
metal contact. The sacrificial spacer may be removed, and a
substantially conformal dielectric material layer can be
formed on sidewalls of the metal contact and the gate
structure that are exposed by removing the sacrificial spacer.
Portions of the conformally dielectric material layer contact
one another at a pinch off region that is proximate to the
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upper surface width of the metal contact to form an air gap
between the metal contact and the gate structure.

[0005] In another embodiment, the method of forming a
semiconductor device may include forming trenches in an
interlayer dielectric layer between adjacent metal gate struc-
tures. The trenches are positioned over source and drain
region portions of a fin structure. A sacrificial spacer is
formed on sidewalls of the trench. The sacrificial spacer has
a base width greater than an upper surface. A metal contact
is formed in the trench in electrical communication with at
least one of the source region portion and the drain region
portion of the fin structure. The metal contact has a base
width that is less than an upper surface width of the metal
contact. The sacrificial spacer may then be removed. A
substantially conformal dielectric material layer may be
formed on sidewalls of the metal contact and the gate
structure that are exposed by removing the sacrificial spacer.
Portions of the conformal dielectric material layer contact
one another at a pinch off region that is proximate to the
upper surface width of the metal contact to form an air gap.
The air gap may entirely fill the space between the metal
contact and the gate structures.

[0006] These and other features and advantages will
become apparent from the following detailed description of
illustrative embodiments thereof, which is to be read in
connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0007] The disclosure will provide details in the following
description of preferred embodiments with reference to the
following figures wherein:

[0008] FIG. 1 1is atop plan view of a semiconductor device
at a stage of fabrication illustrating fin structures having a
gate structure present thereon, in which section line A-A is
along a cross-section through the length of a fin structure,
and section line B-B provides a cross-section through a
portion of the device between adjacent fin structures in
which the epitaxial semiconductor material for one of a
source region or a drain region would be present, in accor-
dance with one embodiment of the present disclosure.
[0009] FIG. 2A depicts a side cross-sectional view through
the length of a fin structure of the device (similar to the
cross-section along section line A-A in FIG. 1) at a stage of
fabrication in which a replacement metal gate structure has
been fabricated and an anti-reflection coating and an organic
planarization layer have been deposited atop the fin struc-
tures and metal gate structure, in accordance with one
embodiment of the present disclosure.

[0010] FIG. 2B depicts a side cross-sectional view in the
space between adjacent fin structures (similar to cross-
section along section line B-B in FIG. 1) at the stage of
fabrication of FIG. 2A, in accordance with one embodiment
of the present disclosure.

[0011] FIG. 3A depicts a side cross-sectional view through
the length of a fin structure of the device (similar to the
cross-section along section line A-A in FIG. 1) at a stage of
fabrication in which the anti-reflection coating and the
organic planarization layer are removed and trenches are
formed, in accordance with one embodiment of the present
disclosure.

[0012] FIG. 3B depicts a side cross-sectional view in the
space between adjacent fin structures (similar to cross-



US 2018/0294263 Al

section along section line B-B in FIG. 1) at the stage of
fabrication of FIG. 3A, in accordance with one embodiment
of the present disclosure.

[0013] FIG. 4 depicts a side cross-sectional view in the
space between adjacent fin structures (similar to cross-
section along section line B-B in FIG. 1) at the stage of
fabrication in which a first spacer material is removed, in
accordance with one embodiment of the present disclosure.
[0014] FIG. 5 depicts a side cross-sectional view in the
space between adjacent fin structures (similar to cross-
section along section line B-B in FIG. 1) at a stage of
fabrication in which a portion of high-k dielectric material is
removed from the metal gate structure in accordance with
one embodiment of the present disclosure.

[0015] FIG. 6 depicts a side cross-sectional view through
the space between adjacent fin structures (similar to cross-
section along section line B-B in FIG. 1) at a stage of
fabrication following FIG. 5, in which a second spacer
material is formed in accordance with one embodiment of
the present disclosure.

[0016] FIG. 7A depicts a side cross-sectional view through
the length of a fin structure of the device (similar to the
cross-section along section line A-A in FIG. 1) at a stage of
fabrication in which the second spacer material is subjected
to an anisotropic etching procedure to remove portions
thereof, in accordance with one embodiment of the present
disclosure.

[0017] FIG. 7B depicts a side cross-sectional view in the
space between adjacent fin structures (similar to cross-
section along section line B-B in FIG. 1) at the stage of
fabrication of FIG. 7A, in accordance with one embodiment
of the present disclosure.

[0018] FIG. 8 depicts a side cross-sectional view through
the space between adjacent fin structures (similar to cross-
section along section line B-B in FIG. 1) at a stage of
fabrication in which a metallization layer is formed in the
trenches between the second spacer material in accordance
with an embodiment of the present disclosure.

[0019] FIG. 9 depicts a side cross-sectional view through
the space between adjacent fin structures (similar to cross-
section along section line B-B in FIG. 1) at a stage of
fabrication in which the second spacer material is removed
from the trenches in accordance with one embodiment of the
present disclosure.

[0020] FIG. 10A depicts a side cross-sectional view
through the length of a fin structure of the device (similar to
the cross-section along section line A-A in FIG. 1) at a stage
of fabrication in which a third spacer material is deposited
in conformance with the metallization layer and the metal
gate structures, forming air gaps and an air gap pinch off
region, in accordance with an embodiment of the present
principles.

[0021] FIG. 10B depicts a side cross-sectional view in the
space between adjacent fin structures (similar to cross-
section along section line B-B in FIG. 1) at the stage of
fabrication of FIG. 7A, in accordance with one embodiment
of the present disclosure.

[0022] FIG. 11A depicts a side cross-sectional view
through the length of a fin structure of the device (similar to
the cross-section along section line A-A in FIG. 1) at a stage
of fabrication in which chemical mechanical polishing is
performed to remove excess third spacer material from the
top of the device, in accordance with one embodiment of the
present disclosure.
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[0023] FIG. 11B depicts a side cross-sectional view in the
space between adjacent fin structures (similar to cross-
section along section line B-B in FIG. 1) at the stage of
fabrication of FIG. 11A, in accordance with one embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0024] Detailed embodiments of the methods and struc-
tures of the present disclosure are described herein; how-
ever, it is to be understood that the disclosed embodiments
are merely illustrative of the disclosed methods and struc-
tures that may be embodied in various forms. In addition,
each of the examples given in connection with the various
embodiments of the disclosure are intended to be illustra-
tive, and not restrictive. Further, the figures are not neces-
sarily to scale, some features may be exaggerated to show
details of particular components. Therefore, specific struc-
tural and functional details disclosed herein are not to be
interpreted as limiting, but merely as a representative basis
for teaching one skilled in the art to variously employ the
methods and structures of the present disclosure.

[0025] References in the specification to “one embodi-

ment”, “an embodiment”, “an example embodiment”, etc.,
indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular
feature, structure, or characteristic. Moreover, such phrases
are not necessarily referring to the same embodiment. Fur-
ther, when a particular feature, structure, or characteristic is
described in connection with an embodiment, it is submitted
that it is within the knowledge of one skilled in the art to
affect such feature, structure, or characteristic in connection
with other embodiments whether or not explicitly described.
For purposes of the description hereinafter, the terms
“upper”, “lower”, “right”, “left”, “vertical”, “horizontal”,
“top”, “bottom”, and derivatives thereof shall relate to the
invention, as it is oriented in the drawing figures. The terms
“overlying”, “atop”, “positioned on ” or “positioned atop”
means that a first element, such as a first structure, is present
on a second element, such as a second structure, wherein
intervening elements, such as an interface structure, e.g.
interface layer, may be present between the first element and
the second element. The term “direct contact” means that a
first element, such as a first structure, and a second element,
such as a second structure, are connected without any
intermediary conducting, insulating or semiconductor layers
at the interface of the two elements.

[0026] It is to be appreciated that the use of any of the
following “/”, “and/or”, and “at least one of”, for example,
in the cases of “A/B”, “A and/or B” and “at least one of A
and B”, is intended to encompass the selection of the first
listed option (A) only, or the selection of the second listed
option (B) only, or the selection of both options (A and B).
As a further example, in the cases of “A, B, and/or C” and
“at least one of A, B, and C”, such phrasing is intended to
encompass the selection of the first listed option (A) only, or
the selection of the second listed option (B) only, or the
selection of the third listed option (C) only, or the selection
of the first and the second listed options (A and B) only, or
the selection of the first and third listed options (A and C)
only, or the selection of the second and third listed options
(B and C) only, or the selection of all three options (A and
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B and C). This may be extended, as readily apparent by one
of ordinary skill in this and related arts, for as many items
listed.

[0027] As described herein, a method of forming a semi-
conductor device is provided with air gap spacers that
protects the sensitive high-k dielectric material of the metal
gate structures near the metallization layers (which provide
a metal contact) over the source and drain regions of the
device. In some embodiments, this is done through a
sequence of adding and removing sacrificial spacer materials
in the locations between the metal layers in the source and
drain regions of the device and the body of the gate structure
of the device.

[0028] For example, a semiconductor device may be
formed including fin structures, source and drain regions,
and gate structures. In one embodiment, the semiconductor
device is formed using a replacement metal gate (RMG)
structure. A replacement metal gate structure is provided by
a process sequence, in which a sacrificial gate structure is
initially formed on the channel region of the device, and
later replaced with a metal gate structure that produces a
functional gate structure. The functional gate structure func-
tions to switch the semiconductor device from an “on” to
“off”” state, and vice versa. This process sequence may also
be referred to as a gate last sequence. The gate last process
sequence allows for device features, such as, e.g., epitaxial
growth of source and drain regions, to be formed while the
sacrificial gate structure is in place and before forming the
functional gate structure. This provides that the functional
gate structure is not subjected to certain process conditions
that the sacrificial gate structure is subjected to.

[0029] The functional gate structure (also referred to as
replacement metal gate (RMG) structure) may be capped
with a silicon nitride material and a first spacer material may
be formed around the replacement metal gate structure. As
will be described herein, the spacer material (or portions
thereof) may be removed at a later time. An interlayer
dielectric material (ILD) may then be deposited over the
structure, with a silicon anti-reflective coating (SiARC) and
an organic planarization layer (OPL) being formed over the
ILD layer. This arrangement is configured for trench forma-
tion, e.g., the trenches are formed in the source and drain
regions between the gate structures, and metal materials may
be deposited over the source and drain regions. The trenches
and the deposited metal materials may provide contacts to
the source and drain regions, as well as other active regions
of the device.

[0030] In one embodiment, after the trenches are formed
in the ILD material between in the source/drain regions, the
sacrificial spacer material is removed, a portion of the high-k
dielectric material of the replacement metal gate structures
is removed, a second spacer material is deposited in con-
formance to the structure, metallization layers are formed
over the source/drain regions, the second spacer material is
removed, and air gaps are formed between the metallization
layers and the replacement metal gate structures that are
defined by a third spacer material that forms air gap pinch off
region in locations between the metallization layers and the
replacement metal gates. A semiconductor device is pro-
vided having a structure that has little to no parasitic
capacitance and in which the high-k dielectric material is not
damaged.

[0031] Spacer materials may be formed in the trenches,
both before and after metal deposition, the presence of
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which may shape the metal formation, i.e., metal contacts,
and upon removal provide for air gap formation with pinch
off regions. In one embodiment, a spacer material is depos-
ited in the space between the replacement metal gate struc-
tures and the metal materials for the contacts that is pro-
duced by removing sacrificial spacers, in which the spacer
material forms a pinch off seal preventing further spacer
material from entering the space. The pinch off seal pro-
duced by the conformal spacer material leaves an air gap in
the space between the replacement metal gates and the
metallization formations, e.g., metal contacts, providing air
gap insulation in addition to insulation that may be provided
by other materials, e.g., low k dielectric spacer material
formed in conformance to the walls of the replacement metal
gate and metallization formations.

[0032] Referring now to the drawings in which like
numerals represent the same or similar elements and initially
to FIG. 1, depicted is a top plan view showing perspectives
views of a one embodiment of a partial semiconductor
device 10, with line A-A showing the perspective of a view
through a fin 14 and line B-B showing the perspective of a
view through a space 16 present between adjacent fin
structures 14. This region of the device may be filled with
epitaxial semiconductor material contacting the source and
drain regions, e.g., merged source and drain epitaxial semi-
conductor material. Gates 18 positioned within spacers 26
are shown extending perpendicular to the fin structures 14.
The view of FIG. 1 is simplified by omitting other parts of
the device.

[0033] Referring to FIGS. 2A and 2B, fin structures 14 are
formed on a semiconductor substrate 12. The semiconductor
substrate 12 may be made from a semiconductor material,
such as, silicon, germanium and silicon-germanium alloy,
among other materials and alloys. In the described embodi-
ment according to present principles, the semiconductor
substrate material is silicon.

[0034] The device is provided with a replacement metal
gate structure 18 shown passing over the fins 14. A sacrificial
gate structure may have been previously formed from poly-
crystalline silicon, and then replaced with the metal gate
structure 18 in a gate last configuration after other aspects of
the device are formed, for example, after the source and
drain regions 16 are formed by epitaxial growth.

[0035] Replacement metal gate (RMG) structures 18 may
include a gate metal material 24, such as tungsten (W); a
work function metal 22, such as titanium nitride (TiN); and
a gate dielectric material 20, such as a high-k gate dielectric.
The term “high-k” as used to describe the material of the
gate dielectric layer 30 denotes a dielectric material having
a dielectric constant greater than silicon oxide (SiO,) at
room temperature (20° C. to 25° C.) and atmospheric
pressure (1 atm). For example, a high-k dielectric material
may have a dielectric constant greater than 4.0. In another
example, the high-k gate dielectric material has a dielectric
constant greater than 7.0. In one embodiment, the gate
dielectric material 20 is composed of a high-k oxide, such as,
for example, HfO,, ZrO,, Al,O;, TiO,, La,0;, SrTiO;,
LaAlO;, Y,O; and mixtures thereof. Other examples of
high-k dielectric materials for the gate dielectric material 20
include hafnium silicate, hafhium silicon oxynitride or com-
binations thereof.

[0036] It is noted that titanium nitride (TiN) is only one
example of a metal containing material that can be used for
the work function metal 22. Other examples of work func-
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tion metals for the replacement metal gate (RMG) gate
structures 18 include ruthenium, titanium aluminum, alumi-
num nitride, and tantalum carbide.

[0037] Itis noted that tungsten (W) is only one example of
a composition that can provide the gate metal material 24. In
other embodiments, the gate metal material 24 may be
tantalum (Ta), aluminum (Al), platinum (Pt), gold (Auw),
silver (Ag), copper (Cu) and alloys thereof.

[0038] Referring to FIGS. 2A and 2B, the gate dielectric
material 20 may surround the work function metal 22 and
the gate metal material 24. In some embodiments, the gate
structure 18 may be capped with a dielectric material 28,
such as silicon nitride, silicon oxide or silicon oxynitride. A
spacer material 26 surrounds the replacement metal gate
(RMG) structure 18. The spacer material 26 may be com-
posed of a dielectric material, such as an oxide, nitride or
oxynitride material, that is suitable for sacrifice, e.g., at a
later time in the process flow described herein. In some
embodiments, the spacer material 26 may be a silicon
oxynitride, e.g., SiNO, or the spacer material may be a
silicon boron carbon nitride (SiBCN) material. The spacer
material 26 may, in such instances, be regarded as a sacri-
ficial gate material.

[0039] An epitaxial growth material 16a of a semiconduc-
tor material, such as crystalline silicon is formed in the
source and drain regions of the device. The epitaxial growth
occurs on both sides of the replacement metal gate structure
18. The epitaxial growth material 16a may be silicon,
germanium, a silicon-germanium (SiGe) alloy and/or carbon
doped silicon (Si:C). In the described embodiment, the
epitaxial growth material 16a is SiGe. The SiGe layer can be
formed, for example, by a selective epitaxial process using
a combination of silicon-containing gas, a germanium-
containing gas, a carrier gas, and optionally, an etchant gas.
The silicon containing gas may be a gas such as silane
(SiH,), dichlorosilane (SiH,Cl,), disilane (Si,Hy), trisilane
(Si3Hy) or tetrasilane (Si,H,,). The germanium containing
gas may be a gas such as germane (GeH,) or digermane
(Ge,Hg). The carrier gas may be a gas such as nitrogen,
hydrogen, or argon. The optional etchant gas may be a gas
such as hydrogen chloride (HCl) or chlorine (Cl,). The
formation may occur at a temperature ranging from about
450° C. to about 900° C. The SiGe layer may have a Ge
concentration of about 15% to about 100%, preferably from
about 20% to about 60%.

[0040] Further, an interlayer dielectric material (ILD) 30
may be deposited over the substrate 12, the epitaxial growth
material 16a within the source and drain regions, fin struc-
tures 14, gate structure 18, spacer 26 and cap 28. ILD
material 30 may be selected from silicon containing mate-
rials such as SiO,, Si;N,, SiO,N,, SiC, SiCO, SiCOH, and
SiCH compounds, with some or all of the Si replaced by Ge,
carbon doped oxides, inorganic oxides, inorganic polymers,
hybrid polymers, organic polymers such as polyamides or
SiLK™ other carbon containing materials, organo-inor-
ganic materials such as spin-on glasses and silsesquioxane-
based materials, and diamond-like carbon (DLC), also
known as amorphous hydrogenated carbon (a-C:H)). Addi-
tional choices for the ILD material include any of the
aforementioned materials in porous form, or in a form that
changes during processing to or from being porous and/or
permeable to being non-porous and/or non-permeable.
[0041] Still referring to FIGS. 2A and 2B, a silicon anti-
reflective coating (SiARC) 34 and an organic planarization
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layer (OPL) 32 are formed over the ILD layer 30. The
exemplary anti-reflective coating (SiARC) 34 and an
organic planarization layer (OPL) 32 can be replaced or
substituted by any other known or unknown pattering meth-
odology used to determine the placement of the source/drain
regions in the exemplary dielectric material (ILD) 30.
[0042] Referring to FIGS. 3A and 3B, shown is device 10
at a stage of fabrication in which the anti-reflective coating
layer 34 and the organic planarization layer 32 are removed,
and a trench 38 is formed between replacement metal gates
18 by removing the ILD material 30 and portions of the
spacer material 26 from the space between the replacement
metal gates 18. The spacer material 26 may also be removed
from near the top of the replacement metal gate structures
18. Forming trenches 38 exposes the epitaxial growth mate-
rial 16a in the source and drain regions of the device 10. The
ILD material 30 may be removed by anisotropic etching, in
which the etch rate in the direction normal to the etched
surface is greater than in the direction parallel to the etched
surface. The anisotropic etch may be performed by reactive-
ion etching (RIE). Other examples of anisotropic etching
that can be used at this point of the proceedings include ion
beam etching, plasma etching or laser ablation.

[0043] Inan embodiment, the placement and alignment of
trenches 38 with respect to the replacement metal gate
structures 18 does not have to be exact. FIGS. 3A and 3B
shows misalignment region that may be formed with
removal of portions of the spacer 26 and the exposure of the
epitaxial growth material 16a in the source and drain
regions. Misalignments become inconsequential with later
processing steps described herein.

[0044] Referring to FIG. 4, the device 10 is shown at a
stage of device fabrication in which an isotropic etch is
performed to remove a portion of the spacer material 26 to
a location that is below the top of the epitaxial growth
material 16a of the source and drain regions, while leaving
a portion of spacer materials 26, i.e., remnant spacer portion,
at the bottom of the trench 38 between the epitaxial semi-
conductor material 16a of the source and drain regions and
the replacement metal gates 18. The removal of spacer
material 26 to this extent forms a space 40 between the
source/drain regions 16 and the replacement metal gates 18.
The etching may be done by RIE, which is selective to the
SiNO/SiBCN spacer material 26. The etch may also be
conducted by a wet chemical etch or a gas plasma etch and
any etch process in which the etching occurs isotropically,
e.g., non-directionally, where the etch rate is not substan-
tially greater in any one direction in comparison to all of the
etch directions.

[0045] Referring to FIG. 5, shown is device 10 at a stage
of fabrication in which an isotropic etch is performed to
remove the high-k dielectric material 20 from the replace-
ment metal gates 18 that has been exposed in forming the
trenches 36. In removing the high-k dielectric material 20, a
recess 42 forms above where the high-k dielectric material
still remains, in the space between the spacer material 26 and
the work function metal 22 of the replacement gate structure
18. The isotropic etch may be a RIE, a wet chemical etch, or
a gas plasma etch. The size and dimensions of the recess 42
defined by the thickness of the high-k dielectric material 20
and the isotropic etch process that is used. The recess 42 may
be configured to end above the fin 14 and source/drain
region 16 as not to impact device performance though air
exposure to active device region high-k dielectric material.
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[0046] Referring to FIG. 6, shown is device 10 at a stage
of fabrication in which a new spacer material, here referred
to as a second spacer material, is deposited on the structure.
The second spacer material 44 may be formed by depositing
a conformal layer of dielectric material, such as oxides,
nitrides or oxynitrides and combinations thereof along the
top of the device and in trenches 38, where the trench
sidewalls and trench bottom are covered by the second
spacer material 44. In some embodiments, the second spacer
material 44 is a continuous dielectric material layer on
vertical surfaces of the trench sidewall and horizontal sur-
faces at a base of the trench. In some embodiments, the
epitaxial semiconductor material 164 that has been formed
on the source and drain portions of the fin structures are
buried by the deposit of the second spacer material 44.
Typically, the second spacer material 44 fills the spaces 40
and recesses 42 within the trench 38. The second spacer
material 44 may be, but need not be, a dielectric. In some
embodiments, the second spacer material 44 will cleanly
decompose within a time and temperature range, and in an
atmosphere, which will not adversely affect the function of
other structural components. In some embodiments, an
acceptable decomposition temperature would be at or about
350° C-450° C. Examples of suitable materials to function
as a second spacer material 44 include: polystyrenes; polym-
ethyl methacrylates; polynorbornenes; and polypropylene
glycols. Other examples may include oxides and nitrides. In
one embodiment, the second spacer material 44 may be
formed by using a blanket layer deposition, such as chemical
vapor deposition. The second spacer material 44 may have
a width ranging from about 2.0 nm to about 15.0 nm.

[0047] Referring to FIGS. 7A and 7B, depicted is a stage
of device fabrication in which the second spacer material 44
is subjected to an anisotropic pull down etch, in which the
material of the sacrificial spacer material 44 is removed from
the top of the structure and the bottom of the trenches 38,
exposing the epitaxial semiconductor material 16a of the
source and drain regions. In some embodiments, the aniso-
tropic pull down etch may include anisotropically etching
the continuous dielectric material to remove the continuous
dielectric material, i.e., sacrificial spacer material 44, from
the horizontal surfaces of the trench and to reduce a width
of the continuous dielectric material, i.e., sacrificial spacer
material 44, at an upper surface of the vertical surfaces of the
trench to provide a sacrificial spacer 44 (the remaining
portion of the sacrificial spacer material may hereafter be
referred to as a sacrificial spacer 44) having an upper surface
with a width W1 less than a base surface width W2 of the
sacrificial spacer 44. RIE may be used to effect the aniso-
tropic pulldown, in which the etch rate is higher for hori-
zontal surfaces (e.g, those surfaces on the top of the structure
and over the source/drain regions) resulting in a tapered
profile in the sacrificial spacer 44 that remains at the top of
the device 10. The sacrificial spacer 44 remains in confor-
mance with the sides of the trenches and is present along the
replacement metal gate and the ILD material 30.

[0048] Referring to FIG. 8, shown is the device at a stage
of fabrication in which a metallization layer is formed in the
trenches 38. The metallization layer provides a metal contact
46 that in electrical communication with the source and
drain regions. For example, the metal contact 46 may be in
direct contact with an epitaxially formed semiconductor
material 164 of at least one of the source region and the drain
region. The metal contact 46 is situated between the replace-
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ment metal gate structures 18. The metal contact 46 may be
formed using physical vapor deposition and (PVD) and
chemical vapor deposition (CVD). Variations of CVD pro-
cesses suitable for depositing the at least one first gate
dielectric layer include, but are not limited to, atmospheric
pressure chemical vapor deposition (APCVD), low pressure
chemical vapor deposition (LPCVD), plasma enhanced
chemical vapor deposition (PECVD), and metal organic
chemical vapor deposition (MOCVD). Sputtering is an
example of a PVD process. The metallization layer may be
formed of a metal. Exemplary metals includes titanium (Ti),
aluminum (Al), copper (Cu), tungsten (W), platinum (Pt),
and gold (Au). The metallization layer may also be formed
of a doped polysilicon. The metallization layer or layers 46
form source/drain contacts that are processed so that the
resultant contact surface 47 of the metallization layer 46
upper surface is coplanar with the interlayer dielectric layer
30 and does not cover, e.g., overlap, the sacrificial second
spacer 44.

[0049] The metal contact 46 completely fills the remainder
of the opening for the trench 38. The metal contact 46
directly contacts the exposed sidewalls of the second spacers
44. The width W3 of the upper surface of the metal contact
46 is less than the width W4 of the base surface of the metal
contact 46, in which the metal contact 46 tapers from the
upper width W3 to the base width W4 of the metal contact
46.

[0050] Referring to FIG. 9, shown is the device at a stage
of fabrication in which the sacrificial spacer 44 is removed.
The sacrificial spacer 44 may be removed in a thermal
annealing process. For example, the sacrificial spacer 44
may be thermally decomposed into a gas, wherein the gas
out diffuses through an opening between the metal contact
46 and the gate structure 18. Thermal decomposition of the
sacrificial spacer 44 may include annealing the structure
depicted in FIG. 8 in a furnace having controlled, inert or
vacuum atmosphere. The increase in temperature is slowly
ramped to about 350° C. to 450° C. for a time sufficient to
complete removal of the sacrificial spacer 44 and its decom-
position by-products. The end point may be monitored using
a mass spectrometer. The thermal decomposition method
may continue until an entirety of the sacrificial spacer 44 has
decomposed, leaving air dielectric, i.e., gaseous air, i.e., no
solid material, in its place. In another embodiment, the
second spacer material 44 is removed in a selective etching
process. Annealing may be preferred to prevent further
modification of recess 42 or modification of remaining
high-k dielectric material 20.

[0051] Referring to FIGS. 10A and 10B, shown is the
device at a stage of fabrication in which a dielectric spacer
material 50 is deposited into trenches 38. The dielectric
spacer material 50, which may also be referred to as a third
spacer material, conforms to the surfaces of the metal
contact 46 and the replacement metal gate structures 18, and
forms a layer 50 over the top of the device 10. In the
narrower portions of the trenches near the top of the device,
air gap pinch off regions 52 are formed by the dielectric
spacer material 50. The air gap pinch off regions 52 form a
seal in the trench 38 between the metallization layer 26, the
nitride cap 28, and/or the interlayer dielectric material 30.
The dielectric spacer material 50 is deposited in confor-
mance with these components. In the narrow spaces at the
top of the device, the dielectric spacer material 50 “pinches
off” the open space below then pinch off region 52, forming
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an air gap 48 between the replacement metal gate 18 and the
metallization layer 46, with the pinch off region 52 of the
dielectric spacer material sealing the air gap 48 to the
exterior of the device 10.

[0052] In one embodiment, the air gap pinch off spacer
material 50 may be applied to the device by chemical vapor
deposition (CVD). Variations of CVD processes suitable for
depositing airgap pinch off spacer material 50 include, but
are not limited to atmospheric pressure chemical vapor
deposition (APCVD), low pressure chemical vapor deposi-
tion (LPCVD), plasma enhanced chemical vapor deposition
(PECVD), metal organic chemical vapor deposition
(MOCVD), atomic layer deposition (ALD), and combina-
tions thereof.

[0053] The air gap pinch off spacer material 50 substan-
tially uniformly coats the structure of the device 10. In the
regions where the second spacer material 44 has been
removed, pinch-off regions form near the top of the device
10, leaving an air gap 48 between the walls of the replace-
ment metal gate 18 and the metal contact 46. Air gap 48
extends in the space between the replacement metal gate 18
and the metal contact 46.

[0054] In one embodiment, the air gap pinch off spacer
material 50 is a low-k dielectric material that may contribute
to the reduction in parasitic capacitance of the device. The
low-k dielectric material may have a dielectric constant that
is less than about 4.0, e.g., about 3.9. In one embodiment, the
low-k dielectric material has a dielectric constant ranging
from about 1.75 to about 3.5. In another embodiment, the
low-k dielectric material has a dielectric constant ranging
from about 2.0 to about 3.2. In yet an even further embodi-
ment, the low-k dielectric material has a dielectric constant
ranging from about 2.25 to about 3.0. Examples of materials
suitable for the low-k dielectric material include organosili-
cate glass (OSG), fluorine doped silicon dioxide, carbon
doped silicon dioxide, porous silicon dioxide, porous carbon
doped silicon dioxide, spin-on organic polymeric dielectrics
(e.g., SILK™), spin-on silicone based polymeric dielectric
(e.g., hydrogen silsesquioxane (HSQ) and methylsilsesqui-
oxane (MSQ), and combinations thereof.

[0055] Referring to FIG. 12, the air gap pinch off spacer
material 50 on the top of the device has been removed, for
example, by chemical mechanical polishing (CMP), in one
or more polishing steps, employing one or more appropriate
slurry compositions. In one embodiment, CMP may be
followed by a wet etch process.

[0056] FIGS. 11A and 11B shows a view of the device 10
in which the air gap pinch off spacer material 50 on the top
of the device 10 is removed, for example, by chemical
mechanical polishing (CMP), in one or more polishing steps,
employing one or more appropriate slurry compositions. At
this stage of fabrication a device 10 having a high insulating
air gap 48 positioned between the replacement gate struc-
tures and the metallization layers is provided.

[0057] Referring to FIGS. 11 A and 11B, the recess 42 does
not approach the interface region between the fin structure
14 and work function metal 22 that extends over the fin. In
this region, the gate dielectric 20 was not removed in the
fabrication of the device, e.g., at the step described above in
relation to FIG. 5, where some gate dielectric material 20,
e.g., high-k dielectric material, was removed from the
replacement metal gate structures 18. The gate dielectric
material 20, e.g., high-k dielectric material, separates fin
structures 14 from the work function metal 22 so as to
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maintain the device performance and operability. Further,
the recess 42 does not reach the top of the fin structure 14
and is isolated from the air gap 48 by the air gap spacer pinch
off material 50. The air gap spacer material 50 keeps
contaminating materials out of the recess 42 and gate
dielectric material 20, e.g., high-k dielectric material.
[0058] In accordance with embodiments of the present
principles, the air gaps 48 formed in the pinch off region 52
provide an effective insulating properties that eliminate
parasitic capacitance. The dielectric constant of air is near
unity, as compared to the dielectric constant of SiN, which
is about 7-7.5. The resulting spacer formed by the air gap 48
affords enhanced electrical performance by reducing para-
sitic capacitance between the replacement metal gates 18
and the metallization 46 formed over the source/drain
regions 16.

[0059] The structure of the FinFET devices provided with
air gaps in pinch off regions formed by dielectric material in
accordance with the embodiments of the present principles
offer several advantages and improvements. As indicated,
parasitic capacitance is reduced, as a result of providing an
air gap having a low dielectric constant in place of a
traditional spacer, e.g., the spacer 26 that was initially in
place around the replacement metal gate structures 18;
[0060] Removing a portion of the high-k dielectric mate-
rial from the sides of the replacement metal gates increases
the distance between the metallization layers over the
source/drain regions and the gates, which further reduces
parasitic capacitance when compared to an air gap of
equivalent size to spacer 26.

[0061] High-k dielectric materials reduce leakage current
significantly (e.g., by 100x). High-k gate dielectric materials
can have a greater thickness than, for example, SiO,. Use of
metal gates with appropriate work functions can provide the
proper threshold voltages (V,) and significantly reduce chan-
nel mobility degradation. With the combination of high-k
gate dielectrics and metal gates, the transistor performance
can be significantly improved, and scaling below -50 nm
becomes possible; and

[0062] Using the sacrificial spacer material may enable
additional control over the metallization layers that are
formed, by providing additional space when Hi-K materials
are removed from the boundaries of the source/drain contact
region.

[0063] Throughout this disclosure, different kinds of mate-
rials employed in semiconductor fabrication are mentioned.
However, these materials are illustrative and other materials
are also contemplated and within the scope of the invention.
In addition, dimensions of thicknesses are described
throughout this disclosure. These thickness dimensions are
illustrative and other dimensions may be employed in accor-
dance with the present principles.

[0064] Methods as described herein may be used in the
fabrication of integrated circuit chips. The resulting inte-
grated circuit chips can be distributed by the fabricator in
raw wafer form (that is, as a single wafer that has multiple
unpackaged chips), as a bare die, or in a packaged form. In
the latter case the chip is mounted in a single chip package
(such as a plastic carrier, with leads that are affixed to a
motherboard or other higher level carrier) or in a multichip
package (such as a ceramic carrier that has either or both
surface interconnections or buried interconnections). In any
case the chip is then integrated with other chips, discrete
circuit elements, and/or other signal processing devices as
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part of either (a) an intermediate product, such as a moth-
erboard, or (b) an end product. The end product can be any
product that includes integrated circuit chips, ranging from
toys and other low-end applications to advanced computer
products having a display, a keyboard or other input device,
and a central processor.

[0065] Having described preferred embodiments for a
method and structure for forming air gap spacing between
metal gates and metallization layers (which are intended to
be illustrative and not limiting), it is noted that modifications
and variations can be made by persons skilled in the art in
light of the above teachings. It is therefore to be understood
that changes may be made in the particular embodiments
disclosed which are within the scope of the invention as
outlined by the appended claims. Having thus described
aspects of the invention, with the details and particularity
required by the patent laws, what is claimed and desired
protected by Letters Patent is set forth in the appended
claims.

What is claimed is:

1. A method for forming a transistor device comprising:

forming a sacrificial spacer having a base width greater

than an upper surface width that is abutting a gate
structure;

forming a contact abutting the sacrificial spacer on at least

one of a source region and a drain region;

removing the sacrificial spacer; and

forming a dielectric material layer on sidewalls of the

contact and the gate structure, wherein portions of the
conformally dielectric material layer contact one
another to form an air gap.

2. The method of claim 1, wherein the sacrificial spacer is
formed in a trench, and forming the trench comprises:

forming an interlayer dielectric layer;

forming said trench in said interlayer dielectric layer

exposing sidewall spacers on adjacent gate structures of
said at least one gate structure;

recessing said sidewall spacers to provide remnant spacer

portions; and

recessing a vertical portion of a gate dielectric of said

adjacent gate structures.

3. The method of claim 2, wherein recessing said vertical
portion of said gate dielectric of said adjacent gate structures
recesses are formed between a remaining portion of the gate
structure and at least one of the source region and the drain
region.

4. The method of claim 2, wherein the gate structure is
present on a channel region portion of a fin structure.

5. The method of claim 2, wherein the vertical portion of
the gate dielectric is removed using isotropic etching.

6. The method of claim 2, wherein the second spacer
material is deposited by chemical vapor deposition.

7. The method of claim 6, wherein the forming of the
sacrificial spacer on the sidewalls of the trench and on the
sidewall of the at least one gate structure comprises:

depositing a continuous dielectric material layer on ver-

tical surfaces of the trench sidewall and horizontal
surfaces at a base of the trench; and

anisotropically etching the continuous dielectric material

to remove the continuous dielectric material from the
horizontal surfaces of the trench and to reduce a width
of'the continuous dielectric material at an upper surface
of the vertical surfaces of the trench to provide said
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sacrificial spacer having an upper surface with a width
less than a base surface of the sacrificial spacer.

8. The method of claim 7, wherein said removing the
sacrificial spacer comprises annealing.

9. A method for forming a fin field effect transistor
(FinFET) device comprising:

forming a sacrificial spacer on a sidewall of a gate

structure;

forming a contact on an opposing sidewall of the gate

structure that the sacrificial spacer is present on, the
contact in electrical communication with at least one of
said source region portion and said drain region por-
tion;

removing the sacrificial spacer; and

forming a dielectric material layer in the opening exposed

by removing the sacrificial spacer, wherein portions of
the dielectric material layer contact one another at a
pinch off region to form an air gap filling.

10. The method of claim 9, wherein the sacrificial spacer
is formed in a trench, and forming the trenches comprises:

forming an interlayer dielectric layer; and

forming said trenches in said interlayer dielectric layer by

etching.

11. The method of claim 10, wherein forming the sacri-
ficial spacer comprises conformally depositing a sacrificial
material layer on sidewall and base portions of the trench.

12. The method of claim 11, wherein forming the sacri-
ficial spacer further comprises etching the sacrificial mate-
rial layer to remove horizontal portions at a base of the
trench, wherein vertical portions of the sacrificial material
layer remain to provide the sacrificial spacer.

13. The method of claim 11, wherein the sacrificial spacer
has a base width greater than an upper surface

14. The method of claim 10, wherein said removing the
sacrificial spacer comprises annealing.

15. A method for forming a transistor device comprising:

forming a sacrificial spacer on sidewalls of the gate

structure, wherein the sacrificial spacer has a base
width greater than an upper surface width;

forming a contact to at least one of the source region and

the drain region, wherein the contact abuts the sacrifi-
cial spacer;

removing the sacrificial spacer; and

forming a dielectric material layer in the opening that is

formed by removing the sacrificial spacer to form an air
gap.

16. The method of claim 15, wherein the sacrificial spacer
is present in a trench, and forming the trench comprises:

forming an interlayer dielectric layer;
forming said trench in said interlayer dielectric layer expos-
ing sidewall spacers on adjacent gate structures of said at
least one gate structure;

recessing said sidewall spacers to provide remnant spacer

portions; and

recessing a vertical portion of a gate dielectric of said

adjacent gate structures.

17. The method of claim 16, wherein recessing said
vertical portion of said gate dielectric of said adjacent gate
structures recesses are formed between a remaining portion
of'the gate structure and at least one of the source region and
the drain region.

18. The method of claim 16, wherein the gate structure is
present on a channel region portion of a fin structure.
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19. The method of claim 16, wherein the vertical portion
of the gate dielectric is removed using isotropic etching.

20. The method of claim 16, wherein the second spacer
material is deposited by chemical vapor deposition.
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